
CRUSTACEAN ISSUES ] 3 

II 

%. m 

Decapod Crustacean Phylogenetics 
edited by 

Joel W. Martin, Keith A. Crandall, and Darryl L. Felder 

£\ CRC Press 
J Taylor & Francis Group 



Decapod Crustacean Phylogenetics 

Edited by 

Joel W. Martin 
Natural History Museum of L. A. County 

Los Angeles, California, U.S.A. 

KeithA.Crandall 
Brigham Young University 

Provo,Utah,U.S.A. 

Darryl L. Felder 
University of Louisiana 

Lafayette, Louisiana, U. S. A. 

CRC Press is an imprint of the 
Taylor & Francis Croup, an informa business 



CRC Press 
Taylor & Francis Group 
6000 Broken Sound Parkway NW, Suite 300 
Boca Raton, Fl. 33487 2742 

<r) 2009 by Taylor & Francis Group, I.I.G 
CRC Press is an imprint of 'Taylor & Francis Group, an In forma business 

No claim to original U.S. Government works 
Printed in the United States of America on acid-free paper 
109 8 7 6 5 4 3 21 

International Standard Book Number-13: 978-1-4200-9258-5 (Hardcover) 

Ibis book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been 
made to publish reliable data and information, but the author and publisher cannot assume responsibility for the valid­
ity of all materials or the consequences of their use. The authors and publishers have attempted to trace the copyright 
holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this 
form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may 
rectify in any future reprint. 

Except as permitted under U.S. Copyright Faw, no part of this book maybe reprinted, reproduced, transmitted, or uti­
lized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopy­
ing, microfilming, and recording, or in any information storage or retrieval system, without written permission from the 
publishers. 

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http:// 
www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 
978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For orga 
nizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged. 

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for 
identification and explanation without intent to infringe. 

Library of Congress Cataloging-iii-Publication Data 

Decapod crustacean phylogenetics / editors, Joel W. Martin, Keith A. Crandall, Darryl F. Folder, 
p. cm. — (Crustacean issues) 

Includes bibliographical references and index. 
ISBN 978-1-4200-9258-5 (hardcover: alk. paper) 
1. Decapoda (Crustacea) 2. Phylogeny. I. Martin, Joel W. II. Crandall, Keith A. III. Felder, Darryl F. 

IV. Title. V. Series. 

QI.444.iM33D44 2009 
595.3'813S-dc22 

Visit the Taylor & Francis Web site at 
http://www.taylorandfrancis.com 

and the CRC Press Web site at 
http://www.crcpress.com 

2009001091 

http://www.copyright.com
http://
http://www.copyright.com/
http://www.taylorandfrancis.com
http://www.crcpress.com


Contents 

Preface 
JOEL W. MARTIN, KEITH A. CRANDALL & DARRYL L. FELDER 

I Overviews of Decapod Phylogeny 

On the Origin of Decapoda 
FREDERICK R. SCHRAM 

Decapod Phylogenetics and Molecular Evolution 15 
ALICIA TOON. MAEGAN FINLEY. JEFFREY STAPLES & KEITH A. CRANDALL 

Development, Genes, and Decapod Evolution 31 
GERHARD SCHOLTZ. ARKHAT ABZHANOV. FREDERIKR ALWES. CATERINA 
BIEFIS & JULIA PINT 

Mitochondrial DNA and Decapod Phylogenies: The Importance of 47 
Pseudogenes and Primer Optimization 
CHRISTOPH D. SCHUBART 

Phylogenetic Inference Using Molecular Data 67 
FERRAN PALERO & KEITH A. CRANDALL 

Decapod Phylogeny: What Can Protein-Coding Genes Tell Us? 89 
K.H. CHU, L.M. TSANG. K.Y. MA. T.Y. CHAN & P.K.L. NG 

Spermatozoal Morphology and Its Bearing on Decapod Phylogeny 101 
CHRISTOPHER TUDGE 

The Evolution of Mating Systems in Decapod Crustaceans 121 
AKIRA ASAKURA 

A Shrimp's Eye View of Evolution: How Useful Are Visual Characters in 183 
Decapod Phylogenetics? 
MEGAN L. PORTER & THOMAS W. CRONIN 

Crustacean Parasites as Phylogenetic Indicators in Decapod Evolution 197 
CHRISTOPHER B. BOYKO & JASON D. WILLIAMS 

The Bearing of Larval Morphology on Brachyuran Phylogeny 221 
PAUL F. CLARK 



vi Contents 

II Advances in Our Knowledge of Shrimp-Like Decapods 

Evolution and Radiation of Shrimp-Like Decapods: An Overview 245 
CHARLES H..I.M. ERANSEN & SAMMY DE GRAVE 

A Preliminary Phylogenelic Analysis of the Dendrobranchiata Based on 261 
Morphological Characters 
CAROLINA TAVARES. CRISTIANA SERE.IO & JOEL W. MARTIN 

Phvlogeny of the Infraorder Caridea Based on Mitochondrial and Nuclear 281 
Genes (Crustacea: Decapoda) 
HEATHER D. BRACKEN. SAMMY DE GRAVE & DARRYL L. FEEDER 

III Advances in Our Knowledge of the Thalassinidean 
and Lobster-Like Groups 

Molecular Phylogeny of the Thalassinidea Based on Nuclear and 309 
Mitochondrial Genes 
RAFAEL ROBLES. CHRISTOPHER C. TUDGE, PETER C. DWORSCHAK, GARY C.B. 
POORE & DARRYL L. FBLDER 

Molecular Phylogeny of the Family Callianassidae Based on Preliminary 327 
Analyses of Two Mitochondrial Genes 
DARRYL L. FELDER & RAFAEL ROBLES 

The Timing of the Diversification of the Freshwater Crayfishes 343 
JESSE BREINHOLT. MARCOS PEREZ-LOSADA & KEITH A. CRANDALL 

Phylogeny of Marine Clawed Lobster Families Nephropidae Dana. 1852. 357 
and Thaumastochelidae Bate. 1888, Based on Mitochondrial Genes 
DALE TSHUDY. RAFAEL ROBLES. TIN-YAM CHAN, KA CHAI HO. KA HOU CHU, 
SHANE T. AHYONG & DARRYL L. FELDER 

The Polychelidan Lobsters: Phylogeny and Systematics (Polychelida: 369 
Polychelidae) 
SHANE T. AHYONG 

IV Advances in Our Knowledge of the Anomttra 

Anomuran Phylogeny: New Insights from Molecular Data 399 
SHANE T. AHYONG, KAREEN E. SCHNABHL & ELIZABETH W. MAAS 

V Advances in Our Knowledge of the Brachyura 

Is the Brachyura Podotremata a Monophyletic Group? 417 
GERHARD SCHOLTZ & COLIN L. MCLAY 



Contents vii 

Assessing the Contribution of Molecular and Larval Morphological 437 
Characters in a Combined Phylogenetic Analysis of the Supcrfamily 
Majoidea 
KRISTIN M. HUI.TGREN, GUILLERMO GUHRAO, HERNANDO RL. MARQUES & 
EHRRAN P. PALERO 

Molecular Genetic Re-Examination of Subfamilies and Polyphyly in the 457 
Family Pinnotheridae (Crustacea: Decapoda) 
EMMA PALACIOS-THEIL. JOSE A. CUESTA. ERNESTO CAMPOS & DARRYL L. 
FELDER 

Evolutionary Origin of the Gall Crabs (Family Cryptochiridae) Based on 475 
16S rDNA Sequence Data 
REGINA WETZER. JOEL W. MARTIN & SARAH L. BOYCE 

Systematics, Evolution, and Biogeography of Freshwater Crabs 491 
NEIL CUMBERLIDGE & PETER K.L. NG 

Phylogeny and Biogeography of Asian Freshwater Crabs of the Family 509 
Gecarcinucidae (Brachyura: Potamoidea) 
SEBASTIAN KLAUS. DIRK BRANDIS. PETER K.L. NG. DARREN C.J. YEO 

& CHRISTOPH D. SCHUBART 

A Proposal for a New Classification of Porlunoidea and Cancroidea 533 
(Brachyura: Heterotremata) Based on Two Independent Molecular 
Phylogenies 
CHRISTOPH D. SCHUBART & SILKE RRUSCHRL 

Molecular Phylogeny of Western Atlantic Representatives of the Genus 551 
Hexapanopeus (Decapoda: Brachyura: Panopeidae) 
BRENT P. THOMA. CHRISTOPH D. SCHUBART & DARRYL L. FELDER 

Molecular Phylogeny of the Genus Cronius Stimpson, I860, with 567 
Reassignment of C. tumidulus and Several American Species ol' Port un us 
to the Genus Achelous De Haan, 1833 (Brachyura: Portunidae) 
FERNANDO L. MANTELATTO. RAFAEL ROBLES. CHRISTOPH D. SCHUBART 

& DARRYL L. FELDER 

Index 581 

Color Insert 



Evolution and Radiation of Shrimp-Like Decapods: An Overview 

CHARLES HJ.M. KRANSEN1 & SAMMY DE GRAVE2 

1 Nationaal Natuurhistorisch Museum Naturalis, Darwinweg 2, 2333 CR Leiden, The Netherlands 
2 Oxford University Museum of Natural History, Parks Road, Oxford 0X1 3PW, United Kingdom 

ABSTRACT 

The shrimp-like Decapoda currently include the suborder Dendrobranchiata and the infraorders 
Caridea and Stenopodidea within the suborder Pleocyemata. Their phylogenetic relationship with 
the other Decapoda, as well as previously proposed internal phytogenies, are reviewed. This review 
shows that only a small percentage of the shrimp-like decapod taxa is incorporated in phylogenetic 
analyses at higher to lower taxonomic levels and that there remain numerous controversies between 
and within analyses based on morphological characters and molecular markers. The morphological 
and molecular characters thus far used in phylogenetic reconstructions are evaluated. It is suggested 
that when a robust morphological matrix is available, the addition of fossil taxa will be worthwhile, 
in view of their unique morphology and ecology. A review of potentially phylogenetically informa­
tive characters across all caridean families is sorely lacking; such a review needs to be instigated to 
assess foregut morphology and the mastigobranch-setobranch complex, to name but a few impor­
tant characters. 

1 INTRODUCTION 

Three groups of shrimp-like decapods are currently recognized (Martin & Davis 2001): the suborder 
Dendrobranchiata and the infraorders Caridea and Stenopodidea of the suborder Pleocyemata. A 
count of the number of taxa recognized in these groups shows that the Caridea are by far the largest 
group with more than 3100 species (Table 1). 

The discovery curves in all three groups do not show any sign of reaching a plateau (Fig. 1), 
suggesting we are a long way off from knowing the true species richness for all groups. Although 
Stenopodidea are far less species rich than the other two taxa, the median date of description (1978), 
and the steep incline since then, indicates that many more species remain to be described even in 
this group—not surprising given the deep-water habitat of many of its constituent species. Focusing 
on the Caridea, at the end of the 19th century and the beginning of the 20th century, the number 
of species described increased distinctly to about 25 species per year, mainly due to the publication 
of the results of major oceanographic expeditions like the "Challenger," "Discovery," and "Siboga." 
Around 1910, the increment of species slowed down to about 12 species a year until around 1970 
when the description rate increased again to a mean of 33 per year. The fossil record of shrimp-like 
decapods is meager, especially in the Caridea, for which relatively few fossil taxa are known com­
pared to the large number of extant taxa (Crandall et al. in prep). 
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Table 1. Number of extant and extinct (f) taxa within the three shrimp-like decapod groups 
(current as of August 2008). 

Taxon level Dendrobranchiata Caridea Stenopodidea 

Superfamilies 
Families 
Genera . 
Species 

2 
9 ( 2 f ) 
56 
505 (74 f) 

16 (If) 
36 (If) 
361 
ca. 3108 (46 f) 

0 
3 
10 (2t) 
58 (2 t) 
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Figure 1. Cumulative numbers described for shrimp-like Decapoda per taxon per annum; circle indicates me­
dian date of description. 
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2 POSITION OF THE SHRIMP-LIKE DECAPODS WITHIN THE DECAPODA 

Ever since Dana (1852) and Huxley (1879) recognized the artificial nature of the Natantia, there 
has been controversy over the relationships between the shrimp-like decapods as well as their re­
lationship to the remaining groups. Despite this uncertainty, most recent studies demonstrate that 
the shrimp-like decapods are basal to the other decapod lineages (Richter & Scholtz 2001; Schram 
2001; Dixon et al. 2003; Porter et al. 2005). In contrast to these studies, however, the molecular tree 
presented by Bracken et al. (this volume) indicates that the Stenopodidea might not be as basal as 
previously assumed. 

Earlier classifications, from the 1800s up to 1981, have been succinctly reviewed by Felgenhauer 
& Abele (1983) and Holthuis (1993), and there appears to be no need to repeat this information here. 
Burkenroad (1963) firmly established the separate status of the Dendrobranchiata as a suborder, 
containing the Penaeidae and Sergestidae (now usually treated as the superfamilies Penaeoidea, 
with 5 families, and the Sergestoidea, with 2 families). Both Burkenroad (1981) and Felgenhauer 
& Abele (1983) discussed the differences between the Dendrobranchiata and the other shrimp­
like decapods, primarily the presence of dendrobranchiate gills, Qgg broadcasting and the pleonic 
hinges. Recently Martin et al. (2007) have demonstrated considerable variation in dendrobranch gill 
morphology. Following on from their study, we recommend that the other distinguishing characters 
should also be re-studied. 

The separate status of the Stenopodidea has long been recognized and is supported by mor­
phological and developmental studies (Felgenhauer & Abele 1983). With the exception of tri-
chobranchiate gills, many of the proposed characters do exhibit some overlap with either Den­
drobranchiata or Caridea. Nevertheless, all phylogenetic studies have supported their status as a 
separate lineage. 

The internal classification of the Caridea and their relationship to the other lineages currently 
appears far from settled, although it is generally accepted that they do constitute a separate lineage 
(Burkenroad 1963; Felgenhauer & Abele 1983; Abele & Felgenhauer 1986). Of specific interest is 
the position of the family Procarididae, which remains controversial to date. Prior to the discovery of 
Procaris in 1972, Caridea were characterized by one or both of the two anterior pairs of legs being 
chelate (Burkenroad 1981), easily differentiating them from the other two lineages, which have the 
first three pairs nearly always chelate. Procaris, and the later discovered Vetericaris, not only are 
achelate but share a number of characters with the Dendrobranchiata (e.g., a well developed gastric 
mill, L-shaped mastigobranchs, and appendices internae absent) and with Caridea sensu stricto 
(phyllobranchiate gills, wide second abdominal pleuron). Much has been written on whether they 
should be considered a superfamily within the Caridea (Abele & Felgenhauer 1986; Abele 1991; 
Chace 1992; Holthuis 1993) or be considered a separate lineage. Felgenhauer & Abele (1983) were 
the first to address their position, and, although not based on a cladistic analysis, they considered 
them a separate lineage, branching off earlier than the Caridea. This was opposed by Christoffersen 
(1988) who, using manual parsimony, considered procaridids as a sister group to the Caridea. Using 
more objective computer-based methods, Abele & Felgenhauer (1986) reached the same conclusion 
and considered both taxa closely related, but they did not assign a formal rank to either clade. 
Bracken et al. (this volume) support the treatment of the Procaridoidea as a sister group to the 
remaining carideans on the basis of a phylogenetic analysis based on both mitochondrial and nuclear 
genes. 

Both morphological (Dixon et al. 2003; Schram & Dixon 2004) and molecular (Porter et al. 
2005) analyses support positioning of the shrimp-like decapods as the most basal clades within the 
Decapoda. However, the relationships of the three (or four) separate lineages to each other, and 
indeed to the other Decapoda, are far from settled. All phylogenetic analyses, be they morpholog­
ical (Abele & Felgenhauer 1986; Dixon et al. 2003; Schram & Dixon 2004) or molecular (Porter 
et al. 2005), support positioning of the Dendrobranchiata as the most basal clade within the De­
capoda. The position of the Stenopodidea and Caridea (including the Procaridoidea or not) remains 
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Figure 2. Position of the shrimp-like groups within the Decapoda according to (A) Burkenroad (1963), 
(B) Abele & Felgenhauer (1986), (C) Christoffersen (1988) and (D) Porter et al. (2005). 

unsettled. Burkenroad (1963) regarded the Caridea + Stenopodidea as a sister group to the Reptantia 
(Fig. 2). On the basis of morphological cladistic analyses, two hypotheses have been put forward. 
Abele & Felgenhauer (1986) considered the Stenopodidea as a sister group to the reptant decapods, 
preceded by the branching off of the Caridea sensu lato (Fig. 2); in contrast, Christoffersen (1988) 
offered the reverse situation, and considered the Caridea + Procaridoidea as a sister group to the 
reptant decapods (Fig. 2). The molecular study by Porter et al. (2005), using representatives of all 
three shrimp-like taxa as well as a score of reptant taxa, resolved a caridean + reptant clade, but it 
was not statistically different from a stenopodidean + reptant clade (Fig. 2). Interestingly, a caridean 
+ stenopodidean clade, as used by Burkenroad (1963, 1981), was rejected by their analysis (Porter 
et al. 2005). The analysis by Bracken et al. (this volume) indicates a position of the Stenopodidae 
within the Repantia, which has been suggested before on the basis of larval development (see Seridji 
1990, and references therein). Thus, the exact position of these two shrimp-like taxa in relation to 
the reptant decapods and indeed to each other remains debated. 

From this brief overview, it is evident that more rigorous and more inclusive cladistic analyses 
are needed to resolve the position of the Caridea and Stenopodidea within the Decapoda. 

3 PHYLOGENETIC RELATIONSHIPS WITHIN STENOPODIDEA 

Saito & Takeda (2003) have published the only phylogeny within the Stenopodidea. Analyzing the 
family Spongicolidae, they used a morphological matrix composed of 38 characters of 32 species, 
which resulted in a consensus tree with mainly paraphyletic genera. The phylogeny shows a ten­
dency from primitive "shallow water free living species" towards a more derived group of "deep 
water sponge-associated" species. All genera and nearly all species in this family are included in 
this phylogeny. Thus, about half of the genera and species for the infraorder as a whole have been 
subjected to a cladistic analysis. 

4 PHYLOGENETIC RELATIONSHIPS WITHIN DENDROBRANCHIATA 

In their excellent book on penaeoid and sergestoid shrimps, Perez Farfante & Kensley (1997) rec­
ognized two superfamilies: the Penaeoidea and Sergestoidea, with the Sergestoidea consisting of 
two families and the Penaeoidea of five distinct families (Table 2). The position of the enigmatic 
genus Lucifer remains problematic (Tavares et al. this volume) due to its aberrant adult morphology. 
The relation between the two superfamilies has not been treated in any phylogenetic study to date. 
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Table 2. Number of genera and species in the suborder Dendrobranchiata 
(as of August 2008). 

Superfamily 

Penaeoidea 

Sergestoidea 

Family 

Aristeidae 
B enthesicymidae 
Penaeidae 
Sicyoniidae 
Solenoceridae 
Luciferidae 
Sergestidae 

Genera 

9 
4 
26 
1 
9 
1 
6 

56 

Species 

26 
21 
215 
44 
80 
9 
90 

505 

Several phylogenies within the Penaeoidea have appeared in the last four decades (Mulley & Latter 
1980; Palumbi & Benzie 1991; Tarn & Chu 1993; von Sternberg & Motoh 1995; Baldwin et al. 
1998; Tong et al. 2000; Quan et al. 2001; Maggioni et al. 2001; Quan et al. 2004; Lavery et al. 2004; 
Vazquez-Bader et al. 2004; Voloch et al. 2005; and Chan et al. 2008); however, the relationships 
within Sergestoidea have not been examined. 

Phylogenetic relationships among the five penaeoid families were tackled by Vazquez-Bader 
et al. (2004), using a partial sequence of about 300 bps of the 16S mitochondrial gene. Their results 
support monophyly of the superfamily, but they show the Penaeidae to be paraphyletic with regard 
to the closely related Solenoceridae. This was confirmed by Voloch et al. (2005) using the two mito­
chondrial markers 16S and COI, although the separate family status of Aristeidae, Benthesicymidae, 
and Sicyoniidae was questioned, as they form a compact group separated by small genetic distances. 
These somewhat preliminary results require confirmation based upon more conservative markers, 
as already acknowledged by Voloch et al. (2005) themselves. 

All other phylogenetic studies within the superfamily deal with the family Penaeidae. Crosnier 
(1987, 1991, 1994a, 1994b) revised the genus Metapenaeopsis. He proposed a grouping primarily 
based on the morphology of the petasma and a subgrouping based on the presence/absence of a 
stridulating organ. A preliminary phylogeny of selected species within this genus (based on mito­
chondrial markers) published by Tong et al. (2000) confirms the views of Crosnier. All other studies 
have focused on the generic division proposed by Perez Farfante & Kensley (1997), which was, and 
is, debated by both the fishing industry and the scientific community (Flegel 2007; McLauglin et al. 
2008). An overview of molecular research on this topic was published by Dall (2007). He concluded 
that some of the genera recognised by Perez Farfante & Kensley (1997) are not monophyletic with 
regards to the molecular markers used in other analyses (e.g., Penaeus and Melicertus). More stud­
ies using nuclear genes are needed to elucidate the systematic position of these genera and their 
constituent species groups. In a recent contribution, Chan et al. (2008) studied the phylogenetic 
relationships of 20 genera of the 26 recognized by Perez Farfante & Kensley (1997), supporting 
Burkenroad's (1983) original three-tribe scheme (Peneini, Parapeneini, and Trachypeneini) and syn-
onymizing the genus Miyadiella with Atypopenaeus. Within the Penaeidae nearly all genera and just 
over 20% of the species have been the subject of phylogenetic analyses. See also Tavares et al. (this 
volume) for a preliminary morphological analysis of penaeoid families and genera. 

5 PHYLOGENETIC RELATIONSHIPS WITHIN CARIDEA 

The internal classification of the Caridea by Chace (1992) and Holthuis (1993), which is largely 
followed by Martin & Davis (2001), is widely used today (Table 3). Minor recent changes are the 
addition of the family Pseudochelidae (De Grave & Moosa 2004) and the non-recognition of the 
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Table 3. Number of genera and species in the suborder Dendrobranchiata (as of August 
2008). 

Superfamily 

Procaridoidea 
Galatheacaridoidea 
Pasiphaeoidae 
Oplophoroidea 
Atyoidea 
Bresilioidea 

Nematocarcinoidea 

Psalidopodoidea 
Stylodactyloidea 
Campylonotoidea 

Palaemonoidea 

Alpheoidea 

Processoidea 
Pandaloidea 

Physetocaridoidea 
Crangonoidea 

Family 

Procarididae 
Galatheacarididae 
Pasiphaeidae 
Oplophoridae 
Atyidae 
Agostocarididae 
Alvinocarididae 
Bresiliidae 
Disciadidae 
Pseudochelidae 
Eugonatonotidae 
Nematocarcinidae 
Rhynchocinetidae 
Xiphocarididae 1 
Psalidopodidae 
Stylodactylidae 
B athy palaemonellidae 
Campylonotidae 
Anchistioididae 
Desmocarididae 
Euryrhynchidae 
Gnathophyllidae 
Hymenoceridae 
Kakaducarididae 
Palaemonidae 
Typhlocarididae 
Alpheidae 
Barbouriidae 
Hippolytidae 
Ogyrididae 
Processidae 
Pandalidae 
Thalassocarididae 
Physetocaridae 
Crangonidae 
Glyphocrangonidae 

Genera 

2 
1 
7 
10 
40 
1 
6 
•3 

3 
1 
1 
4 
2 
2 
1 
5 
2 
1 
1 
1 
3 
5 
2 
3 
116 
1 
43 
3 
36 
1 
5 
23 
2 
1 
22 
1 

360 

Species 

6 
1 
97 
73 
395 
3 
18 
9 
10 
3 
2 
44 
24 

2 ' 
33 
11 

5 
4 
2 
6 
13 
3 
3 
876 
3 
614 
6 
302 
10 
66 
189 
4 
1 
190 
77 

3108 

Mirocarididae. Studies dealing with phylogenetic relations among the superfamilies and families are 
scarce. Christoffersen's (1987, 1988, 1989, 1990) contributions, using manually constructed phylo-
genies, indicate the non-monophyletic nature of the traditional classification. The first comprehen­
sive molecular phylogeny of the group is presented by Bracken et al. (this volume), and suggests 
polyphyletic and paraphyletic relationships among genera within the families Atyidae, Pasiphaei­
dae, Oplophoridae, Hippolytidae, Gnathophyllidae, and Palaemonidae. Phylogenetic research has 
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been carried out on 7 of the 36 families within the Caridea, amounting to less than perhaps 3-4% 
of all species. Christoffersen performed manual and computerized morphological cladistic analyses 
among the hippolytid (1987), crangonid (1988), and pandaloid (1989) genera. 

Within the predominantly freshwater family Atyidae, molecular studies on selected species 
within genera like Paratya (Page et al. 2005; Cook et.al. 2006), Troglocaris (Zaksek et al. 2007), 
and Caridina (Chenoweth & Hughes 2003; Roy et al. 2006; Page et al. 2007; von Rintelen et al. 
2007a, b) in relation to biogeographical issues, as well as the regional study of several genera by 
Page et al. (2008), have been published. 

The phylogenetic relationships among the deep-sea hydrothermal vent shrimp belonging to the 
Alvinocarididae were analyzed by Shank et al. (1998) using the COI mitochondrial gene. Their 
molecular phylogeny is consistent with the higher-level taxonomy based on morphology, and demon­
strates that the Alvinocarididae form a monophyletic group in relation to the outgroup shrimp taxa 
used. 

A morphological hypothesis about the phylogenetic relationships within the Palaemonoidea 
(currently containing 910 species) was presented by Pereira (1997), who concluded that both the 
superfamily Palaemonoidea and the family Palaemonidae (sensu Chace 1992) are natural groups, 
but that a rearrangement of palaemonid subgroups would better reflect their phylogenetic rela­
tionships. However, if the classification of Martin & Davis (2001) were to be superimposed upon 
Pereira's cladogram, the Palaemonidae {sensu Martin & Davis 2001) become paraphyletic. Pereira 
(1997) also indicated that several genera in the subfamily Palaemoninae, such as Macrobrachium, 
Cryphiops, Palaemon, Palaemonetes, and Pseudopalaembn, are paraphyletic. The subfamily Pon­
toniinae remains monophyletic in his view, although several genera, now included in the Palae­
moninae (e.g., Brachycarpus, Leander, Leandrites), should be transferred to the Pontoniinae. Page 
et al. (2008) showed the genera Kakaducaris and Leptopalaemon (currently in the family Kakadu-
carididae) as a strongly supported clade within the Palaemoninae that is closely related to the genus 
Macrobrachium. This result is confirmed by Bracken et al. (this volume). 

Recent work by Mitsuhashi et al. (2007), using the nuclear 18S rRNA and 28S rRNA genes, 
showed the families Hymenoceridae and Gnathophyllidae to be closely related and nested within 
the Pontoniinae, which is also confirmed by the study of Bracken et al. (this volume). This clade is 
clearly distinct from the clade with representatives of the Palaemoninae, in accordance with the re­
lationships among the families as suggested by larval characters (Bruce 1986; Yang & Ko 2002). A 
review of the literature on the first zoea shows that the characters suggested by Yang & Ko (2002) to 
separate palaemonine and pontoniine genera hold true except for five genera: Leander, Leandrites, 
Harpilius, Kemponia, and Philarius. Such a shift of several genera from the Palaemoninae to the 
Pontoniinae is in line with the ideas put forward by Pereira (1997). Future molecular work including 
representatives of these genera should elucidate the boundaries between the Pontoniinae and Palae­
moninae and their relationship to the other palaemonoid clades, including the Anchistioididae, with 
its peculiar larval development. 

Within the Pontoniinae, a phylogeny of 72 genera based on 80 morphological characters was 
published by Li and Liu (1997). They regard the subfamily, as currently defined, to be a mono­
phyletic group but suggest that the status of some newly erected genera should be reexamined. 
They further conclude that commensal Pontoniinae are evolved from free-living Palaemoninae, and 
they propose the genus Periclimenes to be the evolutionary link between free-living and commensal 
taxa. As currently much taxonomic work is focused around the paraphyletic genus Periclimenes 
sensu lato, this conclusion seems premature. Fransen (2002) published a morphological phylogeny 
of the genus Pontonia s.L, splitting the genus into six genera, with species in these genera asso­
ciating either with bivalves or ascidians. Molecular work on selected genera using 16S and COI 
mitochondrial genes in relation to certain host groups is in progress, providing building blocks for 
a molecular phylogeny within this subfamily. 



252 Fransen & De Grave 

Within the Palaemoninae, several phylogeographical studies on Macrobrachium rosenbergii 
have been published in recent years by de Bruyn and coworkers (2004a, 2004b, 2005, 2007). Addi­
tionally, Murphy & Austin (2002, 2004) studied the origin and classification of Australian species 
of Macrobrachium using the 16S gene. 

Anker et al. (2006) presented the first phylogenetic hypothesis of relationships among 36 ex­
tant genera of alpheid shrimps based on a cladistic analysis of 122 morphological characters from 
56 species. In that study there is strong support for the monophyly of the family. Nodes defining 
genera were relatively well supported, though many basal nodes showed weak support. Six genera 
appeared paraphyletic, the large genus Alpheus (276 species) being amongst these. As suggested 
by the authors, the remaining uncertainties in the phylogenetic relations among the genera would 
benefit from tests with independent larval and molecular data. 

Molecular phylogenies of alpheids also have been produced as a component of studies on euso-
ciality among species of Synalpheus by Duffy et al. (2000) and Morrison et al. (2004). Williams et 
al. (2001) used one mitochondrial (COI) and two nuclear genes (GPI, EF-la) to analyze the status 
of the 7 morphological groups within the genus Alpheus recognized by Coutiere (1905). This anal­
ysis showed the existence of three major clades within the genus; these clades showed no particular 
relationship to the groupings of Coutiere (1905). Finally, a morphological phylogeny of the genus 
Athanopsis was presented by Anker & Ahyong (2007). 

6 MORPHOLOGICAL CHARACTERS 

The monophyly of both the Dendrobranchiata and the Stenopodidea is uncontroversial and is sup­
ported by several characters, of which the following can be considered to be of phylogenetic signif­
icance: the dendrobranchiate gill, male petasma, naupliar egg eclosion, and pleonic hinge structure 
in the Dendrobranchiata (Felgenhauer & Abele 1983; Abele & Felgenhauer 1986; Abele 1991; 
Dixon et al. 2003); and the enlarged third pereiopod and spherical spermatozoa in the Stenopodidea 
(Felgenhauer & Abele 1983; Abele & Felgenhauer 1986; Abele 1991; Dixon et al. 2003). As 
Martin et al. (2007) recently described considerable variation in dendrobranch gill morphology, 
a fresh look at some of the generally accepted characters may reveal further incongruities. 

The monophyly of the Caridea is harder to address, as it is based on a large number of vari­
able morphological characters (Felgenhauer & Abele 1983). Bracken et al. (this volume) consider 
the taxon as monophyletic, but perhaps excluding Procarididae. The true position of the family 
Procarididae, although unquestionably closely related to other carideans, remains unresolved. Pro-
caridids share only one character with the other caridean families, the second abdominal pleuron 
overlapping the first and third somites, which is however variable in Glyphocrangonidae and Psali-
dopodidae. Procaridids differ from carideans in the attachment position of the phyllobranch gills, 
which is precoxal in Procaris versus higher on the body wall in Caridea, whereas other characters 
are similar to Dendrobranchiata (e.g., the foregut; see Felgenhauer & Abele 1983). 

Currently the family level classification of Caridea is based primarily on the structure of the 
propodus and dactylus of the first two pereiopods, non- or multi-articulated carpus of the second 
pereiopod, features of the mandible, second and third maxilliped, and the number of epipods and 
branchial formula (Chace 1992; Holthuis 1993) Although these characters are of considerable use 
in the identification of Caridea, their phylogenetic significance at the family level appears uncertain. 
It is far beyond the current review to highlight all discrepancies, and we can only discuss a few 
salient ones. The chelae of carideans come in a bewildering variety of shapes and sizes, ranging 
from the relatively unspecialised examples in Palaemoninae, Processidae, and Pandalidae (the latter 
two with a multiarticulated carpus) to the specialized structures in Alpheidae, Atyidae, and Discia-
didae, the homologies of these structures remaining unclear. Burkenroad (1981) proposed that the 
plesiomorphic gill formula in Caridea is one arthrobranch and one pleurobranch on thoracic seg­
ments 3 to 7, which is reduced in various ways to a minimum formula of a single pleurobranch each 
on thoracic segments 4 to 7, considered the most derived condition (Bauer 2004). However, within 
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families there exists much variation in this character, especially in the Atyidae, and its phylogenetic 
usefulness remains to be proven. 

Several authors (Thompson 1967; Felgenhauer & Abele 1983; Christoffersen 1990; Bauer 2004) 
have offered their opinion on which characters could be phylogenetically useful. Thompson (1967) 
placed much emphasis on the mandible, considering a fused molar and incisor process, combined 
with a 3-segmented palp, to be ancestral. Although there exists considerable variation at the generic 
level in some families, this could indeed be a valuable phylogenetic character. Felgenhauer & Abele 
(1983) and Abele & Felgenhauer (1986) discussed the protocephalon, pleonic hinges, and the gas­
tric mill. These characters also may prove to be of value, but a survey of their variation across all 
families is still lacking. Christoffersen (1990) used a combination of previously highlighted charac­
ters (e.g., mandible, telson armature), with a score of "new" characters (e.g., corneal ocellus, bifid 
dorsal carina on the third abdominal somite, and a distolateral tooth on the basicerite) in his new 
superfamily/family arrangement. Many of Christoffersen's characters do, however, appear to be of 
low phylogenetic value. Finally, Bauer (2004) reviewed some of the above characters and empha­
sized the mandible, first to third maxillipeds, first and second pereiopods, pereiopodal exopods, 
gills, and the mastigobranch-setobranch complex. Currently, there is not enough information on the 
evolutionary polarity and indeed on even the mere occurrence of many of these characters across 
(and within) all families to address their phylogenetic usefulness, although work on this is now in 
progress by one of the authors. 

7 MOLECULAR MARKERS 

Several mitochondrial genes have been used for phylogenetic studies of shrimp-like decapods. Cy­
tochrome C Oxidase Subunit I (COI) is a protein coding gene that has been used in more than 30 
studies. COI is especially informative at low taxonomic levels with good resolution among popu­
lations of a species and sometimes at the family level. The protein coding gene Cytochrome B has 
been used in a few studies at the species and infraspecific levels of, for instance, Typhlatya (Webb 
2003; Hunter et al. 2008). The non-protein coding 1.6S ribosomal RNA (16S) gene is slightly more 
conservative than COI with good resolution at species to family levels. The 12S ribosomal RNA 
(12S) gene has been applied to study infraspecific variation in a penaeid species (Palumbi & Benzie 
1991; Bouchon et al. 1994). The complete mitochondrial genome of 6 shrimps has been sequenced: 
Penaeus monodon by Wilson et al. (2000), Marsupenaeus japonicus by Yamauchi et al. (2004), 
Litopenaeus vannamei by Xin Shen et al. (2007), Fenneropenaeus chinensis by Xin Shen et al. 
(2007), Macrobrachium rosenbergii by Miller et al. (2005), and Halocaridina rubra by Ivey & 
Santos (2007). As only a few complete mitochondrial sequences of species from different higher 
taxa are yet available, phylogenetic analyses have been performed only on these taxonomic levels. 

Nuclear genes have been applied in a few phylogenetic studies of shrimp-like decapods so far. 
The following protein coding genes have so far been used: Myosin Heavy Chain (MyHC) for 
cryptic diversity and phylogeography in an Alpheus species-complex (Mathews, 2006); Glucose-
6-phosphate isomerase (GPI) to analyze the status of the species-groups within the genus Alpheus 
(Williams et al. 2001); Elongation factor-la (EF-la) for infraspecific variation in penaeid species 
(Duda & Palumbi 1999; France et al. 1999); and the analysis of Alpheus species-groups (Williams 
et al. 2001). Histone H3 was used by Porter et al. (2005) in combination with 3 other genes for the 
elucidation of phylogenetic relations among the higher Decapod taxa. Non-coding nuclear genes 
used are: Internal Transcribed Spacer (ITS), applied in analysis of infraspecific variation in penaeid 
species (Chu et al. 2001; Wanna et al. 2006); 18S ribosomal DNA gene, used at higher taxonomic 
levels among families to orders (Kim & Abele 1990; Porter et al. 2005; Mitsuhashi et al. 2007; 
Bracken at al. this volume); and the 28S ribosomal DNA gene, also used at higher taxonomic levels 
(Porter et al. 2005; Mitsuhashi et al. 2007), although Zaksek et al. (2007) used it within the cave-
shrimp genus Troglocaris. 
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8 FOSSILS 

The fossil record of the shrimp-like decapods is particularly scant, due to their poorly calcified 
exoskeleton and perhaps also to their mode of life. Of the three groups, the Dendrobranchiata has 
the best fossil record with 74 fossil taxa known. Examples of extant families extend only as far back 
as the lower Cretaceous (100 my a), but the extinct Aegeridae range from the upper Triassic to the 
upper Jurassic, and a few species of the extinct Carpopenaeidae are present in the mid-Cretaceous. 
Two families of Stenopodidea contain a single extinct species each, both of lower Cretaceous age, 
one of which is a freshwater form. The Caridea have an extraordinarily poor fossil record, with a 
mere 46 extinct species compared to more than 3100 extant taxa. Taxa positively assigned to extant 
families occur only from the lower Cretaceous and later. In contrast to these confirmed ages, Porter 
et al. (2005) estimate the origin of the Dendrobranchiata to be in the early Silurian (437 mya) and 
the origin of the Caridea to be in the Devonian (417-423 mya), leaving a considerable gap in the 
historical record between the appearance of fossils and the estimated origin of the major lineages. 

Although a good proportion of fossil taxa can be placed confidently within extant families, 
several remain enigmatic. This is particularly the case in the Caridea, with 9 fossil genera unplaced 
within any recent family, whilst the Udorellidae cannot be assigned to a superfamily (Crandall 
et al. in prep.). Interestingly, the achelate first and second pereiopods of the Udorellidae have led to 
speculation that they are related to the Procarididae (Abele & Felgenhauer 1983). 

Several positively assigned fossil taxa exhibit features that are not present in modern-day lin­
eages. For instance, the Carpopenaeidae, currently assigned to the Dendrobranchiata, harbor a mul-
tiarticulate carpus on the second and third pereiopods. Equally incongruous, the recently erected 
caridean superfamily Pleopteryxoidea (erected for Pleopteryx kuempeli) differs from all known 
carideans by the multiarticulate first pereiopod combined with achelate second pereiopods 
(Schweigert & Garassino 2006). 

A robust, combined cladistic analysis of extant and extinct taxa in the shrimp-like decapods 
currently appears difficult to achieve, as classification of extant forms is largely based on rarely 
fossilized structures such as mouthparts, epipods, and gill structure/formulae (Holthuis 1993). Such 
studies are further hindered by the current lack of a robust phylogeny for the extant forms them­
selves. When a robust phylogeny of recent forms does become available, it would be instructive 
to pursue experimental analyses akin to Schram & Dixon (2004), by incorporating selected fossil 
taxa. Certainly, Solnhofen-type taxa (the origin of many fossil shrimp) may be of sufficient preser­
vation status to circumvent the "vraagteken effect" (see Schram & Hof 1998). Equally, the addition 
of characters lacking in extant taxa may shed light on evolutionary pathways, whilst the addition 
of non-extant ecological niches (such as the freshwater Dendrobranchiata and Stenopodidea) could 
contribute interesting information. 

9 CONCLUSION 

This overview shows that relatively few representatives of shrimp-like decapod taxa thus far have 
been incorporated into phylogenetic analyses at higher to lower taxonomic levels and that contro­
versies remain between the outcomes of various morphological and molecular analyses. 

A survey of many morphological characters across (and within) families is sorely needed. These 
surveys should target characters previously suggested to be of phylogenetic importance, such as the 
mandible, the mastigobranch-setobranch complex, and pleonic hinges, but they should also include 
other characters known to vary among genera and families, such as the carpo-propodal brush and 
the setal brush on the fifth pereiopod in carideans. Additionally, the homology of certain characters 
needs to be put on a firmer footing, such as the L-shaped mastigobranch in Dendrobranchiata, Pro­
carididae, and basal Caridea. Certain characters have been dismissed as being of phylogenetic value 
and should be re-appraised, including the structure of the gastric mill. This structure is generally 
assumed to be lacking in all carideans, but Felgenhauer & Abele (1983) discuss its occurrence in 
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several families. Comparative morphological studies across all taxa, both at the family level within 
the Caridea and across all shrimp-like taxa, are urgently needed for morphological phylogeny to 
progress and to keep pace with the predictable flood of molecular phylogenies. 

Currently, molecular phylogenetic work lags behind the amount of effort devoted to the 
Brachyura, but it is rapidly gaining momentum, with a score of new studies appearing in print 
each year. Nevertheless, the range of taxa included in molecular work, and their systematic breadth 
and scope, must be further expanded. 

In other decapod groups, an interesting body of literature exists on various systematically in­
formative biological attributes, such as larval development, spermatozoan ultrastructure, and even 
evo-devo processes. Works of this nature in shrimp-like Decapoda are few and far between. These 
will need to be integrated with molecular and morphological studies, underpinned by continued 
morphological studies, in order for the decapod Tree of Life to fully embrace available technologies 
for integrative Systematics. 
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