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> Abstract
150 years after Darwin’s ‘Origin of Species’ and 100 years after W.T. Calman’s infl uential treatment on crustacean mor-
phology and classifi cation, crustacean phylogenetics remains an active, exciting and controversial fi eld of research. An 
international symposium held from 7th–11th October 2008 at the University of Rostock attempted to summarize the lat-
est developments. Molecular evidence suggests that crustaceans are paraphyletic with regard to the hexapods, though a 
few potential apomorphies of Crustacea can still be named. If Crustacea do turn out to be paraphyletic, the name should 
disappear from formal classifi cations, as simply including hexapods in the group would be tantamount to ignoring the 
different research histories. Nevertheless, ‘crustaceans’ will remain a colloquial term and crustaceanology (carcinology) 
an important fi eld of research. Within crustaceans, Branchiopoda and Malacostraca are well supported monophyla. While 
the internal phylogeny of Branchiopoda seems almost to be settled, it is still highly controversial within Malacostraca, 
in particular with regard to the peracarid taxa. The same can be said of the Decapoda. It remains uncertain whether the 
Maxillopoda is monophyletic, and while the monophyly of the Thecostraca is well supported, the origin of Rhizocephala 
remains enigmatic. Advances have been made in applying molecular systematic techniques to almost all crustacean taxa, 
but morphological research has also moved on. New morphological techniques provide new insights in our understanding 
of evolutionary transformations. 
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1.   150 years of crustacean evolu-
  tionary research

This year we celebrate 150 years of Darwinian evolu-
tionary theory based on the publication of the fi rst edi-
tion of the ‘Origin of species’ in November 1859. In 
1864, FRITZ MÜLLER, in his famous book ‘Für Darwin’ 
(English version: ‘Facts and Arguments for Darwin’), 
summarized arguments in favor of the Darwinian ‘de-
scent with modifi cation’, based entirely on examples 
from crustaceans. His study can be seen as the birth 
of crustacean evolutionary research. The fi rst phyloge-
netic tree of crustaceans (Fig. 1) was drawn by ERNST 
HAECKEL (1866) and the fi rst detailed account writ-
ten by CARL CLAUS (1876). J.E.V. BOAS was another 

important fi gure in crustaceology, providing detailed 
phylogenetic accounts of Decapoda (1880) and Mala-
costraca (1883). HANSEN (1893) contributed not only 
to crustacean classifi cation, but also opened the way 
for discussions of correspondences between crusta-
cean and hexapod limbs. It was W.T. CALMAN, howev-
er, in his major account from 1909, who provided the 
classifi cation of Crustacea that is still widely accepted 
today. 150 years after Darwin and 100 years after Cal-
man, then, it seems fi tting to ask: quo vadis crustacean 
phylogenetics? An international symposium held from 
7th–11th October 2008 at the University of Rostock at-
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tempted to provide answers, almost 20 years after the 
last meeting dedicated to crustacean phylogenetics in 
1990 in Kristineberg (Sweden). In this paper we sum-
marize and discuss the latest developments based part-
ly on the papers presented at the Rostock meeting.

2.   Is Crustacea monophyletic?

The obvious central question when dealing with crus-
tacean phylogenetics concerns crustacean monophyly. 
Crustaceans are easily distinguished from other ar-
thropods by the simultaneous presences of diagnostic 
characters such as two pairs of antennae, mandibles 
and two pairs of maxillae (SCHRAM 1986; SCHRAM & 
KOENEMAN 2004). However, these features cannot serve 
as justifi cation for crustacean monophyly because the 
mouthparts are shared by all mandibulates and the 
presence of a second pair of antennae represents a ple-
siomorphic state within mandibulates, which does not 
necessarily imply that its absence represents a synapo-
morphy of Myriapoda and Hexapoda. Toward the end 
of the 20th century, LAUTERBACH (1983) applied the 
methodology of phylogenetic systematics introduced 
by HENNIG (1950, 1966); he identifi ed apomorphies 
for Crustacea and thus corroborated their monophyly. 
These apomorphies are the presence of two pairs of 
nephridia (antennal and maxillary) and of a nauplius 
eye. Later, WALOSSEK (1999) added several additional 
characters such as a ‘fl eshy labrum’ to the list of crus-
tacean apomorphies, and used these to distinguish be-
tween stem lineage and crown-group crustaceans (see 
WALOSSEK & MÜLLER 1990). Although those charac-
ters are not unambiguous in their interpretation, the 
monophyly of crustaceans was never challenged in the 
pre-molecular phylogenetic era. The earliest numerical 
cladistic analyses also supported this view (SCHRAM 
1986; WILSON 1992). The few morphology-based cla-
distic analyses to have been conducted in recent years 
still support crustacean monophyly (EDGECOMBE 2004; 
GIRIBET et al. 2005). An important exception is the 
study by MOURA & CHRISTOFFERSEN (1996), who sug-
gested that Remipedia is the sister group to tracheates 
on the basis of purely morphological evidence. 
 During the 1990s, however, phylogenetic analyses 
based on molecular data (colloquially termed ‘molec-
ular phylogenies’) changed our view drastically. Most 
notably, crustaceans were recognized as the closest 
relatives of hexapods (FRIEDRICH & TAUTZ 1995), thus 
challenging the long held opinion that hexapods and 
myriapods form a monophylum. This closer relation-
ship of crustaceans and hexapods found widespread 
support in the form of other molecular-based (e.g., 
BOORE et al. 1998; MALLATT & GIRIBET 2006; PODSI-

ADLOWSKI et al. 2008; DUNN et al. 2008; REGIER et al. 
2008) and combined analyses (GIRIBET et al. 2001, 
2005), and was also backed up by morphological 
characters (DOHLE 2001; RICHTER 2002). The new fi nd-
ing attracted the attention of many scientists and led 
to the suggestion of two different names for a group 
comprising crustaceans and hexapods: Pancrustacea 
(ZRZAVÝ & ŠTYS 1997), and later Tetraconata (DOHLE 
2001). We will return to the discussion on names later. 
At the same time, some of the apomorphies that had 
been considered supporting the monophyly of Trache-
ata were found to be highly ambiguous: homologues 
of the Tömösvary organs (temporal organs) might 
also occur among Malacostraca (KLASS & KRISTENSEN 
2001), and head apodemes in the same position as the 
anterior (and posterior) tentorial arms are also present 
in various Malacostraca (see KLASS 2007, in press). 
Nowadays, all new ‘molecular phylogenies’ consist-
ently result in a monophyletic Tetraconata, including 
those based on over 100 genes (DUNN et al. 2008). We 
regard this relationship to be generally accepted and 
highly probable. 
 On the other hand, these fi ndings for the fi rst time 
seriously questioned crustacean monophyly, as all mo-
lecular-based analyses resulted in paraphyletic crusta-
ceans. Analyses of mitochondrial genome data even 
suggest that hexapods and crustaceans are mutually 
paraphyletic to each other (COOK et al. 2005; CARA-
PELLI et al. 2007). This fi nding per se, i.e., the para-
phyly of crustaceans, however, is diffi cult to assess 
further at the moment as different taxa appear as sister 
groups to hexapods. Analyses with increased crusta-
cean taxon sampling supported various relationships 
(GIRIBET et al. 2001, 2005; MALLATT & GIRIBET 2006; 
PODSIADLOWSKI et al. 2008). At one stage, the balance 
seemed to tip towards the branchiopods (a scenario 
also favored by the most extended phylogenomic ap-
proach carried out to date, by DUNN et al. 2008). This 
led to the proposal of a freshwater origin of hexapods 
(GLENNER et al. 2006a). On the other hand, neuroana-
tomical characters still favor malacostracans (together 
with remipeds) as the preferred sister group of hexa-
pods (FANENBRUCK et al. 2004; HARZSCH 2006, 2007). 
Remipedia are interesting not only on the grounds of 
the neuroanatomical characters mentioned, but also 
because of the presence of a hemocyanin similar to 
that in hexapods (ERTAS et al. in press). In the most ex-
tensive study to date, with regard to both terminal taxa 
and molecular loci, REGIER et al. (2008) found remi-
peds and cephalocarids to be closest to hexapods.
 Although the last word has certainly not been spo-
ken, we will probably have to accept that Crustacea 
may be paraphyletic. If ‘Crustacea’ in the way the 
taxon has been recognized for at least the last 100 
years is not monophyletic, the term should be elimi-
nated from phylogenetic nomenclature. In our view, 
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including Hexapoda in Crustacea is not plausible, as 
this would be to ignore over a century of independent 
research history (see also SCHRAM & KOENEMAN 2004). 
The colloquial use of the term ‘crustaceans’, which 
might still be of value to the community of crusta-
ceologists (or carcinologists), should not be ruled out. 
The only exception that might be feasible concerns the 
Remipedia, which were discovered late in the history 

of crustaceology. If they turn out to be the sister group 
to hexapods with all remaining crustaceans forming 
a monophyletic clade, the latter could still be termed 
Crustacea in order to maintain taxonomic stability. As 
mentioned above, there is some disagreement about 
the proper name for a clade comprising all recent 
crustaceans and hexapods. Pancrustacea was the fi rst 
name suggested (ZRZAVÝ & ŠTYS 1997; ZRZAVÝ et al. 

Fig. 1. ‘Phylogenetic Tree’ from HAECKEL (1866). With permission of the Ernst Haeckel Haus, Jena.
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1998), with the name Tetraconata introduced by DOH-
LE (2001) a few years later. Both terms have been used 
more or less equally often (REGIER et al. 2008; DUNN 
et al. 2008). We favor Tetraconata because Pancrus-
tacea might easily be confused with Pan-Crustacea, a 
term that implies monophyletic crustaceans including 
their stem lineage representatives. The prefi x ‘pan’ 
was suggested by LAUTERBACH (1989) to distinguish 
more comprehensive groups from their crown groups 
(crown groups are understood in this concept as taxa 
including both the last common ancestor of all extant 
species and all its descendants). This approach has 
not found many advocates (but see MEIER & RICHTER 
1992), but has recently been adopted by the proponents 
of the PhyloCode (e.g., DE QUEIROZ 2007). Regardless 
of how widely the PhyloCode will be accepted, the 
parallel use of Pan-Crustacea and Pancrustacea will 
create confusion. A last word on the use of Tetracona-
ta: the discovery that crystalline cones are made up of 
four cone cells (MÜLLER et al. 2003) in scutigeromorph 
chilopods, too, might appear to make the term unfor-
tunate. In actual fact, in scutigeromorphs the splitting 
of the cone cells means the cones are made of more 
than four partitions, which leaves tetrapartite cones an 
exclusive character of crustaceans and hexapods, al-
though derivations from this pattern are known (RICH-
TER 2002). 

3.   Are high rank crustacean taxa  
  monophyletic?

If crustacean monophyly is uncertain, at best, where do 
we fi nd fi rm ground? MARTIN & DAVIS (2001), in their 
seminal paper ‘An updated classifi cation of the Recent 
Crustacea’, distinguished six higher taxa which they 
categorized as classes: Branchiopoda, Cephalocarida, 
Remipedia, Malacostraca, Maxillopoda and Ostracoda. 
Remipedia and Cephalocarida are two still enigmatic 
groups comprising relatively few species with unique 
morphologies, but as they were only described in the 
second half of the 20th century, phylogenetic research 
is just about to start. Within Remipedia, a fi rst phylo-
genetic study on internal relationships (KOENEMANN et 
al. 2007a) coupled with mainly taxonomic research is 
greatly enhancing our knowledge (e.g., KOENENMANN 
et al. 2007c, 2008). Post-embryonic development in 
Remipedia has recently been unraveled too (KOENE-
MANN et al. 2007b, 2009). Also within Cephalocarida a 
fi rst phylogenetic study has been undertaken (CARCUPI-
NO et al. 2006) and our knowledge of the anatomy of 
Hutchinsoniella macaracantha is substantial at least, 
thanks to the impressive works by R.R. Hessler and R. 
Elofsson (e.g., ELOFSSON & HESSLER 1990; HESSLER & 

ELOFSSON 2001). Nonetheless, both Remipedia and Ce-
phalocarida are generally thought to be monophyletic 
due to their uniform overall morphology. The taxa ap-
pear as sister groups in some molecular-based analyses 
(GIRIBET et al. 2001; REGIER et al. 2008), but whether 
this relationship represents some kind of ‘long branch 
attraction’ artifact in the analyses or actually refl ects a 
real phylogenetic signal remains to be established. 
 Branchiopoda seems to be a well supported mono-
phylum. All ‘molecular phylogenies’ based on various 
combinations of taxa support its monophyly (SPEARS 
& ABELE 1998, 1999, 2000; GIRIBET & RIBERA 2000; 
SHULTZ & REGIER 2000; REGIER et al. 2005), and the 
morphological support is also strong (OLESEN 2007). 
Although suggestions of branchiopod paraphyly have 
been rare, the idea has unfortunately found its way 
into some widely used textbooks (GRUNER 1993; AX 
1999; RUPPERT et al. 2004). Data from the fossil record 
has contributed signifi cantly to establishing the mono-
phyly of the Branchiopoda, placing the earliest bran-
chiopods in the Upper Cambrian (WALOSSEK 1993). 
A general consensus has been reached on the inter-
nal branchiopod relationships, with a monophyletic 
Cladocera and paraphyletic conchostracans being the 
main results but with the exact position of Notostraca 
and Laevicaudata still being unanswered (MØLLER et 
al. 2003; STENDERUP et al. 2006; RICHTER et al. 2007). 
OLESEN (2009) provides an excellent review of the re-
lationships within the Branchiopoda, which may be 
the fi rst higher crustacean taxon whose major evolu-
tionary steps we will understand.
 Malacostracan relationships are far more diffi cult 
to assess. Although their monophyly is well support-
ed by morphological and molecular data (RICHTER & 
SCHOLTZ 2001; GIRIBET et al. 2005; MALLATT & GIRIBET 
2006; REGIER et al. 2008), internal relationships are 
highly controversial. At least the position of Leptost-
raca as the sister group to the remaining Malacostraca 
(Eumalacostraca) is now widely accepted (despite 
SCHRAM & HOF 1998 appearing as the latest propo-
nents of a closer relationship between leptostracans 
and branchiopods). Within Eumalacostraca, not only 
do studies based on morphological data contradict 
each other with regard to the monophyly of the high 
ranked taxa such as Eucarida (Decapoda plus Euphau-
siacea), Peracarida (Amphipoda, Isopoda and their al-
lies) and Syncarida (Anaspidacea plus Bathynellacea), 
molecular phylogenies (SPEARS et al. 2005; MELAND & 
WILLASSEN 2007) and combined analyses (JENNER et al. 
2009) also fail to give a clearer picture. WILLS et al. 
(2009), however, show that the inclusion of fossil taxa 
might help to clarify the situation, although broader 
taxon and gene samplings are also obvious require-
ments.
 Basal splits within Eumalacostraca are especially 
unclear, greatly hampering evolutionary analyses. Dif-
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ferent studies have suggested Stomatopoda (SIEWING 
1956; RICHTER & SCHOLTZ 2001), Bathynellacea (JEN-
NER et al. 2009), and a taxon composed of Stomatopo-
da, Mysida and Euphausiacea (MELAND & WILLASSEN 
2007) as the sister group to the remaining eumalacost-
racans. Another minefi eld is the discourse on the mono-
phyly of the Mysidacea (Lophogastrida plus Mysida). 
Classically considered the monophyletic sister group 
to the remaining peracarids (SIEWING 1956; RICHTER 
& SCHOLTZ 2001; WIRKNER & RICHTER in press), they 
have also been suggested to be a paraphyletic grade 
on morphological evidence (KOBUSCH 1999; WATLING 
et al. 2000) or even completely dissociated from each 
other on molecular grounds (SPEARS et al. 2005; ME-
LAND & WILLASSEN 2007). A topic closely related to 
this is the question of the monophyly of Peracarida. 
While molecular data (SPEARS et al. 2005; MELAND & 
WILLASSEN 2007) do not corroborate monophyly, mor-
phological data do (RICHTER & SCHOLTZ 2001; POORE 
2005; WIRKNER & RICHTER in press). In the case of pe-
racarid polyphyly, however, important characters such 
as the presence of oostegites and breeding the young 
in a marsupium, the presence of a lacinia mobilis in the 
adults and a row of a variable number of ectoteloblasts 
would have to be explained as convergencies. It also 
remains to be established whether Thermosbaenacea 
is the sister group of Peracarida (RICHTER & SCHOLTZ 
2001) or nested within them (POORE 2005; WIRKNER 
& RICHTER in press). We suggest that the taxon name 
Pera carida should be protected in both cases for the 
entire clade, independently of the exact position of 
Thermosbaenacea.
 Also notoriously diffi cult are relationships within 
Peracarida. The question of whether or not amphi-
pods and isopods together form a monophyletic clade 
is particularly disputed (SIEWING 1956; SCHRAM 1986; 
RICHTER & SCHOLTZ 2001). Any support for such a 
clade, named Edriophthalma by LEACH (1814), and 
most recently provided by POORE (2005), has continu-
ously been challenged. WIRKNER (2009) provides new 
characters, including some from the circulatory sys-
tem, which represent new arguments for a mancoid 
clade as proposed by SIEWING (1956) but which place 
cumaceans (and not tanaidaceans) as the sister taxon 
to isopods (see also WIRKNER & RICHTER in press). It is 
perhaps worth noting that this relation is also the one 
suggested by some molecular evidence (SPEARS et al. 
2005). Using direct optimization and a combined ap-
proach WILSON (2009) also provides arguments for a 
mancoid clade, but regards tanaidaceans as the closest 
relatives of isopods, which refl ects the original idea 
put forward by SIEWING (1956). Tanaidaceans them-
selves need special treatment as the high number of 
homoplastic features they possess hampers their phy-
logenetic analysis. New approaches to resolving tan-
aidacean relationships as presented by BIRD & LARSEN 

(2009) are therefore of huge importance and very wel-
come. The monophyly of Stomatopoda and Decapoda 
has not been challenged so far. Whereas with regard to 
stomatopod phylogeny morphological and molecular 
data seem to be converging, as convincingly shown 
by AHYONG & JARMAN (2009), decapod relationships 
remain more controversial. Nevertheless, the basal 
position of the ‘natant’ taxa and the monophyly of 
Reptantia now seem to be well supported by both mor-
phological and molecular data (SCHOLTZ & RICHTER 
1995; TSANG et al. 2008; AHYONG & O’MEALLY 2004; 
BRACKEN et al. 2009). On the other hand, as shown 
by the impressive data set provided by BRACKEN et 
al. (2009), the anomalan/anomuran-brachyuran clade 
(Meiura SCHOLTZ & RICHTER 1995), which is well sup-
ported by morphological data (DIXON et al. 2003), is 
not supported by the most recent molecular analyses. 
The holy grail of decapod phylogeny, the position of 
Lithodidae – the tale of the hermit who became a king 
(or vice versa) – is still discussed controversially, as 
LEMAITRE & MCLAUGHLIN (2009) show. 
 Maxillopoda and Ostracoda remain the most con-
tro versial ‘classes’, starting with the question of 
whether ostracodes are actually part of Maxillopoda 
(BRUSCA & BRUSCA 1990). Maxillopodan monophyly 
has been suggested on the basis of morphological 
characters (DAHL 1956; BOXSHALL & HUYS 1989; WA-
LOSSEK & MÜLLER 1998). So far, no molecular-based 
analyses support maxillopodan monophyly with or 
without ostracodes, but it must be borne in mind that 
taxon sampling within the group has been limited so 
far, typically with only a few taxa for each of the max-
illopodan lineages (GIRIBET et al. 2005; MALLATT & 
GIRIBET 2006; REGIER et al. 2005, 2008). 
 Within Maxillopoda, Thecostraca is a now a well 
founded taxon, as argued by HØEG et al. 2009b (see 
also PÉREZ-LOSADA et al. 2009; HØEG et al. 2009a). 
It comprises not only barnacles (Cirripedia) but also 
Ascothoracida, Acrothoracica and Facetotecta, until 
recently only known as ‘y-larvae’. An important step 
in advancing our knowledge of Facetotecta was made 
by GLENNER et al. (2008), who, by inducing moulting 
in the y-cypris, identifi ed the subsequent stage as slug-
like and most probably specialized for endoparasitism, 
hinting at the convergent development of endopara-
sitism in the Thecostraca (PÉREZ-LOSADA et al. 2009). 
Several aspects of the phylogenetic relationships be-
tween Cirripedia are still unresolved. One of the con-
tentious issues is the position of the parasitic Rhizo-
cephala, most often considered as the sister group to 
a monophyletic Thoracica (PÉREZ-LOSADA et al. 2009; 
HØEG et al. 2009a,b). On the other hand, SCHOLTZ et 
al. (2009) provide evidence that Thoracica might be 
paraphyletic with regard to Rhizocephala. The early 
cleavage patterns of two kentrogonids, Sacculina and 
Peltogasterella, are apparently very similar to those 

fl 
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described for the thoracican Ibla quadrivalvis. The 
position of Ibla, however, is by no means certain, 
as morphological and molecular data often disagree 
here (HØEG et al. 2009a,b). Within Rhizocephala, the 
monophyly of the traditionally accepted group Ken-
trogonida has also been questioned recently, whereas 
Akentrogonida seems to be well supported (GLENNER 
& HEBSGAARD 2006).
 Other higher maxillopodan taxa, such as Copepo-
da, Mystacocarida and Ostracoda (if counted as Max-
illopoda), remain somewhat separate. Even the mono-
phyly of ostracodes has been disputed, with Myodo-
copa and Podocopa potentially representing separate 
lineages (REGIER et al. 2008). This could be explained 
by highly divergent evolutionary rates within the os-
tracodes, but still needs to be clarifi ed (TINN & OAKLEY 
2008). The monophyly of Copepoda is generally ac-
cepted (BOXSHALL & HALSEY 2004; DAHMS 2004; REGI-
ER et al. 2008), and a sister group relationship between 
Copepoda and Mystacocarida has been discussed 
(BOXSHALL & HUYS 1989; WALOSSEK & MÜLLER 1998) 
but no further evidence has been provided since then. 
An interesting case is made for Branchiura, as elabo-
rated by MØLLER (2009). The monophyletic status of 
the group was established on the basis of morphologi-
cal evidence by MARTIN (1932). When WINGSTRAND 
(1972) discovered the high level of similarity between 
branchiuran and pentastomid sperm, most zoologists 
regarded the fi ndings as an interesting case of conver-
gence as pentastomids were seen as basal (prot-)arthro-
pods (e.g., OSCHE 1963), a view that is still considered 
by some (MAAS & WALOSZEK 2001; WALOSZEK et al. 
2006). A position completely outside the Arthropoda 
has also been suggested for pentastomids (ALMEIDA 
et al. 2008), but STORCH & JAMIESON (1992) presented 
further spermatological evidence for the inclusion of 
the Pentastomida in the Crustacea, and this has also 
been supported by molecular evidence (ABELE et al. 
1989; PETERSON & EERNISSE 2001; ZRZAVÝ 2001; LAV-
ROV et al. 2004). Now, with better in-group sampling 
of both Branchiura and Pentastomida, the inclusion of 
pentastomids within Crustacea is widely accepted, and 
MØLLER et al. (2008) placed them as the sister group to 
a monophyletic Branchiura, thus confi rming the Ich-
thyostraca (see also ZRZAVÝ 2001). 
 In all crustacean taxa, effort has been made to shed 
light on phylogenetic relationships, yet many ques-
tions remain open. Interestingly enough, the contri-
bution of molecular data varies between taxa, a phe-
nomenon which is partly but not only due to highly 
disparate taxon sampling. The molecular data used so 
far seem to provide phylogenetic signals to a different 
extent in the various groups, often in ways not pre-
dictable on the basis of available knowledge regarding 
sequence and gene evolution. Enigmatically, the same 
molecular loci provide convincing evidence for the re-

lationships within branchiopods and fail to do so for 
malacostracans, where relationships remain challeng-
ing and disconcerting. 

4.   Advances in crustacean research

Cladistic methodology and, in particular, ‘molecular 
phylogenies’, have revolutionized our understand-
ing of crustacean phylogenetic relationships. Never-
theless, important advances have also been made in 
crustacean evolutionary morphological research. New 
techniques such as immunohistochemistry and con-
focal laser scanning microscopy (cLSM) as well as 
micro-computertomography (Micro-CT) in combina-
tion with computer based 3D reconstruction continue 
to provide completely new insights into the anatomy 
of various crustacean taxa. Advances in classical light 
microscopy, SEM and TEM have proven that these 
techniques are still useful (see articles by BOXSHALL 
& JAUME 2009; OLESEN 2009; HØEG et al. 2009b). The 
crustacean nervous system has been a particular focus 
in recent years, with exciting new results (HARZSCH 
2006, 2007) following up the impressive works by N. 
Holmgren and B. Hanström (e.g., HOLMGREN 1916; 
HANSTRÖM 1947). The circulatory system has received 
renewed careful attention (WIRKNER 2009; WIRKNER 
& RICHTER in press) over 50 years after the seminal 
studies by R. Siewing (e.g., SIEWING 1956, 1963). As 
SCHOLTZ et al. (2009) show, early development such 
as cleavage pattern and gastrulation still contribute to 
our knowledge of the disparity of crustacean morpho-
logy. In recent studies, ‘4D microscopy’ (i.e., adding 
the dimension of time to the spatial dimensions) has 
proven to be an important tool (WOLFF & SCHOLTZ 
2006). However, the use of morphological research in 
an evolutionary context requires more than advances 
in morphological techniques. Investigating morpho-
logy requires careful description and equally careful 
interpretation. In an evolutionary framework, howev-
er, interpretation of morphological disparity includes a 
careful conceptualization of characters that is based on 
a detailed discussion and estimation of potential ho-
mology (RICHTER 2007; WIRKNER & RICHTER in press). 
Clear defi nitions formalized as ontologies are a neces-
sary tool for establishing better comparability, trans-
parency and objectivity in morphological research 
(RAMIREZ et al. 2007; VOGT 2009). To what extent 
these ontologies should depend on homology assump-
tions is disputed (EDGECOMBE 2008; VOGT 2008). After 
150 years of studying crustacean evolution, however, 
it is not going to be possible to present descriptions of 
morphological features in a way completely devoid of 
evolutionary assumptions. We are also convinced that 
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morphological characters resulting from careful stud-
ies can contribute substantially to phylogenetic analy-
ses, even if these are dominated by molecular data (see 
also SUDHAUS 2007). Maybe even more importantly, 
morphological studies are indispensable to our under-
standing of evolutionary transformations. Character 
distribution over terminals and a branching pattern 
resulting from a cladistic analysis are two sides of 
the same coin, and both are more or less meaningless 
without the other. This is not to deny the importance of 
phylogenetic hypotheses (which are often exclusively 
based on molecular data) in the interpretation of bio-
geographic patterns or ecological transformations. 
 One of the most exciting and controversial areas 
of interpretation of morphological disparity concerns 
crustacean (or more generally arthropod) limbs, as il-
lustrated by BOXSHALL & JAUME (2009) and MAAS et 
al. (2009), both of whom emphasize the importance 
of including fossil taxa. Crustaceans possess various 
kinds of limbs, most notably characterized as stenopo-
dous or phyllopodous. Both types are biramous and 
consist of two branches, an exopod and an endopod. A 
transformation series between phyllopodous and ste-
nopodous limbs has been suggested within branchio-
pods (OLESEN et al. 2001). Throughout the crustaceans, 
however, the homology of these different leg types and 
the elements they contain is highly controversial. The 
same applies to the appendage and podomere homolo-
gies between crustaceans and other arthropods. Appar-
ently independently of homology assumptions, the el-
ements have either been named differently in different 
arthropods (basis, ischium, merus, carpus, propodus, 
dactylus vs. trochanter, femur, patella, tibia, tarsus), or 
been given the same name, as in the case of the ‘coxa’, 
whose homology status is uncertain (WALOSSEK 1993). 
Considering crustacean taxa only, ‘epipodites’ might 
be a comparably controversial issue (BOXSHALL & 
JAUME 2009; MAAS et al. 2009). Compiling an onto-
logy of arthropod limbs would certainly help us to un-
derstand their disparity. 

5.   Conclusions

Crustacean phylogenetics is once again in the focus of 
evolutionary research. The idea that insects are noth-
ing other than terrestrial crustaceans is a fascinating 
one that is receiving more and more support. Even if 
crustaceans turn out to be paraphyletic, we doubt that 
the affection which crustaceanologists feel for their 
group will change one bit! New techniques, new ques-
tions and new answers have arisen over the last 150 
years and will arise in the next centenary. We know 
a lot, but there is still so much to fi nd out. Crustacean 

phylogenetics will remain an exciting fi eld for genera-
tions to come. The participation of so many young sci-
entists in our symposium was a promising sign of that. 
Crustacean phylogenetics is cutting edge science and 
does not require general agreement. Indeed, disagree-
ment encourages advances in science! 
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