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RESUM 
 
Introducció 
 

Les llagostes de l’infraordre Achelata són crustacis decàpodes amb un elevat interès 

comercial i que tenen un paper fonamental en diferents ecosistemes marins (Holthuis 1991). 

Disposar d’informació completa sobre la biologia de les llagostes, i en particular sobre la seua 

dinàmica poblacional i reclutament larval, és fonamental per poder gestionar les pesqueries 

d’una manera eficaç i sostenible. Les diferències morfològiques entre les larves i els adults han 

dificultat tradicionalment la identificació dels estadis larvals de llagosta. Tanmateix, gràcies a 

les noves eines moleculars, aquestes dificultats han sigut minimitzades en els últims anys. En 

concret, l’ús del gen codificant per a la citocrom oxidasa 1 (COX1) o codi de barres d’ADN 

(conegut com DNA barcoding en anglès) permet identificar les mostres de plàncton a nivell 

d’espècie. El codi de barres d’ADN s’ha aplicat amb èxit en l’estudi de larves de llagosta al 

Mediterrani (Palero et al. 2011; Palero et al. 2014b; Palero et al. 2016). Tot i això, les larves de 

la majoria d’espècies presents a l’oceà Atlàntic oriental encara són desconegudes. Aquesta tesi 

inclou el major nombre de larves de Scyllarinae identificades mitjançant mètodes moleculars 

fins al moment. Campanyes oceanogràfiques recents, dirigides a la investigació del bentos i del 

plàncton d’aigües atlàntiques, ens han permès accedir a una gran quantitat de mostres de la 

costa africana i la Macaronèsia. Afortunadament, el plàncton obtingut fou emmagatzemat en 

etanol, fet que ens ha possibilitat la realització de probes moleculars per identificar el material 

a nivell d’espècie. Els resultats obtinguts ens han permès també adreçar diferents qüestions 

sobre el cicle larval i l’evolució de les llagostes africanes. 

 

Objectius 

1. Revisar la sistemàtica dels Scyllarinae centrant-se en les espècies de l’Àfrica 

occidental amb un enfocament taxonòmic integrador (combinant trets morfològics i 

moleculars. 

 

2. Recopilar exemplars d’adults i larves de dues campanyes oceanogràfiques recents 

(ex. CETOBAPH i MAFIA) i múltiples col·leccions de museu. 
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3. Obtenir seqüències genètiques a partir de larves prèviament seleccionades per  

identificar-les a nivell d’espècie (Codi de barres d’ADN).  

 

4. Analitzar les distàncies genètiques entre les diferents espècies de Scyllarus i inferir 

les relacions evolutives entre elles.  

 
5. Generar una base de dades amb la localització, profunditat i estat de 

desenvolupament (fil·losoma, decapodid, juvenil o adult) dels Scyllarus analitzats. 

 

6. Actualitzar la biogeografia dels Scyllarus africans amb les noves dades obtingudes 

de campanyes recents i col·leccions de museu. 

 

7. Realitzar les descripcions i il·lustracions de diferents estadis larvals prèviament 

identificats mitjançant mètodes moleculars, i seguint els estàndards actuals. 

 

8. Elaborar una clau d´identificació actualitzada de les larves fil·losoma de Scyllarus 

conegudes. 

 

9. Finalment, comparar les fil·losomes, decapodids i adults d’espècies de Scyllarus 

amb altres gèneres de la subfamília, per tal d’identificar trets de rellevància 

taxonòmica. 

 

Material i Mètodes 
 

- Revisió bibliogràfica i Databasing: Els exemplars analitzats en aquesta tesi (N = 241) 

es varen obtenir a partir de la revisió i classificació del material recollit a diferents campanyes 

oceanogràfiques recents (e.g. MAFIA i CETOBAPH) i la revisió del material procedent de 

col·leccions de museu (NHM, MNHN, RMNH, USNM, RBINS, MfN, CCDE-IEOCD i ICM). 

La revisió de material s’ha complementat amb l´obtenció de bibliografia poc accessible 

(publicada en revistes de poca difusió internacional, en portuguès o francès) i  documents no 

publicats del Prof. Alan Crosnier (MNHN, Paris) i l’il·lustrador Pierre Opic. Aquests 

documents han sigut fonamentals per a completar aquest estudi de les fil·losomes de Scyllarus 

africans. Tota la bibliografia va ser registrada amb el software Mendeley 

(https://www.mendeley.com/). 
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- Mètodes morfològics: Les descripcions de les larves es basen en l’esquema de somites 

dels malacostracis, descrit d’anterior a posterior, i descrivint els apèndixs de proximal a distal 

(Clark et al. 1998). Els estadis larvals es van determinar en base als treballs de Robertson (1968) 

i Webber & Booth (2001). Per a cada individu es varen prendre les següents mesures mitjançant 

el software ImageJ (https://imagej.net): longitud total (TL) des del marge anterior de l'escut 

cefàlic fins al marge posterior del tèlson; longitud cefàlica (CL) des del marge anterior al 

posterior de l’escut cefàlic; l'amplada cefàlica (CW) mesurada a la part més ampla de l'escut 

cefàlic i longitud del plèon (PDL) des del marge anterior del plèon fins al marge posterior del 

tèlson. Es van disseccionar les antènules, apèndix bucals, maxil·lípedes i pereiopodis de les 

larves abans de dibuixar-los. Les il·lustracions es van realitzar amb una càmera lúcida unida a 

un estereoscopi de gran rendiment Leica (M165C; Leica Microsystems, Wetzlar, Alemanya). 

També s’han realitzat fotografies amb el mateix sistema i el software Leica Application Suite 

(LAS) (https://www.leica-microsystems.com/es/). Els dibuixos digitals es van obtenir 

mitjançant una tauleta gràfica (Wacom, Intuos) i el software Adobe Illustrator CC9 

(http://www.adobe.com/Illustrator), seguint les recomanacions de Coleman (2003). 

 

- Mètodes moleculars: Les extraccions d’ADN a partir de teixit muscular de larves i 

adults es varen realitzar amb el mètode Chelex-protK (Palero et al. 2010). La identificació de 

les mostres per DNA barcoding es va basar en seqüències parcials del gen 16S rDNA (Marco-

Herrero et al. 2013), ja que aquest marcador mostra una taxa d’amplificació més elevada que 

el gen COX1 (Palero et al. 2009a; Bracken-Grissom et al. 2014). Els productes de PCR 

amplificats es van purificar amb el QIAquick PCR purification Kit (QIAGEN Inc.) i es van 

seqüenciar mitjançant el kit BigDye v3.1 (Applied Biosystems) en un seqüenciador ABI Prism 

3770. La qualitat dels cromatogrames de cada seqüència d'ADN es va inspeccionar mitjançant 

BioEdit ver. 7.2.5 (Hall 1999). Abans de realitzar els diferents anàlisis moleculars, les 

seqüències es van alinear amb Muscle ver. 3.6 (Edgar 2004) usant els paràmetres 

predeterminats. Les estimacions de les distàncies p (proporció de diferències genètiques) i la 

divergència evolutiva Kimura 2-paràmetres (K2P) es varen obtenir mitjançant MEGA X 

(Kumar et al. 2016; Kumar et al. 2018). Els arbres filogenètics es van construir utilitzant el 

mètode de màxima versemblança (Maximum likelihood) amb el mateix software. 
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Resultats i Discussió 
 

L’anàlisi de seqüències d’ADN de les mostres recollides durant les campanyes 

CETOBAPH i MAFIA ens ha permès identificar, per primer cop a nivell d´espècie, la presència 

de larves de Scyllarus arctus, S. caparti, S. pygmaeus i S. subarctus, en les aigües nord-

occidentals de la costa africana (capítols 1 i 3). Les larves de S. caparti i S. subarctus eren 

desconegudes fins a l´elaboració d´aquesta tesi doctoral. En el cas d’ambdues espècies, el nostre 

estudi morfològic inclou la descripció detallada de 3 estadis larvals: un estadi intermedi (VII), 

l’estadi sub-final (IX) i el final (X). A més, la revisió i anàlisi molecular de les mostres 

procedents d’expedicions recents també ens ha permès identificar la fase decapodid de S. 

subarctus (capítol 2). Els nostres resultats ens han permès crear una clau d’identificació per a 

les fil·losomes del gènere Scyllarus i ens han proporcionat dades rellevants per tal d´actualitzar 

la sistemàtica dels Scyllarinae. Entre els resultats, cal assenyalar la troballa, inesperada, d´una 

estreta relació filogenètica entre l’espècie africana S. subarctus i l´espècie americana S. 

depressus. Les distàncies genètiques entre aquestes espècies (1,9 - 2,4%) són 3 vegades 

inferiors a les observades entre S. subarctus i altres espècies africanes (5,8 - 7,9%) i 8 vegades 

respecte a la resta d’espècies d’Amèrica (14,2 - 17,3%). Aquest resultat està recolzat per la 

morfologia larval i dels adults i implica un procés d’especiació relativament recent, després que 

l´ancestre de S. depressus i S. subarctus colonitzés el continent americà des de les costes 

d’Àfrica. De fet, la post-larva de S. subarctus és la més gran coneguda dintre de la subfamília, 

el que podria conferir-li una major capacitat de dispersió. Tant la fil·losoma d’estadi final de S. 

depressus com de S. subarctus representen les larves més grans conegudes al gènere Scyllarus 

(poden sobrepassar els 3 cm de longitud total) i es distingeixen d’altres espècies per la gran 

densitat d’espines en la superfície dels pereiopodis i la forma del seu cèfalon. De la mateixa 

manera, ambdues espècies presenten un mateix patró d’espines, a més d’un marge antenal i de 

la pleura dels somites abdominals molt semblants, en la fase decapodid.  

 

Els resultats obtinguts tenen fortes implicacions per a la sistemàtica del gènere Scyllarus i la 

relació amb gèneres pròxims. Al darrer dels nostres treballs (capítol 3) es posa en evidència 

l’origen polifilètic d’Acantharctus Holthuis 2002. D´una banda, A. delfini estaria estretament 

relacionat (formant un clade monofilètic ben recolzat) amb espècies de Crenarctus Holthuis 

2002 de l’Oceà Pacífic, com ara C. crenatus i C. bicuspidatus; mentre que l´espècie A. posteli 

apareix estretament relacionada amb espècies de Scyllarus de l´Atlàntic, com ara S. paradoxus. 
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La morfologia del marge anterior de l’esternita toràcica en la fase adulta dona un patró 

congruent amb la biogeografia i les filogènies moleculars. Les espècies del Pacífic de 

Crenarctus i A. delfini comparteixen un marge anterior toràcic amb una forma característica de 

corona (en forma de W). Per contra, les espècies Atlàntiques de Scyllarus  y A. posteli presenten 

una esternita amb un patró en forma de “U” (S. arctus i S. subarctus) o “V” (S. paradoxus i A. 

posteli), o una forma intermèdia (S. caparti i S. pygmaeus). En aquesta tesi, basant-nos tant en 

les evidències moleculars com les morfològiques, proposem restablir el basiònim Scyllarus 

posteli. 
 

Conclusions 
 

1. Les espècies de Scyllarus s’agrupen en dos clades recíprocament monofilètics (e.g. 

Atlàntic Occidental i Atlàntic Oriental). L’única excepció és S. depressus, que 

s’agrupa dintre del clade de l’Atlàntic oriental com a espècie germana de S. subarctus. 

Aquest resultat, amb suport d’evidències moleculars i morfològiques, suggereix un 

procés d’especiació relativament recent després d’una colonització del continent 

Americà. 

 

2. Els nous resultats moleculars suggereixen un origen polifilètic del gènere 

Acantharctus, amb espècies de l’Oceà Atlàntic (A. posteli) i del Pacífic (A. delfini) 

agrupades en clades diferents. La morfologia del marge anterior de l’esternita toràcica 

és congruent amb la biogeografia i els patrons filogenètics moleculars.  

 

3. Les noves evidències morfològiques i moleculars aconsellen la inclusió de A. posteli 

al gènere Scyllarus, com a espècie germana de S. paradoxus. Per tant, el basiònim 

Scyllarus posteli deuria restablir-se. L’estreta relació genètica i morfològica entre A. 

delfini i diferents taxa del Oceà Pacífic, com Crenarctus crenatus i C. bicuspidatus, 

suggereixen que A. delfini deuria anomenar-se Crenarctus delfini. 

 

4. El nou material estudiat durant aquesta tesi ens permet expandir la distribució 

geogràfica de manera significativa per a S. subarctus i S. caparti. Mentre que S. 

subarctus s’estén des dels 34 N als 18 S (prèviament 21 N – 17 S), S. caparti es 

distribueix dels 27 N fins als 9 S (front al límit 22 N anterior a la tesi). 
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5. Tant l’estadi fil·losoma final com l’etapa nisto de S. subarctus són les més grans entre 

les larves de Scyllarinae conegudes. Aquest tamany, juntament amb la llarga durada 

de la fase planctònica, podria estar relacionat amb una gran capacitat de dispersió i 

explicar la colonització d’illes remotes com Santa Helena. 

 
6. En aquesta tesi es descriuen per primera vegada el decapodid de S. subarctus i 3 estadis 

fil·losoma (VII, IX i X) tant de S. subarctus com de S. caparti. Tots els exemplars 

descrits han estat identificats prèviament mitjançant tècniques moleculars. 

 
7. Es necessària una nova definició dels estadis fil·losoma, integrant els canvis 

morfològics amb canvis en l’alimentació i comportament. Aquesta nova definició seria 

molt més significativa per a estudis d’ecologia larval que l’actual sistema basat en 

petits canvis morfològics. 

 
8. Es proposen nous caràcters per identificar les fil·losomes de Scyllarus a nivell 

d’espècie, com ara la forma del cèfalon, presència d’espines toràciques dorsals i la 

seua talla relativa i la quantitat de sedes i espines als pereopodis. 

 

9. Hem completat una nova clau d’identificació per a les fil·losomes de Scyllarus, 

descrivint en detall diferents estructures larvals, com els pleopodis dels nistos o els 

dàctils de les fil·losomes. Aquests trets han rebut poca atenció en estudis anteriors, 

però deurien tenir-se en compte per a futurs estudis taxonòmics dels Scyllarinae. 

 

10. Els nostres resultats tenen implicacions directes per a la sistemàtica dels Scyllarinae. 

Es poden definir dos grups de gèneres, un d’ells incloent els Crenarctus de l’Oceà 

Pacífic, i els Scyllarus africans; i l’altre que inclouria els Scyllarus americans i 

Eduarctus. Les fil·losomes d’aquests dos grups poden diferenciar-se en base a la 

presència/absència d’espines toràciques, la longitud relativa de les antènules i les 

espines postero-laterals del tèlson. Es recomana la revisió morfològica dels adults en 

futurs estudis. 
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INTRODUCCIÓ GENERAL 

Llagostes de l´infraordre Achelata 

 
Les llagostes de l’infraordre Achelata Scholtz and Richter, 1995 són un grup important 

de crustacis decàpodes que podem trobar a diferents ecosistemes marins, des de la zona litoral 

fins a grans profunditats (> 800 m) (Webber and Booth 2007). A diferència de la resta de 

llagostes, els Achelata es caracteritzen per no presentar pinces al primer parell de pereiopodis i 

per la presència d’una forma larval altament especialitzada per a la dispersió a llarga distància. 

Estudis morfològics i moleculars recents han confirmat que aquest infraordre està format per 

dues famílies ben diferenciades, els Palinuridae Latreille, 1802 i els Scyllaridae Latreille, 1825 

(Palero et al. 2009a; Bracken-Grissom et al. 2014) (Figura 1). 

 

 

Fig.1: Morfologia externa de les llagostes Achelata. (A) Panulirus longipes longipes (A. Milne-
Edwards, 1868) (MNHN-IU-2010-5072); (B) Parribacus antarcticus (Lund 1793) (MNHN-IU-2010-

5069). Fotografies obtingudes de la web https://science.mnhn.fr/institution/mnhn/collection/ 

 

Aquests crustacis tenen un paper fonamental a les xarxes tròfiques de diferents 

ecosistemes, a més d’un alt valor comercial (Booth and Phillips 1994). Malgrat la seua 

importància, encara sabem molt poc sobre la biologia de les llagostes, en particular sobre la 

seua dinàmica poblacional i reclutament larval (Palero et al. 2014a). Açò és degut al seu 



 26 

complex i extens cicle vital, que dificulta el seu estudi al laboratori (Figura 2). Les llagostes 

adultes arriben a la maduresa sexual als 4-5 anys, segons l’espècie, i generalment tenen una o 

dues temporades reproductives cada any amb un llarg període d'incubació dels ous. Dels ous 

surten unes larves aplanades dorso-ventralment que anomenem larva fil·losoma. La 

metamorfosi del darrer estadi larval origina un estadi de transició entre la fase planctònica i la 

fase bentònica adulta (anomenat “nisto” en espècies de Scyllaridae o “puerulus” en espècies de 

Palinuridae) (Booth et al. 2005).  

 

 
                Fig. 2: Cicle vital d’una llagosta Scyllaridae Latreille, 1825. 

 

Els Scyllaridae es caracteritzen per tenir el darrer segment antenal completament 

aplanat, ja que actua de timó per escapar dels depredadors (Barshaw and Spanier 1994). 

Coneguts en anglès com a spanish lobsters, slipper lobsters o bulldozer lobsters, els pescadors 

del nostre litoral mediterrani les coneixen com a «castanyoles» perquè recorden aquest 

instrument musical quan colpegen l’abdomen contra el tòrax en la reacció d´escapada. Tot i que 

la biologia dels Palinuridae ha estat més estudiada pel seu valor comercial, els Scyllaridae 

contenen una major diversitat d’espècies i es distribueixen arreu del món, ocupant les franges 

tropicals i subtropicals (Chan 2010; Yang et al. 2014). El grup taxonòmic dels Scyllaridae conté 
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un total de 20 gèneres i més de 90 espècies diferents, dividides en quatre subfamílies: Arctidinae 

Holthuis, 1985, Ibacinae Holthuis, 1985, Theninae Holthuis, 1985 i Scyllarinae Latreille, 1825. 

L’objectiu principal d’aquesta tesi és la revisió del gènere tipus dels Scyllarinae, Scyllarus 

Fabricius, 1775. Aquest gènere està format actualment per 9 espècies que es distribueix arreu 

de les costes atlàntiques orientals i occidentals, 5 espècies a Europa i Àfrica i 4 espècies a les 

costes d’Amèrica (Taula 1). 

 

Taula 1. Espècies del gènere Scyllarus Fabricius, 1775 , 1825. Ecoregions basades en Spalding et 

al. (2007) TNA (Nord Atlàntic Temperat), TrA (Atlàntic Tropical), TSA (Amèrica del Sud 

Temperada), TSAf (Sud Àfrica temperada). 

Espècie Ecoregió Batimetria Referències 

S. americanus (Smith, 1869) TNA, TrA < 46 m 6, 11, 18 

S. arctus (Linnaeus, 1758) TNA 4 – 143 m 
1, 12, 14, 15, 

21, 22  

S. caparti Holthuis, 1952 TNA, TrA 17 – 105 m 2, 9, 12, 17, 25 

S. chacei Holthuis, 1960 TNA, TrA 10-330 m 2, 18, 24 

S. depressus (Smith, 1881) TNA, TrA, TSA 20 – 265 m 8 

S. paradoxus (Miers, 1881) TrA 4 – 46 m 4 

S. planorbis Holthuis, 1969  TrA 19 – 99 m 5, 19 

S. pygmaeus (Bate, 1888) TNA, TrA 5 – 162 m 3, 10, 13, 20 

S. subarctus Crosnier, 1970 TrA, TASf 41 – 240 m 7, 16, 23, 25 

 
Referències: (1) Gurney 1936; 2) Holthuis 1960; 3) Forest and Holthuis 1960; 4) Forest 1963; 5) Holthuis 

1969; 6) Lyons 1970; 7) Crosnier 1970; 8) Robertson 1971; 9) Froglia 1974; 10) Lewinsohn 1974; 11) Coelho 
1981; 12) Anadon 1981; 13) García Raso 1982; 14) Garcia Socias and Massuti Jaume 1987; 15) Holthuis 1991; 
16) Macpherson 1991; 17) Fransen 1991; 18) Tavares 1997; 19) Navas S. and Campos C. 1998; 20) Palero et al. 
2008; 21) Quigley et al. 2010; 22) Palero et al. 2011; 23) Muñoz et al. 2012; 24) Silva et al. 2012; 25) de Matos-
Pita et al. 2018). 

 

Scyllarus americanus presenta una àmplia distribució en aigües costaneres (<50 m) des de 

North Carolina fins a Pernambuco (Coelho 1981; Tavares 1997). La distribució de S. chacei és 

més meridional, arribant a trobar-se a l’estat de Bahia (Brasil), i pot trobar-se a major 

profunditat que S. americanus. Scyllarus depressus, descrita per Smith (1881) com a Arctus 

depressus, també es troba des de North Carolina fins Brasil. La darrera de les espècies 
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típicament americanes, S. planorbis, ha estat molt poc estudiada, però es troba a Hondures, 

Panamà, Colòmbia, Veneçuela, Surinam i Guyana. En l’Atlàntic oriental podem trobar 

Scyllarus arctus, espècie típica del Mediterrani que també es troba al Nord-Est Atlàntic, des de 

les illes Britàniques fins a les Açores, Madeira i les Illes Canàries. Scyllarus pygmaeus també 

es troba àmpliament distribuïda per tota la costa mediterrània, però té una distribució una mica 

més meridional i pot arribar fins l’arxipèlag de Cap Verd (Pessani and Mura 2007). Ambdues 

espècies són considerades espècies d’aigües temperades i comparteixen un rang batimètric 

similar. Scyllarus caparti s’estén per latituds tropicals i subtropicals al llarg de la costa atlàntica 

africana. La cita de Froglia (1974) al mar Adriàtic es podria considerar una introducció puntual 

per aigua de llast. Una espècie amb distribució més restringida a la franja tropical és S. 

paradoxus, present típicament en aigües poc profundes. Per últim, tot i que S. subarctus tenia 

originalment una distribució restringida a les costes de Namíbia, investigadors de l’Institut 

Espanyol d’Oceanografia suggereixen recentment la presència de 5 individus de S. subarctus a 

les costes de Guinea Bissau (Muñoz et al., 2012). 

 

La larva fil·losoma 

 

La forma aplanada dorso-ventralment de la larva fil·losoma (literalment “cos de fulla”) 

té unes propietats de flotació molt particulars, i permet a les larves aprofitar les corrents marines 

per a la dispersió passiva durant llargs períodes de temps (Booth and Phillips 1994; Phillips et 

al. 2006). La fil·losoma se correspon amb la fase zoea dels crancs i altres decàpodes, i passa per 

múltiples estadis de desenvolupament, generalment entre 4 i 13 (Booth et al. 2005; Palero and 

Abello 2007). Durant molts anys, l’estudi de les larves fil·losoma ha estat una tasca complexa, 

ja que la seua morfologia tan diferent a l’adult dificultava la seua identificació. De fet, fins fa 

molt poc els estudis sobre fil·losomes es basaven en dades morfològiques molt limitades i 

alguns experiments de cultiu (Kittaka 1994; Kittaka 1997). Les larves de diferents espècies en 

un mateix gènere són molt semblants entre si, sobretot als primers estadis, i la correspondència 

entre fil·losoma i adult encara és una incògnita en la majoria de casos. 
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Fig. 3: Morfologia de la larva fil·losoma en estadi final. Dreta vista dorsal. Esquerra vista ventral 

 

Els escil·làrids tenen un període de desenvolupament larval molt variable entre 

gèneres, i pot comprendre des d’unes setmanes fins a 9 mesos (Robertson 1968b; Lyons 1970; 

Robertson 1971; Robertson 1979; Booth et al. 2005). Açò fa que en molts casos romanguin 

llargs períodes de temps al plàncton, exposades a la depredació i les corrents. La transparència 

gairebé total del cos és possiblement una de les característiques més notòries de les 

fil·losomes, ja que dificulta la detecció per depredadors i evita l’alta mortalitat. Una altra 
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adaptació d’aquestes larves per maximitzar la seua supervivència, és associar-se amb el 

zooplàncton gelatinós (Shojima 1963; Thomas 1963; Herrnkind et al. 1976; Barnett et al. 

1986). Les larves aprofitarien el transport “gratuït” cap a la costa, a més de servir-se de les 

meduses com a font d’alimentació (Shojima 1963; Sims and Brown 1968). Els dàctils 

modificats en forma de “ganxos” de les fil·losomes probablement facilita un ancoratge eficient 

a les meduses (Figura 4), que les larves usen com a vehicles de flotació (Wakabayashi and 

Tanaka 2012).  

 

 
Fig. 4: Larva fil·losoma fent piggy-riding sobre una medusa. Fotografia cedida per Yury Ivanov. 
 

Les larves fil·losoma realitzen migracions verticals al llarg del seu desenvolupament. 

Durant les hores de llum es mantenen a majors profunditats per evitar possibles depredadors, 

mentre que a la nit les podem trobar a capes superficials (Phillips et al. 1981; Palma et al. 2011). 

S’ha proposat que les habilitats de natació augmenten a mesura que avança el creixement larval, 

així les larves d’estadis tardans podrien realitzar migracions verticals a majors profunditats 

(Phillips et al. 1981). Així, la seua capacitat de desplaçament podria ser utilitzada com a 

mecanisme de retenció per evitar les corrents superficials i romandre prop de la zona de posta 

(Yeung and McGowan 1991; Rodríguez et al. 2001).  
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Context oceanogràfic: corrents oceàniques a l´Atlàntic oriental  

 
L’Atlàntic està dominat per dos grans girs oceànics, un a l’hemisferi sud i l’altre a 

l’hemisferi nord (Figura 5). En els seus trajectes paral·lels a la costa occidental africana, els girs 

alimenten dues corrents importants: la corrent de Benguela i la Corrent de Canàries, 

respectivament. Ambdues són corrents que afavoreixen la surgència d’aigües profundes, més 

fredes i riques en nutrients. 

 

 

Fig. 5: Principals corrents oceàniques (http://blue.utb.edu/paullgj/geog3333/lectures/physgeog.html) 

 

La Corrent de Canàries origina el Canary Current Large Marine Ecosystem (CCLME), 

que comunica les illes de la Macaronèsia (Figura 6) (García-Isarch and Muñoz 2015). El flux 

entre illes s’ha observat en diferents grups faunístics, com peixos (Almada et al. 2001; Almada 

et al. 2005) o mol·luscs (De Wolf et al. 1998). Alguns autors però, apunten que l’arxipèlag de 

Cap Verd presenta una biodiversitat més propera al continent africà que amb la resta d’illes de 

la regió, a més d’una elevada taxa d’endemismes (Freitas et al. 2019). S’ha suggerit que el Front 

del Cap Verd (CVF) podria actuar com a barrera biogeogràfica, aïllant l’Arxipèlag de Cap Verd 

de la resta d’illes (Quinteiro et al. 2007; Freitas et al. 2019). El CVF s’estén fins les illes de 

Cap Verd des d’aproximadament 20º - 23º N (Pelegrí and Peña-Izquierdo 2015; Kämpf and 

Chapman 2016). Tot i l’efecte barrera del CVF, el CCLME sembla estar connectat per una 

corrent sud-nord entre els 200-300 metres de profunditat (Figura 6), i que pot assolir els 800 m 

a l'estiu i la tardor boreals (Barton, 1989). 
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A més de les corrents oceàniques superficials, la CCLME es caracteritza per una intensa 

surgència d’aigües profundes. Aquests afloraments són de gran importància per a l’ecologia de 

les comunitats que habiten les illes oceàniques de la Macaronèsia, ja que transporten plàncton 

i matèria orgànica (Landeira et al. 2009; Landeira et al. 2010; Landeira et al. 2012; Pelegrí and 

Benazzouz 2015). Les illes poden generar pertorbacions o remolins que actuen com a zones de 

retenció del plàncton (Rodríguez et al. 2001; Landeira 2010), restringint la dispersió passiva 

(Chiswell and Booth 1999; Inoue et al. 2001; Rudorff et al. 2009). Aquests remolins mantenen 

grans concentracions de nutrients i permeten un creixement òptim de les larves prop de la costa, 

facilitant l’auto-reclutament d’espècies costaneres (Chiswell and Booth 1999).  

 

 
Fig. 6: Principals corrents oceanogràfiques (cursiva) a la termoclina permanent del CCLM. La 

línia vermella mostra la Poleward Undercurrent. Imatge: (Pelegrí and Peña-Izquierdo 2015). 

Campanyes d´exploració en l´Àfrica occidental 

 
 Després de les grans campanyes de finals del segle XIX i principis del segle XX, la costa 

atlàntica africana va romandre poc estudiada, però en les últimes dècades s´han produït vàries 

campanyes importants (Taula 2). El centre d’investigació francès O.R.S.T.O.M, conegut avui 

en dia com l'Institut de Recherche pour le Développement (IRD), dugué a terme una extensa 

campanya oceanogràfica a la regió oriental de l’Atlàntic tropical (Crosnier & Forest 1973). El 



 33 

vaixell OMBANGO (1960-1962) va recórrer la costa des de l’Illa de Sao Tomé fins a Angola i 

les mostres obtingudes varen ser comparades amb el material recol·lectat a bord del Talisman 

(1883) o el vaixell Geronimo (1963), del Servei de Pesca i Vida Silvestre dels EEUU. Gràcies 

a aquesta campanya es publicaren diversos treballs on s’estudiaven més de 150 espècies de 

crustacis (Crosnier 1967; Crosnier 1970; Crosnier and Forest 1973). Algunes d’aquestes 

publicacions tractaren les larves fil·losoma de Scyllarides i Panulirus (Crosnier 1971; Crosnier 

1972). Entre 1970 i 1975, el vaixell d'investigació Almoravide, del laboratori de pesqueries de 

Nouadhibou (IFAN), va dur a terme diverses campanyes de pesca a les costes de Mauritània i 

Senegal. Tot i que les larves no varen poder identificar-se a nivell d’espècie, amb el material 

obtingut es publicaren articles molt importants sobre l’ecologia de les fil·losomes (Maigret 

1975; Maigret 1978). Altres centres europeus, incloent els holandesos, espanyols i alemanys, 

també s’han interessat per la biodiversitat marina de l´Atlàntic africà. Per exemple, l’expedició 

CANCAP (1976-1986), a mans d’investigadors del RMNH, es va centrar en la Macaronèsia, 

mentre que el projecte BENGUELA (1979-1981) i les campanyes SNEC I-II varen permetre 

recórrer la costa de Namíbia a diferents membres del “Instituto de Investigaciones Pesqueras” 

(IPP). 

 

Taula 2: Campanyes realitzades durant la segona meitat del segle XX i principis del XXI. Es 

detallen les institucions i països involucrats, sector mostrejat, any i referencia bibliogràfica. 

 
Campanya 

Oceanogràfica Institució Sector Període Referència 

OMBANGO O.R.S.T.O.M 
Golf de 
Guinea 

1960-1969 
Crosnier and Forest 

1973 

ALMORAVIDE IFAN 
Mauritània-

Senegal 
1970-1975 Maigret 1975, 1978 

CANCAP (I-VII) RMNH Macaronèsia 1976-1986 Land 1987 

BENGUELA (I-IV) IPP Namíbia 1979-1981 Macpherson 1983 

SUBTROPEX82 ZIM CCLME 1982 Tan and Rüger 1989 

SNEC (I-II) IPP Namíbia 1985-1986 Macpherson 1991 

Múltiples campanyes IEO CCLME 2004-2009 
García-Isarch and 

Muñoz 2015 

CETOBAPH ULL Illes Canàries 2012 Landeira et al. 2014 

MAF UCA 
Cap Verd - 

Brasil 2015 
Hernández-León et 

al. 2019 
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Més recentment, diverses institucions espanyoles han dut a terme una sèrie de campanyes 

oceanogràfiques des de la costa nord-africana fins Guinea-Bissau, incloent els arxipèlags de 

Canàries i Cap Verd. El Instituto Español de Oceanografía (IEO) ha estudiat la biodiversitat de 

decàpodes a la regió del CCLME mitjançant mostrejos de pesca des de l’any 2004. El projecte 

GUINEA-BISSAU 0810 fou de les últimes campanyes realitzades a bord del R/V Vizconde de 

Eza de les que se disposa informació (Muñoz et al. 2012). La campanya CETOBAPH, 

realitzada a l’abril del 2012, va estar centrada en l’estudi del plàncton a l’arxipèlag Canari i la 

influència dels afloraments d’aigües profundes des de la costa africana (Landeira et al. 2009; 

Landeira et al. 2010; Landeira et al. 2012). El projecte “Migrants and Active Flux In the 

Atlantic ocean” (MAFIA) dirigit per investigadors de la Universidad de Cádiz (UCA), va 

explorar les aigües que van des de les illes Canàries fins a les costes de Brasil. 

 

Tècniques recents i l’estudi de larves fil·losoma 

 

Tenint en compte que la morfologia larval és molt semblant entre diferents gèneres i 

espècies i la falta de correlació entre caràcters específics dels adults i la morfologia larval, no 

podem tenir la certesa que les larves descrites estiguin ben identificades. De fet, la 

correspondència entre la fil·losoma i la forma adulta de llagosta és una incògnita que encara 

està per resoldre’s en la majoria de casos (Palero et al. 2016). En els últims anys, la inclusió de 

noves tècniques moleculars ha revolucionat els estudis de zoologia i taxonomia. El codi de 

barres molecular (DNA barcoding) permet identificar una mostra a nivell d’espècie basant-nos 

en l´amplificació d’una regió del gen codificant per a la subunitat I de la citocrom oxidasa 

(COX1) (Hebert et al. 2003). L’amplificació d’aquesta regió (i d´altres) mitjançant PCR ha 

demostrat ser eficient en estudis d’identificació de larves de crustacis (Palero et al. 2011; 

Marco-Herrero et al. 2013; Palero et al. 2014b). Les identificacions de larves mitjançant DNA 

barcoding, ens permet la identificació d’exemplars recollits del plàncton i fixats en etanol, i 

representa un pas fonamental per resoldre les identificacions del material disponible en 

col·leccions històriques de museu. 

 

Altres avanços tecnològics importants en la descripció de noves espècies o formes larvals 

inclouen l´ús de programes informàtics per a la il·lustració científica. El dibuix digital presenta 

diversos avantatges front a l’ús tradicional dels estilogràfics de tinta (Coleman 2003). 

Programes com Adobe Illustrator corregeixen traços que no són fàcils de dibuixar perfectament 
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a mà alçada, i els vectoritza directament. Açò permet dur a terme un procés de correccions molt 

més eficient, ja que podem editar cada línia de manera individualitzada. A més, és possible 

crear estructures complexes amb l’apilament de diverses capes vectorials de forma elegant 

(Coleman 2009). Per exemple, una zona amb una gran densitat de sedes seria confusa al 

dibuixar-la a llapis, però amb l’ús de l’ordinador podem augmentar la imatge fins a 64 vegades. 

Caràcters morfològics amb importància taxonòmica queden així reflectits a les descripcions de 

manera clara, evitant possibles confusions en futures identificacions. 
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OBJECTIUS 
 

1. Revisar la sistemàtica dels Scyllarinae centrant-se en les espècies de l’Àfrica 

occidental amb un enfocament taxonòmic integrador (combinant trets morfològics i 

moleculars. 

 

2. Recopilar exemplars d’adults i larves de dues campanyes oceanogràfiques recents 

(ex. CETOBAPH i MAFIA) i múltiples col·leccions de museu. 

 
3. Obtenir seqüències genètiques a partir de larves prèviament seleccionades per  

identificar-les a nivell d’espècie (Codi de barres d’ADN).  

 

4. Analitzar les distàncies genètiques entre les diferents espècies de Scyllarus i inferir 

les relacions evolutives entre elles.  

 
5. Generar una base de dades amb la localització, profunditat i estat de 

desenvolupament (fil·losoma, decapodid, juvenil o adult) dels Scyllarus analitzats. 

 

6. Actualitzar la biogeografia dels Scyllarus africans amb les noves dades obtingudes 

de campanyes recents i col·leccions de museu. 

 

7. Realitzar les descripcions i il·lustracions de diferents estadis larvals prèviament 

identificats mitjançant mètodes moleculars, i seguint els estàndards actuals. 

 

8. Elaborar una clau d´identificació actualitzada de les larves fil·losoma de Scyllarus 

conegudes. 

 

9. Finalment, comparar les fil·losomes, decapodids i adults d’espècies de Scyllarus 

amb altres gèneres de la subfamília, per tal d’identificar trets de rellevància 

taxonòmica. 
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OBJECTIVES 
 

1. To review Scyllarinae systematics focusing on western Africa species with an 

integrative taxonomy approach (which combines morphological and molecular 

traits). 

 

2. To gather adult and larval samples from recent oceanographic campaigns (ex. 

CETOBAPH and MAFIA) and several museum collections.  

 

3. To obtain genetic sequences from previously selected larvae in order to identify 

them to species level (DNA barcoding). 

 

4. To analyse genetic distances between different Scyllarus spp. and infer 

evolutionary divergences between them. 

 

5. To build a database including location, depth and developmental stage 

(phyllosoma, decapodid, juvenile or adult) for the Scyllarus specimens analysed.  

 

6. To update our current understanding of African Scyllarus biogeography, with new 

data obtained from recent campaigns and museum collections. 

 

7. To carry out the morphological descriptions and illustrations of different larval 

stages previously identified through molecular methods and following current 

standards.  

 

8. To prepare an updated identification key of every known Scyllarus phyllosoma 

larvae. 

 

9. Finally, phyllosomae, decapodids and adults of Scyllarus are compared with other 

genera to identify new characters of taxonomic value. 
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MATERIAL I MÈTODES 
 
Revisió bibliogràfica i Databasing: Els exemplars analitzats en aquesta tesi (N = 241) es 

varen obtenir a partir de la revisió i classificació del material recollit a diferents campanyes 

oceanogràfiques recents (e.g. MAFIA i CETOBAPH) i la revisió del material procedent de 

col·leccions de museu (NHM, MNHN, RMNH, USNM, RBINS, MfN, CCDE-IEOCD i ICM). 

Tota la informació recopilada s’ha emmagatzemat en una base de dades pròpia i ha servit per 

actualitzar les identificacions del material de les col·leccions. La revisió de material s’ha 

complementat amb l´obtenció de bibliografia poc accessible (publicada en revistes de poca 

difusió internacional, en portuguès o francès) i documents no publicats del Prof. Alan Crosnier 

(MNHN, Paris) i l’il·lustrador Pierre Opic. Aquests documents han sigut fonamentals per a 

completar aquest estudi de les fil·losomes de Scyllarus africans. Tota la bibliografia va ser 

registrada amb el software Mendeley (https://www.mendeley.com/). 

 

Mètodes morfològics: Les descripcions de les larves es basen en l’esquema de somites dels 

malacostracis, descrit d’anterior a posterior, i descrivint els apèndixs de proximal a distal (Clark 

et al. 1998). Els estadis larvals es van determinar en base als treballs de Robertson (1968) i 

Webber & Booth (2001). Per a cada individu es varen prendre les següents mesures amb l’ús 

del software ImageJ (https://imagej.net): longitud total (TL) des del marge anterior de l'escut 

cefàlic fins al marge posterior del tèlson; longitud cefàlica (CL) des del marge anterior al 

posterior de l’escut cefàlic; l'amplada cefàlica (CW) mesurada a la part més ampla de l'escut 

cefàlic i longitud del plèon (PDL) des del marge anterior del plèon fins al marge posterior del 

tèlson (Figura 7). Es van disseccionar les antènules, apèndix bucals, maxil·lípedes i pereiopodis 

de les larves abans de dibuixar-los. Les il·lustracions es van realitzar amb una càmera lúcida 

unida a un estereoscopi de gran rendiment Leica (M165C; Leica Microsystems, Wetzlar, 

Alemanya). També s’han realitzat fotografies amb el mateix sistema i el software Leica 

Application Suite (LAS) (https://www.leica-microsystems.com/es/). Els dibuixos digitals es 

van obtenir mitjançant una tauleta gràfica (Wacom, Intuos) i el software Adobe Illustrator CC9 

(http://www.adobe.com/Illustrator), seguint les recomanacions de Coleman (2003). 
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Fig. 7: Mesures preses: longitud total (TL), longitud cefàlica (CL), amplada cefàlica (CW) i longitud 

del plèon (PDL). 

 

Mètodes moleculars: Les extraccions d’ADN a partir de teixit muscular de larves i adults 

es varen realitzar amb el mètode Chelex-protK (Palero et al. 2010). La identificació de les 

mostres per DNA barcoding es va basar en seqüències parcials del gen 16S rDNA (Marco-

Herrero et al. 2013), ja que aquest marcador mostra una taxa d’amplificació més elevada que 

el gen COX1 (Palero et al. 2009a; Bracken-Grissom et al. 2014). Els productes de PCR 

amplificats es van purificar amb el QIAquick PCR purification Kit (QIAGEN Inc.) i es van 

seqüenciar mitjançant el kit BigDye v3.1 (Applied Biosystems) en un seqüenciador ABI Prism 

3770. La qualitat dels cromatogrames de cada seqüència d'ADN es va inspeccionar mitjançant 

BioEdit ver. 7.2.5 (Hall 1999). Abans de realitzar els diferents anàlisis moleculars, les 

seqüències es van alinear amb Muscle ver. 3.6 (Edgar 2004) usant els paràmetres 
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predeterminats. Les estimacions de les distàncies p (proporció de diferències genètiques) i la 

divergència evolutiva Kimura 2-paràmetres (K2P) es varen obtenir mitjançant MEGA X 

(Kumar et al. 2016; Kumar et al. 2018). Els arbres filogenètics es van construir utilitzant el 

mètode de màxima versemblança (Maximum likelihood) amb el mateix software. 
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RESULTATS 
 

Informe dels Directors   

Títol de la Tesi: Slipper lobsters from Atlantic waters: revision of Scyllarus Fabricius, 1775     
(Crustacea: Scyllaridae) using a multiple-evidence approach 

Autora: Rebeca Genís Armero 

Directors: Dr. Ferran Palero Pastor i Dra. Romana Capaccioni Azzati 

 

a) Factor d’impacte de les publicacions 

CERTIFIQUEN: 

La memòria de Tesi Doctoral presentada per Rebeca Genís Armero titulada “Slipper 

lobsters from Atlantic waters: revision of Scyllarus Fabricius, 1775 (Crustacea: Scyllaridae) 

using a multiple-evidence approach”, ha estat dirigida conjuntament pel Dr. Ferran Palero 

Pastor de l’Institut Cavanilles de Biodiversitat i Biologia Evolutiva (ICBIBE) i la Dra. Romana 

Capaccioni Azzati de la Universitat de València. Aquesta tesi inclou 4 articles publicats en 

revistes indexades, 1 d’ells com Annex.  

Tots els articles han passat per la revisió d’investigadors anònims designats pels editors. A 

continuació es detalla l’índex d’impacte de les revistes i la posició en l’àrea segons les dades 

del ISI Web of Science. Cal assenyalar que, tot i que la candidata a Doctor signa en segon lloc 

l’article incorporat com Annex, hem decidit incorporar aquest article per la seua rellevància i 

relació en la temàtica de la tesi. Així mateix, cal indicar que la resta de signants són Doctors, 

per la qual cosa, el treball no ha estat, ni estarà, formant part d’altra Tesi Doctoral.  

 

Publicació 1  Possible amphi-Atlantic dispersal of Scyllarus lobsters (Crustacea: Scyllaridae): 
  molecular and larval evidence 

  Zootaxa 

  Impact Factor, 2017: 0.931 

  Posició en l’àrea: 94/167 (Zoology) 
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Publicació 2 Updated distribution and first description of Scyllarus subarctus (Crustacea: 
Scyllaridae) decapodid stage 

 Journal of the marine biological association of the United Kingdom 

 Impact Factor, 2018 (latest available): 1.578 

 Posició en l’àrea: 52/108 (Marine and Freshwater Biology) 

Publicació 3 Revision of the West African species of Scyllarus Fabricius, 1775 (Decapoda: 
Achelata: Scyllaridae), with the description of three phyllosoma stages of S. 
caparti Holthuis, 1952 and an updated identification key 

 Journal of Crustacean Biology 

 Impact Factor, 2018: 1.069 

 Posició en l’àrea: 74/108 (Marine and Freshwater Biology) 

        92/170 (Zoology) 

Publicació 4 DNA barcoding the phyllosoma of Scyllarides squammosus (H. Milne Edwards, 
1837) (Decapoda: Achelata: Scyllaridae) 

 Zootaxa 

 Impact Factor, 2016: 0.972 

 Posició en l’àrea: 87/163 (Zoology)   

 

I per a que així conste, en compliment de la legislació vigent, signem el present certificat a 
València, a 7 de juny de 2020.  

 

 

Signat: Ferran Palero Pastor i Romana Capaccioni Azzati, Directors de la Tesi Doctoral  
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b) Contribució del candidat en publicacions amb més signants 

Publicació 1 

Genis-Armero, R., Guerao, G., Abelló, P., González-Gordillo, J.I., Cuesta, J.A., 

Corbari, L., Clark, P.F., Capaccioni-Azzati, R., and Palero, F. (2017). Possible amphi-atlantic 

dispersal of Scyllarus lobsters (Crustacea: Scyllaridae): Molecular and larval evidence. Zootaxa 

4306, 325–338.  http://dx.doi.org/10.11646/zootaxa.4306.3.2  

 La candidata va recopilar les mostres de la campanya MAFIA i de la col·lecció CCDE-

IEOCD durant una estada al laboratori del Dr. J. Ignacio González Gordillo a la Universidad 

de Càdiz (UCA) que van ser deixades en préstec a la Universitat de València. Ha realitzat 

l’estudi morfològic de les mostres (dissecció i il·lustració) i ha redactat la major part de l’article.  

Publicació 2 

Genis-Armero, R., Landeira J., Capaccioni-Azzati R., and Palero F. (2019). Updated 

distribution and first description of Scyllarus subarctus (Crustacea: Scyllaridae) decapodid 

stage. Journal of the Marine  Biological Association of the United Kingdom 99(5), 1181-1188. 

https:// doi.org/10.1017/S0025315419000067  

La candidata va realitzar part de l’anàlisi molecular de les mostres durant una estada al 

Centre d’Estudis Avançats de Blanes (CEAB), ha realitzat l’estudi morfològic de les mostres 

(dissecció i il·lustració) i ha redactat la major part de l’article. 

Publicació 3 

 Genis-Armero, R., González-Gordillo, J.I., Cuesta, J.A., Capaccioni-Azzati, R., and 

Palero, F. (2020). Revision of the West African species of Scyllarus Fabricius, 1775 (Decapoda: 

Achelata: Scyllaridae), with the description of three phyllosoma stages of S. caparti Holthuis, 

1952 and an updated identification key. Journal of Crustacean Biology. 

https://doi.org/10.1093/jcbiol/ruaa025  

 La candidata va recopilar les mostres de la campanya MAFIA i de la col·lecció CCDE-

IEOCD durant una estada a la Universidad de Càdiz (UCA). Ha reunit la informació existent 

sobre la subfamília Scyllarinae en la bibliografia i les col·leccions de museu, ha realitzat l’estudi 

morfològic (dissecció i il·lustració) i ha redactat la major part de l’article.  
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Publicació 4 

 Palero, F., Genis-Armero, R., Hall, M. and Clark, P.F. (2016). DNA barcoding the 

phyllosoma of Scyllarides squammosus (H. Milne Edwards, 1837) (Decapoda: Achelata: 
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 53 

 

CAPÍTOL 1 

Possible amphi-Atlantic dispersal of 
Scyllarus lobsters (Crustacea: 

Scyllaridae): molecular and larval 
evidence 

  



 54 

 

  



ZOOTAXA

ISSN 1175-5326  (print edition)

ISSN 1175-5334 (online edition)Copyright © 2017 Magnolia Press

Zootaxa 4306 (3): 325–338  
http://www.mapress.com/j/zt/

Article

https://doi.org/10.11646/zootaxa.4306.3.2

http://zoobank.org/urn:lsid:zoobank.org:pub:FB980743-F2EF-43B4-8682-710F6B5684CB

Possible amphi-Atlantic dispersal of Scyllarus lobsters (Crustacea: Scyllaridae): 

molecular and larval evidence

REBECA GENIS-ARMERO1, GUILLEM GUERAO2, PERE ABELLÓ3, 

J. IGNACIO GONZÁLEZ-GORDILLO4, JOSÉ A. CUESTA5, LAURE CORBARI6, 

PAUL F. CLARK7, ROMANA CAPACCIONI-AZZATI1 & FERRAN PALERO7,8,9,10

1Department of Zoology, School of Biological Sciences, University of Valencia, Spain.
2Independent Researcher, Barcelona, Spain.
3Institut de Ciències del Mar, CSIC. Passeig Marítim de la Barceloneta 37-49, 08003 Barcelona, Spain.
4Instituto Universitario de Investigación Marina, Universidad de Cádiz, CEIMAR, Avd República Saharaui, 11510 - Puerto Real, 

Cadiz, Spain.
5Instituto de Ciencias Marinas de Andalucía, CSIC. Campus de Excelencia Internacional del Mar. Avda. Republica Saharaui, 2, 11519 

Puerto Real, Cádiz, Spain.
6UMR 7205, Institut de Systematique, Evolution et Biodiversite, Departement Systematique et Evolution, Muséum National d’Histoire 

Naturelle, 55 Rue Buffon, CP51, 75005 Paris, France.
7Department of Life Sciences, The Natural History Museum, Cromwell Road, London SW7 5BD, England.
8Centre d’Estudis Avançats de Blanes (CEAB-CSIC), Carrer D’accés a la Cala Sant Francesc 14, 17300 Blanes, Spain.
9Institut National de la Recherche Agronomique, UMR ISA INRA/UNSA/CNRS, Equipe BPI. 400, Route Des Chappes, Bp 167, 06903 

Sophia-Antipolis, France.
10Corresponding author. E-mail: fpalero@ceab.csic.es

Abstract

DNA methods may contribute to better understand larval dispersal of marine lobsters. The molecular analysis of phyllo-

soma specimens from the East Atlantic facilitated for the first time here the description of Scyllarus subarctus Crosnier, 

1970 larvae. The identification of S. subarctus phyllosomae from Cabo Verde confirmed that this species has a much wider 

geographic distribution than previously thought. Moreover, the phylogenetic analyses placed S. depressus from the West-

ern Atlantic together with the African species S. subarctus, instead of other American Scyllarus. In fact, S. depressus and 

S. subarctus formed a strongly supported clade with comparatively low genetic differentiation, suggesting the possibility 

that they might be recently-diverged sister taxa with an amphi-Atlantic distribution. Support for this is provided by the 

examination of S. subarctus larvae and the lack of any qualitative character that would allow for differentiation between 

the adults of S. subarctus and S. depressus. The results obtained highlight the challenges of current Scyllarus systematics 

and the need for further research on Atlantic slipper lobsters.

Key words: Slipper lobster, phylogenetics, amphi-Atlantic distribution, planktonic larval duration, DNA barcoding

Introduction

Slipper lobsters, Scyllaridae Latreille, 1825, constitute a monophyletic group of crustaceans characterized by 
possessing a completely flattened last antennal segment (Spanier 1991; Haug et al. 2015). Together with palinurid 
lobsters, scyllarid lobsters have a unique larval form particularly adapted to planktonic life and long-distance 
dispersal, the phyllosoma (Palero & Abello 2007). This planktonic phase contains multiple stages that finally 
transform into a benthic decapodid, taking up to 2 years to fully develop and metamorphose depending on species 
(Booth et al. 2005; Palero et al. 2014a). Scyllaridae includes more than 90 species consigned to 20 genera (Chan 
2010) and comprises four subfamilies: Arctidinae Holthuis, 1985 (including Scyllarides Gill, 1898 and Arctides
Holthuis, 1960), Ibacinae Holthuis, 1985 (Ibacus Leach, 1815, Evibacus Smith, 1869 and Parribacus Dana, 1852), 
Theninae Holthuis, 1985 (Thenus Leach, 1816) and Scyllarinae Latreille, 1825 (Scyllarus Fabricius, 1775 and 13 
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additional new genera proposed by Holthuis (1960, 1985, 2002). The latest molecular and phyllosoma morphology 
results support the monophyly of Arctidinae, Theninae and Scyllarinae, but Ibacinae appears to be a paraphyletic 
group (Yang et al. 2012; Bracken-Grissom et al. 2014; Palero et al. 2014b). The study of phyllosoma larvae is a 
difficult task though, mainly due to the great difficulty in rearing them in the laboratory and establishing the 
identification of plankton-caught material.

Subsequent to the revision of Scyllarus by Holthuis (2002), only 9 species were retained within the original 
genus. Four species are distributed in Western Atlantic waters: S. americanus (Smith, 1869), S. chacei Holthuis, 
1960, S. depressus (Smith, 1881) and S. planorbis Holthuis, 1969; and 5 in European and African waters: S. arctus 
(Linnaeus, 1758), S. caparti Holthuis, 1952, S. paradoxus Miers, 1881, S. pygmaeus Bate, 1888 and S. subarctus
Crosnier, 1970. Scyllarus americanus, S. depressus, and S. chacei have been recorded from North Carolina to 
Brazil (Holthuis 1960; Robertson 1968b; Lyons 1970; Tavares 1997), and S. planorbis has a restricted distribution 
ranging from Honduras to Suriname (Dall’Occo 2010). With regard to the Eastern Atlantic species, S. arctus and S. 
pygmaeus are commonly reported from the Mediterranean Sea and North-East Atlantic (Pessani & Mura 2007; 
Palero et al. 2011), while S. paradoxus is limited to Senegal, Sierra Leone, Guinea and St. Tomé (Forest 1963), and 
S. caparti extends mostly along the East Atlantic coast in tropical and subtropical latitudes (Holthuis 1952), with an 
isolated specimen reported by Froglia (1974) from the Adriatic Sea. Although originally described from South-East 
Atlantic waters (Crosnier 1970; Macpherson 1991), some specimens from Guinea Bissau and Mauritania have 
been tentatively assigned to S. subarctus (Muñoz et al. 2012; Garcia-Isarch et al. 2015), suggesting that this species 
may have an intertropical distribution.

Complete larval descriptions for American Scyllarus were provided by Robertson (1968a, 1971, 1979) from 
laboratory breed material, with some series complemented using planktonic specimens. In comparison, for Eastern 
Atlantic species, only the final phyllosoma and nisto stages of S. arctus and S. pygmaeus have been confirmed by 
DNA barcoding (Palero et al. 2008, 2009a, 2011). The identification of lobster larvae from Africa has been limited 
by difficulties in obtaining ethanol-preserved planktonic material, so that species assignments from previous 
records remain uncertain (Lindley et al. 2004). Recently, a large collection of phyllosomae from East Atlantic 
waters was obtained during the Migrants and Active Flux in the Atlantic Ocean (MAFIA) project expedition. DNA 
methods allow for the first time the identification and description of S. subarctus phyllosoma stages VII, IX, and X. 
The present study confirms that S. subarctus has a much wider geographic distribution than previously thought and 
suggests the possibility of amphi-Atlantic dispersal of Scyllarus larvae.

Materials and methods

The phyllosomae used for molecular analysis and descriptions were obtained during the MAFIA cruise between 3rd

and 29th April 2015. A total of 13 stations were sampled on board of the RV Hesperides, which crossed the Atlantic 
from Salvador de Bahia, Brazil, to Las Palmas, Canary Islands. Micronekton samples were collected with a mid-
water trawl (Mesopelagos net) with a mean mouth opening of 5 × 7 m and a final cod-end of 4 mm. This system 
allowed discriminating samples from different levels into the water column to depths around 1000 m. Phyllosoma 
specimens from the MAFIA cruise were obtained near Cabo Verde, 900–1000 km away from continental Africa. 
Sampling co-ordinates, date and depth are shown in Table I. Samples were preserved in absolute ethanol and 
registered in the invertebrate collections of the Universidad de Cádiz.

Phyllosoma specimens showing identical morphological traits to our DNA-identified material from Cabo 
Verde were found among the Institut de Ciències del Mar collections (Table I). These specimens were sampled 
during the SNEC-II cruise from North of Lüderitz (18°S 10°30'E), at about 217 km off the Namibian coast. A 

Rectangular Mid-water Trawl plankton net with 1 m2 opening and 200 µm mesh was used to sample a single station 
between 0 and 200 m depth. SNEC-II collected specimens were, however, preserved in formalin and their specific 
identification was based on morphology only. Finally, reference DNA sequences were obtained from type 
specimens of Scyllarus subarctus deposited in the Muséum National d’Histoire Naturelle, France, and GenBank 
(see Table I for accession codes).

DNA analyses. Total genomic DNA extraction was performed using the Chelex-protK method (Palero et al.
2010). The standard universal primers for the 16S rDNA gene (Marco-Herrero et al. 2013) were used for DNA 
barcoding, since this marker shows a higher amplification rate than COI primers in Achelata (Palero et al. 2009b; 
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Bracken-Grissom et al. 2014). Amplifications were carried out with ~30 ng of genomic DNA in a reaction 
containing 1 U of Taq polymerase (Amersham), 1 × buffer (Amersham), 0.2 mM of each primer and 0.12 mM 
dNTPs. The polymerase chain reaction (PCR) thermal profile used was 94°C for 4 min for initial denaturation, 
followed by 30 cycles of 94°C for 30 s, 50°C for 30 s, 72°C for 30 s and a final extension at 72°C for 4 min. 
Amplified PCR products were purified with QIAquick PCR Purification Kit (QIAGEN Inc.) before direct 
sequencing of the product. The sequences were obtained using the kit BigDye v3.1 (Applied Biosystems) on an 
ABI Prism 3770. The chromatograms for each DNA sequence were checked using the software BioEdit ver. 7.2.5 
(Hall 1999). Sequence alignment was conducted using the program Muscle ver. 3.6 (Edgar 2004) with default 
parameters. Selection of the nucleotide substitution model was performed according to the BIC criterion as 
implemented in MEGA v7 (Kumar et al. 2016). The aligned sequences and selected evolutionary model were used 
to estimate genetic distances and the corresponding Maximum Likelihood phylogenetic tree in MEGA.

Larval description. The larval accounts were based on the malacostracan somite plan, described from anterior 
to posterior and proximal to distal (Clark et al. 1998; Palero et al. 2016). Morphological illustrations of the larvae 
were drawn using a camera lucida attached to a Leica high-performance stereo microscope (M165C, Leica 
Microsystems) and the maxillae and mandibles were dissected before drawing. The stage assignment of Scyllarus 
phyllosoma larvae is based on Robertson (1968a, 1971) and Webber & Booth (2001). The following measures were 
taken for each individual analysed: total length (TL) from the anterior margin of the cephalic shield between the 
eyes to the posterior margin of the telson; cephalic length (CL) from the anterior to the posterior margin of the 
cephalic shield; cephalic width (CW) measured at the widest part of the cephalic shield; pleon length (PDL) from 
the anterior margin of the pleon to the posterior margin of the telson.

Results

Molecular identification of phyllosoma larvae. DNA sequences obtained from the MAFIA phyllosomae and 
adult specimens included 428 bp positions after alignment. The DNA substitution model selected according to the 
BIC method was the Hasegawa-Kishino-Yano model (HKY) with invariant positions. The rate variation model 
allowed for 61% of the sites to be evolutionarily invariable. The phylogenetic tree obtained by Maximum 
Likelihood (Ln = -1652.65) strongly supported the species-level assignment of the Cabo Verde larvae, clustering 
with adult S. subarctus and genetic distances below 0.01 (ranging between 0.005 and 0.007). S. depressus and S. 
subarctus formed a monophyletic clade with high bootstrap support (97%) (Fig. 1). Genetic distances between S. 
subarctus and S. depressus (between 1.9 and 2.4%) were 3 times lower than those observed between S. subarctus
and other African species (5.8 to 7.9%) and 8 times lower than genetic distances with species from America 
(between 14.2 and 17.3%).

Morphological description. A total of 18 specimens, 11 from the MAFIA cruise and 7 from SNEC-II, were 
used for morphological characterization of S. subarctus phyllosomae. The larvae could be assigned to 3 different 
stages based on morphology namely, stage VII, IX (subfinal) and X (final), and which also correspond with 
separate groups based on total length. Correlation between TL and both CL and CW values was linear, with CL 

(CL=0.67 TL + 1.67; R2=0.981) increasing much faster than CW (CW=0.51 TL + 2.02; R2=0.985) during these late 
stages.

Scyllarus subarctus Crosnier, 1970

Phyllosoma, stage VII (PHMF 13, PHMF 51)

Dimensions. N = 7; TL = 9.1–10.9 mm; CL = 6.4–7.7 mm; CW = 7.4–8.7 mm; PDL = 1.1–1.4 mm.
Cephalic shield (Fig. 2A). Sub-rectangular; 1.2 × wider than long.
Antennule (Fig. 5A). Peduncle 3-segmented, last segment shorter and carrying two flagella (primary and 

accessory); accessory flagellum longer than primary, unsegmented with 2 setae in external side and 1–3 longer 
setae in the apical region; primary flagellum unsegmented with 8–9 rows of sensory setae (aesthetascs).

Antenna (Fig. 5A). Biramous and unsegmented; longer than antennule.
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Mandibles (Fig. 5D, G). Asymmetrical dentition. Left mandible (Fig. 5D) larger and with more teeth on 
incisor process than right (Fig. 5G). Right mandible teeth are curved towards molar process while teeth of left 
mandible are elongated. Both mandibles with abundant small teeth distributed over surface and molar process 
crowned with many denticles.

Maxillule (Fig. 5J). Uniramous. Coxal and basial endites with 7 setae (2 and 3 strong setae, respectively). Palp 
(endopod) absent.

Maxilla (Fig. 6A). Endites, endopod and exopod (scaphognathite) not differentiated.
First maxilliped (Fig. 6A). Unsegmented and cone-shaped; rudimentary bud.
Second maxilliped (Fig. 6D). Five-segmented, with 0,1,2,10,3 setae respectively.
Third maxilliped (Fig. 4, 6H, G). Five-segmented, with ventral coxal spine; distal part of propodus and dactyl 

densely setose. Two serrated and curved setae in distal end of propodus.
Pereiopods (Fig. 2A–E; 6L). P1–4 biramous with ventral coxal spine and 5-segmented endopod; basis-ischio-

merus (fused) with abundant spines scattered over the surface. Two large distal spines on ischio-merus and carpus; 
with long and strong spines on distal end of propodus, increasing in length from P1 to P4. Exopods with 22–26, 
21–24, 18–22, 14–18 annulations respectively, each annulation carrying two long setae. Dorsal side of P1–3 
covered with many spines, fewer on P4. P5 rudimentary and 2-segmented; exopod absent.

Pleon (Fig. 6L). Undeveloped and unsegmented; with 4 pairs of rudimentary pleopods. Biramous uropods 
undeveloped. Telson with 2 long processes and 4 setae on posterior margin (one pair on dorsal and one pair on 
ventral sides).

FIGURE 1. Molecular Phylogenetic tree obtained by Maximum Likelihood. Only bootstrap support values above 80 are 

shown. Larval images adapted from Robertson (1968a, 1968b, 1971) and Palero et al. (2008, 2011).
GENIS-ARMERO ET AL.328  ·  Zootaxa 4306 (3)  © 2017 Magnolia Press



FIGURE 2. Scyllarus subarctus, Phyllosoma stage VII (PHMF 13, PHMF 51). (A) ventral view, (B) dactylus of first 

pereiopod; (C) dactylus of second pereiopod, (D) dactylus of third pereiopod, (E) dactylus of fourth pereiopod. Scale bars: A = 

1 mm; B-E = 500 µm. 

FIGURE 3. Scyllarus subarctus, Phyllosoma subfinal stage (PHMF 56, PHMF 48, SNECII-E89_02). (A) ventral view, (B) 

dactylus of first pereiopod, (C) dactylus of second pereiopod, (D) dactylus of third pereiopod, (E) dactylus of fourth pereiopod. 

Scale bars: A = 42 mm; B-E = 500 µm. 
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FIGURE 4. Scyllarus subarctus, Phyllosoma final stage (PHMF 92). (A) ventral view, (B) dactylus of first pereiopod, (C) 

dactylus of second pereiopod, (D) dactylus of third pereiopod, (E) dactylus of fourth pereiopod, (F) left side of thorax, dorsal 

view, (G) detailed view of distal part of proximal exopod segment. Scale bars: A = 2 mm; B-F = 1 mm; G = 0.1 mm.

Phyllosoma, subfinal stage (PHMF 56, PHMF 48, SNECII-E89_02)

Dimensions. N = 3; TL = 19.4–20.3 mm; CL = 12.6–13.1 mm; CW = 15.3–16.2 mm; PDL = 4.1–5.4 mm.
Cephalic shield (Fig. 3A). Subrectangular, 1.2 × wider than long.
Antennule (Fig. 5B). Accessory flagellum slightly longer than primary. Primary flagellum with 13–14 rows of 

aesthetascs.
Antenna (Fig. 5B). Widening inner ramus. Same length as antennule.
Mandibles (Fig. 5E, H). Similar to stage VII but with more teeth on both mandibles.
Maxillule (Fig. 5K). Uniramous. Coxal endite with 12 setae (2 long and strong, and 10 small setae) and basial 

endite with 13 setae (3 long and strong, and 10 small setae).
Maxilla (Fig. 6B). Endite and endopod poorly differentiated. Scaphognathite (exopod) rectangular shaped and 

with small anterior and posterior expansions. Lateral process of endite with trapezoidal shaped.
First maxilliped (Fig. 6B). Rudimentary and slightly bilobed.
Second maxilliped (Fig. 6B). 5-segmented with 0,1,3,13,3 setae respectively. Spines of fourth segment form a 

crown around the base of dactyl.
Third maxilliped (Fig. 6I, J). More spines than previous stage.
Pereiopods (Fig. 3A–E; 6M). P1–4 with more spines than stage VII; exopods with 32–34, 27–34, 30–32, and 

23–30 annulations respectively. P5 without exopod, 3–segmented and reaching base of uropods; coxa with ventral 
spine and 2 spines on ischio-merus.

Pleon (Fig. 6M). Four pairs of bilobed pleopods longer and narrower than stage VII; bilobed uropods; margin 
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of telson is concave; elongated processes of telson shorter with respect to telson length. Two rows of 14–15 setae 
on ventral and dorsal side of telson.

FIGURE 5. Scyllarus subarctus, (A)–(C) antennule and antenna, (D)–(F) left mandible, (G)–(I) right mandible, (J)–(L) 

maxillule of stage VII, subfinal and final stage respectively. Scale bars: A and B = 1 mm; C = 2 mm; D, E, G and J = 100 µm; 

F, H and I = 200 µm; K and L = 500 µm. 
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FIGURE 6. Scyllarus subarctus, (A)–(C) maxilla and first maxilliped, (D)–(F) second maxilliped, (H)–(K) third maxilliped, 

(L)–(N) pleon and fifth pereiopod, ventral view, (O) pleopods of stage VII, subfinal and final stage respectively. Scale bars: A, 

B, D, H and I = 500 µm; C, E, F, G, L, M and O = 1 mm; N = 2 mm.
GENIS-ARMERO ET AL.332  ·  Zootaxa 4306 (3)  © 2017 Magnolia Press
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Phyllosoma, final stage (PHMF 92)

Dimensions. N = 8; TL= 27.0–35.1 mm; CL = 15.5–20.7 mm; CW = 19.6–25.9 mm; PDL = 7.0–10.2 mm.
Cephalic shield (Fig. 4A). Subrectangular, 1.3 × wider than long.
Antennule (Fig. 5C). Accessory flagellum unsegmented; primary flagellum shorter than accessory, 

unsegmented, with 16–17 rows of sensory setae.
Antenna (Fig. 5C). Longer than antennule.
Mandibles (Fig. 5F, I). Similar to stage VII, but internal row of teeth approaches the external row so that both 

rows meet.
Maxillule (Fig. 5L). Coxal and basial endite with 11 and 10 setae respectively. Palp (endopod) absent.
Maxilla (Fig. 6C). Endite and endopod poorly differentiated with 3 setae on superior margin of lateral process 

of endite. Scaphognathite (exopod) without setae, flattened and anterior and posterior parts considerably expanded.
First maxilliped (Fig. 6C). Unsegmented and bilobed; outer lobe flattened and round; inner lobe conic-shaped 

and shorter.
Second maxilliped (Fig. 6F). 5-segmented with 0,1,3,15,4 setae respectively; exopod bud present.
Third maxilliped (Fig. 6K). Densely setose.
Pereiopods (Fig. 4A–G; 6N). Exopods of P1–4 with 32–38, 27–38, 32–35 and 29–33 annulations respectively. 

One spine-like seta present at the distal end of the proximal segment of exopod. P5 reaching uropods, 5-segmented 
with ventral coxal spine, 2 distal spines on ischio-merus, carpus and propodus.

Gills (Fig. 4F). Gill buds present: mxp3 and P1 with 1 pleurobranch, 1 arthrobranch and 2 podobranchs; P2–4 
with 2 pleurobranchs, 1 arthrobranch, 2 podobranchs; P5 with 1 pleurobranch.

Pleon (Fig. 6N, O). Pleopods biramous. Posterior margin of telson rounded with two postero-lateral processes. 
Two rows of 17–22 setae on dorsal and ventral sides of telson.

Discussion

The ethanol-preserved phyllosoma material collected by MAFIA facilitated the identification of Scyllarus 
subarctus larvae using molecular techniques and the description of its late developmental stages. Phyllosomae of S. 
subarctus are consistently larger than those from closely-related species such as S. arctus (Palero et al. 2011) or S. 
pygmaeus (Palero et al. 2008), reaching over 3 cm in total length in the final stage. The most distinctive 
morphological characteristic of S. subarctus phyllosomae is that pereiopods are covered with abundant spines. All 
pereiopods show 2 strong spines on the carpus (occasionally 3, one smaller) and one spine-like seta on the distal 
end of the proximal segment of the exopod, although it can be easily broken and it is not always visible. Such 
spine-like setae have never been described in a phyllosoma before, so it could either be a species-specific trait of S. 
subarctus or it may be a previously overlooked character. Even though morphological traits are seldom shared 
between phyllosoma and adult stages, the third finger-like lobe of the antennal flagellum is pointed and protruding 
in the final phyllosoma stage, a characteristic also present on S. subarctus adults. The final stage described here 
also presents the greatest number of sensory setae on the antennule and annulations on P1 exopod typically found 
in Scyllarus larvae (Robertson 1968a, 1971; Webber & Booth 2001; Palero et al. 2008, 2011). Scyllarus subarctus
late stage phyllosomae share a rectangular cephalic shape with other congeneric species such as S. arctus and S. 
pygmaeus, but the TL/CW ratio is lower in S. subarctus than in S. pygmaeus or S. arctus.

Phylogenetic analyses separate Western Atlantic Scyllarus (excluding S. depressus) from East Atlantic taxa. 
Scyllarus depressus formed a strongly supported clade together with S. subarctus, an African species, which 
suggests that they could be a single species with an amphi-Atlantic distribution (see also Yang et al. 2012; 
Bracken-Grissom et al. 2014). Crosnier (1970) did not provide any qualitative character that would allow for 
differentiation between the adults of these two species, and distinguished them based in the more slender 
appearance of S. subarctus, the anterior part of its median carina directed upwards or a sternum widening much less 
towards the back. Further support for the sister relationship of S. subarctus and S. depressus was provided by larval 
morphology, with previous descriptions of S. depressus phyllosomae being remarkably similar to the MAFIA 
specimens (Robertson 1968b, 1971). Scyllarus depressus and S. subarctus larvae both possess many spines 
scattered over the pereiopods, identical first maxilliped and a comparatively long P5. Almost identical larvae and 
comparatively low genetic differentiation levels imply recent divergence between both S. depressus and S. 
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subarctus, suggesting the possibility that they might be a single species with an amphi-Atlantic distribution. The 
synonymy of species from American and African waters has been proposed in other marine taxa based on larval 
evidence (i.e. Sebastidae fish; Sabates & Olivar 1990), and amphi-Atlantic patterns have been observed in 
Grapsidae crabs (Schubart 2011) with long planktonic larval duration (>2 months; see Cuesta et al. 2011).

Long planktonic larval duration could explain the amphi-Atlantic pattern observed here, since some Scyllarus
species have a comparatively long larval phase which would allow for transoceanic dispersal (e.g. 75 days for S. 
depressus; Robertson 1971). Previous simulation studies based on Atlantic Ocean dynamics suggest that 
phyllosomae could disperse between continents following a stepping-stone path through offshore islands (Rudorff 
et al. 2009). The distribution of S. subarctus is still poorly known, but it might be present in islands along the mid-
Atlantic ridge, such as Azores or Ascension Island. In a recent study, several adult specimens from Guinea Bissau 
and Mauritania waters, in the Northern hemisphere, have been tentatively assigned to this species, expanding its 
range from 17ºS to 20 N (García-Isarch & Muñoz 2015; García-Isarch et al. in press). DNA sequences obtained 
from phyllosoma larvae collected near Cabo Verde and type specimens of S. subarctus from Angola are shown here 
to be identical. Marine currents might contribute to phyllosoma dispersal over long distances and could explain this 
wide distribution (Lass & Mohrholz 2008). Little is known about phyllosoma dispersal however, and passive 
movements could be restricted by eddies (Chiswell & Booth 1999) or modified by behavioural interaction with 
jellyfish (Booth et al. 2005; O'Rorke et al. 2015).

Larval morphology and molecular phylogeny results obtained in the present study highlight the need for a 
revision of Scyllarus systematics, with S. depressus being much closer to African species, in particular to S. 
subarctus, than to another American species. These results highlight unexpected evolutionary relationships within 
Scyllarus, and suggest that more fundamental research is required on African slipper lobsters. Future investigations 
should focus on revising morphological characters in both adults and larvae and obtaining supplementary 
molecular data.
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Abstract

The phyllosoma larva of spiny and slipper lobsters (Palinuridae and Scyllaridae respectively)
can disperse during several months before metamorphosing into a decapodid stage, which is
the key phase for a successful settlement. The largest Scyllarus decapodid known to date was
recently collected near the Canary Islands and identified by DNA analysis as Scyllarus subarc-
tus. This species had never been previously reported from the area, and the decapodid stage is
described here for the first time. The examination of further museum specimens has now sig-
nificantly expanded the current distribution of S. subarctus, including much of the NW
African coast, St Helena and Canary Islands. These results highlight the importance of com-
bining molecular analysis of recently collected specimens with historical collections.

Introduction

Spiny and slipper lobsters are characterized by the presence of a unique larval form (phyllo-
soma) especially adapted for long-distance dispersal (Palero & Abello, 2007). The phyllosoma
phase may take up to 2 years to complete larval development (Booth et al., 2005) and meta-
morphose into a decapodid stage (Kaestner, 1980; Felder et al., 1985). The decapodid stage of
Achelata lobsters, which has been traditionally called puerulus, nisto or pseudibacus due to the
existence of former generic names, is a key transitional stage linking the planktonic zoea and
the benthic adult (Jeffs et al., 2005; Ventura et al., 2015). The nisto stage of slipper lobsters
remains poorly known because few specimens are generally obtained from plankton samples
and the great difficulties in rearing phyllosoma larvae in the laboratory (Palero et al., 2008).
The complete laboratory-reared larval sequence has only been obtained for S. americanus
Smith, 1869 (Robertson, 1968) and Petrarctus demani Holthuis, 1946 (Ito & Lucas, 1990),
so further advances will most likely rely on molecular methods.

Only 16 Scyllarinae nisto morphotypes have been assigned to species level and previous
identifications may be incorrect. Bouvier (1913) originally proposed Scyllarus arctus
Linnaeus, 1758 to have two nisto stages, but those two stages have been shown to correspond
to the decapodid stages of S. arctus and S. pygmaeus Bate, 1888 respectively (Palero et al., 2008,
2009a, 2011). The recent results on the phyllosoma of Scyllarides squammosus (H. Milne
Edwards, 1837) confirm the importance of using DNA barcoding methods to characterize
these larvae (Palero et al., 2016). Nevertheless, some studies on scyllarid larvae still confuse
the decapodid of Scyllarus with that of Scyllarides (Pagliarino et al., 2013) and stress the neces-
sity of further morphological descriptions and taxonomic research.

The largest Scyllarus decapodid known to date was recently collected near the Canary
Islands and identified by DNA analysis as Scyllarus subarctus Crosnier, 1970. This species
had never been previously reported from the area and its decapodid stage is described here
for the first time. A thorough examination of material from previous expeditions across
West Africa also significantly expanded the known species range, identifying further material
from NW Africa (e.g. Morocco) and several specimens from St Helena (one nisto and two
adults). These results highlight the importance of associating molecular analysis of recently
collected specimens with historical collections.

Materials and methods

Sampling

Several specimens corresponding to undetermined Scyllarus species were collected in April
2012 during the CETOBAPH experimental fishing cruise on board the RV ‘Cornide de
Saavedra’. Sample stations were located around the Canary Islands, between the 1000 and
2000 m isobaths, off El Hierro, La Palma and Tenerife. Sampling was performed using a pela-
gic net (300 m2 mouth area, 45 m length, mesh size of 80 cm near the opening, decreasing to
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1 cm in the cod end) towed during 1 h, at speed of 3 knots
between 40 and 800 m depth. Hauls were performed horizontally
along narrow depth ranges within the different scattering layers
using the information provided by echosounders and Scanmar
depth sensors (for more details see Ariza et al., 2016). Further
S. subarctus material from several museum collections included
specimens from Angola, Namibia, St Helena, Guinea, Cape
Verde, Senegal, Mauritania, West Sahara, Morocco and Canary
Islands (Figure 1; Table 1).

DNA analyses

Total genomic DNA extraction of five small and one large
Scyllarus decapodid from the CETOBAPH expedition was per-
formed using the Chelex-protK method (Palero et al., 2010).
The standard universal primers for the 16S rDNA gene (Hillis
et al., 1996) were used for DNA barcoding, since this marker
shows a higher amplification rate than COI primers in Achelata
(Palero et al., 2009b; Bracken-Grissom et al., 2014).
Amplifications were carried out with ∼30 ng of genomic DNA
in a reaction containing 1 U of Taq polymerase (Amersham),
1 × buffer (Amersham), 0.2 mM of each primer and 0.12 mM
dNTPs. The polymerase chain reaction (PCR) thermal profile
used was 94 °C for 4 min for initial denaturation, followed by
30 cycles of 94 °C for 30 s, 50 °C for 30 s, 72 °C for 30 s and a
final extension at 72 °C for 4 min. Amplified PCR products
were purified with QIAquick PCR Purification Kit (QIAGEN
Inc.) before direct sequencing of the product. The sequences
were obtained using the kit BigDye v3.1 (Applied Biosystems)
on an ABI Prism 3770. The chromatograms for each DNA
sequence were checked using the software BioEdit ver. 7.2.5
(Hall, 1999). Sequence alignment was conducted using the pro-
gram Muscle v3.6 (Edgar, 2004) with default parameters. The
Kimura 2-parameter (K2P) genetic distance was estimated
between the Canary Island decapodid and sequences of Atlantic
slipper lobsters available in GenBank using MEGA v7 (Kumar
et al., 2016) (Table 2).

Larval description

Description of the S. subarctus nisto stage was based on the
malacostracan somite plan, from anterior to posterior and prox-
imal to distal (Clark et al., 1998; Clark & Cuesta, 2015). Larval
illustrations were obtained using a camera lucida attached to a
Leica high-performance stereo microscope (M165C, Leica
Microsystems). Antennule, mandible, maxillule, maxilla, maxilli-
peds and pereopods were dissected before drawing. The following
measurements were taken: total length (TL) from the anterior
margin of the antennae to the posterior margin of the telson;
cephalic length (CL) from the anterior to the posterior margin
of the carapace; carapace width (CW) measured at the widest
part of the carapace; pleon length (PDL) from the anterior margin
of the pleon to the posterior margin of the telson. Morphological
nomenclature follows Holthuis (1985).

Results

Molecular identification and updated distribution of
S. subarctus

As expected based on the known distribution of the species,
molecular data allowed us to assign the small nisto samples to
S. arctus and S. pygmaeus. K2P genetic distances between the
DNA sequence obtained from the large nisto and adults from
either S. depressus (0.015 ± 0.006) or S. subarctus (0.010 ±
0.005) were smaller than of other African Scyllarus (S. arctus:

0.064 ± 0.012; S. pygmaeus: 0.074 ± 0.014). Genetic distances
were larger when compared with S. americanus (0.142 ± 0.020)
and S. chacei (0.166 ± 0.023). Therefore, the nisto could be
assigned with confidence to S. subarctus. The DNA sequence
obtained from the S. subarctus nisto is now available from
GenBank (accession number: MK421157).

The results provide further evidence to recent observations of
S. subarctus phyllosoma stages collected near Cape Verde islands
(Genis-Armero et al., 2017) and expand the known latitudinal
range. Compared with the few adult specimens originally
described from the Angola/Namibia border (Crosnier, 1970;
Macpherson, 1983), the morphological revision of further museum
specimens allowed us to significantly expand the current spatial dis-
tribution including much of the NWAfrican coast, St Helena and
Canary Islands (Figure 1).

Morphological description
Order DECAPODA Latreille, 1802

Family SCYLLARIDAE Latreille, 1825
Genus Scyllarus Fabricius, 1775
Scyllarus subarctus Crosnier, 1970

Nisto stage (MNHN-IU-2016-10733; ICMD002350;
CCDE-IEOCD:1105-1)

Dimensions. TL = 24.8–27.8 mm; CL = 7.1–7.7 mm; CW=
9.2–9.8 mm; PDL = 12.4–13.8 mm.

Carapace (Figure 2A, B). Slightly wider than long, broadest
near middle section; surface mostly smooth; short and rounded
rostrum; orbits deep, subrectangular, lined with cilia; lateral mar-
gin with two incisions (cervical and postcervical, latter less
obtuse) and ∼29 teeth (9 anterolateral, 7 mediolateral and 13 pos-
terolateral); pregastric tooth small, gastric and cardiac low and
bilobed; posterior submedian ridge with small spine; anterior
branchial ridge with 7 spines ending in two large blunt teeth; pos-
terior branchial ridge formed by 2 arches, inner carina more pro-
nounced with 14–18 teeth and outer carina with 7 teeth; cervical
groove shallow; intestinal ridge with 12–14 triangular-shape

Fig. 1. Localities where Scyllarus subarctus has been found in the Eastern Atlantic. × :
nisto, o: adult, Δ: phyllosoma.
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Table 1. List of Scyllarus subarctus specimens analysed in the present study.

Museum
collection Voucher code Date Area Latitude Longitude

Depth
(m) Study Stage

IEOCD CCDE-IEOCD:987-1 15/12/2011 Morocco 34.04 −8.48 271–271 Present study Adult

IEOCD CCDE-IEOCD:987-2 15/12/2011 Morocco 34.04 −8.48 271–271 Present study Adult

IEOCD CCDE-IEOCD:987-3 15/12/2011 Morocco 34.04 −8.48 271–271 Present study Adult

IEOCD CCDE-IEOCD:987-4 15/12/2011 Morocco 34.04 −8.48 271–271 Present study Adult

IEOCD CCDE-IEOCD:995-1 14/12/2011 Morocco 33.75 −8.66 46–46 Present study Adult

ICM ICMD002350 19/4/2012 Canary
Islands

28.84 −16.14 50–150 Present study Nisto

ICM ICMD002513 13/4/2012 Canary
Islands

28.54 −18.00 410–620 Present study Phyllosoma

IEOCD CCDE-IEOCD:984-1 22/11/2011 Morocco 23.16 −17.31 150–150 Present study Adult

IEOCD CCDE-IEOCD:984-2 22/11/2011 Morocco 23.16 −17.31 150–150 Present study Adult

IEOCD CCDE-IEOCD:984-3 22/11/2011 Morocco 23.16 −17.31 150–150 Present study Adult

MfN ZMB27241-1 1/3/1975 West Sahara 21.15 −17.38 68–70 Present study Adult

MfN ZMB27241-2 1/3/1975 West Sahara 21.15 −17.38 68–70 Present study Adult

UCA MA017008PN07DPH01 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH01 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH02 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH03 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH04 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH05 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH06 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA017008PED05PH07 19/4/2015 Cape Verde 20.26 −24.25 0–100 Genis-Armero et al.
(2017)

Phyllosoma

IEOCD CCDE-IEOCD:968-1 9/6/2012 Mauritania 19.82 −17.20 69–69 Present study Adult

IEOCD CCDE-IEOCD:968-2 9/6/2012 Mauritania 19.82 −17.20 69–69 Present study Adult

UCA MA019009PEN05PH01 21/4/2015 Cape Verde 16.16 −26.03 0–100 Genis-Armero et al.
(2017)

Phyllosoma

IEOCD CCDE-IEOCD:999-1 4/11/2011 Senegal 14.70 −17.91 154–154 Present study Adult

IEOCD CCDE-IEOCD:999-2 4/11/2011 Senegal 14.70 −17.91 154–154 Present study Adult

IEOCD CCDE-IEOCD:999-3 4/11/2011 Senegal 14.70 −17.91 154–154 Present study Adult

IEOCD CCDE-IEOCD:999-4 4/11/2011 Senegal 14.70 −17.91 154–154 Present study Adult

IEOCD CCDE-IEOCD:1105-1 27/5/2012 Senegal 14.47 −17.51 103–103 Present study Nisto

IEOCD CCDE-IEOCD:197-1 4/11/2008 Guinea 10.28 −16.37 65–65 Present study Adult

IEOCD CCDE-IEOCD:197-2 4/11/2008 Guinea 10.28 −16.37 65–65 Present study Adult

UCA MA025012PEN00PH19 27/4/2015 Cape Verde 9.56 −25.99 0–250 Genis-Armero et al.
(2017)

Phyllosoma

UCA MA025012PEN00PH20 27/4/2015 Cape Verde 9.56 −25.99 0–250 Genis-Armero et al.
(2017)

Phyllosoma

IEOCD CCDE-IEOCD:989-1 23/10/2011 Guinea 9.34 −15.67 116–116 Present study Adult

IEOCD CCDE-IEOCD:989-2 23/10/2011 Guinea 9.34 −15.67 116–116 Present study Adult

MNHN Pa-257 Mauritania Present study Adult (Monod
coll.)

MNHN MNHN-IU-2016-10733 St Helena −16.01 −5.70 Present study Nisto

NHM St Helena −16.01 −5.70 Present study Adult

(Continued )
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tubercles and posterior carina with 12–14 tubercles; ∼8 tubercles
in posterior lateral margin.

Antennule (Figure 3A). Longer than antennae; peduncle with
3 articles, proximal article stout, compressed at middle with long
stiff setae, dorsal extension on the left distal margin; primary fla-
gellum (12 annuli) with dense plumose setae on distal half and
widening in the middle, shorter than accessory flagellum (13
annuli), which is more slender and with scattered setae along
entire length; antennular somite with a blunt central spine and
one or two smaller spines on inner margin.

Antenna (Figure 2A). Uniramous with exopod absent, 4-seg-
mented endopod, broad and flat; first segment trapezoidal with
2 spines; second segment (proximal squame) triangular with pro-
nounced median ridge, outer lateral margin serrated with two
deep notches; third segment with irregular margin and 2 spines;
fourth segment with 7 serrated lobes with setae in margin, first
three lobes pointier.

Mandible (Figure 3B). Not fully developed. Endopod present
as unsegmented palp and exopod absent.

Maxillule (Figure 3C). Not fully developed, with short spines
on coxal (6 spines) and basial (8 spines) endites. Endopod and
exopod absent.

Maxilla (Figure 3D). Coxal and basial endites inconspicuous.
Endopod unsegmented; scaphognathite (exopod) well developed
and setose.

First maxilliped (Figure 3E). Coxal and basial endites incon-
spicuous. Epipod elongated and without setae. Biramous with unseg-
mented ramii. Endopod with 5 setae. Poorly developed. Exopod with
∼16 and 9 plumose setae on outer and inner margin respectively.

Second maxilliped (Figure 3F). Biramous, endopod 4-seg-
mented; carpus, and propodus with 3 and 6 setae respectively,

dactylus with ∼11 spines; exopod superficially 2-segmented,
outer margin of distal segment with ∼20 short setae.

Third maxilliped (Figure 3G). Biramous; endopod 5-segmen-
ted; merus, carpus and propodus with 5, ∼150 and ∼28 setae
respectively; dactylus with 13 spines; exopod 2-segmented, as
long as ischium.

Sternum (Figure 2C). Anterior margin with U-shaped incision
in the middle and longitudinal depression; surface smooth, last
sternite with acute lateral spines; posterior margin convex.

Pereopods (Figure 4A, E). P1 (pereopod 1) to P4 (pereopod 4)
biramous with a 5-segmented endopod and a residual exopod, P5
(pereopod 5) uniramous with exopod absent; P1 endopod short
and robust, merus, carpus and propodus with 5, 2 and 13 setae
respectively, dactylus with 12 spines (2 missing); P2 with 7, 13,
5 and 13 setae on coxa, merus, carpus and propodus respectively,
7 spines and 4 setae on dactylus; P3–P5 more setose.

Pleon (Figure 2A, B). Smooth median carina in the midline of
pleomeres 2–5, with shallow transverse grooves; pleomeres 1–4 with
a deep subtriangular notch at midline of posterior margin; posterior
margin of fifth somite rounded and ending with acute corners; pos-
terior margin of sixth pleomere with 2 long spines on posterior cor-
ners, and 3 less acute spines between previous ones; 11 pairs of
smaller bulges on the surface; seventh somite with 2 pairs of long
spines in the margin and 3 pairs on the surface; pleura of pleomere
1 with a minute spine in margin; pleura of pleomeres 2–5 with ser-
rated margin and sharp ending, pleura of fifth somite less acute;
rami of uropods faintly serrated on outer margins.

Pleopods (Figure 3H). Present on pleomeres 2–5; biramous;
protopod with ∼8 setae; exopod and endopod with ∼35 and ∼45
long plumose natatory setae respectively; appendix interna without
setae, not reaching distal tip of endopod; cincinnuli present.

Table 1. (Continued.)

Museum
collection

Voucher code Date Area Latitude Longitude Depth
(m)

Study Stage

NHM St Helena −16.01 −5.70 Present study Adult

MNHN MNHN-IU-2013-14842 18/3/1968 Angola −16.45 11.58 90–126 Crosnier (1970) Adult

MNHN MNHN-IU-2013-14843 18/3/1968 Angola −16.45 11.58 90–126 Crosnier (1970) Adult

USNM USNM 127765 18/3/1968 Angola −16.62 11.37 126–126 Crosnier (1970) Adult

RMNH RMNH D 30937 24/3/1968 Angola −17.22 11.45 155–155 Crosnier (1970) Adult

USNM USNM 127766 24/3/1968 Angola −17.22 11.45 155–155 Crosnier (1970) Adult

ICM ICMD002512 28/9/1983 Namibia −17.25 11.45 Present study Adult

ICM ICMD 299/1991 25/3/1981 Namibia −17.48 11.38 293–300 Macpherson (1983) Adult

ICM ICMD 300/1991 28/8/1980 Namibia −18.00 11.42 270–274 Macpherson (1983) Adult

ICM ICMD001081 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

ICM ICMD001082 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

ICM ICMD001083 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

ICM ICMD001084 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

ICM ICMD001085 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

ICM ICMD001086 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

ICM ICMD001087 25/4/1986 Namibia −18.00 10.55 0–200 Genis-Armero et al.
(2017)

Phyllosoma

IEOCD, Centro Oceanográfico de Cádiz; ICM, Instituto de Ciencias del Mar; MfN, Museum für Naturkunde; MNHN, Muséum national dʼHistoire naturelle; NHM, Natural History Museum; RMNH,
Rijksmuseum van Natuurlijke Historie; USNM, Smithsonian National Museum of Natural History; UCA, Universidad de Cádiz.
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Discussion

Considered as data deficient in the IUCN Red List of
Threatened Species, the distribution of Scyllarus subarctus was
previously known from only a few localities including Angola
(type locality), northern Namibia and NW Africa (Crosnier,
1970; Macpherson, 1983; Muñoz et al., 2012). The results pre-
sented here enlarge significantly the distribution area of the
species through new records obtained from several oceano-
graphic expeditions and museum collections. The nisto stage
of S. subarctus is also described based on material collected
around the oceanic islands of St Helena and the Canaries as
well as the continental coast of Senegal. The most characteristic
features of S. subarctus nisto are the number of setae on the per-
eopods, the relative position and morphology of the rostral,
pre-gastric and gastric teeth and a pronounced ‘U-shaped’
anterior margin of the fourth thoracic sternite. The nisto of
both S. subarctus and S. depressus present a larger number of
setae on the pereopods compared with S. pygmaeus or S. arctus
(Palero et al., 2009b) and this difference is also observed during
the phyllosoma stages (Genis-Armero et al., 2017). Although
the nisto stages of S. subarctus and S. depressus are similar,
the specimens described here are up to 50% larger
(Robertson, 1971) and they have 8–7 setae on the protopod of
the pleopods instead of 6 setae as in S. depressus (Lyons,
1970). The identification of nisto stages based on morphology
remains difficult, and the lack of detail in previous descriptions
prevents us from further comparison.

The new distribution data presented here shows that the type
locality, placed in the temperate area of Angola/Namibia (around
17°S), actually represents the southern limit of S. subarctus
(Crosnier, 1970). The Benguela upwelling system, which appeared
in the Miocene and intensified during the later Pliocene (Siesser,
1980), acts as a natural barrier between the Atlantic and Indian
biota, delimiting the biogeography of many marine species
(Lessios et al., 2003). Scyllarus subarctus is now shown to be
mostly distributed along the Tropical Eastern Atlantic, including
North-west and South-west Africa, St Helena, Canary Islands,
and Cape Verde. Previous records had established the northern
limit of S. subarctus as near Cape Verde, around 20°N (Genis-
Armero et al., 2017), but the new data presented here expandTa
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Fig. 2. Scyllarus subarctus Crosnier, 1970, nisto stage: (A) dorsal view and detail of
carapace profile; (B) lateral view and pleura of second abdominal somite (detail);
(C) sternum. Scale bars: A–B, 10 mm; C, 2 mm.
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the known latitudinal range to 34°N, near Rabat, Morocco. A pos-
sible expansion due to warming trends remains speculative, and
the new northernmost citations for S. subarctus can simply be
the result of improved sampling.

Long planktonic life duration facilitates dispersal, and the
large size of the S. subarctus nisto stage suggests increased swim-
ming abilities (Booth et al., 2005), which is in agreement with
the wide distribution of the species. It might be hypothesized
that prevalent east-to-west oceanic currents in the Tropical
Atlantic (Rodríguez et al., 2000; de Lestang & Caputi, 2015;
Pelegrí & Benazzouz, 2015) facilitated S. subarctus colonization
of St Helena from Africa (Gillespie, 2007). Oceanic islands
such as St Helena could have functioned in that case as stepping-
stones (Muss et al., 2001), and this type of long-distance disper-
sal between Africa and America has already been reported in

fish or sea urchins (Joyeux et al., 2001; Lessios et al., 2003).
This hypothetical scenario would be consistent with the fact
that S. depressus is phylogenetically and morphologically much
closer to S. subarctus than to other American species such as
S. americanus or S. chacei (Genis-Armero et al., 2017) and mer-
its further attention.

Adult specimens of both S. subarctus and S. depressus can be dis-
tinguished from S. arctus by the presence of 5–6 antennal lobes, the
antennular plate showing just one or two pairs of small teeth, the
8th thoracic sternite presenting a strong and larger tubercle and
the dorsal sculpturing of abdominal segments being narrower and
less branched. According to Crosnier (1970), S. subarctus and S.
depressus can be distinguished by the gastric tooth in the caparace
pointing upwards (lateral view) in S. subarctus, the posterior part
of the dorsal carina being wider in S. depressus (volcano-like from

Fig. 3. Scyllarus subarctus Crosnier, 1970, nisto stage: (A) antennule (detail of aesthetasc); (B) mandible; (C) maxillule; (D) maxilla; (E) maxilliped 1; (F) maxilliped 2;
(G) maxilliped 3; (H) pleopod (detail of seta). Scale bars: A, 1 mm; B, 0.5 mm; C, 0.2 mm; D–H, 1 mm.
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dorsal view), and the pregastric tooth being closer to rostral than to
gastric tooth in S. subarctus. A thorough morphological analysis of
our S. subarctus samples revealed that some character states assigned
to S. depressus are also present in the African specimens studied
here. The low morphological and genetic differentiation observed
between S. subarctus and S. depressus could be explained by S.
depressus resulting from a relatively recent colonization of
America, but this hypothesis would need further testing. Future
studies should include more samples from western Atlantic waters
and new molecular markers in order to obtain an accurate delimi-
tation of the geographic distribution of Scyllarus species and test the
relationship between S. subarctus and S. depressus.
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ABSTRACT

West African species of  Scyllarus Fabricius, 1775 (Achelata, Scyllaridae) are poorly known, 
mostly due to the difficulties of  sampling Eastern Atlantic tropical waters. Recent exped-
itions carried out by the Universidad de Cádiz and the Instituto Español de Oceanografía 
collected phyllosoma larvae from Cape Verde Islands (CVI) and fresh Scyllarus adults from 
continental West Africa. Larval stages VII, IX, and X (final stage) of  S. caparti Holthuis, 1952 
are analyzed using DNA barcoding methods and described for the first time. A comprehen-
sive identification key is provided, summarizing our current knowledge on the phyllosomas 
of  Scyllarus. Together with a revision of  museum collections, the new molecular and morpho-
logical data obtained here supports the polyphyletic origin of  Acantharctus Holthuis, 2002. The 
West African A. posteli (Forest, 1963) is found to belong to Scyllarus and it is closest to another 
species from Atlantic shallow waters (i.e. S. paradoxus Miers 1881), whereas the Pacific Ocean 
A. delfini (Bouvier, 1909) would belong to Crenarctus Holthuis, 2002.

Key Words:   DNA barcoding, Eastern Tropical Atlantic region, larvae, phylogenetics, 
plankton, slipper lobsters

INTRODUCTION

Slipper lobster species of  Scyllarus Fabricius, 1775 (Crustacea: 
Scyllaridae) from West Africa have a complicated taxonomic 
history, mostly resulting from the lack of  sampling and diffi-
culties in establishing significant morphological traits to define 
generic taxa. Adults of  the small-sized S. pygmaeus (Bate, 1888), 
a species originally described from Cape Verde islands (CVI), 
were misidentified as juvenile stages of  S.  arctus (Linnaeus, 
1758) until Forest & Holthuis (1960) confirmed the presence of  
S. pygmaeus in the Mediterranean. The larval stages for these two 
species were confused for two centuries (Bouvier, 1913, 1925; 
Palero et al., 2008, 2009b, 2011) and morphological differences 
among early stages have yet to be confirmed. Similarly, two 

Scyllarus species from West African tropical waters were included 
in S.  paradoxus Miers, 1881 for almost a century until Forest 
(1963) revised the type material of  Miers (1881) and described 
S.  posteli Forest, 1963 as a new species. In his comprehensive 
revision of  the Indo-West Pacific Scyllarinae Latreille, 1825; 
Holthuis (2002) assigned the eastern Atlantic species S.  posteli 
to Acantharctus Holthuis, 2002 and grouped it with two Pacific 
Ocean taxa: A.  delfini (Bouvier, 1909) and A.  ornatus (Holthuis, 
1960). Holthuis (2002) definition of  Acantharctus is considered 
valid in current checklists (Chan, 2019; WoRMS (http://www.
marinespecies.org/aphia.php?p=taxdetails&id=382777), ac-
cessed on 14 April 2020), but phylogenetic relationships among 
Pacific and Atlantic scyllarids have yet to be confirmed using 
modern DNA techniques.
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The complex life cycle of  slipper lobsters includes a long-lived, 
dorsoventrally flattened phyllosoma larva (Palero & Abelló, 2007; 
Palero et al., 2014). Little is known about the ecology and biology 
of  the phyllosomas. They prove difficult to rear and have ex-
tremely low survival rates when hatched directly in the laboratory, 
mostly due to their longevity and the problems to provide them a 
suitable food source. Alternatively, the lack of  diagnostic morpho-
logical characters hampers species-level identification of  plankton-
caught phyllosomas. Early accounts from Eastern Atlantic waters 
(Stephensen, 1923; Gurney, 1936) erroneously assigned several 
Scyllarus phyllosomas to Scyllarides Gill, 1898 until Robertson 
(1969) established morphological generic differences. The first 
West African phyllosomas that can be assigned with confidence 
(nowadays) to Scyllarus date back to the HMS Challenger Expedition 
(1872–1876) collected from CVI (Bate, 1888). Some later larval 
assignments should also be taken with caution (Crosnier, 1972; 
Ribeiro, 1973; Maigret, 1975, 1978). Ribeiro (1973) assigned 
four larval stages from CVI to S. pygmaeus based the on the argu-
ment that it was the only Scyllarus known from the archipelago, 
but another three species (S.  subarctus Crosnier, 1970, S.  posteli, 
and S.  caparti Holthuis, 1952) are known to occur at similar lati-
tudes from continental West Africa (Muñoz et al., 2012). Similarly, 
the four Scyllarus phyllosoma types (A–D) described by Maigret 
(1975, 1978) from Banc d’Arguin, Mauritania, remain unassigned 
to species level. The use of  molecular analysis on plankton sam-
ples has proven to be successful for specific assignment of  Scyllarus 
phyllosomas (S.  pygmaeus: Palero et  al., 2008; S.  arctus: Palero 
et  al., 2011; S.  subarctus: Genis-Armero et  al., 2017). Nevertheless, 
DNA barcoding techniques present some limitations and rely on 
obtaining reference sequences from correctly identified adult spe-
cimens of  every candidate taxa (Genis-Armero et al., 2017; Palero 
et al., 2008, 2011).

The West African species of  Scyllarus are distributed throughout 
poorly sampled tropical areas, where collecting fresh material is 
particularly difficult (Table  1). Difficulties obtaining fresh ma-
terial of  Eastern Atlantic species have prevented a molecular 
comparison between S.  paradoxus and A.  posteli, and previous at-
tempts to amplify S.  paradoxus DNA from museum material were 
unsuccessful (Palero et al., 2009a; unpublished data). The Instituto 
Español de Oceanografía (IEO-CD, Cádiz, Spain) has carried 

out during recent years several expeditions along northwestern 
Africa, reporting the presence of  A. posteli and four Scyllarus species 
including S. arctus, S.  caparti, S.  subarctus, and an unidentified spe-
cies of  slipper lobster (Muñoz et al., 2012). This new material pro-
vided a unique opportunity to revise adult morphology and obtain 
reference sequences for every known West African Scyllarus. The 
new morphological and molecular evidence gathered was used to 
test phylogenetic relationships between the species of  Scyllarus and 
Acantharctus from Atlantic and Pacific waters. Furthermore, DNA 
barcoding methods were applied on a collection of  East Atlantic 
phyllosomas obtained during the Migrants and Active Flux in the 
Atlantic Ocean (MAF) Expedition. Three S.  caparti larval stages 
(VII, IX, and X) are described in detail for the first time and 
compared with the phyllosoma of  other West African Scyllarus. 
Previous research and new morphological evidence are further-
more summarized through a new identification key for Scyllarus 
phyllosomas.

MATERIALS AND METHODS

Adult and larval material studied

Specimens of  the West African species of  Scyllarus kept at 
the Muséum national d’Histoire naturelle, Paris (MNHN), 
including adults of  S.  paradoxus and A.  posteli studied by Forest 
(1963), were used as a reference to review the material collected 
by RV Vizconde de Eza during 2002–2010 and briefly reported 
by Muñoz et  al. (2012). Several museum collections were re-
vised in search of  further Scyllarus from West Africa, including 
Institut de Ciències del Mar, Barcelona (ICM); Instituto 
Español de Oceanografía, Cadiz (IEO-CD); Natural History 
Museum, London (NHM); Muséum des Sciences naturelles 
de Belgique/Museum voor Natuurwetenschappen van België, 
Bruxelles (RBINS); Rijksmuseum van Natuurlijke Historie, 
Leiden (RMNH); Senckenberg Naturmuseum Frankfurt (SMF), 
and United States National Museum of  Natural History 
(Smithsonian), Washington (USNM). Phyllosoma larvae were 
also obtained during a cruise through tropical and subtropical  
Atlantic waters (MAF campaign) 3–29 April 2015. A  total of  

Table 1.  Species of  Scyllarinae Latreille, 1825 from African waters. Ecoregions based on Spalding et al. (2007): Ben (Benguela [Namibia]), GoG (Gulf  of  
Guinea), Lus (Lusitania [Portugal]), MedSea (Mediterranean Sea), St. H (St. Helena I.), TNA (Temperate Northern Atlantic), TrA (Tropical Atlantic), TSAf  
(Temperate South Africa), WAfT (West African Transition). *One record from Baia di Portonovo, Adriatic Sea (Froglia, 1979).

Species Area Subarea Depth range References

S. arctus  

(Linnaeus, 1758)

TNA Lus 4 –143 m Gurney, 1936; Anadón, 1981; Gracia Socias & Massuti Jaume, 

1979; Holthuis, 1991; Relini, 1999; Quigley et al., 2010; Palero et al., 

2011

MedSea

S. caparti  

Holthuis 1952

TNA Lus 17–105 m Holthuis, 1960; Froglia, 1979; Anadón, 1981; Fransen, 1991;  

de Matos-Pita et al., 2018MedSea*

TrA WAfT

GoG

S. paradoxus Miers, 1881 TrA WAfT 5–46 m Forest, 1963; Muñoz et al., 2012

GoG

Acantharctus posteli  

Forest, 1963

TNA MedSea 5–70 m Forest, 1963; Anadón, 1981; García-Raso, 1982;  

González-Gordillo & Rodríguez, 2000Lus

TrA GoG

S. pygmaeus Bate, 1888 TNA Lus 5–162 m Gurney, 1936; Forest & Holthuis, 1960; Lewinsohn, 1974;  

García-Raso, 1982; Palero et al., 2008MedSea

TrA WAfT

S. subarctus  

Crosnier, 1970

TNA Lus 41–240 m Crosnier, 1970; Macpherson, 1991; Muñoz et al., 2012; Genis-

Armero et al., 2017; de Matos-Pita et al., 2018; Genis-Armero et al., 

2019

TrA St. H

WAfT

TASf Ben
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13 stations were sampled on board of  RV Hespérides, which 
crossed the Atlantic from Salvador de Bahia, Brazil to Las 
Palmas de Gran Canaria, Canary Islands. Micronekton sam-
ples were collected with a mid-water trawl (mesopelagic net) 
with a mean mouth opening of  5 × 7 m and a cod-end mesh 
size of  4 mm. Samples were preserved in absolute ethanol and 
deposited in the invertebrate collections of  the Universidad 
de Cádiz (UCA). Phyllosoma larvae were used for molecular 
analyses and sent to the Marine Invertebrate Laboratory of  
the Universitat de València (UV) for morphological study 
(Supplementary material Table S1).

DNA analyses

Total genomic DNA extraction was performed using the Chelex-
protK method (Palero et al., 2010). The standard universal primers 
for the 16S rDNA gene (Marco-Herrero et al., 2013) were used for 
DNA barcoding, since this marker shows a higher amplification 
rate than COI primers in Achelata (Palero et al., 2009a; Bracken-
Grissom et al., 2014). Amplifications were carried out with ~30 ng 
of  genomic DNA in a reaction containing 1 U of  Taq poly-
merase (Amersham Biosciences, Little Chalfont, UK), 1× buffer 
(Amersham), 0.2  mM of  each primer, and 0.12  mM dNTPs. 

Figure 1.  Species of  Scyllarus from the Eastern Atlantic Ocean. Scyllarus pygmaeus (MNHN-IU-2014–20740) female (A), Acantharctus posteli 
(MNHN-IU-2013–14853) female (B), Scyllarus arctus (CCDE-IEOCD:963) female (C), Scyllarus caparti (CCDE-IEOCD:200) female (D), Scyllarus paradoxus 
(MNHN-IU-2013–14844) male (E), Scyllarus subarctus (MNHN-IU-2013–14842) female (F) This figure is available in color at Journal of  Crustacean Biology 
online.
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The polymerase chain reaction (PCR) thermal profile used was 
94 °C for 4 min for initial denaturation, followed by 30 cycles of  
94 °C for 30 s, 50 °C for 30 s, 72 °C for 30 s and a final exten-
sion at 72  °C for 4  min. Amplified PCR products were purified 
with QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) 
before direct sequencing of  the product. The sequences were 
obtained using the kit BigDye v3.1 (Applied Biosystems, Foster 
City, CA, USA) on an ABI Prism 3770. The chromatograms for 
each DNA sequence were checked using BioEdit ver. 7.2.5 (Hall, 

1999). Sequence alignment was conducted using MUSCLE ver. 
3.6 (Edgar, 2004) with default parameters. Estimates of  p-distances 
(proportion of  genetic differences) and the Kimura 2-Parameter 
(K2P) evolutionary divergence between groups were obtained 
from the aligned dataset using MEGA X (Kumar et  al., 2018). 
Before running molecular phylogenetic analyses, the most suitable 
nucleotide substitution model was selected according to the AICc 
criterion as implemented in MEGA X (Kumar et  al., 2018). The 
aligned sequences and selected evolutionary model were then used 

Figure 2.  Maximum likelihood tree of  African Scyllarus obtained from 16S rDNA data, including species of  Crenarctus species and Ibacus taxa to root the tree. 
Only bootstrap support values above 70 are shown. Sternum morphology drawn from the same individuals presented in Figure 1 plus Crenarctus bicuspidatus 
(MNHN-IU-2010–5104), Crenarctus crenatus (AM P.15601), and Acantharctus delfini (USNM 1004677). Larval images adapted from Baez (1973), Genis-Armero 
et al. (2017) and Palero et al. (2008, 2011).
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to estimate the maximum likelihood phylogenetic tree in MEGA 
X (Kumar et  al., 2018). Node support was evaluated with 1,000 
bootstrap replicates.

Larval descriptions

Larval accounts are based on the malacostracan somite plan, de-
scribed from anterior to posterior and proximal to distal (Clark 
et  al., 1998; Clark & Cuesta, 2015; Palero et  al., 2016). Larval 
stage definition followed Robertson (1968b) and Webber & Booth 
(2001). Morphological illustrations of  the larvae were drawn 
using a camera lucida attached to a Leica high-performance stereo 
microscope (M165C; Leica Microsystems, Wetzlar, Germany) 
and the maxillae and mandibles were dissected before drawing. 
Digital drawings were obtained using a graphic tablet and Adobe 
Illustrator CC9 (http://www.adobe.com/Illustrator). The fol-
lowing measures were taken for each individual: total length (TL) 
from anterior margin of  cephalic shield to posterior margin of  
telson; cephalic length (CL) from anterior to posterior margin of  
cephalic shield; cephalic width (CW) measured at the widest part 

of  cephalic shield; pleon length (PDL) from anterior margin of  
pleon to posterior margin of  telson. An identification key for West 
African Scyllarus phyllosoma larvae was completed using previous 
studies (Robertson, 1968b, 1969, 1971, 1979; Palero et  al., 2008, 
2011) and our own observations including the cephalic shape in 
final stages, number of  exopod annulations, exopod of  third max-
illiped, length of  pereiopod 5 (P5) relative to abdomen length, 
spines on the ischium-merus, carpus, and propodus, and the de-
gree of  development of  the dorsal thoracic spines.

RESULTS

Revision of  the Scyllarus paradoxus and Acantharctus posteli type 
specimens originally studied by Forest (1963) allowed us to 
identify one S.  paradoxus adult (Fig.  1) among the recent ma-
terial reported as Scyllarus sp. by Muñoz et  al. (2012). The re-
vision of  museum collections also allowed us to expand the 
latitudinal ranges for S.  paradoxus and S.  caparti and define 
their northernmost limits above 10º N and 27º N, respectively 
(Table S1). Morphological analyses revealed that the sharp 

Figure 3.  Phyllosoma stage VII of  Scyllarus caparti. Ventral view (right) and dorsal view (left) (A). First pereiopod dactylus (B), second pereiopod dactylus (C), 
third pereiopod dactylus (D), fourth pereiopod dactylus (E). Scale bars: A = 2 mm; B–C = 500 μm; D–E = 1 mm.
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median spine on the last thoracic sternite is not as well devel-
oped in the Pacific Ocean species of  Acantharctus (i.e., A. delfini) 
as in the West African species (A.  posteli). This trait varies de-
pending on age and gender for Atlantic species (Forest, 1963; 
unpublished data). In contrast, the morphology of  the anterior 
margin of  the thoracic sternum was found to correlate with 
biogeography and phylogenetic relationships (Fig.  2). Pacific 
taxa such as A.  delfini, Crenarctus crenatus (Whitelegge, 1900), 
and C.  bicuspidatus (De Man, 1905) were closely related and 
forming a well-supported monophyletic clade. All these taxa 
share a characteristic crown-like (W-shaped) anterior margin, 
with two anterolateral teeth, two submedian tubercles, and 
two ventral teeth in the surface of  the sternum. The anterior 
margin is U-shaped in S. arctus and S. subarctus and V-shaped in 
S. paradoxus and A. posteli, whereas S. caparti and S. pygmaeus have 
an intermediate form (Fig. 2).

New molecular data were obtained for the adult specimen 
of  S. paradoxus from IEO-CD collections (CCDE-IEOCD:198) 
and 48 larvae from the MAF Campaign (Genbank accession 
numbers: MT378173–MT378211). Complete DNA barcoding 
reference sequences are now available for every known 
Scyllarus from West Africa. The global sequence alignment 
included a total of  526  bp and the DNA substitution model 

selected using the BIC method was the Hasegawa-Kishino-
Yano (HKY) model with gamma parameter (G  =  0.24). The 
phylogenetic tree inferred using maximum likelihood strongly 
supported a polyphyletic origin of  Acantharctus, with samples 
of  the Indo-West Pacific species (A.  delfini and Crenarctus spp.) 
clustering with high bootstrap support (99%) and the Atlantic 
species A.  posteli forming a well-supported clade (82%) with 
S.  paradoxus. MAF phyllosomas from CVI were assigned 
to species-level by comparing them with adult reference 
sequences, so that 36 phyllosomas were identified as S. caparti 
(all sequences clustering with the adult reference and showing 
very low genetic distances, between 0.001 and 0.006), 11 as 
S.  subarctus, and one as S.  pygmaeus (Supplementary material 
Table S1, Fig. 2).

The morphology of  three S.  caparti phyllosoma stages, which 
were unknown to date, is described in full detail and compared 
with previously described Scyllarus larvae. The larvae could be 
assigned to stages VII, IX (subfinal), and X (final). Only mor-
phological changes are included in descriptions of  later stages, 
otherwise appendages remain unchanged. A  summary of  each 
studied specimen, with information on species identification, 
data, coordinates, depth, and development stage is shown in 
Supplementary material Table S1.

Figure 4.  Phyllosoma stage IX of  Scyllarus caparti. Ventral view (right) and dorsal view (left) (A). First pereiopod dactylus (B), second pereiopod dactylus (C), 
third pereiopod dactylus (D), fourth pereiopod dactylus (E). Scale bars: A = 5 mm; B–E = 1 mm.
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Scyllarus caparti Holthuis,  1952

Phyllosoma stage VII (PHMF 82)

Size: N  =  1; TL = 12.7  mm, CL  =  8.3  mm, CW  =  9.0  mm; 
PDL = 2.3 mm.

Cephalic shield (Fig.  3A): Subcircular, slightly wider than long 
(CL/CW = 0.92).

Antennule (Figs. 3A, 6A): Peduncle 3-articled, last article carrying 
2 flagella (primary, accessory): Primary flagellum with 10 rows 
of  sensory setae (aesthetascs), but no annuli; accessory flagellum 
shorter than primary, with minute simple setae, without annuli.

Antenna (Figs.  3A, 6A): Biramous, not articulated, longer than 
antennule.

Mandibles (Fig. 6D): Coxa with abundant small teeth distributed 
over surface, molar process crowned with many denticles. Right 
mandible teeth curved towards molar process; left mandible teeth 
elongated, incisor process with 2 teeth. Possibly asymmetrical den-
tition, but left mandible damaged during dissection. Palp absent.

Maxillule (Fig. 6I): Coxal endite with 5 setae, 2 plumodenticulate, 
long, strong; basial endite with 8 setae, 3 terminal, strong, serrate. 
Endopod, exopod absent.

Maxilla (Fig. 7A): Uniramous. Coxa and basis undifferentiated. 
Basis with 3 small setae. Exopod (scaphognathite) rudimentary. 
Endopod absent.

First maxilliped (Fig. 7A): Undifferentiated lobe.
Second maxilliped (Figs.  3A, 7D): Uniramous (exopod absent) 

and 5-segmented. Coxa differentiated; basis and ischium-merus 

undifferentiated, with distal limit of  basis marked by ventral seta; 
3 distal segments endopodal with 1, 6, 5 setae, respectively.

Third maxilliped (Fig.  3A): Damaged, incomplete. Uniramous. 
Coxa with small distal ventral spine; basis and ischium-merus un-
differentiated. Exopod absent.

Pereiopods (Figs. 3A–E, 7I): P1–4 biramous. Coxa with distal ven-
tral spine; basis and ischium-merus undifferentiated, with limit of  
basis marked by spine, separation from carpus marked by 2 distal 
spines; carpus with distal spine, propodus with several small setae 
scattered over the surface, dactylus with 8, 7, 5, 1 setae in P1–
P4, respectively. Exopod present, with 22–24, 20–22, (> 11)–20, 
16–18 annulations respectively, each annulation carrying 2 long 
plumose setae. P5 uniramous. Coxa with large ventral distal spine; 
basis and ischium undifferentiated; endopod as one distal seg-
ment. Exopod absent.

Thorax (Fig.  3A): Sternites 4–7 with prominent distal spine. 
Sternite 8 without spine.

Pleon (Figs.  3A, 7I): Not articulated, with 4 pairs of  minute 
dorsal setae; 4 pairs of  rudimentary pleopods. Biramous uropods. 
Telson with 2 long processes, each with 2 setae on inner margin; 2 
rows of  5–6 dorsal setae.

Phyllosoma stage IX (subfinal) (PHMF 60)

Size: N  =  6, TL  =  14.7–17.2  mm, CL  =  9.1–10.7  mm, 
CW = 10.0–11.4 mm, PDL = 3.6–3.9 mm.

Cephalic shield (Fig. 4A): Subcircular (CL/CW = 0.91–0.94).

Figure 5.  Phyllosoma stage X (final) of  Scyllarus caparti. Ventral view (right) and dorsal view (left) (A). First pereiopod dactylus (B), second pereiopod dactylus 
(C), third pereiopod dactylus (D), fourth pereiopod dactylus (E). Scale bars: A = 3 mm; B = 500 μm; C–E = 1 mm.
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Antennule (Figs. 4A, 6B): Primary flagellum with 12–14 rows of  
aesthetascs; accessory flagellum slightly longer than primary.

Antenna (Figs.  4A, 6B): Endopod medially broader than in 
Stage VII.

Mandibles (Fig. 6E, F): Coxa with asymmetrical dentition. Incisor 
process with 4 (right mandible) and 3 teeth (left mandible).

Maxillule (Fig. 6J): Coxal endite with 7 setae, 2 plumodenticulate, 
long, strong; basial endite with 8 setae, 3 serrate, long, strong.

Maxilla (Fig.  7B): Scaphognathite slightly more developed 
than in Stage VII, rectangular with small anterior, posterior 
expansions.

First maxilliped (Fig. 7B): Biramous. Endopod and exopod lobes minute.
Second maxilliped (Figs. 4A, 7E): Carpus, propodus, dactylus with 

1, 8, 5 setae, respectively.
Third maxilliped (Figs.  4A, 7G): Carpus with < 5 distal setae; 

propodus with > 5 setae (2 distal serrated); dactyl with ~ 30 setae.
Pereiopods (Figs.  4A–E, 7J): P1–4 exopods with 18–19, 21–22, 

23–24, 21–24 annulations, respectively. P5 basial, ischial segments 
undifferentiated, with distal spine.

Pleon (Figs. 4A, 7J): Pleopods biramous. Uropods further devel-
oped. Telson margin concave; 2 dorsal rows of  6–9 setae; 2 long 
processes each with seta.

Figure 6.  Features of  Scyllarus caparti phyllosoma stages VII, IX, and X (from left to right). Antennule and antenna (A–C), right mandible (E, G, stages 
IX and X respectively), left mandible (D, F, H), maxillule (I–K). Scale bars: A and B = 1 mm; C = 2 mm; E and F = 500 μm; D, G and H = 200 μm; 
I–K = 500 μm.
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Phyllosoma stage X (final) (PHMF 57, PHMF 65, PHMF 77, 
PHMF 87)

Size: N  =  29, TL  =  19.7–22.8  mm, CL  =  11.3–13.2  mm, 
CW = 12.7–14.5 mm, PDL = 5.6–7.1 mm.

Cephalic shield (Fig. 5A): Subcircular (CL/CW = 0.89–0.93).
Antennule (Figs. 5A, 6C): Primary flagellum with 14–16 rows of  

aesthetascs.
Antenna (Figs.  5A, 6C): Endopod broader than in Stage IX; 5 

distal lobes on inner margin; small setae on both margins.

Figure 7.  Features of  Scyllarus caparti phyllosoma stages VII, IX, and X (from left to right). Maxilla and first maxilliped (drawn separately in final stage) 
(A–C), second maxilliped (D–F), third maxilliped dactylus (G, H, stages IX and X respectively). Pleon and fifth pereiopod (setae of  pleon in dorsal view) 
(I–K). Scale bars: A–E, G, I = 1 mm; F and H = 500 μm; J and K = 2 mm.
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Mandibles (Fig. 6G, H): Coxa with 4 (right mandible) and 5 teeth 
(left mandible).

Maxillule (Fig. 6K): Coxal, basial endites with 8 setae each.
Maxilla (Fig.  7C): Coxa, basis undifferentiated, with 3–6 distal 

setae. Scaphognathite (exopod) more developed, considerably 
more expanded than in Stage IX.

First maxilliped (Fig.  7C): Segments undifferentiated, Biramous, 
endopod (inner lobe) cone-shaped, exopod (outer lobe) 
flattened, round.

Second maxilliped (Figs.  5A, 7F): Biramous. Carpus, propodus, 
dactylus with 1, 7–10, 4 setae, respectively. Exopod bud present.

Third maxilliped (Figs.  5A, 7H): Carpus with < 5 distal setae; 
propodus with ~15 setae (2 distally serrated); dactylus with 
~63 setae.

Pereiopods (Figs.  5A-E, 7K): P1–4 exopods with 24–25, 24–23, 
24–23, 21–20 annulations, respectively. P5 endopod with 3 distal 
segments.

Gills (Fig.  5A): Gill buds present. Third maxilliped with 2 
pleurobranchs; P1 with 1 pleurobranch, 1 arthrobranch, 2 
podobranchs; P2–4 with 2 pleurobranchs, 1 arthrobranch, 2 
podobranchs; P5 with 1 pleurobranch.

Pleon (Figs.  5A, 7K): Incomplete segmentation. Pleopods, uro-
pods more developed than in Stage IX. Telson margin rounded; 2 
dorsal rows of  10–11 setae; 2 long processes with single seta each.

DISCUSSION

The molecular analysis of  the recent material analyzed provides 
reference DNA sequences for all known West African species of  
Scyllarus. The new molecular and morphological evidence con-
firms the close affinity of  S. paradoxus and A. posteli and the poly-
phyletic origin of  Acantharctus with Atlantic (A.  posteli) and Pacific 
(A.  delfini) species belonging to different clades. The molecular 

results agree with biogeography and data on adult morphology, 
particularly the structure of  the anterior part of  the thoracic 
sternum. Acantharctus delfini is closer to other Pacific Ocean taxa 
(Crenatus crenatus and C. bicuspidatus) than to A. posteli and should be 
assigned to Crenarctus Holthuis, 2002. Similarly, the morphological 
affinity of  A. posteli and S. paradoxus, their similar ecology, and their 
overlapping distribution explains why both species were confused 
for almost a century; and provides further support for grouping 
these two taxa together. The presence of  a strong spine on the 
last sternite, originally used to define Acantharctus, is known to be 
variable throughout ontogeny and gender (Forest, 1963; unpub-
lished data). The current definition of  Acantharctus cannot be con-
sidered valid and the basionym Syllarus posteli Forest, 1963 should 
be re-established. A complete and thorough revision of  adult spe-
cimens of  A.  ornatus and different species of  Crenarctus is needed 
before an updated diagnosis of  Acantharctus can be established.

Shallow-water Scyllarinae have a comparatively short larval 
development among slipper lobsters, and their phyllosomas are 
usually found near the coast (Sekiguchi & Inoue, 2002; Booth 
et  al., 2005; Inoue & Sekiguchi, 2005; Phillips et  al., 2006). No 
Scyllarinae phyllosomas were found along oceanic waters during 
the MAF cruise, but they appeared in stations near CVI. Most 
of  these phyllosomas can now be attributed to S. caparti, a species 
that was absent from previous accounts (Ribeiro, 1973). In fact, 
morphological comparisons suggest that larvae A–D of  Ribeiro 
(1973) correspond to the subfinal and final phyllosoma stages of  
S. pygmaeus (phyllosomas A and B) and S. subarctus (phyllosomas C 
and D). Both taxa were also present in the MAF material studied 
here, and their morphology has been reported elsewhere (Palero 
et al., 2008; Genis-Armero et al., 2017). The geographical origin of  
our S. caparti larvae remains unclear because no adults have been 
cited in the CVI. They could have been dragged by upwelling fila-
ments coming from the African coast, where S.  caparti is known 
to occur (Landeira et al., 2010, 2012). Alternatively, self-sustained 

key to the scyllarus  phyllosomas known to date from eas tern (ea)  and wes tern atlantic  (wa)

S. americanus Smith, 1869 (Robertson 1968a, b) – WA
S. arctus Linnaeus, 1758 (Palero et al., 2011) – EA
S. caparti Holthuis 1952 (present study) – EA
S. chacei Holthuis, 1960 (Robertson 1968a) – WA
S. depressus Smith, 1881 (Robertson, 1971) – WA
S. planorbis Holthuis, 1969 (Robertson, 1979) – WA
S. pygmaeus Bate, 1888 (Palero et al., 2008) – EA
S. subarctus Crosnier, 1970 (Genis-Armero et al., 2017) – EA

1.	 Stage I: P4 bud present. Stage II: P5 bud present. Stage IV: P5 reaching uropod end. Final stage: exopod annulation formula 
(P1:P2:P3:P4) equal or lower than 17:18:17:13; dorsal thoracic coxal spines absent; posterolateral margin of  cephalic shield not ex-
ceeding P1 coxa. Western Atlantic (except S. depressus)���������������������������������������������������������������������������������������������������������������������������2

-		 Stage I: P4 bud absent. Stage II: P5 bud absent. Stage IV: P5 not reaching uropod end. Final stage: exopod annulation formula 
(P1:P2:P3:P4) equal or higher to 20:19:19:16; dorsal thoracic coxal spines present; posterolateral margin of  cephalic shield exceeding 
P1 coxa. Eastern Atlantic�����������������������������������������������������������������������������������������������������������������������������������������������������������������������4

2.	 Stage I: exopod annulation formula (P1:P2) 7:8. Maxilla 2 with 3 apical setae in early stages. Final stage: oval cephalon (CL/CW > 
1) …………................................................................................................................................................................……..S. americanus

-		 Stage I: exopod annulation formula (P1:P2) equal or lower to 7:7. Maxilla 2 often with 4 apical setae in early stages. Final stage:  
trapezoidal or pentagonal cephalon (CL/CW ≤ 1)���������������������������������������������������������������������������������������������������������������������������������3

3.	 Stage I: exopod annulation formula (P1:P2) equal or higher to 6:6. Final stage: eyestalk 1,1–1,4 times length of  antennule�����S. chacei
-		 Stage I: exopod annulation formula (P1:P2) equal or higher 5:6. Final stage: eyestalk 1,4–1,6 times length of  antennule���� S. planorbis
4.	 Final stage: TL/CW = 1,50; circular/pentagonal cephalon. TL ≤ 22,8 mm����������������������������������������������������������������������������������������5
-		 Final stage: TL/CW ≤ 1,40; rectangular cephalon. TL ≥ 24 mm���������������������������������������������������������������������������������������������������������6
5.	 Final stage: dorsal thoracic coxal spines poorly developed, equal in size. Pentagonal cephalic shield. Mxp3 exopod bud present. P5 

not reaching fourth pleopod, ischium-merus with 2 distal spines�������������������������������������������������������������������������������������������������S. arctus
-		 Final stage: dorsal thoracic coxal spines unequal, more developed in P3-P4. Circular cephalic shield. Mxp3 exopod absent. P5 

reaching fourth pleopod, ischium-merus with distal spine ……………...........................................….....................................S. caparti
6.	 Final stage: CL/CW  =  0,80; P5 with 2 distal spines on ischium-merus and carpus, propodus with 2 subdistal 

setae…………………...….........................................................................................................................……...S. subarctus/S. depressus
-		 Final stage: CL/CW = 0,85-0,92; P5 ischium-merus and carpus with 1-0 distal spines, propodus without setae������������������S. pygmaeus
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adult populations from CVI could have been generated larvae 
locally that were retained by eddies (Chiswell & Booth, 1999; 
Rodríguez et al., 2001; Sangrà et al., 2009). The lack of  adult re-
ports in the area may be caused by the low economic interest of  
these small lobsters.

The new evidence presented here allows for the re-evaluation 
of  the four Scyllarus phyllosoma types (A–D) described by Maigret 
(1975, 1978) from Banc d’Arguin, Mauritania. Assuming that it is 
the most frequent Scyllarus species in Mauritanian waters, Maigret 
(1978) suggested the most abundant phyllosoma in his collection 
(type C) to correspond to S.  subarctus (referred by him as Scyllarus 
sp. aff. arctus). Recent descriptions of  S.  subarctus phyllosomas by 
Genis-Armero et  al. (2017) and our results suggest that the type 
C phyllosoma of  Maigret (1978) belongs in fact to S.  caparti. 
The degree of  development of  the dorsal coxal spines, together 
with a uniquely round cephalic shield, distinguish S.  caparti 
phyllosomas. The relevance of  the degree of  development of  the 
dorsal coxal spines was already highlighted by Robertson (1979) 
and A. Crosnier (unpublished field notebooks). The type D larva 
of  Maigret (1978) and those described by Ribeiro (1973) corres-
pond to S.  pygmaeus and S.  subarctus. Only three Scyllarus species 
(S.  posteli, S.  paradoxus and S.  caparti) are found in shallow-waters 
from the Gulf  of  Guinea region and can be considered as truly 
intertropical (Forest, 1963; Anadón, 1981; Muñoz et  al., 2012), 
whereas other eastern Atlantic Scyllarus are commonly found 
below a depth of  100 m (Muñoz et al., 2012; de Matos-Pita et al., 
2018). The phyllosoma types A, B (Maigret, 1978), which seem to 
represent a pair of  sister taxa from shallow waters, could therefore 
belong to S. posteli or S. paradoxus, although specific assignment for 
these larvae remains to be confirmed.

We show that resolving phyllosomas identities using DNA 
barcoding methods can open access to historical collections 
including thousands of  larvae. Key studies on the geographic and 
bathymetric distribution of  both larval and adult stages of  Scyllarus 
lobsters are necessary to better understand their larval ecology, 
biogeography, and evolution. Holthuis (2002) classification of  
Scyllarinae genera has already been questioned using moleculars 
tools (Yang et al., 2012; Chan et al., 2013), and new morphological 
evidence suggest that an extensive update of  the subfamily is re-
quired. Clarification of  previous identifications of  phyllosomas 
will certainly provide new and valuable morphological evidence to 
resolve slipper lobster systematics.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Journal of  Crustacean 
Biology online.

Table S1. Specimens examined in the study.
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DISCUSSIÓ GENERAL 

 

Rellevància i abast dels resultats obtinguts 

 

Els resultats presentats evidencien la necessitat de revisar la sistemàtica actual de la 

subfamília Scyllarinae. Els nostres resultats confirmen l’origen polifilètic d’Acantharctus tal i 

com es defineix actualment, però seria necessari revisar material de l´espècie A. ornatus abans 

de descartar completament la validesa del gènere. Amb la incorporació de Scyllarus posteli, 

abans considerat com Acantharctus posteli, el gènere Scyllarus inclou 6 espècies a la costa 

oriental Atlàntica (S. arctus, S. caparti, S. paradoxus, S. pygmaeus, S. posteli i S. subarctus). 

Amb l´excepció de Scyllarus depressus, els Scyllarus de l’atlàntic occidental presenten una 

clara diferenciació genètica i morfològica respecte a les espècies de l’atlàntic oriental. D’altra 

banda, l’estreta relació genètica i morfològica entre A. delfini i altres espècies del Pacífic com 

Crenarctus crenatus i C. bicuspidatus (Johnson 1971b; Phillips et al. 1981; Webber and Booth 

2001), suggereix que aquesta espècie pertany al gènere Crenarctus. Expandir el mostreig a 

altres àrees, incloent exemplars d’altres gèneres presents en l’Oceà Índic i el Pacífic, és 

fonamental per a poder resoldre definitivament les relacions filogenètiques dins de la subfamília 

Scyllarinae. Igualment, la manca de dades procedents de regions com el Golf de Guinea no ens 

ha permès obtenir una visió completa de la biogeografia dels Scyllarus de l’Atlàntic oriental. 

 

La nova clau de identificació larval dels Scyllarus atlàntics, generada en aquesta tesi, 

permetrà fer estudis retrospectius i identificar fil·losomes de col·leccions històriques que no es 

poden estudiar mitjançant proves moleculars. Tant les mostres recollides per la campanya 

MAFIA com CETOBAPH es realitzaren durant un breu període de temps, inferior al necessari 

per completar el desenvolupament larval. Aquest motiu explica que solament poguérem 

identificar estadis de l’última etapa del desenvolupament, la gran majoria pertanyents a les fases 

final i sub-finals (Genis-Armero et al. 2017; Genis-Armero et al. 2019). Les mostres larvals 

disponibles depenen quasi exclusivament de mostrejos puntuals en campanyes que no tenen 

com objectiu principal l’estudi de la fase fil·losoma, així que és prou habitual tindre sèries 

incompletes (Phillips et al. 1981; Phillips and McWilliam 1989; Webber and Booth 2001; 

Palero et al. 2011). De fet, el cicle larval complet dels Scyllarus africans encara és desconegut 

i caldria realitzar mostrejos de plàncton en una mateixa regió i durant una sèrie temporal molt 

més llarga (mínim 3 mesos) per resoldre l’ontogènia larval completa. 
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Ontogènia i larves fil·losoma 

 

La utilització de caràcters arbitraris per definir estadis (Johnson and Knight 1966) i la gran 

variabilitat en el nombre de mudes (Phillips et al. 2006) fan difícil la delimitació del nombre 

exacte d´estadis de desenvolupament. El creixement de les larves s’acompanya del 

desenvolupament progressiu (i canvis funcionals) de diferents apèndixs, així que les 

característiques específiques apareixen de manera gradual fins arribar a la fase fil·losoma final 

(Booth et al. 2005; Phillips et al. 2006). Durant els primers estadis, la morfologia larval canvia 

de manera qualitativa, amb modificacions importants en les antenes i antènules, i l’aparició de 

pereiopodis, exopodis, uropodis i pleopodis. Per contra, la definició dels estadis finals es basa 

generalment en el grau de desenvolupament de pereiopodis i uropodis (Webber and Booth 

2001), el que resulta en classificacions confuses. La capacitat de les fil·losomes per manipular 

preses augmenta amb el desenvolupament i la mida de la larva (Cox and Johnston 2003a; Cox 

and Johnston 2003b), així que el sistema de classificació dels estadis larvals deuria incorporar 

factors com l´estructura dels apèndix bucals. La transformació és molt notable en la segona 

maxil·la, que inicialment presenta unes sedes plomoses apicals allargades que desapareixen en 

estadis intermedis (Robertson 1971; Webber and Booth 2001). Aquest patró sembla ser general 

dintre dels Achelata, i altres autors, com Chakraborty et al. (2011) i Matsuda et al. (2006), 

també assenyalen aquests canvis en l’estructura de l’aparell bucal en Palinuridae. De la mateixa 

manera, es poden definir diferents fases en base als canvis en la taxa de creixement del plèon 

(Hamasaki et al. 2012). Una nova classificació dels estadis fil·losoma directament relacionada 

amb canvis en l’alimentació i el comportament probablement seria més acurada i molt més 

significativa per a estudis d’ecologia larval. 

 

Múltiples factors ambientals, com les reserves nutricionals o la presència o no de certs 

oligoelements, poden afectar el procés de muda, així que no és estrany trobar variacions en el 

desenvolupament larval (Costlow 1965; Sims 1966; Conlan et al. 2014). Una fil·losoma ben 

alimentada avançarà a estadis successius més ràpidament (Robertson 1968b; Conlan et al. 

2014), i aquest efecte és patent si comparem fil·losomes de cultiu o de plàncton (Robertson 

1968a; Robertson 1969b; Robertson 1971). Generalment, cadascun dels primers estadi larvals 

es correspon amb una muda, mentre que en estadis finals poden haver diverses mudes sense un 

canvi d’estadi (Booth et al. 2005; Hamasaki et al. 2012). Johnson & Knight (1966) abordaren 

la definició d’estadis i mudes en Panulirus inflatus i conclogueren que ambdós es poden 
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identificar a partir de l’augment del nombre de parells de sedes natatòries dels exopodis, 

sobretot al primer i segon pereiopodi. Aquest resultat és coherent amb el desenvolupament dels 

Scyllarus americans, on un parell de sedes es van afegint a cada estadi (Robertson 1968a; 

Robertson 1969b; Robertson 1971; Robertson 1979). D’acord amb aquestes observacions, els 

Scyllarus africans (i S. depressus) tindrien un major nombre de mudes que els americans ja que 

presenten un major nombre de sedes, el que equivaldria a un període de creixement larval més 

llarg. Scyllarus americanus presenta un desenvolupament larval que pot variar entre 32 i 40 

dies (Robertson 1968a) i aproximadament 56 dies en S. planorbis (Robertson 1979). Per altra 

banda, el període de desenvolupament és més llarg encara (2,5 mesos) en S. depressus, espècie 

germana de S. subarctus (Genis-Armero et al. 2017). Totes dues espècies tenen larves amb un 

major nombre d’anul·lacions als exopodis que la resta d’espècies americanes, així que podem 

deduir que el desenvolupament larval deu tindre una durada superior als 2 mesos en l’espècie 

africana.  

 

Concepte de decapodid 

 
La fase decapodid, també mal anomenada etapa post-larval, és una etapa de transició entre 

la vida larval planctònica i l’adult bentònic. Gurney (1942) afirma que aquesta metamorfosi és 

la transformació més profunda en una sola muda coneguda en els Decapoda. El decapodid 

presenta una mida corporal més menuda que les formes adultes i pot diferir d’aquestes en les 

taxes de creixement, exigències metabòliques, hàbitat, comportament, morfologia, 

susceptibilitat a la predació o requeriments nutricionals (Felder et al. 1985). La forma de 

decapodid més coneguda és la fase megalopa dels braquiürs, i s’han utilitzat diverses 

designacions dintre de l’infraordre Achelata, com puerulus, pseudibacus o nisto als gèneres 

Panulirus, Scyllarides i Scyllarus, respectivament (Crosnier 1972; Phillips 1972; Lyons 1980; 

Genis-Armero et al. 2019). Lyons (1970) discuteix aquesta problemàtica en la nomenclatura, 

remarcant la necessitat d’estandarditzar els termes que s’utilitzen per a definir aquest estadi. El 

decapodid pot mostrar característiques observables en la fil·losoma, com l’abundància de sedes 

als pereiopodis de S. subarctus (Genis-Armero et al. 2019), però també presenta trets 

morfològics que el separen dels juvenils i adults, com són la manca de coloració just després 

de la metamorfosi, un exosquelet generalment llis en lloc d’espinós o granular, un cefalotòrax 

deprimit dorso-ventralment, uns pleopodis proporcionalment grans i equipats amb llargues 

sedes natatòries o amb un apèndix intern ben desenvolupat (Lyons 1970; Booth et al. 2005; 

Phillips et al. 2006).  
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La capacitat natatòria del decapodid ha sigut motiu de debat i ha quedat reflectit en els 

diferents termes utilitzats per a referir-se’n, “etapa nadadora” i “etapa reptant” (Lyons 1970; 

Barnett et al. 1986; Phillips and McWilliam 1986). Les sedes terminals de l’apèndix intern dels 

pleopodis funcionen al decapodid com a “ganxos d'acoblament terminal” per connectar-los i 

permetre la natació sincrònica (Anger 2001; Lavalli and Spanier 2010). S’ha proposat que els 

puerulus tinguen major activitat natatòria que els nistos (Barnett et al. 1986), però aquets últims 

també disposen de pleopodis desenvolupats. Autors com Holthuis i Loesch (1967) o Michel 

(1968) reporten exemplars de decapodid de Scyllarides a l’estòmac de una tonyina, per el que 

podem pensar que es trobava nadant quan va ser depredada. Als nostres mostrejos de plàncton 

realitzats a les proximitats de les Illes Canàries s’han pogut capturar decapodids de Scyllarus 

(Genis-Armero et al. 2019). El fet de trobar-los a la columna d’aigua i la presència de sedes 

d’acoblament entre els parells de pleopodis defensen clarament la capacitat natatòria del 

decapodid. 

 

Importància dels caràcters larvals en estudis de sistemàtica 

 
D’acord amb Felder et al. (1985), els anàlisis comparats d’estadis larvals (i en particular 

dels decapodids) poden ser útils per a resoldre la sistemàtica dels decàpodes. Fins a la data, les 

relacions evolutives entre els diferent gèneres de llagosta s’han basat principalment en 

comparacions morfològiques d’adults o dades moleculars (Palero et al., 2009; Yang et al., 

2011; Bracken-Grissom et al., 2014). L´únic treball de cladística basat en les fil·losoma es va 

realitzar molt abans que la revisió dels Scyllarinae (Baisre 1994; Holthuis 2002), per la qual 

cosa aquesta aproximació no s’ha utilitzat encara per resoldre les relacions evolutives entre 

diferents gèneres de la subfamília. Les larves de Scyllarinae es poden discriminar d’altres 

Scyllaridae pel seu tòrax amb una forma arrodonida i presentar generalment una ratio CL/CW 

baixa (CL/CW < 1). A més, presenten un abdomen relativament gran i no invaginat, i el P5 es 

troba subdesenvolupat als darrers estadis (longitud relativa menuda i sense exopodi). Per 

comparació, els Arctidinae (Scyllarides i Arctides) són fàcilment distingibles per presentar un 

cèfalon en forma oval amb una ratio CL/CW més alta (CL/CW > 1) i un abdomen invaginat 

(Robertson 1969b; Robertson 1969a; Johnson 1971c; Palero et al. 2016). La subfamília 

Theninae, representada per un sol gènere (Thenus), és la més propera als Scyllarinae segons les 

filogènies moleculars més recents (Bracken-Grissom et al., 2014). La morfologia larval suporta 

una estreta relació entre aquests dos grups, ja que les seues fil·losomes comparteixen un plèon 

gran no invaginat i un P5 sense exopodi (Barnett et al. 1984; Mikami and Greenwood 1997; 
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Kizhakudan and Krishnamoorthi 2014; Wakabayashi and Phillips 2016). Tanmateix, les larves 

de Thenus poden ser diferenciades dels Scyllarinae, ja que presenten un P5 més desenvolupat i 

el marge del cèfalon dibuixa una depressió marcada a la base de les antenes. La manca 

d´exopodi al P5 sembla recurrent al llarg de l´evolució de la família, i és compartida amb alguns 

Scyllarides (S. herklotsii, S. latus, S. nodifer i S. squammosus) (Robertson 1969b; Palero et al. 

2016). Aquest fet podria suposar una disminució en la capacitat natatòria de la larva i per tant 

en la seua capacitat dispersiva.  

 

Eduarctus i Crenarctus semblen ser els gèneres de Scyllarinae filogenèticament més 

propers amb Scyllarus (Bracken-Grissom et al. 2014). Les dades obtingudes en aquesta tesi no 

permeten establir sinapomorfies que agrupen aquests tres gèneres, i suggereixen que en realitat 

els Scyllarus deurien dividir-se en dos grups d´espècies. Així, els Scyllarus americans serien 

més propers al gènere Eduarctus que als Scyllarus de l’atlàntic oriental (excepte S. depressus). 

L’estadi final de les fil·losomes d’aquests dos grups no presenten espines dorsals toràciques 

(Johnson 1971c; Prasad et al. 1975; Robertson 1979), mentre que les espècies de Crenarctus i 

els Scyllarus de l’atlàntic oriental (+ S. depressus) sí les presenten (Johnson 1971b; Baez 1973; 

Palero et al. 2008; Palero et al. 2011). El prof. Alain Crosnier i el Dr. Robertson ja varen 

remarcar la importància d’aquestes espines per diferenciar tipus larvals dins dels Scyllarus 

(Robertson, 1968b; Crosnier, pers. comm.). A més a més, les espines postero-laterals del tèlson 

d’Eduarctus i Scyllarus americans (exc. S. depressus) són curtes i no sobrepassen els uropodis, 

al contrari que en Crenarctus i Scyllarus africans, que també presenten unes antènules més 

llargues que les antenes (Webber and Booth 2001). Eduarctus es pot distingir dels Scyllarus 

americans pels uropodis lanceolats i un P5 que no els sobrepassa (Johnson 1971a; Phillips and 

McWilliam 1986). De la mateixa manera, les espècies de Crenarctus disposen d’un nombre 

menor de sedes sensorials a les antènules que les espècies de Scyllarus, tot i que cal fer una 

revisió més exhaustiva de les espècies del Pacífic. 

 

En aquest treball hem observat una sèrie d’estructures de les fil·losomes i els decapodids 

que tenen una funcionalitat evident però no han rebut gaire atenció en estudis previs. Per 

exemple, el tercer pereiopodi es troba directament involucrat en la subjecció de les fil·losomes 

a les meduses (William 1976, observacions pròpies), i és raonable pensar que la talla o el 

nombre d’espines afecten a la subjecció de la larva. Efectivament, les fil·losomes dels 

Scyllarinae presenten un parell d’espines ventrals distals al propodi dels P1-4 de gran longitud 

en relació als dàctils (Robertson 1969b), mentre que els tercers pereiopodis de Scyllarides o 
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Parribacus tenen uns dàctils més allargats i amb unes espines curtes (Robertson 1968a; Higa 

and Shokita 2004; Genis-Armero et al. 2017; Genis-Armero et al. 2020). De la mateixa manera, 

els pleopodis o l’apèndix intern dels nistos es troben implicats directament en la mobilitat i 

presenten diferències entre gèneres de Scyllaridae. Els decapodids de Scyllarides presenten 

pleopodis més desenvolupats que els Scyllarinae, i un apèndix intern que no supera la meitat de 

l’endopodi (Lyons 1970; Johnson 1975). Els pleopodis en Eduarctus i els Scyllarus americans 

disposen al voltant de 45 sedes plomoses (Robertson 1968a; Phillips and McWilliam 1986; 

Wakabayashi et al. 2017) mentre que els pleopodis dels decapodids de Scyllarus africans i 

Crenarctus presenten gairebé el doble de sedes (Webber and Booth 2001; Palero et al. 2009b; 

Genis-Armero et al. 2019). Malauradament, aquestes estructures no han sigut detallades en la 

majoria de les descripcions i no podem realitzar una comparativa més extensa entre gèneres de 

Scyllarinae. Els futurs treballs de sistemàtica de llagostes deurien assegurar-se d’incloure 

aquests caràcters de les larves. 

 

Perspectives futures 

 
En conclusió, podem assenyalar que els futurs esforços en revisar la sistemàtica de la 

subfamília Scyllarinae necessitaran centrar-se en obtenir nous exemplars, tant de larves com 

d’adults, per poder testar la validesa dels gèneres actuals (e.g. Acantharctus ornatus). És 

particularment interessant mostrejar regions poc estudiades com el Golf de Guinea, on són 

especialment abundants les espècies de Scyllarus per a les quals les larves d’estadi final resten 

desconegudes (S. paradoxus i S. posteli). Caldrà realitzar descripcions detallades i completes 

de les fil·losomes per tal de descobrir sinapomorfies i confirmar la separació de les espècies 

americanes de les espècies africanes. La importància de les dades larvals en la resolució de la 

filogènia dels Scyllaridae queda reflectida als resultats presentats en aquesta tesi. Caràcters com 

la longitud relativa de les antènules, el nombre d’estetascs, les espines dorsals toràciques, el 

desenvolupament del P5, forma dels uropodis i les espines postero-laterals del tèlson són 

taxonòmicament útils. Finalment, les variacions en la morfologia larval no són simplement el 

resultat de la història evolutiva del grup. Tant l’habitat com l’ecologia d’aquestes larves també 

actuen modelant la morfologia de les fil·losomes, per la qual cosa el seu estudi probablement 

encara ens depararà nous descobriments. 
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CONCLUSIONS 
 
1. Les espècies de Scyllarus s’agrupen en dos clades recíprocament monofilètics (e.g. 

Atlàntic Occidental i Atlàntic Oriental). L’única excepció és S. depressus, que s’agrupa 

com a espècie germana de S. subarctus. Aquest resultat, recolzat per evidències 

morfològiques i moleculars, suggereix un procés d’especiació recent i una colonització 

secundària d’Americà. 

 

2. Els nous resultats moleculars suggereixen que el gènere Acantharctus és polifilètic, amb 

espècies de l’Oceà Atlàntic (A. posteli) i del Pacífic (A. delfini) separades en diferents 

clades. La morfologia del marge anterior de l’esternita toràcica és congruent amb la 

biogeografia i els patrons filogenètics moleculars.  

 

3. Les noves evidències morfològiques i moleculars mostren que A. posteli s’agrupa dins 

de Scyllarus, com a espècie germana de S. paradoxus. Per tant, s’hauria de restablir el 

basiònim Scyllarus posteli. L’estreta relació genètica i morfològica entre A. delfini i 

altres taxons de l’Oceà Pacífic com Crenarctus crenatus i C. bicuspidatus, suggereix 

que A. delfini haria de nombrar-se Crenarctus delfini. 

 

4. El nou material estudiat durant aquesta tesi ens permet ampliar significativament la 

distribució geogràfica coneguda de S. subarctus i S. caparti. Mentre que S. subarctus 

s’estén des dels 34 N als 18 S (prèviament 21 N – 17 S), S. caparti es distribueix dels 

27 N fins als 9 S (en lloc del límit més septentrional 22 N anterior a la tesi). 

 
5. Tant l’estadi fil·losoma final com l’etapa nisto de S. subarctus són les més grans entre 

les larves de Scyllarinae. Aquest tamany, juntament amb la llarga durada de la fase 

planctònica, podria estar relacionat amb una major capacitat de dispersió i explicar la 

colonització d’illes oceàniques remotes com Santa Helena. 

 
6. El decapodid de S. subarctus i 3 estadis fil·losoma (VII, IX i X), tant de S. subarctus 

com de S. caparti, es descriuen en aquesta tesi per primera vegada. S’han identificat 

mitjançant l’ús de tècniques moleculars. 
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7. S'hauria d'establir una nova definició dels estadis fil·losoma, relacionant els canvis 

morfològics amb l'alimentació i els canvis de comportament. Aquesta nova definició 

seria més significativa per als estudis d’ecologia larvària. 

 

8. Es proposen nous caràcters morfològics per identificar les larves de Scyllarus a nivell 

d’espècies, com ara la forma del cèfalon, la presència d’espines dorsals toràciques i la 

seva mida relativa, i la configuració i presència d’espines als pereiopodis. 

 

9. S’ha elaborat una nova clau d'identificació actualitzada per a les fil·losomes de 

Scyllarus. Descrivim detalladament les estructures larvals clau, com ara els pleòpodes 

dels nistos o els dàctils de les fil·losomes. Aquests trets han rebut poca atenció 

anteriorment, però seran significatius en futurs estudis taxonòmics dins de Scyllarinae. 

 

10. Els nostres resultats tenen implicacions directes sobre la sistemàtica dels Scyllarinae. 

Es poden definir dos grups de gèneres, un d'ells incloent Crenarctus de les aigües del 

Pacífic i els Scyllarus africans, i l'altre incloent els Scyllarus americans i Eduarctus. 

Aquests grups es poden distingir a l’estadi fil·losoma en funció de la presència / 

absència d’espines toràciques, la longitud relativa de les antenes i les espines postero-

laterals del tèlson. Es recomana revisar la morfologia dels adults.  



 107 

CONCLUSIONS 

 

1. Scyllarus species group into two reciprocal monophyletic clades (i.e. West Atlantic and 

East Atlantic). The only exception being S. depressus, which clusters as sister species 

of S. subarctus. This result, supported by molecular and morphological evidence, 

suggest a recent speciation process and secondary colonization of America.   

 

2. New molecular results suggest the genus Acantharctus to be polyphyletic, with species 

from the Atlantic Ocean (A. posteli) and Pacific Ocean (A. delfini)  split in different 

clades. The morphology of the thoracic sternum’s anterior margin is congruent with 

biogeography and molecular phylogenetic patterns.  

 

3. New molecular and morphological evidence show A. posteli to group within Scyllarus, 

as sister species of S. paradoxus. Therefore, the basionym Scyllarus posteli should be 

re-established. The close genetic and morphological relationship between A. delfini and 

other Pacific Ocean taxa like Crenarctus crenatus and C. bicuspidatus suggests that A. 

delfini should be renamed as Crenarctus delfini.  

 

4. The new material studied during this PhD thesis allow us to significantly expand the 

known distribution of S. subarctus and S. caparti. While S. subarctus extends from 34 

N to 18 S (previously 21 N – 17 S), S. caparti is distributed from 27 N to 9 S (instead 

of the previous northernmost limit at 22 N).  

 

5. Both the final phyllosoma and nisto stage of S. subarctus are the largest among 

Scyllarinae larvae. Together with its long planktonic larval duration, this could be 

related to a greater dispersal capacity and explain its ability to colonize remote oceanic 

islands such as St. Helena. 

 

6. The decapodid of S. subarctus, and three phyllosoma stages (VII, IX and X) for both S. 

subarctus and S. caparti are described in this thesis for the first time. They have been 

identified by using molecular techniques.  
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7. A new definition of phyllosoma stages should be established, relating morphological 

changes with feeding and behavioural changes. This new definition would be more 

meaningful for larval ecology studies.  

 

8. New morphological characters are proposed to identify Scyllarus larvae to species level, 

such as cephalon shape, presence of thoracic dorsal spines and their relative size, and 

setation and presence of spines on pereiopods.  

 

9. A new update identification key for Scyllarus phyllosoma was done. We describe in 

detail key larval structures, such as pleopods of nistos or dactyls of phyllosomae. These 

traits have received little attention previously, but they will prove significant in future 

taxonomic studies within Scyllarinae. 

 

10. Our results have direct implications on the systematics of Scyllarinae. Two groups of 

genera can be defined, one of them including Crenarctus from Pacific waters and the 

African Scyllarus, and the other including the American Scyllarus and Eduarctus. 

These groups can be distinguished at the phyllosoma stage based on the 

presence/absence of thoracic spines, relative length of antennules and postero-lateral 

spines on telson. Revision of adult morphology is recommended. 
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ANNEX 1 

 

Species Country Voucher code Date Latitude Longitude Depth (m) Reference Stage 

S. arctus Spain ICMD12|1995 13/01/1993 40.61 0.59 23–25 
Genis-

Armero et 
al. 2017 

Adult 

S. arctus Spain ICMD69|2007 16/05/2003 41.91 3.52 401–450 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. arctus Spain ICMD68|2007 16/05/2003 42.11 3.59 401–450 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. caparti Angola RBINS/INV.13276 (Holotype) 12/04/1949 -9.78 13.18 35 
Holthuis 

1952 
Adult 

S. caparti Angola RBINS/INV.13276 (Paratype) 12/04/1949 -9.78 13.18 35 
Holthuis 

1952 
Adult 

S. caparti Angola 
RMNH/CRUS.D.8617 

(Paratype) 13/04/1949 -9.37 13.02 50 
Holthuis 

1952 Adult 

S. caparti Angola RBINS/INV.13273 03/08/1949 -6.07 12.16 50 
Holthuis 

1952 
Juvenile 

S. caparti Angola RBINS/INV-13275 (Paratype) 24/03/1949 -5.17 11.85 53 
Holthuis 

1952 
Adult 

S. caparti Gabon - 28/11/1963 -2.63 9.5 50 
Crosnier 

1967 Adult 
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S. caparti Gabon RBINS/INV.13274 (Paratype) 08/03/1949 -0.88 8.67 - Holthuis 
1952 

Adult 

S. caparti Nigeria RMNH/CRUS.D.26021 13/05/1965 4.05 5.68 - Unpublished Adult 
S. caparti Nigeria USNM/122846 13/05/1965 4.05 5.68 33 Unpublished Adult 
S. caparti Nigeria RMNH/CRUS.D.24950 14/05/1965 4.07 6.3 - Unpublished Adult 

S. caparti Nigeria RMNH/CRUS.D.24949 13/05/1965 4.22 5.5 - Unpublished Adult 

S. caparti Liberia RMNH/CRUS.D.21062 02/06/1964 4.25 -7.53 - Unpublished Adult 
S. caparti Ghana USNM/126149 28/05/1964 4.66 -2.02 49–53 Unpublished Adult 
S. caparti Ghana RMNH/CRUS.D.21063 28/05/1964 4.67 -2 - Unpublished Adult 
S. caparti Nigeria USNM/122845 13/05/1965 4.73 5.28 37 Unpublished Adult 
S. caparti Ghana USNM/126152 01/06/1964 4.75 -6.23 46 Unpublished Adult 

S. caparti Ghana USNM/126148 28/05/1964 4.8 -1.7 33 Unpublished Adult 

S. caparti Ghana RMNH/CRUS.D.21058 28/05/1964 4.93 -0.78 - Unpublished Adult 
S. caparti Ghana USNM/126147 28/05/1964 4.93 -0.78 35–37 Unpublished Adult 
S. caparti Ghana RMNH/CRUS.D.21065 28/05/1964 4.96 -1.27 - Unpublished Adult 

S. caparti Côte 
d’Ivoire RMNH/CRUS.D.21064 31/05/1964 5.07 -4.86 - Unpublished Adult 

S. caparti Côte 
d’Ivoire RMNH/CRUS.D.21061 31/05/1964 5.08 -4.99 - Unpublished Adult 

S. caparti Côte 
d’Ivoire USNM/126145 31/05/1964 5.08 -4.99 22 Unpublished Adult 

S. caparti Côte 
d’Ivoire USNM/126151 31/05/1964 5.08 -4.86 37 Unpublished Adult 

S. caparti Ghana RMNH/CRUS.D.21060 30/05/1964 5.12 -4.53 - Unpublished Adult 

S. caparti Côte 
d’Ivoire 

USNM/1004700 21/10/1963 5.12 -3.37 20 Unpublished Adult 

S. caparti Ghana USNM/126150 30/05/1964 5.12 -4.53 38–42 Unpublished Adult 

S. caparti Ghana RMNH/CRUS.D.21066 27/05/1964 5.42 -0.02 - Unpublished Adult 
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S. caparti Ghana RMNH/CRUS.D.9993 26/04/1951 5.55 -0.18 26–32 Unpublished - 
S. caparti Ghana RMNH/CRUS.D.9994 04/04/1951 5.55 -0.18 40–43 Unpublished - 
S. caparti Ghana RMNH/CRUS.D.9995 02/05/1951 5.55 -0.18 37–51 Unpublished - 
S. caparti Ghana RMNH/CRUS.D.26022 05/04/1951 5.55 -0.18 64 Unpublished Adult 
S. caparti Ghana USNM/97164 04/04/1951 5.55 -0.18 40–43 Unpublished Adult 

S. caparti Ghana USNM/97165 26/02/1951 5.55 -0.18 21 Unpublished Adult 

S. caparti Ghana USNM/97166 02/05/1951 5.55 -0.18 37–51 Unpublished Adult 
S. caparti Ghana RMNH/CRUS.D.21059 25/05/1964 5.67 0.5 - Unpublished Adult 
S. caparti Ghana USNM/126146 26/05/1964 5.67 0.5 46 Unpublished Adult 

S. caparti Togo - 18/10/1963 5.97 1.28 42–50 
Crosnier 

1967 Adult 

S. caparti Togo - 18/10/1963 6 1.33 45–50 
Crosnier 

1967 Adult 

S. caparti Benin - -/10/63 6.18 2.2 40–45 
Crosnier 

1967 Adult 

S. caparti Benin RMNH/CRUS.D.21558 23/02/1964 6.22 1.75 - Unpublished Adult 

S. caparti CVI UCA/MA023011PED02PH01 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN04PH01 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH01 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI 
UCA/MA023011PEN05PH02-

02 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 
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S. caparti CVI UCA/MA023011PEN05PH04 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH07 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH08 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH09 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH10 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH02 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH03 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH04 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH05 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH06 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 
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S. caparti CVI UCA/MA025012PEN00PH09 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH13 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH16 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH21 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH22 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH23 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH24 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti Guinea-
Bissau 

RBINS/INV-13277 (Paratype) 08/06/1949 10.07 -16.5 60 
Holthuis 

1952 
Adult 

S. caparti Guinea-
Bissau 

CCDE-IEOCD:1525 11/05/2012 10.49 -14.9 50 Unpublished Adult 

S. caparti Guinea-
Bissau 

CCDE-IEOCD:201 08/11/2008 10.53 -16.43 37 
Muñoz et al. 

2012 
Adult 

S. caparti Guinea-
Bissau 

CCDE-IEOCD:199 26/10/2008 11.14 -17.09 52 
Muñoz et al. 

2012 
Adult 

S. caparti Guinea-
Bissau 

CCDE-IEOCD:200 09/11/2008 11.27 -17.11 45 
Muñoz et al. 

2012 
Adult 
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S. caparti Guinea-
Bissau 

ICMD222|1998 30/12/1984 11.3 -17.08 33 
Genis-

Armero et 
al. 2017 

Adult 

S. caparti Guinea-
Bissau 

ICMD223|1998 31/12/1984 11.5 -16.83 33 
Genis-

Armero et 
al. 2020 

Adult 

S. caparti CVI UCA/MA023011PED05PH01 25/04/2015 12.5 -25.99 0–100 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN04PH02 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI 
UCA/MA023011PEN05PH02-

01 
25/04/2015 12.5 -25.99 400–700 

Genis-
Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH03 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH05 25/04/2015 12.5 -25.99 0–100 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA023011PEN05PH06 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH01 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH07 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 
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S. caparti CVI UCA/MA025012PEN00PH08 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH10 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH11 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH12 25/04/2015 12.5 -25.99 50–100 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH14 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH15 25/04/2015 12.5 -25.99 50–100 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti CVI UCA/MA025012PEN00PH17 25/04/2015 12.5 -25.99 0–50 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. caparti Senegal CCDE-IEOCD:970 22/05/2012 12.86 -17.55 57 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.50904 18/03/2004 17.72 -16.47 - Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.50900 16/03/2004 18.2 -16.445 - Unpublished Adult 

S. caparti Mauritania CCDE-IEOCD:981 11/11/2011 18.54 -16.47 32 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39249 10/06/1988 18.8 -16.72 260–280 
Fransen 

1991 
Juvenile 

S. caparti Mauritania RMNH/CRUS.D.39248 09/06/1988 18.82 -16.37 23 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39242 08/06/1988 18.83 -16.35 21 
Fransen 

1991 
Adult 
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S. caparti Mauritania RMNH/CRUS.D.39243 08/06/1988 18.83 -16.32 18 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39244 08/06/1988 18.83 -16.37 26 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39245 08/06/1988 18.83 -16.38 30 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39246 08/06/1988 18.83 -16.47 60–66 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39247 09/06/1988 18.83 -16.34 20 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39264 08/06/1988 18.83 -16.4 37 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39269 08/06/1988 18.83 -16.42 37 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39280 29/10/1978 18.93 -16.45 32 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39279 29/10/1978 18.97 -16.53 51 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39278 29/10/1978 19 -16.4 21 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39250 11/06/1988 19.07 -16.45 25 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39251 11/06/1988 19.08 -16.47 30 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39252 11/06/1988 19.08 -16.48 30 
Fransen 

1991 
Adult 

S. caparti Mauritania CCDE-IEOCD:969 08/06/2012 19.31 -16.75 30 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39257 16/06/1988 19.43 -16.83 45 
Fransen 

1991 
Adult 

S. caparti Mauritania CCDE-IEOCD:1088 08/06/2012 19.52 -17 105 Unpublished Juvenile 

S. caparti Mauritania RMNH/CRUS.D.39255 15/06/1988 19.58 -16.85 38 
Fransen 

1991 Adult 
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S. caparti Mauritania RMNH/CRUS.D.49596 - 19.58 -16.83 19 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39256 15/06/1988 19.58 -16.95 85–90 
Fransen 

1991 
Juvenile 

S. caparti Mauritania RMNH/CRUS.D.39266 16/06/1988 19.72 -16.98 61–78 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.57150 16/06/1988 19.75 -17.08 - Unpublished Adult 
S. caparti Mauritania CCDE-IEOCD:1104 09/06/2012 19.82 -17.2 69 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39254 14/06/1988 19.98 -17.5 100 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39253 14/06/1988 20 -17.28 35 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39258 13/06/1988 20 -17.18 25 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39265 13/06/1988 20 -17.28 32 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39270 13/06/1988 20 -17.3 38–41 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39274 13/06/1988 20 -17.2 28 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39275 13/06/1988 20 -17.35 43 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39259 13/06/1988 20.02 -17.25 30 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.57151 14/06/1988 20.03 -17.43 - Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.25482 01/04/1968 20.07 -17.33 33–40 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39195 22/01/1969 20.17 -17.2 18 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39281 02/11/1978 20.33 -17.45 42 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39260 18/06/1988 20.4 -17.32 35–40 
Fransen 

1991 
Adult 
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S. caparti Mauritania RMNH/CRUS.D.39262 19/06/1988 20.4 -17.5 55–60 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39263 19/06/1988 20.4 -17.57 62–75 
Fransen 

1991 
Adult 

S. caparti Mauritania CCDE-IEOCD:973 10/06/2012 20.42 -17.59 80 Unpublished Adult 
S. caparti Mauritania CCDE-IEOCD:975 10/06/2012 20.42 -17.59 80 Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39267 19/06/1988 20.42 -17.1 17 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39268 19/06/1988 20.42 -17.43 47 
Fransen 

1991 
Adult 

S. caparti Mauritania RMNH/CRUS.D.39277 19/06/1988 20.42 -17.67 95–100 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39261 19/06/1988 20.43 -17.35 37 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39271 19/06/1988 20.45 -17.25 32 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.57149 09/09/2004 20.57 -17.56 - Unpublished Adult 

S. caparti Mauritania RMNH/CRUS.D.39273 21/06/1988 20.7 -17.5 63–71 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39276 21/06/1988 20.72 -17.38 50 
Fransen 

1991 Adult 

S. caparti Mauritania RMNH/CRUS.D.39272 21/06/1988 20.73 -17.42 54–62 
Fransen 

1991 Adult 

S. caparti Mauritania CCDE-IEOCD:972 10/06/2012 20.74 -17.2 81 Unpublished Adult 

S. caparti Mauritania CCDE-IEOCD:974 10/06/2012 20.74 -17.56 81 Unpublished Adult 

S. caparti Morocco CCDE-IEOCD:977 18/11/2011 21.1 -17.68 77 Unpublished Adult 

S. caparti Western 
Sahara 

SMF 24025 01/03/1975 21.15 -17.38 68–70 Unpublished Adult 

S. caparti Mauritania CCDE-IEOCD:978 17/11/2011 21.25 -17.92 79 Unpublished Adult 

S. caparti Western 
Sahara 

SMF 24018 28/02/1975 21.3 -17.37 85 Unpublished Juvenile 
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S. caparti Western 
Sahara 

SMF 24010 25/02/1975 21.35 -17.35 80–100 Unpublished Adult 

S. caparti Morocco CCDE-IEOCD:979 22/11/2011 23.49 -17.26 57 Unpublished Adult 
S. caparti Morocco CCDE-IEOCD:980 25/11/2011 24.98 -16.23 69 Unpublished Adult 
S. caparti Morocco CCDE-IEOCD:976 03/12/2011 27.13 -13.93 70 Unpublished Adult 

S. caparti Gabon - 27/05/1960 - - 65–70 
Crosnier 

1967 Adult 

S. caparti Gabon - -/6/60 - - 40 
Crosnier 

1967 Adult 

S. paradoxus São Tomé 
Island 

MNHN-IU-2013-14844 12/06/1956 0.38 6.72 4–5 
Genis-

Armero et 
al. 2020 

Adult 

S. paradoxus Cameroun NHMUK 1957.5.26.305-306 - 3.88 9.03 - Unpublished Adult 

S. paradoxus Ghana NHMUK 1954.12.7.101 - 5.53 -0.19 - Unpublished Adult 

S. paradoxus Ghana NHMUK 1954.12.7.90-96 - 5.53 -0.19 - Unpublished Adult 

S. paradoxus Ghana NHMUK 1954.12.7.97-100 - 5.53 -0.19 - Unpublished Adult 

S. paradoxus Nigeria NHMUK 1957.5.26.303 - 6.25 3.98 - Unpublished Adult 

S. paradoxus Nigeria NHMUK 1957.5.26.304 - 6.27 2.83 - Unpublished Adult 

S. paradoxus Nigeria NHMUK 1914.11.30.12-16 - 6.36 3.4 - Unpublished Adult 
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S. paradoxus Guinea MNHN-IU-2013-14845 14/03/1953 9.37 -13.7 20 
Genis-

Armero et 
al. 2020 

Adult 

S. paradoxus Guinea MNHN-IU-2016-10587 18/05/1988 9.5 -14.9 40 
Genis-

Armero et 
al. 2020 

Adult 

S. paradoxus Guinea CCDE-IEOCD:198 03/11/2008 10.32 -16.17 24 
Genis-

Armero et 
al. 2020 

Adult 

S. posteli Angola SMF 19728 21/05/1989 -8.53 12.27 41 Unpublished Adult 

S. posteli Congo RMNH/CRUS.D.8556 29/03/1949 -4.88 11.72 70 
Genis-

Armero et 
al. 2020 

Adult 

S. posteli Guinea-
Bissau CCDE-IEOCD:202 09/11/2008 11.27 -17.11 45 

Genis-
Armero et 
al. 2020 

Adult 

S. posteli Guinea-
Bissau 

MNHN-IU-2013-14853 09/04/2014 11.42 -15.57 15–25 
Genis-

Armero et 
al. 2020 

Adult 

S. posteli Guinea-
Bissau ICMD218|1998 07/02/1985 11.58 -17.25 55–58 

Genis-
Armero et 
al. 2017 

Adult 

S. posteli Spain CCDE-IEOCD:858 24/02/2013 36.59 -6.44 26 
Genis-

Armero et 
al. 2020 

Adult 

S. pygmaeus CVI UCA/MA025012PEN00PH18 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2020 

Phyllosoma 

S. pygmaeus Spain - 19/05/2005 38.08 0 601–650 
Genis-

Armero et 
al. 2017 

Phyllosoma 
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S. pygmaeus Spain ICMD63|2007 05/05/2003 38.12 -0.0626 251–300 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. pygmaeus Spain ICMD64|2007 19/05/2004 38.98 0.5 701–750 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. pygmaeus Spain - 23/05/2004 41.02 1.38 101–150 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. pygmaeus Spain ICMD5|1995 30/10/1991 41.68 2.81 35–40 
Genis-

Armero et 
al. 2017 

Adult 

S. subarctus Namibia ICMD 300/1991 28/08/1980 -18 11.42 270–274 
Macpherson, 

1983 
Adult 

S. subarctus Namibia ICMD001081 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Namibia ICMD001082 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Namibia ICMD001083 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Namibia ICMD001084 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Namibia ICMD001085 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Namibia ICMD001086 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 
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S. subarctus Namibia ICMD001087 25/04/1986 -18 10.55 0–200 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Namibia ICMD 299/1991 25/03/1981 -17.48 11.38 293–300 
Macpherson, 

1983 Adult 

S. subarctus Namibia ICMD002512 28/09/1983 -17.25 11.45 - 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Angola RMNH D 30937 24/03/1968 -17.22 11.45 155 
Crosnier  

1970 
Adult 

S. subarctus Angola USNM 127766 24/03/1968 -17.22 11.45 155 
Crosnier  

1970 
Adult 

S. subarctus Angola USNM 127765 18/03/1968 -16.62 11.37 126 
Crosnier  

1970 
Adult 

S. subarctus Angola MNHN-IU-2013-14842 18/03/1968 -16.45 11.58 126 
Crosnier  

1970 
Adult 

S. subarctus Angola MNHN-IU-2013-14843 18/03/1968 -16.45 11.58 126 
Crosnier  

1970 
Adult 

S. subarctus St. Helena - - -16.01 -5.7 - 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus St. Helena - - -16.01 -5.7 - 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus St. Helena MNHN-IU-2016-10733 - -16.01 -5.7 - 
Genis-

Armero et 
al. 2019 

Nisto 

S. subarctus Guinea CCDE-IEOCD:989-1 23/10/2011 9.34 -15.67 116 
Genis-

Armero et 
al. 2019 

Adult 
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S. subarctus Guinea CCDE-IEOCD:989-2 23/10/2011 9.34 -15.67 116 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus CVI UCA/MA025012PEN00PH19 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA025012PEN00PH20 27/04/2015 9.56 -25.99 0–250 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Guinea CCDE-IEOCD:197-1 04/11/2008 10.28 -16.37 65 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Guinea CCDE-IEOCD:197-2 04/11/2008 10.28 -16.37 65 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Senegal CCDE-IEOCD:1105-1 27/05/2012 14.47 -17.51 103 
Genis-

Armero et 
al. 2019 

Nisto 

S. subarctus Senegal CCDE-IEOCD:999-1 04/11/2011 14.7 -17.91 154 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Senegal CCDE-IEOCD:999-2 04/11/2011 14.7 -17.91 154 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Senegal CCDE-IEOCD:999-3 04/11/2011 14.7 -17.91 154 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Senegal CCDE-IEOCD:999-4 04/11/2011 14.7 -17.91 154 
Genis-

Armero et 
al. 2019 

Adult 
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S. subarctus CVI UCA/MA019009PEN05PH01 21/04/2015 16.16 -26.03 0–100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Mauritania SMF 24011 16/02/1975 17.09 -16.73 131 Unpublished Adult 
S. subarctus Mauritania SMF 24012 17/02/1975 17.09 -16.73 127 Unpublished Juvenile 

S. subarctus Mauritania SMF 24013 19/02/1977 17.1 -16.75 198–200 Unpublished Adult 

S. subarctus Mauritania SMF 24027 13/02/1982 17.29 -16.46 95 Unpublished Adult 

S. subarctus Mauritania CCDE-IEOCD:968-1 09/06/2012 19.82 -17.2 69 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Mauritania CCDE-IEOCD:968-2 09/06/2012 19.82 -17.2 69 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus CVI UCA/MA017008PED05PH01 19/04/2015 20.26 -24.25 0–100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA017008PED05PH02 19/04/2015 20.26 -24.25 0–100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA017008PED05PH03 19/04/2015 20.26 -24.25 0–100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA017008PED05PH04 19/04/2015 20.26 -24.25 0–100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA017008PED05PH05 19/04/2015 20.26 -24.25 0–100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA017008PED05PH06 19/04/2015 20.26 -24.25 0-100 
Genis-

Armero et 
al. 2017 

Phyllosoma 
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S. subarctus CVI UCA/MA017008PED05PH07 19/04/2015 20.26 -24.25 0-100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus CVI UCA/MA017008PN07DPH01 19/04/2015 20.26 -24.25 0-100 
Genis-

Armero et 
al. 2017 

Phyllosoma 

S. subarctus Mauritania MNHN-IU-2013-7181 - 20.41 -16.84 - 
Genis-

Armero et 
al. 2020 

Adult 

S. subarctus Western 
Sahara SMF 24026 01/03/1975 21.15 -17.38 68–70 Unpublished Adult 

S. subarctus West 
Sahara 

ZMB27241-1 01/03/1975 21.15 -17.38 68–70 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus West 
Sahara 

ZMB27241-2 01/03/1975 21.15 -17.38 68–70 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Western 
Sahara SMF 24017 28/02/1975 21.3 -17.37 85 Unpublished Adult 

S. subarctus Western 
Sahara SMF 24028 27/02/1975 21.35 -17.47 168–177 Unpublished Adult 

S. subarctus Western 
Sahara SMF 24016 27/02/1975 21.35 -17.47 168–177 Unpublished Juvenile 

S. subarctus Western 
Sahara SMF 24019 20/02/1982 21.77 -17.43 125 Unpublished Adult 

S. subarctus Western 
Sahara SMF 24020 20/02/1982 21.85 -17.3 65 Unpublished Juvenile 

S. subarctus Western 
Sahara 

CCDE-IEOCD:984-1 22/11/2011 23.16 -17.31 150 
Genis-

Armero et 
al. 2019 

Adult 
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S. subarctus Western 
Sahara 

CCDE-IEOCD:984-2 22/11/2011 23.16 -17.31 150 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Western 
Sahara 

CCDE-IEOCD:984-3 22/11/2011 23.16 -17.31 150 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Canary 
Islands 

ICMD002513 13/04/2012 28.54 -18 410-620 
Genis-

Armero et 
al. 2019 

Phyllosoma 

S. subarctus Canary 
Islands 

ICMD002350 19/04/2012 28.84 -16.14 50-150 
Genis-

Armero et 
al. 2019 

Nisto 

S. subarctus Morroco CCDE-IEOCD:995-1 14/12/2011 33.75 -8.66 46 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Morroco CCDE-IEOCD:987-1 15/12/2011 34.04 -8.48 271 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Morroco CCDE-IEOCD:987-2 15/12/2011 34.04 -8.48 271 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Morroco CCDE-IEOCD:987-3 15/12/2011 34.04 -8.48 271 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Morroco CCDE-IEOCD:987-4 15/12/2011 34.04 -8.48 271 
Genis-

Armero et 
al. 2019 

Adult 

S. subarctus Mauritania Pa-257 - - - - 
Genis-

Armero et 
al. 2019 

Adult 
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Abstract

Scyllarides has the largest number of species with commercial importance within the Scyllaridae family. As for other ache-

late lobsters, however, little is known of the unique long-lived planktonic phyllosoma stages of any of these tropical and 

temperate species. Recently, a large and diverse collection of Scyllaridae phyllosoma, compiled from cruises along the 

Coral Sea and spanning several years, has been analysed. Molecular evidence from DNA-barcoding and phylogenetic 

analyses is provided here on the identity of S. squammosus phyllosoma larvae, including stages that were previously un-

described or poorly known. As a consequence, the growth and morphological changes that occur during the mid- to late-

stages of S. squammosus larval development is now well-documented. Furthermore, an additional collection of S. squam-

mosus larvae, described by Alain Michel and thought to be no longer extant, were discovered in the crustacean collection 

of the Muséum national d'Histoire naturelle, Paris. This new molecular and morphological information is complemented 

by a review of the literature. As a result, descriptions of key larval characters by a number of authors were evaluated and 

appear to suggest the existence of distinct groups of larvae within Scyllarides. From a combination of adult and larval mor-

phology, and molecular data, the results presented here revealed inconsistencies with regard to the affinities of species 

assigned to Scyllarides. This new evidence will contribute to future studies addressing the phylogenetic relationships with-

in the genus.

Key words: Slipper lobster, larval phase, COI, plankton, Coral Sea

Introduction

Achelata is a group of decapod crustaceans characterized by the absence of chela and the presence of a specialized 

larval form known as phyllosoma (Scholtz & Richter 1995; Palero et al. 2014a). Epibenthic achelate lobsters are 

adapted for crawling and inhabitation of cracks and holes in reefs and rocky habitats (Booth & Phillips 1994). 

Recent morphological and molecular studies (Bracken-Grissom et al. 2014; Palero et al. 2014a) have confirmed 

that the Achelata comprises two distinct families, the Palinuridae (spiny and ‘furry’ lobsters) and the Scyllaridae 

(slipper lobsters). Palinuridae biology has been thoroughly studied due to the fact that this family is one of the most 

commercially important crustacean groups (Holthuis 1991). In comparison, slipper lobsters have been relatively 

poorly studied even though they contain a greater diversity of species (Chan 2010). The Scyllaridae contains 20 

genera, 89 species (Chan 2010; Yang et al. 2014) and it is divided into four subfamilies: Arctidinae (including 

Scyllarides and Arctides), Ibacinae (Ibacus, Evibacus and Parribacus), Theninae (Thenus) and Scyllarinae 

(Scyllarus and 13 new genera proposed by Holthuis, 2002; see Holthuis 1985, 2002). Slipper lobsters constitute a 

monophyletic group that can be distinguished from other decapods by having the last antennal segment completely 

reduced to a flat plate that can act as a steer to escape predators (Spanier 1991; Haug et al. 2015).

Scyllarides Gill, 1898 species are present in tropical and subtropical areas around the world, from the intertidal 
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zone to 800 m depth (Holthuis 1991). Most Scyllarides species are omnivores and scavengers that live on rocky 

substrates, but some prefer sandy or muddy bottoms where they dig their own burrows (Santana et al. 2007). 

According to Lavalli & Spanier (2007), this genus comprises a total of 14 species distributed mainly in the Atlantic 

Ocean namely S. aequinoctialis (Lund, 1793); S. brasiliensis Rathbun, 1906; S. deceptor Holthuis, 1963; S. delfosi

Holthuis, 1960; S. herklotsii (Herklots, 1851); S. latus (Latreille, 1803); S. nodifer (Stimpson, 1866); and S. obtusus

Holthuis, 1993; and the Indo-Pacific including S. elisabethae (Ortmann, 1894); S. tridacnophaga Holthuis, 1967; 

S. squammosus (H. Milne Edwards, 1837); S. astori Holthuis, 1960; S. haanii (De Haan, 1841) and S. roggeveeni

Holthuis, 1967. Some of these species such as S. nodifer and S. astori have relevance in the marine aquarium trade, 

while other Scyllarides support local fisheries of economic importance, such as S. herklotsii on the island of St. 

Helena (Robertson 1969), or S. squammosus and S. haanii in Australia and Hawaii (Sumpton et al. 2004). In recent 

years, overexploitation on spiny lobster populations has forced part of the artisanal fishery in Northeastern Brazil to 

focus on trapping scyllarid lobsters (Santana et al. 2007).

Little is known about Scyllarides larval development. This is primarily due to the scarcity of plankton caught 

material and the longevity of phyllosoma stages, which thwarts laboratory rearing through all developmental stages 

(Booth et al. 2005). The wide oceanic dispersal capacity of phyllosoma implies that they can be found far from 

their place of origin, and most studies on Scyllarides life history have one important drawback in that their 

identifications are based on the assumption that larvae collected from the plankton belong to local species (Gurney 

1936). However, this may be in error as the larval morphology of species assigned to the same genus is remarkably 

similar. Consequently, identification of phyllosoma to species level based on morphological traits is virtually 

impossible, especially in early larval stages (Phillips & McWilliam 1989). The first assignments of phyllosoma 

larvae to Scyllarides were apparently made by Stephensen (1923) and Gurney (1936) based on larvae from 

Mediterranean waters (which in fact correspond to Scyllarus species; see Palero et al. 2008, 2010a). This 

identification was criticized by several authors and again due to the paucity of samples covering all developmental 

stages (Robertson 1969; Johnson 1970). However, in a study of New Caledonia phyllosoma, Michel (1968) found 

final stage larvae undergoing metamorphosis, which allowed him to correctly assign for the first time a late 

phyllosoma stage to Scyllarides. As only one Scyllarides species was known in the area, Michel (1968) assigned 

his larvae to S. squammosus. Robertson (1969) reached similar conclusions by studying phyllosoma from Atlantic 

waters and comparing them with Scyllarides aequinoctialis early stage larvae reared in the laboratory, while 

Crosnier (1972) completed the description of several Eastern Atlantic phyllosoma and considered them to be the 

larvae of S. herklotsii. Following these two studies, Johnson (1971, 1977) assigned some larvae from the Pacific 

Ocean to S. squammosus. But since two Scyllarides species co-exist in this region (i.e., S. haanii and S. 

squammosus), some doubts arise on the specific level of identification based solely on morphological analysis of 

plankton caught phyllosoma from the Indo-Pacific.

Recently, a large collection of Scyllarides phyllosoma from the Coral Sea, Australia, was made available for 

study. In 2011 and 2012, two cruises were made in the region of Osprey Reef (13°4’ to 14°0’S, 146.6°E) to collect 

phyllosoma larvae. Collection samples for Cruise 5160, spanning 24 May to 10 June 2011, were expected to 

include earlier phyllosoma stages, whereas Cruise 5441, spanning 16 to 26 July 2012, should consist of later larval 

stages. The purpose of the present study is to identify these larvae as either S. haanii or S. squammosus using 

molecular evidence, describe the larval development of the Scyllarides species concerned and, on the basis of adult 

morphology, larval descriptions and molecular results, discuss the current affinities of Scyllarides species.

Material and methods

Plankton samples were collected between 1 and 4 m deep with respect to the surface using a modified Isaac Kidd 

trawl during periods of new moon. The larvae were collected in the vicinity of Osprey Reef, a submerged atoll in 

the Coral Sea which rises from a depth of about 2,000 m. The reef is some 200 km of the eastern coast of northeast 

Queensland with the nearest reefs approximately 60 km away. The co-ordinates, date, and time of launch of the 

plankton net are detailed for each sample in Table 1. The specimens were stored directly in absolute ethanol at low 

temperature (-20 °C). Subsequently, the samples were deposited in the Natural History Museum (NHM) London. 

Coral Sea larvae used for morphological descriptions of each stage were given specific NHMUK registration 

numbers (NHMUK 2015.3279-85). The old phyllosoma collections were reviewed and compared with the material 
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from the Coral Sea. In addition, the larvae described by Michel (1968), which were once thought to be lost, were 

re-discovered in the Muséum national d'Histoire naturelle (MNHN) Paris and given individual registration 

numbers (Table 1).

Molecular analysis. Total genomic DNA extraction was performed on the Coral Sea larvae using the Chelex-

resin method (Palero et al. 2010b) on muscle tissue from broken appendages after morphological examination and 

the drawing of the specimens. The standard universal primers for the COI gene (Folmer et al. 1994) were used for 

DNA barcoding the phyllosoma larvae, since this marker has previously been tested in all Achelata genera (Palero 

et al. 2009; Bracken-Grissom et al. 2014). Amplifications were carried out with ~30 ng of genomic DNA in a 

reaction containing 1 U of Taq polymerase (Amersham), 1 × buffer (Amersham), 0.2 mM of each primer and 0.12 

mM dNTPs. The polymerase chain reaction (PCR) thermal profile used was 94°C for 4 min for initial denaturation, 

followed by 30 cycles of 94°C for 30 s, 50°C for 30 s, 72°C for 30 s and a final extension at 72°C for 4 min. 

Amplified PCR products were purified with Qiagen QIAquick PCR Purification Kit (Qiagen Inc.) before direct 

sequencing of the product. The sequences were obtained using the Big-Dye Ready-Reaction kit ver. 3.1 (Applied 

Biosystems) on an ABI Prism 3770 automated sequencer from the Scientific and Technical Services of the Center 

for Public Health Research, Valencia, Spain. 

The chromatograms for each DNA sequence were checked using the software BioEdit ver. 7.2.5 (Hall 1999). 

Alignment of the genetic dataset was conducted using the program Muscle ver. 3.6 (Edgar 2004) with default 

parameters. Model selection of nucleotide substitution was performed according to the BIC criterion as 

implemented in MEGA ver. 6 (Tamura et al. 2013). The aligned dataset was then used to estimate the phylogenetic 

tree following the Bayesian approach implemented in BEAST ver. 1.8.0 (Drummond et al. 2012) with the 

corresponding model of sequence evolution previously inferred and a Yule process for the tree prior. Convergence 

of the analysis was checked by examining the generation plot visualised with Tracer ver. 1.6 (Rambaut & 

Drummond 2013) and a consensus tree was calculated after omitting the first 25% of the iterations as burn-in. The 

COI gene has been claimed to be an informative molecular marker at several taxonomic scales, but particularly at 

the species level. Matzen da Silva et al. (2011) obtained the frequency distribution of intra-species, intra-genus and 

intra-family K2P genetic distances from COI sequences of 302 species, 154 genera and 58 families of decapod 

crustaceans (Matzen da Silva et al. 2011). In order to allow for comparison with these previous estimates, K2P 

genetic distances were also estimated for the Scyllaridae COI gene dataset using MEGA ver. 6 (Tamura et al.

2013).

Morphological description. Morphological illustrations of larval appendages were made using a camera 

lucida and by photographing phyllosoma under a digital camera attached to a microscope (VHX-2000 series). The 

following measurements were recorded: total length (TL) from the anterior margin of the cephalic shield between 

the eyes to the posterior margin of the telson; cephalic length (CL) from the anterior to the posterior margin of the 

cephalic shield and cephalic width (CW) measured at the widest part of the cephalic shield. The missing leg 

segments were not drawn. The sequence of larval descriptions was based on the malacostraca somite plan and 

described from anterior to posterior and proximal to distal (Clark et al. 1998). Boxshall (2004) has challenged the 

traditional description of the malacostracan antennule developing from a uniramous appendage to a biramous 

structure with endopod and exopod. The terminology biramous is considered inappropriate for the antennule, and 

instead of exopod and endopod, the terms primary and accessary flagella should be used (see Boxshall et al. 2010 

for review). The earliest phyllosoma is described in full (except mandibles), so that for the subsequent stages only 

the main differences from the previous stage are described in detail. Division of the development into defined 

stages was made on the basis of morphological development and changes in total length, following Johnson (1971). 

Measurements for phyllosoma larvae assigned to S. squammosus in the literature were obtained directly from the 

text and/or from drawings published together with a scale bar (e.g., typo found in the Mariana waters phyllosoma 

description of Sekiguchi 1990).

Given their dorso-ventrally flattened body, phyllosoma larvae are particularly suitable for morphometric 

studies. Changes on the ratio of cephalic width over the total length during the phyllosoma development were 

described using a quadratic model (y = ax2 + bx + c). Nonlinear regression of these measurements was performed 

using the NonlinearModelFit function as implemented in the software package Mathematica ver. 10.1 (Wolfram 

Inc., USA). In order to extract further statistics about individual parameter estimates, carry out tests of significance, 

and obtain confidence intervals, we used the options ‘ParameterConfidenceIntervalTable’ and ‘ParameterTable’ 

within the NonlinearModelFit function.
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Results

Molecular analyses

The new sequences obtained from the Australian phyllosoma larvae have been deposited in GenBank with 

accession numbers KX373661-KX373667. The length of the aligned dataset for the COI gene was 658 bp, and the 

corresponding model selected for the alignment was the GTR+G+I model (lnL = -11623.03). The phylogenetic tree 

obtained strongly supported the species-level assignment of the Coral Sea larvae, with the clade formed by the 

phyllosoma specimens studied and the sequences available for S. squammosus adults showing a high posterior 

probability (Fig. 1). The K2P genetic distance found for the COI gene between the larval samples and the adult S. 

squammosus (0.003 ± 0.002) was much smaller than the distance with the adult S. brasiliensis (0.068 ± 0.011), S. 

haanii (0.160 ± 0.018), S. herklotsii (0.178 ± 0.019), S. latus (0.191 ± 0.020) or S. nodifer (0.185 ± 0.025). Genetic 

distances were also much smaller than those between the Coral Sea larvae and other Scyllaridae genera, with 

Arctides regalis showing the next smaller distances (0.234 ± 0.022).

FIGURE 1. Bayesian phylogenetic tree. Only posterior probability values above 80 are shown, and branch width is 

proportional to posterior values.
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Morphological descriptions and morphometric analyses

Scyllarides squammosus (H. Milne Edwards, 1837)

Stage VI (NHMUK 2015.3279)

Measurements (Fig. 2A). TL = 11.7 mm; CW = 6.3 mm; CL = 9.0 mm.

Cephalic shield (Fig. 2A). Spindle-shaped, longer than wide (CL/CW = 1.42), maximum width located to mid 

length.

Antennule (Fig. 2B). Peduncle 3-segmented, each segment with similar length. Distal segment biflagellated, 

accesory flagellum half the length of primary flagellum. Primary flagellum with 7 rows of aesthetascs on inner 

margin. 

Antenna (Fig. 2B). Biramous, endopod 2-segmented. The inner ramus reaching the anterior end of first 

antennular segment.

Maxillule (Fig. 2C). Uniramous, palp (endopod) absent. Coxal endite with 4 setae (three strong terminal 

cuspidate setae). Basal endite with 4 setae (three long strong terminal cuspidate setae).

FIGURE 2. Scyllarides squammosus, State VI. A, ventral view; B, details of antennule and antenna; C, detail of maxillule; D, 

maxilla and first maxilliped; E, detail of abdomen and 5th pereiopod. A scale bar = 1 mm; B = 0.5 mm; C–E = 0.1 mm.
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Maxilla (Fig. 2D). Rudimentary bud with small elongation at distal end. Triangular shape. Endites, endopod 

and scaphognathite not differentiated.

First maxilliped (Fig. 2D). Undeveloped, present as small conical protuberance.

Third maxilliped (Fig. 2A). Uniramous. Five segmented (ischio-merus fused to basis). Without ventral coxal 

spine. 

Pereiopods (Fig. 2A). Biramous, without coxal or subexopodal spines. Exopods of pereiopods 1–4 flagellated 

distally with ~12–14 annulations, each annulation bears a pair of plumose natatory setae. Pereiopod 5 

underdeveloped, small single segment with conical shape. Distal end nearly reaching the telson.

Pleon (Fig. 2E). Unsegmented. Pleopods or uropods absent.

Stage VII (NHMUK 2015.3280)

Measurements (Fig. 3A). TL = 14.9 mm; CW = 8.2 mm; CL = 12.0 mm.

Cephalic shield (Fig. 3A). Pear-shaped, longer than wide (CL/CW = 1.46), maximum width located to mid 

length.

Antennule (Fig. 3B). Primary flagellum with 8 rows of aesthetascs on inner margin.

Antenna (Fig. 3B). Longer than first antennular segment. Endopod 2-segmented, reaching the middle of the 

second antennular segment. Exopod retracts and widens, becoming triangular-shaped.

FIGURE 3. Scyllarides squammosus, Stage VII. A, ventral view; B, details of antennule and antenna; C, detail of maxillule; D, 

maxilla and first maxilliped; E, detail of abdomen and 5th pereiopod. Scale bar: A = 5 mm; B, E = 1 mm; C, D = 0.5 mm.
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Maxillula (Fig. 3C). Coxal endite with 6 setae, 4 located in apical position and 2 in basal position. Basal endite 

with 6 setae (3 terminal, elongated, with strong structure and serrated laterally).

Maxilla (Fig. 3D). Small tapered elongation becomes less evident, reduced in length. Triangular shape.

First maxilliped (Fig. 3D). Unchanged.

Third maxilliped (Fig. 3A). Unchanged. 

Pereiopods (Fig. 3E). Exopods of pereiopods 1–4 distally flagellated with 15–17 annulations. Pereiopod 5 

underdeveloped, with conical base at thorax. Distal end reaches beyond telson.

Pleon (Fig. 3E). Pleon non-segmented, uropods present as small uniramous buds. Telson more developed, 

longer than previous stage.

Stage VIII (NHMUK 2015.3281)

Measurements (Fig. 4A). TL = 19.5 mm; CW = 10.6 mm; CL = 15.5 mm.

Cephalic shield (Fig. 4A). Pear-shaped, longer than wide (CL/CW = 1.46), maximum width located to mid 

length.

FIGURE 4. Scyllarides squammosus, Stage VIII. A, ventral view; B, details of antennule and antenna; C, detail of maxillule; 

D, maxilla and first maxilliped; E, detail of abdomen and 5th pereiopod. Scale bar: A = 10 mm; B = 1 mm; C–E = 0.1 mm.
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FIGURE 5. Scyllarides squammosus, Stage IX. A, ventral view; B, details of antennule and antenna; C, detail of maxillule; D, 

maxilla and first maxilliped; E, detail of abdomen and 5th pereiopod. Scale bar: A = 10 mm; B, E = 1 mm; C, D = 0.5 mm.

Antennule (Fig. 4B). Accessary flagellum reaches middle length of primary flagellum. Primary flagellum with 

8–9 rows of aesthetascs on inner margin.

Antenna (Fig. 4B). Reaches proximal end of third antennular segment. Endopod now 3-segmented. 

Significant increase in length of second segment. Triangular outer ramus becomes shorter and stouter.

Maxillule (Fig. 4C). Coxal endite with 6 setae, 4 located at distal portion and 2 located in basal position. Basal 

endite with 7 setae (3 terminal, elongated).

Maxilla (Fig. 4D). Still underdeveloped, but wider than in previous stages.
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First maxilliped (Fig. 4D). Present as a minute protuberance. Diameter of conical base significantly larger 

than previous stages.

Pereiopods (Fig. 4E). Exopods of pereiopods 1–4 distally flagellated with 16–18 annulations. Pereiopod 5 

now 2-segmented, and reaching beyond telson.

Pleon (Fig. 4E). Somite divisions incomplete. Uropods are biramous.

Stage IX (NHMUK 2015.3282)

Measurements (Fig. 5A). TL = 23.6 mm; CW = 13.8 mm; CL = 19.0 mm.

Cephalic shield (Fig. 5A). Pear-shaped, longer than wide (CL/CW = 1.37). Slightly narrower than thorax.

Antennule (Fig. 5B). Primary flagellum with 9–10 rows of aesthetascs on inner margin.

Antenna (Fig. 5B). Exceeds second antennular segment. Four segments remain but the exopod now reduced to 

small tip.

Maxillule (Fig. 5C). Coxal endite with 7 setae (3 longer setae in distal portion). Basal endite with 9 setae (3 

terminal, long and serrated).

Maxilla (Fig. 5D). Similar to previous stages, but scaphognathite acquires rudimentary rectangular shape.

First maxilliped (Fig. 5D). Adopting more tubular form with length significantly larger than previous stages.

Pereiopods (Fig. 5A, E). Exopods of pereiopods 1–4 distally flagellated. Pereiopod 5 now 3-segmented and 

reaching beyond telson.

Pleon (Fig. 5E). Divisions of somites becomes evident. Pleopods present, underdeveloped and biramous. 

Uropods biramous, length of internal lobe half than outer lobe. Telson unchanged.

Stage X (NHMUK 2015.3283)

Measurements (Fig. 6A). TL = 31.0 mm; CW = 18.5 mm; CL = 24.0 mm.

Cephalic shield (Fig. 6A). Pear-shaped, longer than wide (CL/CW = 1.29), but relatively wider than previous 

stages.

Antennule (Fig. 6B). Accessory flagellum longer than half length of primary flagellum. Primary flagellum 

with 10–12 rows of aesthetascs on inner margin.

Antenna (Fig. 6B). Five-segmented and reaching beyond third antennular segment. Second antennal segment 

develops a lateral extension (lateral process) while first segment becomes cylindrical.

Maxillule (Fig. 6C). Coxal endite with 13 setae. Basal endite with 9 setae (3 long, strong and serrated).

Maxilla. (Fig. 6D). Scaphognathite slightly differentiated, without setae, flattened and reduced in size.

First maxilliped (Fig. 6D). Like previous stage.

Second maxilliped (Fig. 6A). Five-segmented, with rudimentary and unarmed minute exopod bud present.

Third maxilliped (Fig. 6A, F). Uniramous. Five segmented (ischio-merus fused to basis). Without ventral 

coxal spine. Distal part of propodus and dactylus densely setose.

Pereiopods (Fig. 6E, G). Pereiopods 1–4 biramous, without coxal or subexopodal spines. Exopods of 

pereiopods 1–4 flagellated distally with 17–19 annulations, each annulation bears a pair of plumose natatory setae. 

Pereiopod 5 with four-segmented endopod, without setae. Distal end reaches beyond telson.

Pleon (Fig. 6E). Five-segmented (five somites plus telson, somite 1 not differentiated). Pleonites 2–5 with a 

pair of biramous pleopods, unsegmented and unarmed. Uropods biramous and incipiently segmented, but not 

outreaching posterior margin of telson. Telson rounded posteriorly, without processes or teeth.

Stage XI (NHMUK 2015.3284)

Measurements (Fig. 7A). TL = 39.0 mm; CW = 23.1 mm; CL = 29.0 mm.

Cephalic shield (Fig. 7A). Pear-shaped, longer than wide (CL/CW = 1.26), maximum width located to mid 

length.

Antennule (Fig. 7B). Primary flagellum with 12–14 rows of aesthetascs on inner margin.

Antenna (Fig. 7B). Almost equal in length to antennule. Lateral expansion on the second segment widens 

while segment 4 gets narrower.

Maxillule (Fig. 7C). Coxal endite with 14 setae (2 terminal setae considerably longer and stronger). Basal 

endite with 9 setae (3 long, strong and serrated).

Maxilla (Fig. 7D). Similar to previous stage, but scaphognathite more differentiated, without setae, flattened 

and slightly expanded anteriorly and posteriorly.
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FIGURE 6. Scyllarides squammosus, Stage X. A, ventral view; B, details of antennule and antenna; C, detail of maxillule; D, 

maxilla and first maxilliped; E, detail of abdomen and 5th pereiopod; F, 3rd maxilliped; G, 5th segment and dactyl of 1 st 

pereiopod. Scale bar: A = 10 mm; B, E = 1 mm; C, D = 0.5 mm.

First maxilliped (Fig. 7D). Further developed.

Pereiopods (Fig. 7E). Biramous, without coxal or subexopodal spines. Exopods of pereiopods 1–4 flagellated 

distally with >18 annulations, each annulation bears a pair of plumose natatory setae. Pereiopod 5 with 5 segments 

present, segment 2 with rudimentary exopod.

Pleon (Fig. 7E, F). Segmented, with six pleonites plus telson. Pleonites 2–5 with a pair of biramous and 

unsegmented pleopods each, without appendix interna. Presence of two dorsal spines on pleonites 3–4. Biramous 

uropods outreaching posterior margin of telson.

Stage XII (NHMUK 2015.3285)

Measurements (Fig. 8A). TL = 51.0 mm; CW = 26.5 mm; CL = 36.0 mm

Cephalic shield (Fig. 8A). Pear-shaped, longer than wide (CL/CW = 1.35), but proportionally longer than 

previous stage.

Antennule (Fig. 8B). Accessory flagellum extended, equal in length to primary flagellum. Primary flagellum 

with 13–15 rows of aesthetascs on inner margin.
PALERO ET AL.492  ·  Zootaxa 4139 (4)  © 2016 Magnolia Press



FIGURE 7. Scyllarides squammosus, Stage X. A, ventral view; B, details of antennule and antenna; C, detail of maxillule; D, 

maxilla and first maxilliped; E, detail of abdomen and detail of 5th pereiopod; F, dorsal view of abdomen. Scale bar: A = 10 

mm; B–F = 1mm.

Antenna (Fig. 8B). Longer than antennule. Segments fully developed. Lateral expansion on second segment 

directed anteriorly (more developed than previous stage). Last antennal segment leaf-shaped.

Maxillule (Fig. 8C). Coxal endite with 14 setae (2 terminal setae considerably longer and stronger). Basal 

endite with 11 setae (3 long, strong and serrated).

Maxilla (Fig. 8D). Fully developed, scaphognathite considerably expanded anteriorly and posteriorly. 

Endopod becomes triangular.

First maxilliped (Fig. 8D). Fully developed and markedly biramous.

Second maxilliped (Fig. 8A). Exopod bud elongated.

Third maxilliped (Fig. 8A). Gill buds present, with one pleurobranch, one arthrobranch and epipod with 

podobranch. 

Pereiopods (Fig. 8E). Pereiopod 1 with one pleurobranch, one arthrobranch and epipod with podobranch. 

Pereiopods 2–4 with two pleurobranchs, one arthrobranch and epipod with podobranch. Pereiopod 5 with one 

pleurobranch. Pereiopod 5 now 6-segmented. Basis with exopod bud and ischium and merus are fused.
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FIGURE 8. Scyllarides squammosus, Stage XII-Final. A, ventral view; B, details of antennule and antenna; C, detail of 

maxillule; D, maxilla and first maxilliped; E, detail of abdomen and detail of 5th pereiopod; F, dorsal view of abdomen; G, 

detail of pleopods. Scale bar: A = 10 mm; B–F = 1mm.

Pleon (Fig. 8E, F). Fully segmented with 4 pairs of segmented pleopods. Posterolateral margin of the pleura of 

somites 2, 3, 4 and 6 ended with acute spine. Dorsally, somites 4 and 5 bear a strong median spine. Pleopods 

biramous, segmented and without setae, endopod with appendix interna. Biramous uropods outreaching posterior 

margin of telson.

Morphometric analyses showed that total length of the larvae follows an exponential growth in late stages of 

development (see Table 2). The ratio of cephalic width over the total length increased during phyllosoma 

development up to a maximum value of CW/TL = 0.61 at around 30 mm TL (see Fig. 9) and then decreased again 

in the sub-final and final stages (CW/ TL = 0.43 + 0.011 TL–0.00018 TL2; r2 = 0.999). The relative growth of CL 

and CW during larval development in phyllosoma larvae assigned to Scyllarides squammosus was found to follow 

a power law equation (CW = 0.84 CL0.96), with a high correlation coefficient (r2 = 0.996). However, the confidence 

interval for the exponent parameter comprised the value b = 1 (0.91–1.01), which indicates that the growth of CW 

does not show a significantly allometric pattern.
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TABLE 2. Larval development of Scyllarides squammosus phyllosoma.

Stage = Stage of development; N = Sample size; Range = range of lengths per stage; Mean = Average total length per 

stage. Total length (TL) measured from the anterior margin of the cephalic shield between the eyes to the posterior 

margin of the telson.

FIGURE 9. Relationship between CW / TL ratio and TL using all Scyllarides squammosus larvae sampled in this study (n = 

34, including stages VI and VII) and those present in the previous literature.

Discussion

The majority of studies describing phyllosomas collected in the wild lack confirmation of identification as they 

have relied solely on morphometric parameters with limited reference material. Few species of Achelata have 

complete documentation of the entire larval developmental stages and hence most samples cannot be 

unambiguously resolved. However, with the advent of DNA barcoding as a taxonomic tool the accurate 

identification of a particular species from a tissue sample is now possible (Radulovici et al. 2010). In this study, 

DNA barcoding was used to confidently assign species identification of several larvae collected from the Coral Sea 

to Scyllarides squammosus. The assignment of the phyllosoma was further supported through phylogenetic 

analyses, since both larvae and adult S. squammosus cluster with 100% posterior probability. It should be noted 

here that, despite the Genbank sequence with accession number JN701654 is identified in the public database as S. 

brasiliensis, the actual identity of the adult specimen kept in the Crustacea collections of the National Taiwan 

Ocean University (registration number: NTOU M00972) is S. squammosus (Dr. TY Chan; personal 

communication). The range of intra-species divergence levels (from 0.28% to 1.37%) observed in other decapods 

(Matzen da Silva et al. 2011) when using the COI gene region are in agreement with the observed K2P distances 

Stage N TL Range

(mm)

TL Mean

(mm)

VI 1 11.7 11.7

VII 1 14.9 14.9

VIII 3 19.5–22.0 19.8

IX 5 22.3–26.8 24.6

X 7 29.0–35.6 31.4

XI 8 37.0–40.0 38.7

XII-Final 9 47.0–51.0 49.3
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between adult S. squammosus and Coral Sea larvae (0.3%). Genetic distances were significantly larger when the 

larvae are compared with other Scyllarides species (6.8–19.1%), which also agrees with ranges found within 

decapod genera (6.37–20.92%) by Matzen da Silva et al. (2011). Identification of the Coral Sea larvae to species 

level allowed this study to confirm the main characters distinguishing the phyllosoma of Scyllarides from the 

larvae of other slipper lobster genera (Robertson 1969; Johnson 1971). Scyllarides phyllosoma can be 

differentiated by the morphology of their antennae, maxillules without endopod, maxillae without setae and 

expanding during later stages of development, and by the first maxilliped being well developed in the final stage. 

Early larval stages of Scyllarides and Parribacus have an extremely similar larval form and morphometrics and can 

be easily confused (Coutures 2001). In later stages though, Scyllarides phyllosoma differ from Parribacus ‘giant 

phyllosoma’ larvae (Palero et al. 2014b) by their smaller size and the outline of the cephalic shield, with its 

posterior margin just overlapping the coxa of the third maxilliped.

The large number of specimens obtained during the Australian Institute of Marine Science (AIMS) cruises at 

different times of the year was unexpected, with more Scyllarides phyllosoma obtained here than previously 

reported in the literature. The origin and developmental changes of the key character which distinguish adult 

Scyllaridae from all other decapods, e.g., the flat antennae (Haug et al. 2015), can now be completely understood. 

The Scyllarides antennae are initially biramous in early stages, with a single segment on the inner ramus and a 

strong outer ramus, which resembles the lateral process found near the base of the antennae in palinurid larvae 

(Palero & Abello 2007). The inner ramus then increases in length by adding a new segment every stage until it 

reaches stage X, at which point it has acquired the final number of segments. In contrast to what could be expected, 

the outer ramus is not at the origin of the characteristic lateral expansion present in the adult antennae. Instead, it 

decreases during development until stage IX, when the antenna becomes almost cylindrical in shape and, with the 

moult to stage X, the triangular lateral extension begins to grow at the second segment. The evolution of this lateral 

expansion continues until stage XII, when the antenna acquires its final shape.

Robertson (1969) pointed out the presence of two types of Scyllarides phyllosoma depending on the degree of 

development of pereiopod 5. In larvae tentatively assigned to S. aequinoctalis and S. astori, the fifth pereiopod 

appears to be well developed at an early stage, whereas larvae assigned to S. nodifer, S. latus and S. herklotsii show 

the fifth pair of legs underdeveloped until late stages (Robertson 1969). From the literature and recently collected 

larvae, S. elisabethae phyllosoma described by Berry (1974) can be assigned to one group and S. squammosus into 

a second. Furthermore, morphometric ratios of the cephalic shield also appear to support the existence of two 

Scyllarides groups. In later stage larvae of S. herklotsii, S. nodifer and S. squammosus the cephalic shield is oval 

shaped with its maximum width midway along a longitudinal axis (Robertson 1969; Crosnier 1972), whereas both 

Scyllarides astori and S. aequinoctialis phyllosoma present the maximum width at the anterior portion of the 

cephalon (Johnson 1970; Johnson & Knight 1975). Interestingly, the affinities between Scyllarides species based 

on adult morphology do not agree with this larval classification into two main groups (Holthuis 1991). Molecular 

data, however, also seem to challenge adult affinities, since S. haani appears to be more distant from S. latus than it 

is suggested by adult morphology (Bracken-Grissom et al. 2014). The molecular results are also consistent with the 

geographic distribution of the taxa, because S. nodifer and S. latus are Atlantic species and S. haani is found in the 

Indo-Pacific (Holthuis 1991). The incongruences observed when comparing genetics, adult and larval morphology 

of Scyllarides species could be due to misidentification of phyllosoma larvae collected from the plankton in 

previous studies. The DNA barcoding results presented here confirm the identity of the Coral Sea phyllosoma as S. 

squammosus, but the larvae of S. haanii still remain unknown. Further studies for key species including new 

genetic data and larval descriptions are needed in order to resolve the existence of distinct groups within 

Scyllarides.
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