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Abstract. The Recent ostracod species Manawa staceyi Swanson, 1989, belonging to the superfamily Puncioidea, was originally considered a relict species
related to the Palaeozoic Palaeocopa, ostracods, now extinct. During the last 30 years research on Manawa documented the basal position of the superfamily
Puncioidea within the phylogenetic tree of the Subclass Podocopa. The Palaeocopa is possibly a heterogenous taxon containing both myodocopids and
podocopids. Re-examination of the systematic position, phylogenetic affinities and evolution of the superfamily Puncioidea is presented using information
from the comparative analysis of the body plans of Myodocopa and Podocopa, rationalised within morpho-functional modules: the carapace as a‘protective’
construct, the ambulatory complex, combined with feeding, reproductive and sensory systems. The significant traits of the different morpho-functional
modules of the superfamily Puncioidea when compared to those of the ostracod Orders Podocopida and Platycopida suggest for the former group an
independent phylogenetic position within the Subclass Podocopa, taxonomically treated as Order Punciocopida Schallreuter, 1968. Morphological traits
such as the maxillulary endopodite and the 8th body limb of M. staceyi are considered deep genetic homologies existing within the Subclass Podocopa at
the level of cellular regulatory systems. The widely gaping valves held in a‘horizontal’ plane during the ambulatory activity and the collaborative structure
and position of the 2nd antenna continued with respect to the 5t to 7t pair of limbs are considered solutions (adaptations) to psammobiotic life within
the dynamic shallow marine habitats. Examination of the discrepancy between the low species diversity of Puncioidea and those of the species-rich non-
marine Cypridoidea may be as a result of the major differences in the way representatives of the two ostracod groups are able to actively perceive the
surrounding environment as well as to their capacity to construct their niche, leading to successful speciation.
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superfamily Puncioidea (Hornibrook, 1949) with representatives
known from the Upper Triassic to present-day (Hornibrook,
1949; Swanson, 1991; Kozur, 1998), and with affinities to the
Palaeocopa Henningsmoen, 1953, an ostracod group which
flourished during the Palaeozoic but became extinct at the end
of that epoch or during the early Mesozoic (Swanson, 1991;

1. INTRODUCTION

Ostracoda is one crustacean group noted for its extremely
high species diversity. The World Data Base (Brandao et al.,
2019) indicates about 50,000 living and fossil species. Ostracods
display also a bright spectrum of disparity patterns (see inter

alia, the monographic treatment of Hartmann, 1966 - 1989).
There are records of Palaeozoic (Ordovician) of several supposed
ostracod groups (Siveter, 2008; Williams et al., 2008). The only
ostracods with soft-parts found, occur in a myodocope from the
Upper Ordovician (Siveter et al., 2014). When compared to other
Crustacea groups, for example the Malacostraca, ostracods
display an excellent and relatively-complete fossil record (Foote
and Sepkosky, 1999). As a result, ostracod taxa possessing both
fossil and living representatives have proved useful subject
for phylogenetic reconstructions. One such group is the

Becker and Swanson, 1992; Kozur, 1998).

In 1949, Hornibrook described two monotypic genera
Puncia and Manawa for which he proposed the new
family Punciidae. The two new ostracod taxa were being
represented only by empty valves; one, a juvenile belonging
to the new species Puncia novozealandica Hornibrook (Fig. 1
a-b) and four other valves identified by Hornibrook (1949) as
Manawa triphaena Hornibrook (Fig. 1 c-e). They resembled
the palaeocopid ostracod Eurichilina reticulata Ulrich (Fig. 1f).
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Figure 1. a-e — Ostracoda Punciidae resembling Palaeozoic Beyrichidae: a,b — Puncia novozealandica, LV; a - E-side; b — |-side; ¢-e — Manawa
triphena; ¢,d — RV; ¢ — E-side; d — I-side; e — LV I-side; f — Eurichilina reticulata, RVE. (from Hornibrook, 1949)

Hornibrook’s material was isolated from Recent sediment
dredged from the Three Kings area, off Northland, New
Zealand, at depths of between 140 m and 180 m (Hornibrook,
1949). In (1985) Swanson then made the first successful
recovery of living specimens of Manawa, these collected
from the benthos at littoral depths on the north-eastern
coast of North Island, New Zealand. This discovery then lead
to detailed descriptions of both the limb morphology and
aspects of the animal behaviour.

During the 1st European Ostracod Meeting (EOM), held
at Senckenberg Institute and Museum, in Frankfurt/Main,
August 1989, Kerry Swanson delivered a challenging lecture
titled, “Ostracod phylogeny and evolution — a manawan
perspective” (Swanson, 1989a). In that presentation the
implications of observations made on living specimens
of Manawa for phylogenetic reconstructions of different
ostracod groups, especially Palaeozoic taxa such as the
palaeocope Kirkbyoidea (for which only valve morphologies
are described) were discussed. Swanson (1989a) illustrated
and highlighted several novelties of Manawa such as its
widely-gaping valves (Fig. 2a) when moving and, the presence
of a special valve structure he named “stragular process”
(Fig. 2b). Additionally, it was emphasised (Swanson, 1990)

that the limb morphology and the peculiar postembryonal
development of Manawa could help to better fix the position
of Ostracoda within the crustacean Maxillopoda (Newman,
2005).

During the EOM event Swanson presented also
morphologic details on a new species, Manawa staceyi
(Swanson 1989b).This latter was considered by Malz (1990) an
example of relict species, a so-called “living fossil’, belonging
to an ostracod group largely extinct during the Mesozoic and
Cenozoic eras (Fig. 3).

Inevitably, after Swanson'’s presentation of the “manawan
perspective’, new contributions dealing with the phylogeny
and evolution of the ostracods belonging to the superfamily
Puncioidea were published. Becker and Swanson (1992)
considered that this group represents a primitive palaeocopid
group but their opinions diverged, especially in relation to a
possible affiliation to the Palaeozoic Kirkbyocopina.

Results of a cladistical analysis, using morphologic traits
of both valves and limbs was later presented by Horne et
al. (2005). The Punciodea was considered to belong to the
Order Kirkbyocopina, with the latter appearing as a member
of the Subclass Podocopa. The puncioids on the cladogram
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of Horne et al. (2005) had a basal position, as they were first
derived from the main stock of the podocopans. Oakley et al.
(2012) in their cladistic analysis using information from the
molecular data of mitochondrial genome, nuclear genome,
and ribosomal DNA of a large set of ostracod taxa, (including
Manawa staceyi) reached a conclusion that very much
paralleled that of Horne et al. (2005). Also of relevance with
respect to the present discussion are the results of Tinn and
Oakley (2008). Based on molecular-clock algorithms, their
calculations indicated that the separation of Manawa staceyi
from its closest Puncioidea relatives probably occurred about
500 Mya ago. Those authors also concluding that change in
Puncioidea reflected a very low evolutionary rate. Summing
up these results, it might then be proposed that Manawa
staceyi is the living relict of an extremely old, primitive
ostracod group.

In the following discussion, the authors wish to highlight
why the “manawan perspective” continues to fascinate,
especially when this is then placed within the context of
recent progress made in evolutionary biology and modern
ostracod systematics. More precisely our project deals with
a re-evaluation of the morphological traits of Manawa staceyi
in order to challenge the paradigmatic view of the primitive
state of this species. We will also try to more appropriately
fix the evolutionary position of the superfamily Puncioidea
on the traditional phylogenetic scheme published by G. W.
Miller (1894). Figure 4 presented herein being an adapted
version of Miller’s original scheme; and is considered useful
for the discussion surrounding the various opinions on the
systematic position of the superfamily Puncioidea within the
class of Ostracoda.

Figure 2. a-b — Manawa staceyi Swanson: a — E-side,valves with bright gape; b-c — I-side, RV with anterior “stragular process” (scale bars =
0.Tmm) (from Swanson, 1989a).
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Figure 4. Phylogenetic tree representing Recent Ostra-
coda taxa (from G.W. Miiller, 1894, adapted to the taxo-
nomic scheme of Martin and Davis, 2001).
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Table 1. Taxonomic position of the members of superfamily Puncioidea Hornibrook within different Crustacea Subclasses and Orders.

Taxonomic hierarchy Proposed Taxonomic Position

Authority

Subclass Palaeocopa Order Beyrichicopida Sylvester-Bradley 1961 ™
Subclass Palaeocopa 2 Abushik 2015

Order Punciocopida 4 Schallreuter 1968; Hinz-Schallreuter & Schallreuter 1999
Order Platycopida ® Martin & Davis 2001
Order Punciocopida Liebau 2005

YuNa &al. 2012

Notes: “originally described by Henningsmoen 1953 as suborder; ** Uncertain assignment to Beyrichicopida (= Superfam. Beyrichiacea) in Hennigsmoen 1953,
p.235; *** Sylvester-Bradley, 1961, p. 178, superfamily uncertain; ' Palaeocopina in Becker 1990, p. 159; Becker & Swanson 1992, p. 124; 2 - palaeocopid sensu lato,
also palaeocopamorph, in Abushik 2015, p. 489; 3 in Martin & Davis 2001, Platycopa is treated as Order of the Subclass Podocopa (see below); 4 Punciocopida is
treated as suborder in Schallreuter 1968, p. 150 and in Hinz-Schallreuter & Schallreuter1999, p.121; 5 following a suggestion of R. Whatley which does not exist in
Whatley & al.1993, also mentioned as Incertae Sedis; ¢ mentioned as Superorder Podocopomorpha, in Liebau 2005, p. 120.

Subclass Platycopa 3

Subclass Podocopa

Subclass Podocopa ©

Subclass Punciocopa New Subclass

Table 1 summarises that wide range of opinion related to
that taxonomical position within various systematic schemes
of Ostracoda. In this text, it is our intention to review this
taxonomical aspect, using additional and/or alternative
observations and viewpoints. In this way we hope to offer
a more robust solution to resistant problems that have
remained within Puncioidea systematics.

The ‘problem’ of the bradythelic evolutionary-rate
displayed by Manawa staceyi mentioned above will be
incorporated into a broader discussion of low species
diversity in the context of all Puncioidea as compared to the
non-marine podocopids. We will propose an explanatory
model for the rarity of puncioids, based on observations
related to their morphology and ecology. To that end, we
will focus attention on observations we have for Manawa
staceyi, combined with ideas derived from the theory of niche
construction (Lewontin, 1985; Odling-Smee et al., 2003).

2. MATERIAL AND METHODS
2.1. INFORMATION ON THE OSTRACOD MATERIAL

Puncioidea ostracods have remained an elusive target
since interest was first peaked by Hornibrook (1949). Until
1983, only empty valves were recovered, the vast majority
of these from New Zealand, Japan and Australia (Swanson,
1985). Table 2 presents a synoptic view with information for
all the known species.

For the material discussed herein the following
abbreviations are used: V = Valve; LV = Left Valve; RV = Right
Valve;C=Carapace;m=adultmale;f=adultfemale;j=juvenile;
E = External side; | = internal side; Recent = live specimens;
Al-antennule; A2-second antenna; M-Metanauplius; Md-
mandible; Mxl-maxillule; L — body appendage, used for
thoracic limbs; Fu —furca; Pe — hemipenis; StPC - Sieve type
Pore Canal.
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Table 2. Taxa of the Superfamily Puncioidea Hornibrook 1949

Taxon Author, year Site

Geographic area Origin (R/F) Material

hwis oot | | | |
owtvonierss | foniroo 96| Wowedn | Wewledno | Fiiowme | W1
s tonboo 199 | Wapas | Wewloms | n | w2 |
ooy [Gomiws | | At | resome | Woom

onwms | degeanes | | | |
st vy 198 | higm | Woemay | FuGroms | W2
espois o | | ||

Note: R - Recent (living) or Holocene; F - fossil, older as Holocene; N — North; L - Lower; U — Upper; M-Middle; * mentioned by Swanson, 1991, p.78 (DLD -
presumably new species?). N° - 1,2, 3...n — numbers of individual items, more than 10 individuals; V - valve; A-adult; J-Juvenile; ** see text; *** (a) Hanai & Tabuki,

1995, (b) Iwatani, Irizuki & Yasuhara, 2013.

The analysis and discussion presented below is based
mainly on specimens of Manawa staceyi collected by one of
us (KMS) from the Cavalli Islands at 13 m and 17 m depths off
Northland, New Zealand and from the marine reserve at Goat
Island (Auckland, New Zealand) at a depth of 17 m (Swanson,
1989b).

The recovery of living specimens of Manawa has proved
an extremely demanding objective. Specimens were
collected using a hand-held dredge which allowed Scuba
divers to skim the top 40 mm of the sea-floor sediment at the
above mentioned depths. Off Goat Island (the type locality
of M. staceyi), the see-floor in the target area is a “megaripple
zone” with shelly, moderately sorted coarse sand (Swanson,
1989b). The total sediment haul for each sampling period,
(two days of work), was approximately 20 litres of sandy
sediment. That volume is simply a reflection of the strength
of currents operating in the water column of the study area.
From the initial raw sediment sample, about 500 ml of fines/
organic material was concentrated by using a bulk stir, settle

and decant process. Resultant, unwanted coarse sediment
residues then being returned to the sampling site. Preserved
concentrates were then returned to the laboratory where a
search for live manawan specimens was undertaken using a
stereo-microscope. One such sampling period resulted in the
recovery of only 13 specimens; a return rate of one specimen
per three hours of microscope time.

A few of the specimens were deposited in the
catalogued collection of NIWA (National Institute of Water
and Atmospheric Science), additional specimens were also
lodged in the collection of GNS (Geological and Nuclear
Sciences). It should also be noted that because of their
novelty and the scientific interest in punciid ostracods,
one of us (KMS) spent considerable time experimenting
with the development of laboratory procedures to prepare
specimens for electron microscopy especially. With respect
to transmission electron microscopy (TEM), the intention
was to develop a technique that would allow vertical, serial-
sectioning of oriented specimens such that the microtome
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knife cut both soft anatomy and the carapace. This is an
indication of the importance placed on the ‘adductorial’
muscle connections between the animal and the gaping
valves. This effort resulting in a single successful section
which was subsequently lost as a result of destruction by the
electron beam (too high current?). This comment is simply an
indication as to why so few specimens have been able to be
lodged in catalogued collections.

2.2, METHODOLOGICAL TREATMENT

Brief information on the selected approaches we use for
the arguments presented in the essay is presented.

2.2.1. Ostracod taxa as units of evolution and units of
classification

The long and fraught debate about how to treat species,
and by extension other taxonomic units, are they to be
considered as evolutionary lineages (inter alia Racovitza, 1926;
de Queiroz, 1999) or just as a type of historical nominalism
(Ereshefsky, 1989). Dupré (2001) offered one solution,
namely that taxa (Dupré refers especially to species) have
to be viewed both, as units of evolutionary lineages (these
latter driven by organismic and environmental processes)
and, as units of classification (derived from the decisions of
expert taxonomists). Emil G. Racovitza repeatedly noted that
taxonomy has to reflect the history of phylogenetic lineages
(for a review of that author’s views, see Tabacaru et al, 2018).
In our discussion, we will follow that train of thought, in the
sense that we consider this can be achieved by extraction
of information embedded within the organism’s quasi-
independent morphological and functional characters
using same to reach decisions on the selected taxonomy of
phylogenetic lineages.

The interest of the approach we favour will become
apparent in the context of the way we treat in this essay
the Subclasses Podocopa Sars, 1866 and Palaeocopa
Henningsmoen, 1953; the validity of the latter being
more recently questioned by Siveter et al. (2012). Within
the discussion on the puncioids we will offer additional
arguments which strengthen Siveter’s views.

2.2.2. The body plan approach

The ‘Body plan’ is a concept which was repeatedly
criticised as a result of its idealistic connotation (see
for instance its usage in Jeannel (1950), and associated
arguments related to orthogenetic evolution) but which
has been resurrected in the modern biological literature,
especially that related to evolutionary developmental (Evo-
Devo) research. In the present text, we view body plans
as distinctive ensembles of persistent biological traits “of
homologous architectural and structural features” as defined
by Valentine (1985). Body plans build a type of profile which
characterises taxa of higher level within the systematic
hierarchy. In the case of the present ostracod project we will
use it at the level of Subclasses and Orders Complementary

discussion for the body plans have been presented by
Arthur (1997) and/or Wagner and Laubichler (2004). Body
plans reflect also adaptive solutions to specific kinds of
environment. Schram (2013) noted that the high disparity
of body plans existing within the subphylum Crustacea is a
reflection of their huge range of adaptive solutions to the
environmental possibilities. Having this in mind, Schram (op.
cit.) questioned the view that Crustacea is a monophylum.
This dilemma possibly applies also to the class of Ostracoda
where Wakayama (2007) considered that the differences
existing between the embryonic developmental patterns of
Myodocopa and Podocopa indicate a polyphyletic origin of
this crustacean class. However, Oakley and co-workers (2012)
have resolved a monophyletic origin for the Ostracoda, to
which we subscribe considering morphologic arguments.

Here we will follow Vannier and Abe (1995) who
discriminated two body plans within the Ostracoda. Body
Plan 1 is characterised by morphologic traits which present
a prominent frontal polarity, one that is well adapted for life
in oceanic waters (this is the case of representatives of the
Subclass Myodocopa). Body Plan 2 displays predominantly
ventral polarity, as in the case of Podocopa ostracods, a group
which is predominantly benthic in habit. More information on
these two body plans, is presented in the Results section of
this essay (useful with respect to comparative morphological
arguments surrounding the taxonomic position of the
superfamily Puncioidea within the class of Ostracoda).

The body plan approach adopted herein is an alternative
view to the phylogenetic representation, as used by Horne
et al. (2005). Our colleagues derived their taxonomic model
from cladistical analyses of character states using taxic
homologies. In other words, they looked for synapomorphic
traits derived from ancestral taxa. In comparison to this “tree
thinking” approach (O’Hara, 1997), our definition of body
plan is inspired by what Wagner (2016) termed “homology
thinking”. It uses inter alia information on what is now called
deep homologies (discussed below).

2.2.3. The Deep Homology concept

Deep Homology is a term proposed by Shubin et al. (1997)
for morphogenetic processes which act by molecular genetic
mechanisms that are homologous and deeply conserved
across a wide range of taxa. The conceptual approach was
further developed by Shubin at al. (2009) to explain particular
morphologies which display approximate similarities and
historical continuity at the level of the phenotype but do
not fulfil criteria of classic homologies. In the words of these
authors “Deep homology ... lies in the complex regulatory
circuitry inherited from a common ancestor” (Shubin at al.,
2009, p.818). The major interest in deep homology patterns
is as a result of their potential to explain two morphological
processes. In the first instance they account for the
appearance of traits considered morphologic novelties.
Additionally, they then also explain morphologic similarities
due to parallel evolution (Wagner, 2014). It is in this context
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that particular aspects of morphological similarities existing
between various podocope ostracod groups, but lacking a
close phylogenetic relationship will be discussed.

2.2.4. Morphological characters as structural and functional
modules

Any organism may be differentiated into it component
parts and these then assembled into structural modules, each
with a different degree of complexity. Modules in the modern
evolutionary biological literature (inter alia Wagner et al.,
2007) are defined as an integrated assemblage of structures
displaying network interactions. A modular unit is composed
by subunits which in a general sense, are quasi-independent
(i.e. relatively autonomous) structures (Lewontin 2001).

Considering the podocopid ostracods, Danielopol and
Martens (in Danielopol et al, 1989, p. 88) attempted to
introduce and popularise the modularity principle amongst
ostracodolgists and related disciplines. In that publication
the authors made the following observations about the
cytheroid ostracod Leucocythere mirabilis Kaufmann: “The
morphology of an organism can be viewed through a
functional analysis of the various character states. We can
classify the morphological characters of an ostracod in several
groups or modules. For example most of morphological
characters of the carapace cooperate for one main function:
the protection of the soft body structure. The main parts of
the A2 and of the walking limbs cooperate as one module to
the locomotory function. The sensorial setae of the A1 and
A2 and parts of the thoracic legs (especially the third walking
limb) as well as the furca and the copulatory appendages
participate in the mating process. For the feeding function,
we have a module represented by the antennae (parts of
their structure), the mandible, the maxillula, and partly the
first walking limb (maxilla?). Parts of some of the limbs, for
instance the distal endopodial podomeres of the antennae,
are involved in several functional modules at once: in this
case the locomotion, the feeding and the mating.”

The pioneering work on the functional modular
complex of one group ostracods (deposit feeding complex
of Cypridopsis vidua (O.F. Miiller) by Graham Cannon (1926)
must be acknowledged. More recently, Horne et al. (1998)
presented details on the copulatory module involved in the
matting process exhibited by a number of ostracod groups.

Finally, it must be noted that structural and functional
modules, as used herein, represent the building blocks of
the body plans under study. Morphologic modules integrate
also aspects of historical and ecological context within which
organisms develop and further as phylogenetic lineages
evolve (Klingenberg, 2008).

2.2.5. The Niche Construction Theory

With regards to evolutionary ecology, in 1957, G. E.
Hutchinson promoted the description of the ecological
properties of species by using the way they react to the
environment they experience. This is a “realized niche” but is

theoretically something that can also be visualised within a
multidimensional hyperspace.

More recently, a strong debate developed around
the necessity to insert within evolutionary studies, more
information about the organism-environment relationship,
in order to expand the Modern Synthesis thinking (inter alia
Laland et al, 2014). Richard Lewontin (cf. Lewontin, 1985)
made compelling arguments highlighting the necessity to
treat organisms as subjects and objects of selection processes.
That author then indicating that living organisms perceive
actively the environment and are able to actively explore and
to use or change the environment where they live. In other
words, organisms are able to construct their environment
which then impacts on the long-term organismic evolution
of a given species.

Odling-Smeeetal.(2003),intheirbook“Niche construction;
the neglected process in evolution’, further developed and
formalised these ideas into the so-called Niche Construction
Theory (NCT). Supporters of this conceptual model indicating
that researchers must pay more attention to the processes
which lead to the reciprocal coevolution of organisms
and their environments. The NCT places more emphasis
on the dynamic complexity of the organism-environment
relationships at different spatial scales. With respect to
the present discussion, NCT offers support for viewing the
development and/or the maintenance of species diversity as
a consequence of the perceptual capacities of species, within
their exploration activity and the subsequent selection of
habitats which best fit their biological requirements. Within
this context, the opinion of Rosenzweig (1987) is of interest,
he suggested that one of the causes for the origin of high
species diversity in spatial heterogenous environments is
the active habitat investigation by individuals searching for
spaces that meet their biological requirements.

The active exploration of selected habitats has also been
described by one of us (DLD) in a number of publications,
these including observations on the active selection of a
habitats by groundwater dwelling isopods under natural
conditions in the field (Rouch and Danielopol, e 1999), and
lacustrine ostracods observed in controlled laboratory
conditions (Danielopol et al, 1990; Roca and Danielopol,
1991). Additionally, a case study dealing with the behaviour
of a candonid and a cypridoid (Danielopol et al., 2019) will
be presented later in this text. This approach is important
in order to get a comparative view with respect to our
explanatory model for the rarity of Puncioidea diversity.

2.2.6. Notes on the classificatory system of Ostracoda used

Myodocopa and Podocopa as taxonomic units and their
diagnostic definitions were proposed originally by G.O. Sars
(1866), and later emended by G.W. Miiller (1894). In the
current text, these are used within the framework of the
updated classificatory system of Crustacea devised by Martin
and Davis (2001). Their taxonomic hierarchy is the result of
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the synthesis of a huge amount of information including
the entire spectrum of diverse body limbs exhibited by
that subphylum. The Martin and Davis (2001) system, used
largely also by Horne et al. (2002), considers Myodocopa
and Podocopa Subclasses belonging to the class Ostracoda.
It does not consider taxonomic units related to exclusively
fossil ostracods, in this regard refer to Whatley et al. (1993)
and/or Becker and Braun (2007). Note that here, following
the critical observation of Becker (in Becker and Braun, 2007)
we will not use the taxonomic units proposed by Kozur (1972,
1993) and partly followed by Liebau (2005).

Gunnar Henningsmoen (1953, p. 188) proposed the
Suborder Palaeocopa, equivalent to the Suborder Podocopa.
The original diagnosis of that new subororder was: “Shell
without frontal opening. Hinge line straight and usually long.
Apparently, no calcareous inner lamella. There is a tendency
to develop lobes and sulci, and submarginal ridges. Animal
unknown”. Brandao et al. (2019) used the Henningsmoen
taxon as a Subclass, Palaeocopa, while Horne et al. (2002)
considered it an order within the Subclass Podocopa.

Swanson (1991) proposed to link the superfamily
Puncioidea with the Palaeozoic ostracod group Kirkbyoidea
and then combine these within the Palaeocopa. This latter is
considered a Suborder, Kirkbyocopina, in Horne et al. (2002)

and the superfamily Puncioidea is a member of Kirkbyocopina.
3. RESULTS

3.1. Body PLANS OF MYoDOCOPA G.O. Sars, 1866. EMEND.
G.W. Miiller, 1894 AND Popocora G.O. Sars, 1866.

These two body plans are herein defined mainly by
characteristics of the limbs and less by those of the carapace
(Table 3).

The morphologic profile of Myodocopa, named Body plan
1 by Vannier and Abe (1995), has as a general characteristic its
so-called frontal polarity. As a group, these ostracods advance
in water mainly by swimming using strong antennae. The
basipodite of the A2 especially, is very muscular and the
exopodite is long with many podomeres. The valves of the
swimming myodocopes have generally a convex ventral
margin and low asymmetry. The sensorial organs, have a
predominantly frontal position. This is the case for the Belonci
organ and aestetascs on the antennule. Ocular organs are
represented by two different types, a naupliar eye and lateral
ocular organs. The male clasping organs are represented by
structures on the endopodite of the antenna. The thoracic
limbs L5 and L6 display phylopodial structures. The maxillule
lacks a branchial plate. The position of the furca is posterior to
the anus. In some groups, the circulatory system involves the
entire body. Finally embryonal development begins with two
embryonal buds (Wakayama, 2007).

The morphologic profile of the Podocopa, Body plan 2,
displays a ventral polarity. This means that those ostracods
advance mainly on the bottom of or within the substrate
by crawling. The valves have generally a straight or slightly

concave ventral margin. The right and left valves of many
species are asymmetric. Ambulatory limbs have a ventral
position and are commonly used for crawling. The basipodite
of the A2 (Fig. 6) is elongated and does not display strong
muscular development as is the case for Myodocopa. The
endopodite of the antenna is well developed with maximal
four podomeres, while the exopodite is reduced to one or
two podomeres. The male clasping organ is represented by
transformed endopodial podomeres of the thoracic limbs.
The L5 and L6 display stenopodial endopodites.

The sensorial organs are mainly developed on the
endopdite of the 2" antenna and the ocular organ is
represented by a naupliar eye. The maxillule has a respiratory
plate (exopodite). The position of the furca is anterior to
the anus. No circulatory organs exist and the embryonal
development proceeds by the splitting of one embryonal
bud (Wakayama, 2007).

3.2. DEEP HOMOLOGIES OF PUNCIOIDEA
3.2.1. The maxillular endopodite of M. staceyi

The 5t limb of Manawa staceyi is the maxillula (termed
maxilla in Swanson 1989b). Figure 7a shows the general
structure of the female limb with a distal endite as“masticatory
process” and a pediform palp. This latter is interpreted as an
endopodite with the typical podomeres, ischium, merus,
carpus, propodus and dactylus. For comparative purpose we
present (Fig.14) the structure of the maxillula and the 5th to
7 limbs existing on the podocopan bairdiid Anchistrocheles
angulata (Brady). In the latter case, the maxillula presents
three distal masticatory endites and the pediform endopodite
occurs on the thoracic limbs. The 5th limb in the case of
podocopan cypridoids also displays reduced endopodites
(Fig. 7 i-k), thus resembling that of M. staceyi.

The male’s endopodite of the maxillula is in M. staceyi
transformed into a clasping organ (Fig. 7b-c). Because of
the transformed endopodite, this resembles the 5th limb of
the podocopan cypridoids (Fig. 7f-g). In this latter case, we
note a trend of reduction from an endopodite with several
podomeres (with an ischium and merus, a fused carpus
with the propodus and a minute dactylus) as in the case of
llyocypridae (Fig. 7f) to those of the Candonidae where the
endopodite is represented by only one, strongly sclerified
segment, (Fig. 7h). The platycopid Cytherella sordida displays
transformed endopodites in a clasping organ on both 5th and
6th limbs. These examples show a parallel evolution of the
endopodite structure of thoracic limbs (Fig. 7d-e).

3.2.2. The 8th limb of M. staceyi

Swanson (1989b, p. 239) described the 8t limb as an
assumed uropod. This is also figured in Horne et al. (2002,
p. 14). Here we compare the 8t limb of Manawa staceyi
(Fig. 8a) with the brush like organ of Cytherella sordida Sars
(Fig. 8b), illustrated by G.W. Miiller (1894) and reproduced
by Hartmann (1966, p. 214). Following the latter author,
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Figure 5. Postembryonal developmental stages of the ostracod carapace: a-c — Manawa staceyi, metanauplidus stages M1 — M3, |-side; a — M1;
b — M2; ¢ — M3; d — Herpetocypris reptans, cast skin of the A-8 instar (a-c, from Swanson, 1989b, D, from Harding, 1964).

the brush like organ (see Fig. 8c for morphological detail
of same as exhibited by Pussella botosaneanui Danielopol,
a podocopan bairdiod) is the homologue trait of the 8th
ostracod limb. Hartmann (1966, p. 214) noted that brush like
organs of cytherids (positioned between the 5t and the 6th
limbs) are connected to a nervous ganglion placed near the
hemipenis and which apparently acts also on the reduced 8th
limb of the platycopid C. sordida.

We conclude that the similarity between the brush
like organs of the podocopids and those of the puncioid
M. staceyi is realised through parallel evolution due to deep

homology structures. Therefore in all probability, this limb is
not a uropod but a reduced thoracic limb.

3.3. MODULAR TRAITS OF THE MAJOR PODOCOPA GROUPS
- COMPARATIVE ANALYSIS

Within the Subclass Podocopa Martin and Davis (2001)
recognised two orders with living ostracods, the Platycopida
and Podocopida, to this we propose to add a third Order
Punciocopida, represented solely by living punciids. A
comparative morphological analysis based on modular
complexes is developed below.
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Table 3. Characteristics of the body plans of the Subclasses Myodocopa and Podocopa.

Morphological & Functional Properties Body plan 1 Body plan 2

Taxa Myodocopa Podocopa

Morphologic profile Frontal polarity Ventral polarity

Valves asymmetry and overlap Minimal Commonly present

Antenna: Basipodite Large musculous structure Medium-long structure

Antenna: Exopodite Well developed (7-9 articles) Reduced (gen. 1-2 articles)

Maxillula: respiratory plate Absent Present

Frontal (Belonci) organ Present Absent

Antennae aesthetascs On the A1 On A1 and on endopodite A2

Circulatory organs Part. Present Absent

Figure 6. Kovalevskiella phreaticola Danielopol, general view, adult f; Ba-A2 — Basipodite of the 21 antenna; A2-En — Endopodite of the A2 (from
Danielopol, 1970a).
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Figure 8. Brush-like organs limbs and copulatory organs, m: a, b — posterior of the body; a — Manawa staceyi; b — (ytherella sordida; ¢ — Pussella
botosaneanui (a, from Swanson, 1989b; b, from G.W. Miiller, 1894; ¢, from Danielopol, 1976, symbols added).

3.3.1. The Carapace Module

The ostracod carapace represents a structural module
which fully encapsulates that crustacean’s soft body in order
to protect it. As a general approach we will first discuss the
properties of the carapace in which the structures of opposing
valves display symmetry and/or close connections. The shape
of the valves is an aspect of the similarity problem while the
hinge structure offers an insight on the interconnection
between the two valves.

The adults of the superfamily Puncioidea carry a lightly
calcified carapace, which is slightly ‘ornate’ on the outer
lamella. Nohara and Nakasone (1982) indicated that adult
carapaces of Promanawa konishii Nohara display a slight
sexual dimorphism. The female carapace is more inflated
posteriorly than that of the male.

The two valves display minimal asymmetry in their general
shape and slight differences in the structural morphology of the
dorsal cardinal corners exist between the right and the left valve,
namely the former one has two small plates named by Swanson
(1989a) stragular processes (which do not occur on the left
valve). This is well illustrated for Manawa staceyi (Figs. 2a,b, 9).

In general valves shape of the Puncioidea display ventrally
a strongly arched outer margin that extends from the antero-
dorsal corner to the posterior equivalent. The dorsal margin
is straight-lined between the two dorsal cardinal corners
(Fig. 1a-e, 10a).

During ambulatory excursions, the valves fully opened,
leaving a ventral gape of about 180° (Fig. 2a). The ostracod
now protrudes beyond the carapace with the ambulatory
limbs assuming a lateral position (see details next section). A

cluster of adductor muscles is placed on the upper half of the
valves (Figs. 1a, b). Due to this position the valves can be fully
extended as mentioned above. Swanson (1989a) showed that
the stragular process, placed on the right valve of Manawa
staceyi (Figs. 2b, 5¢, 9) has an adaptive function, in that it helps
prevent an over extension of the valves. It should also be noted
that the straight dorsal margin of the valves was considered
by Swanson (1989a) an adaptive trait enabling the transversal
opening of the valves to a gape of about 180°.

The carapace of Manawa staceyi displays on its ventral
side a peculiar structure of the marginal infold (sensu
Yamada, 2007a). Extending inwards from the outer margin
(Fig. 9) there is a smooth area on which a few normal pores
emerge. It is assumed that this part of the marginal infold
corresponds to the fused zone of the podocopids and the few
normal pores and associated long setae are equivalent to the
marginal pores and setae, as illustrated in Horne et al. (2002).
Next, inside that smooth zone is a parallel area covered by
numerous normal pores most of which are devoid of a seta.
The boundary between these two areas could represent
the so-called line of concrescence commonly present at the
podocopids, bearing a free calcified inner lamella below
which the vestibule occurs as in the of Promanawa konishii
(Fig. 19e). A few, long sensorial setae however occur dispersed
on the marginal infold (Fig. 19b) and it is assumed that these
function during excursions over solid surfaces or during the
mating when venter to venter copulatory position of the two
sexes is adopted (Swanson, 1991, 1996).

A lamellar selvage runs inward, parallel to the outer
margin, starting from the anterior dorso-ventral corner to the
posterior one (Fig. 9; 10b). Inward a contact groove is visible,
this delineated outside by the selvage, and on inner side by a
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ridge (similar to an inner list) which is located on the so-called
inner margin (Yamada, 2007a). The soft inner lamella begins
from the base of this peculiar inner margin (Fig.10b). The
aspect of the so-called contact groove with the ridges of the
selvage and the inner margin are similar on both valves (Fig. 9).

The carapace has an adont hinge. Hanai and Tabuki (1995)
described the hinge of Promanawa konishii in which a thin
elastic ligament is located between the antero- and postero-
dorsal angles, and unites the two valves (Fig. 10b). The left
valve at the anterior and posterior sides presents minute
knobs dorso-ventrally, which corresponds to small pits found
on the opposite valve. The hinge has no accommodation
groove as in the case of podocopid ostracods.

The carapace of Manawa staceyi when valves are fully
extended laterally resembles to geodesic dome, a solution
used by the French architect Paul Andreu for his National-
Grand-Theatre (opera house) opened 2007 in Beijing
(Wikipedia: National Centre for the Performing Arts, China).
As with the Andreu’s construct, the carapace of Manawa
staceyi exhibits structural stability (sensu Benson, 1965)
when the animal assumes a transversal position despite the
thin and spongious outer lamella, as well the occurrence
of numerous normal pores that penetrate the wall of the
outer lamella. The latter carrying one or two thin, non-
perforated lamellae inside their channels (Fig. 12a-c). Hanai
and Tabuchi (1985) made similar observations on the valves
of Promanawa konishii, namely their fragility and the light in
weight consistency of the outer lamella.

Figure 10. Promanawa konishii, m, RV:
a — Eside; b — | side; OM-outer margin;
MI-marginal infold; Se-selvage; IM-in-
ner margin; IL-soft inner lamella; orange
arrow point to the dorsal margin (from
Hanai and Tabuki, 1995, symbols added).
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Figure 9. Manawa staceyi, carapace and body limbs, | f; OM-outer margin;

Sp-Stragular process; Mi-marginal infold; Se-selvage; IM-inner Margin;

1-A1; 2-A2; 3-Md; 4-Mxl; 5-7 — L5-L7 thoracic limbs; 8- ventral marginal
pore and seta (from Swanson, 1989b, symbols added).
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The first stage of the post-embryonal development of the
bivalve carapace is iniated with a single dorsal shield which
encloses the entire soft anatomy (Fig. 5a, b). The two separate,
articulated valves appearing after the third moulting at the
metanauplius M3 (Fig. 5¢).

The carapace of species of Platycopida are generally,
strongly calcified and with a slight asymmetry. The carapace
exhibits an obvious sexual dimorphism; the posterior third
of the female’s carapace being more inflated than that of
the male. The ventral outer margin of the carapace is flat,
a feature commonly found in those benthic crawling
podocopes that penetrate inter-granular spaces of fine
sediment. The valves during the ambulatory activity of
the platycopids have a sagittal position. The intervalvar
ligament lays on the dorsal and dorso-ventral margins. This
special position determines that the valves have a narrow
gape (of about 5-6°), with a more pronounced opening of
the anterior portion of the carapace (Jaanusson, 1985). The
adductor muscle scars lie in the central area of the valves,
close to the median axis.

The carapace displays an adont hinge, the right valve
presenting a peripheral furrow which also involves the
section occupied by the intervalvar ligament. The outer ridge
of the furrow is the valve’s selvage, while the inner ridge is
the inner margin. There is no development of hingement
structures (sensu Yamada, 2007b). The posterior section of
the selvage and of the inner margin are both ridge-shaped,
thus forming an accommodation furrow which continues
along the dorsal margin.

The contact furrow is more attenuated on the antero-
ventral section of the valve, as the ridge of the inner margin
diminishes. The left valve has a well-developed selvage while
the inner margin displays a visible ridge only on the postero-
dorsal section of the marginal infold. This inner margin ridge
is the equivalent positive structure which is inserted in the
contact groove of the right valve. An excellent visualisation
of the relationship between the selvage and the inner margin
for the right and left valves of a platycopid was presented by
Tsukagoshi et al. (2006, Fig. 6).

No vestibulae exist and the normal pores of platycopids
do not include sieve-type pore canals. Okada et al. (2008)
showed that in the first post-embryonal stage of the
platycopid Keijcyoidea infralitoralis Tsukagoshi, Okada and
Horne two separate valves have already developed.

Podocopidid ostracods exhibit a wide range of carapace
forms, these often with asymmetrical valves. The ventral area
of the carapace is in many cases flat. A bow-shape process
exists on both valves in the central part of the ventral margin
(Fig. 11a, b). The selvage is generally well developed and the
inner margin has no ridge. Instead, some podocopid ostracod
groups have valves with an inner list positioned on the
marginal infold between the selvage and the inner margin.
The inner, soft lamella articulates directly on the flat inner
margin. The hinge is well delineated on the dorsal side of the

valves, occurs in a wide diversity of morphologies (which are
often of taxonomic significance) (sensu Yamada, 2007b). For
instance in some taxa, on the dorsal anterior and posterior
sides one finds teeth that are accomdated by sockets in the
opposite valve. Between the cardinal corners of the dorsal
margin one finds a smooth or denticulate, intercardinal bar,
which fits the intercardinal groove formed by ridges in the
opposite valve. The upper ridge is a continuation of the
selvage, while the lower equivalent (a strong ridge) is the
continuation of the inner margin of the marginal infold. In
this way the podocopid hinge differs markedly from those of
the punciids and the platycopids. Danielopol, Piller and Gross
(MS in preparation) illustrate the details of the podocopid
hinge-type using Cytheridella ilosvayi Daday (sensu lato) as
the exemplar.

The adductor muscle scars lie in the central area of the two
valves and these open ventrally to a maximum gape of about
30° (Figs. 11a, b). During ambulatory activity, podocopids
maintain the carapace in a vertical (or sagittal) position, as in
the case for platycopids.

The outer lamella on both valves has normal pores with
sensorial setae. In the case of Cythericopina one finds the so-
called sieve-type pore canals, (Danielopol et al., 2018; Lord et
al., in press). These StPC present a perforated calcified lamella
which are extremely diverse with respect to both shape and
the number of the minute tubules displayed.

Significantly, the timing of the separation of the two valves
during the post-embryonal development varies between
taxa. Horne et al. (2004) discovered that for Terrestricythere
elisabethae Horne, Smith, Whittaker and Murray the bivalve
carapace has already formed in the first instar stage. That
situation is repeated in Uncynocythere occidentalis Kozloff
and Whitmann as described by Smith and Kamiya (2005).
In the case of Darwinula stevensoni Brady and Robertson, it
was shown by Smith and Kamiya (2008) that the two calcified
valves are formed only in the second instar stage. The same
is apparently the case of Herpetocypris reptans (Baird) (Fig. 5d)
studied by Harding (1964).

3.3.2. The Ambulatory Module, combined with the Feeding
Module

Manawa staceyi undertakes ambulatory excursions both
on and within benthic substrates, mainly using the antenna
and the 5t to 7th trunk limbs to achieve same (Swanson,
1989a). The role of the antennule with its few distal setae (Fig.
16a) and of the furca (Fig. 8) seems to be a supplementary
one. The endopodites of the A2 and the L5 - L7 display a
short claw-like dactylus (Fig. 13b-d). Characteristic for the
antenna is an elongated carpus (the 3" podomere) (Fig. 16b),
pectinated on the inner side (see arrow), this, an apparent
adaptation for gathering minute food particles and directing
them to the mouth.The merus (the 2nd podomere) carry short,
undifferentiated distal setae which are homologues to the
swimming setae of cypridoid Podocopida. The endopodites
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Figure 11. Podocopid ostracods, ventral view, showing typical carapace gapes: a — (ypridopsis vidua, f; b — Saipanetta sp., j (a, from Cannon,
1926, redrawn by Adamczak, 1969; b, unpublished photo, courtesy of Rosalie Maddocks, arrows added).

Figure 12. Manawa staceyi (a, b) and Promanawa konishii (c), morphology of the valve: a — section through the calcified outer lamella and nor-

mal pores (arrows point to transversal lamellae); b — aperture of normal pores on the outer side of the valve (arrow points to a broken transversal

lamella); ¢— aperture of normal pores on the inner side of the valve (arrow points to a transversal lamella inside the pore); scale bars: A-0.025mm,
B-0.004, C-0.0Tmm (a-b, from Swanson, 1989, ¢, from Hanai and Tabuki, 1995, arrows added).

Geo-Eco-Marina 25/2019 233



Dan L. Danielopol, Kerry M. Swanson — Ostracod phylogeny and evolution — thirty years after “Manawan perspective”

Figure 13. Manawa staceyi: mandible (a) and thoracic limbs L5 to L7 (b-d); a — mandible with details of the gnathobasis (arrow points to the
inner “grinding” segment); b-d — details of the endopodites (arrows point to the minute seta which is a reference point for the delineation of the
31d and the 4t endopodial podomeres) (from Swanson, 1989b, arrows added).

of the L5 to L7 display the 2nd with the 3 podomere fused
and forming an elongated endopodial segment which distally
bears a short seta (Fig. 13b-d). The latter being a characteristic
of podocopid ostracods as a reference for the limit between
the 3rd (carpus) and the 4th (propodus) podomeres. The latter
in Manawa is further fused to the dactylus. When the valves
are extended to an approximately 180°gape, the second
antenna and the thoracic limbs are then extended laterally.
The body remaining very close to the substrate and the
movement of the animal is slow, “armadillo like” with side-to-
side rocking motion (Swanson, 1989a).

One has to mention the rectangular, flat labrum (Fig. 9,
169), appropriate with respect to the position the animal
assumes when stationary on a solid substrate. Also of interest,
is the structure of the mandibular gnathobasis with its distal
side displaying an outer, cutting area with strong denticles
and a short spiniform, plate-like device on the inner side (Fig.
13a). This special morphological structure suggests that the
food gathered by Manawa staceyi is a mixture of solid organic
particles of varying size. Swanson (1989a; 1989b) illustrated
sediment accumulation in front of the mouth opening and
the labrum. The food particles are brought to the mouth by
the long pectinate antennae and the mandibular endopodite
with long distal setae (Figs 9, 16b, f). Therefore, Manawa
staceyi is a deposit feeding ostracod (sensu Cannon, 1926).

The platycopid ostracods, such as Cytherella abyssorum
Sars (Fig. 15a), for walking use mainly the antennae (A1 and A2)
and the furca (Sars, 1923; Tsukagoshi et al. 2006). The antennule
and the exopodite of the antenna especially, are very strong
being used for digging into the substrate. The movement of

platycopids is slow and Jaanusson (1985) pointed out, that a
lower number of muscles acting on limbs are used than is the
case for podocopid ostracods. One should note here that the
gathered food particles are chewed with a distal gnathal process
which has only one row of spinules (Sars, 1923; Tsukagoshi et al.,
2006). The latter authors, showed that platycopids feed on solid
organic microparticles deposited in front of the mouth.

The Podocopida carry ambulatory limbs, these
represented by the antenna, with a strong pediform
endopodite displaying diverse chaetotaxic patterns and
thoracic limbs. The limbs L5 to L7, or at least one or two of
same, are pediform and actively used for movement on/
in benthic substrates (Figs. 15b,c). In general, podocopids
display endopodites on which the first three podomeres are
approximately equal in length and long dactyli (Figs. 14c, f-h).
An exception to the long dactyli pattern as an adaptation
for moving across fine sediment or solid substrates, occurs
in those benthic ostracods which have adapted to a life
in unstable benthic marine substrates exposed to strong
currents, (e.g. Xestoleberis exmouthensis Hartmann (Hartmann,
1978) which displays short claws-like dactyli for gripping and
anchoring to substrate particulates/surfaces. An analogous
solution exists in phoretic ostracods such as Entocytheridae
(Danielopol, 1971). For comparative purposes we illustrate
here (Fig. 14) the adaptive solution for ambulatory activities
on the deep-sea benthic substrates, as expressed by
Anchistrocheles angulata (Brady), a bairdioid species living in
a stable, fine-grained sedimentary environment. One should
note the elongation of the distal dactyli located on the A2
and L5 - L7 endopodites.
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Figure 14. Anchistrocheles angulata (Brady), details of the limbs: a — upper and lower lips of the mouth; b — antennule; ¢ — antenna; d — man-
dible; e — maxillule; f — L5; g, & g,— L6; h, & h, — L7 (blue arrow indication, as in figure 13); i, & i,—hemipenes (from Maddocks, 1976, arrows
added).
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Figure 15. Platycopid (a) and podocopid (b-d) ostracods, comparative morphology of structures used for ambulatory activities: a — Cytherella
sordida, f; b — Candona neglecta, m; ¢ — Microdarwinula zimmeri, f; d — Chlamydotheca arcuata, f (a, from Sars, 1923, b, from Danielopol, 1969, ¢,
from Danielopol, 1968, d, from Smith, 1965).

The mandibular gnathobasis of podocopids bears strong
lamellar teeth on the external side of the gnathal process
(Danielopol, 1970b), while the inner part of that process
only sometimes carries spines (cf. for Macrocypridoidae,
Maddocks, 1990). Smith (2000) showed that the podocopid
labrum, in ventral view, appears slightly convex and is
roughly triangular in shape. We illustrate herein the labrum of
Saipanetta sp. (Fig. 11b) and of Anchistrocheles angulata (Fig.
14a). The musculature of the podocopids acting on the limbs
engaged in walking or swimming movements (Fig. 15d) are
more highly developed (Smith, 1965) than those mentioned
above for platycopids.

3.3.3. The Mating Module

Swanson (1989b) showed that Manawa staceyi,
displays a very simple elongate copulatory process
activated by strong muscles attached to the basis (Fig.
19¢). Interestingly, this organ (generally represented by
symmetric hemipenes) in the case of the punciids occurs
only on the right side (Fig. 8a). It is located in front of the
8th limb (Swanson 1989b) suggesting a thoracic origin.
It is also important to acknowledge the mating position
of Manawa staceyi in which the copula is represented by
venter to venter contact with valves of both sexes fully

gaping to 180° (Swanson, 1996).

Ostracods of the Order Podocopida display penes with
a wide range of morphologic traits which are involved
in processes associated with both female recognition
and mating (cf. inter alia Danielopol, 1969; Martens,
1990; Horne et al., 1998 and herein, the hemipenes of
the bairdioid Anchistrocheles angulata, Figs. 14i,, ip).
Horne et al. (1998) showed that in the case of cypridoids
the male copulates by keeping the female in a ventro-
posterior position with carapaces having only a narrow
gape. A ventro-to-ventral position where the carapaces
display a narrow gape was also observed, as in the case
of Cypridoidea Candonidae (Danielopol, 1980). Herein we
illustrate the case of the bairdioid Pussella botosaneanui
(Fig. 19d).

Males of the various species of the Order Platycopida
display also elongated and muscular hemipenes, located
symmetrically on the sides of the body. The distal part of the
hemipenis (Fig. 8b) bears morphologic structures that play a
role in species recognition (Swanson, 1993; Swanson et al.,
2005). The latter author also noted that the male copulatory
organ of cytherellids has to be viewed as the protopodite
of a thoracic limb. A similar case exists in the case of the
crustaceans belonging to the Malacostaca Podophalocarida
(Serban, 1972).
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50 pm

Figure 16. Manawa staceyi, morphology of the antennae and labrum: a — antennule; b-f — details of the antenna; g — labrum; b — A2, general
aspect; ¢,e — exopodite; d,f — podomeres of the endopodite (orange and green arrows point to the exopodite, respectively to the pectinate
endopodite; blue arrow points to homologue t setae as in Fig. 17) (from Swanson, 1989b, arrows added).
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Figure 17. Candona sanociensis, m, morphology of the antennae: a,b — antennule; a — general aspect; b — detail of the distal podomeres with
the aesthetasc “ya”; c-h — antenna; ¢ — general aspect; d — detail of the endopodite; e — aesthetasc"Y”; f — aesthetasc “y1”;g — detail of the “t2”
seta; h — aesthetasc“y3” (from Danielopol, 1978, arrow added: the blue one points to the t setae, the red one, to the antennal exopodite with its

typical setae).
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Figure 18. Candona sanociensis, m, details of the chemosensorial section
of the aesthaetasc“Y”: (a) and “y3” (b) (from Danielopol, 1973).

a,b-0.002mm

Figure 19. Morphologic aspects of Manawa staceyi, m (a-c), Pussella botosaneanui (d) and Promanawa konishii (e): a — maxillular clasping

organs (blue arrow indicates the movable distal finger, dashed arrow points to the muscles acting on the movable finger, red arrows indicate the

sensorial setae); b — ventral seta on the marginal infold (see red arrow) possibly used during the act of matting; ¢ — right hemipenis with muscles;

d — ostracods f &m fixed in copula ventral to ventral position; e — anterior part |, RV (arrows: violet point to the outer margin, yellow indicates

the line of fusion, green, the selvage, blue the inner margin). (a-¢,from Swanson1989b; d, from Danielopol, 1976; e, form Hanai and Tabuki, 1995,
arrows added).
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The sensorial system found in male ostracods is
represented by morphological structures of the penes and
by those occurring on transformed endopodites of the
thoracic limbs. In the case Manawa staceyi we highlight
the presence a clasping organ with a movable claw and
long setae on the maxillula (Fig. 19a). A similar articulated
claw is known to occur on the 5% limb of the males of
the podocopid Macrocypridoidea (Maddocks, 1990). The
distal seta of the clasping organ of Manawa staceyi (Fig.
19a), probably plays a sensorial role by touching the
female during the mate process. A similar seta occurs
on the 5t limb of the clasping organ of the Cypridoidea
Ilyocyprididae (Fig. 7f).

Manawa staceyi displays on the marginal infold (Figs. 9,
19b) long setae which following Swanson (1989a) also play a
sensorial role during the mating process.

Platycopids have two pairs of clasping organs on the
5th and 6t limbs on which short setae exist for tactile
engagements with the female (Fig. 7d). In the case of
the Podocopida, the 5th limb of the Cypridoidea and the
Macrocypridoidea also carry clasping organs with short
sensorial setae and/or a distal touching peg (Figs. 7f-h).
Their role is to ‘stimulate’ the female during the mating
process. Similar touching behaviour of the male using the
5th limb is described by Abe and Vannier (1993) for two
podocopid cytheroids; and this was interpreted as a type of
courtship behaviour.

The males of Cypridoidea Candonidae and of
Macrocypridoidea display two strong setae (the t-2 and t-3)
on the 2"d endopodial podomere of the antenna. These setae
have on their apical side round papillae (Fig. 17¢, g). Their role
is also to touch the female during the mating process.

3.4. THE RARITY OF PUNCIOIDEA TAXA AS COMPARED TO
NON-MARINE CYPRIDOIDEA

The superfamily Puncioidea is represented by few taxa,
namely two families, the Punciidae Hornibrook, 1949 and
Triassopunciidae Kozur, 1998, six genera and 16 species
of which ten are known only as fossil. There is only one
species for which we know the morphology for both valves
and limbs, namely Manawa staceyi, Swanson. Tables 2 and
5 which as a result, offers a general view of this group. It
is important to mention that the superfamily Puncioidea
displays a both a wide geographic distribution and a very
long history with respect to the geologic record (Table 2).
Recent and Neogene punciids have been recorded along
the coasts of Australia, New Zealand and Japan. Triassic
and Cretaceous taxa have been recovered in Central and
Northern Europe (Table 2).

The low taxonomic diversity of the Puncioidea (16
species) becomes obvious when one compares it with the
species richness of the podocopid Cypridoidea (Table 5).
The latter group being represented by about 1750 species
belonging to four families. The species richness of the

families Cyprididae and Candonidae represents 95.5% of
the total number of cypridoid species listed by Meisch et al.
(2019).

An explanation for the conspicuous difference between
the superfamilies Puncioidea and Cypridoidea will be
presented in the next part of this contribution.

4. DISCUSSION

4.1. THE MORPHOLOGICAL PROFILE OF MANAWA STACEYI
— A REAPPRAISAL

The general morphology of Manawa staceyi was used
within this project as reference for the entire superfamily
Puncioidea and by extension, to the Order Punciocopida
Schallreuter, 1968, which is taxonomically defined in the
next section. Following the information presented by the
disassembly of a general morphology into quasi-independent
morphological modules, we will now proceed to a synthesis
of the resultant data in order to get an image equivalent to a
body plan.Table 4 lists the main information that will be further
developed so that a comparison with the already presented
body plans of the Myodocopa and Podocopa may be achieved.

In general from the modular analysis we conclude that
Manawa staceyiis a reflection of that profile attributable to the
body plan of Podocopa. It has a ventral polarity of the limbs,
the antenna are elongated without musculous basipodite.
The valves are light, in the sense of being moderately calcified
and with numerous normal pores. A weak asymmetry of the
dorsal cardinal area exists as a result of the so called stragular
process found only on the right valve. Despite the fact that
the ventral margin is convex displaying a velum with frills,
this ostracod is a benthic crawler. But the fundamental
difference between typical podocopes and Manawa staceyi
is the horizontal position of the open valves achieved when
they gape at approximately 180°. This opening is possible
as a result of the positioning of the adductor muscles of the
valves above the mid-height (dorsally).

Until now, the morphology of Manawa staceyi was
considered, as compared to those of the highly morphological
diverse Podocopida, as containing primitive ostracod
character traits (discussion in Swanson, 1991, Becker and
Swanson, 1992). The presence of an 8t limb considered
as uropod, the posterior part of the body segmented,
and the valves with a long transversal dorsal hinge being
seen as evidence for same. Similarly, the separation of the
two valves during the postembryonal development of
the carapace (completed much later than in the case of
most of the Podocopa) was also seen as compelling. As
additional evidence, the valve morphology of the punciids
was seen to most resemble Palaeozoic ostracods belonging
to Palaeocopa ostracod groups, such as the kirkbyocopids
and/or the beyrichiocopids. This observation drawing
the attention of a number of ostracodologists, including;
Hornibrook (1949), Schallreuter (1968), Swanson (1991),
Becker (in Becker and Swanson, 1992). However, the exact
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Table 4. Body plan of Punciocopida.

Morphological & Functional Properties

No valve overlap

Well developed (31 article long and inner pectinated)

Valves ventral margin

L/R Valve-overlap

Antenna (A2): Endopodite

Male clasping organs-location

Endopodite of L5 & L7 limbs

Position of furca

Sensorial organs (aesthetascs)

Body plan 2a

Table 5. Number of Puncioidea species versus living non-marine ostracod species belonging to superfamily Cypridoidea and its families. Data for
Puncioidea from Table 2 and for Cypridoidea from Meisch et al. (2019).

Superfamily N°. of species

Family N°. of species

| pudie |
I e A—

T prididae I
T lyocyprididae

Note: For Cypridoidea only taxa with at least 35 species are recorded.

phylogenetic relationships between Puncioidea and the
Palaeozoic ostracods remained elusive. Swanson (in Becker
and Swanson, 1992) defended the idea that the profile of
the punciids is plesiomorphic to those of other palaeocope
kirkyocopids, while Becker in the same publication (op.
cit) argued the opposite, suggesting, the Palaeozoic
kirkbyocopids display more plesiomorphic traits than the
punciids and no direct phyletic relations between the two
groups exists. The consideration of Puncioidea as a more
primitive group compared to the kirkbyocopids (Swanson,
op. cit) had an intuitive appeal for the time when this
hypothesis was advanced. During the early 1990’s, bradoriids
and phosphatocopids, with superficial morphological
similarities to the carapace of punciids, were still considered
to belong to the Class Ostracoda (Whatley et al, 1993).

However, that situation has changed dramatically, nowadays
both Bradorida and Phosphatocopida, represent arthropod
lineages, phyletically separated from the Ostracoda (Maas,
2003; Hou et al., 2010; Betts et al., 2015; Zhai et al., 2019).
The contention of Becker (in Becker and Swanson, 1992)
gains again more plausibility, when one considers, as here
argued, that Puncioidea is an ostracod group belonging
to the Subclass Podocopa, and, that the Class Ostracoda is
accepted as a monphyletic group. Within such a framework,
because in both Subclasses Myodocopa and Podocopa,
constituent species have generally adopted a sagittal (or
vertical) carapace orientation and a narrow gape during the
ambulatory excursions, one has to adopt Becker’s hypothesis
that kirkbyocopids display a more plesiomorphic state when
compared to the puncioids.
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The 8t limb considered a uropod de facto, is homologous
with a regressed thoracic limb as occurs in the Orders
Podocopida and Platycopida (Hartmann, 1966), while the
segmented trunk of Manawa staceyi represents a homology
of a similar structure that occurs in platycopids, and as visible
remnants in some of podocopid groups (Tsukagoshi and
Parker, 2000; Tsukagoshi at al., 2006).

The absence of the left hemipenis may be due to a
structural reduction, reflecting the life of these ostracods
occupying the intergranular spaces of marine sediments.
A similar adaptive solution was documented by Hartmann
(1973) in a mesopsammic cytheroid Parvocythere dimorpha
Hartmann. An alternative explanation for the origin of the
asymmetry of the hemipenis of Manawa staceyi may be
that this is the result of a deep homology-related process
that exists at a higher level in the phylogenetic hierarchy. A
single hemipenis also occurs in Cladocopida (Myodocopa).
Therefore, these traits cannot be considered as evidence for a
primitive state of Manawa and by extension, the Puncioidea.
Rather, they suggest that both kirkbyocopines and puncioids
are two phylogenetic lineages with specialised morphologic
traits, and these, most probably derived from a more
primitive, yet undiscovered Palaeozoic group, as presumed
by Swanson (in Becker and Swanson, 1992).

As a continuation of the discussion surrounding the
comparative morphology of the main Podocopa groups,
we will now draw attention to an interesting feature on the
mandibular gnathobasis. This appears specialised for both
cutting and grinding. When compared to the gnathobasis of
platycopids (which have only one type of spinule), those of
Manawa staceyi appear more similar to those found within
ostracod taxa belonging to the Order Podocopida, specifically
darwinulids and macrocypridids.

The morphological profile of Manawa staceyi briefly
presented above suggests another view, namely that this
ostracod species displays traits which represent adaptive
solutions to the environment where it was discovered and
sampled alive, namely a benthic marine habitat with coarse
granular sediment, strong water currents, vis a very dynamic
benthic habitat. The lack of a respiratory maxillular plate
may be related to the niche of the animal, adapted to stay
closer to the substrate, being in this way protected against
the movable sandy grains. The body facies of Manawa staceyi
is typical for psammobionts as characterised by Giere (1993).

Under laboratory conditions Swanson noticed
(unpublished information) that Manawa staceyi when
mechanically disturbed, reacts by closing partly the valves
and then moving into the interstitial space of the granular
substrate. This means that a punciid species is not only
able to adopt the horizontal position with wide gape when
moving on a substrate (typical for epipsammic animals), but
can also assume the vertical orientation most commonly
associated with podocopids when they move into the
intergranular spaces. Such observations are documented

inter alia in Roca and Danielopol (1991). The horizontal
position of the M. staceyi with valves widely open and gaping
at about 180°, appeared (in the laboratory at least) to be that
species most common stance. This behaviour is apparent
during copulation accidentally observed and recorded by K.
Swanson and K. Abe (Swanson, 1996). These observations on
the life style of M. staceyi and its very wide gape, appear to be
an evolutionary solution derived from ancestors that moved
with their valves gaping narrowly and aligned vertically. It
represents a body plan type that displays a ventro-lateral
polarity and we name it here Body plan 2a (Table 4); and is an
adaption to living in an ecologically dynamic environment.

The structure and the position of the ambulatory limbs
L5 to L7 of Manawa staceyi are considered homeomoprhic
traits. These limbs are extended laterally during ambulatory
activity. Their endopodites display elongated podomeres
derived from the fusion of the 2nd and 3rd podomeres (ie. the
merus with the carpus) and bear distally, a short claw-like
dactylus. We consider the shape of the L5 - L7 an adaptive
solution to the psammobiotic life, a mechanical solution with
respect to both attaching to the surface of sand grains and
for the penetration of intergranular spaces.

A surprising morphological similarity exists between
pereiopode structures of the mesopsammic crustaceans
belonging to the Isopoda Microcerberoidea, which are also
psammobionts, moving through the granular spaces with
thoracic limbs (pereiopodes) extended laterally, also noting
that the merus and carpus of same are elongated and that the
dactylus is short (Coineau, 1986 and Plesa, 1996). Therefore,
it can be postulated that the origin of the special structure
and functional position of the walking limbs of Manawa
staceyi, similar to those of the thoracopodes of the isopods
Microcerberoidea represent a case of homeomorphy, resulted
through convergent evolution to thigmotaxis within the
psammal environment. Finally, a brief observation: from the
present state of our knowledge we do not have arguments
to consider Manawa staceyi a “living fossil’, a kind of relict
species displaying primitive crustacean traits, as suggested
by Malz (1990). In fact, the opposite is apparent, it is a species
well adapted to the benthic habitats with coarse sediments
and strong water currents.

4.2. THE ORDER PUNcIOCOPIDA Schallreuter, 1968
AND THE TAXONOMIC VALIDITY OF THE SUBCLASS
PaLAEocorA Henningsmoen, 1953

In the introduction of this text, we indicated that there is
wide range of views centred on the taxonomic position of the
Puncioidea. Table 1 mentions at least some of those options,
and we acknowledge there are others that can be added to
that list. Using the taxonomic scheme of Martin and Davis
(2001), and later adopted by Horne et al. (2002), we propose
that members of the superfamily Puncioidea belong in the
Order Punciocopida Schallreuter, 1968, within the Subclass
Podocopa.
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Schallreuter (1968) after completion of a study of
Ordovician ostracod species with valves with a straight
hinge and a convex ventral margin proposed a new
Suborder Punciocopina with a type taxon, the genus Puncia
(Hornibrook, 1949) and with two superfamilies, the Punciacea
(in modern terms Puncioidea) and the Kirkbyoidea. However,
no clear diagnosis was provided by Schallreuter (op. cit.). The
current rexamination of the morphology of the limbs and the
valves of Manawa staceyi and of the valves of Promanawa
konishii, combined with the information already published by
Hornibrook (1949) allows us now to propose such a diagnosis
for the Order Punciocopida (the equivalent taxonomic level
for the Suborder Punciocopina within the Martin and Davis
2001-system adopted herein).

The Order Punciocopida is characterised by quasi-
symmetric valves with a straight dorsal margin and angular
cardinal corners; hinge adont, ventral margin of the valves
with convex marginal shape; central muscle scars located
above the mid height of the valve; right valve with anterior
and posterior sides of stragular process (sensu Swanson
1989a); outer lamella of the valves with numerous normal
pores with one or two unperforated, internal plates; marginal
infold developed with prominent selvage situated well inside
the outer margin; inner margin denoted by a ridge located
close to the selvage; vestibule and sexual dimorphism of
valves observed in one taxon, Promanawa konishii. Diagnostic
traits using the limbs and the juvenile stages presented
as per Manawa staceyi (Swanson 1989a, 1989b): Sensorial
setae emerging from normal pores of the valves placed
on the outer lamella and inside on the marginal infold, the
latter apparently used during assumption of venter to venter
copulatory position; exopodite of the antenna elongated
and with two articles and three long setae; mandibular
gnathobasis of “darwinuloid” type (see above); labrum large,
rectangular and flat; maxillula of the female with pediform
endopodite while the equivalent morphologic character
in the male transformed into a clasping organ; stenopodial
limbs L5 to L7 with elongated endopodites, slightly differing
in structure; an 8t limb present in front of the furca and
considered homologous with the brush like organ of the
Platycopida and Podocopida ostracods; copulatory complex
present with only one elongated hemipenis located on the
right side; a strong furca occurs anterior to the anus; posterior
part of the body segmented. The three postembryonal stages
with a flat dorsal shield, instead of a bivalve carapace; this
latter visible first at the metanauplius M3.

The Order Punciocopida as here defined belongs to the
Subclass Podocopa and displays similarities with ostracods
placed in the Orders Podocopida and Platycopida.

The taxonomic relationships with the Palaeozoic
kirkbyocopids are not straightforward (Becker, 1990;
Becker in Becker and Swanson, 1992; Becker and Braun,
2007; Abushik, 2015). Becker (2005) as well as Becker and
Braun (2007), for instance, consider as possible taxonomic

placement of the Punciidae within the superfamily
Drepanelloidea. This replicating the position, expressed by
Becker in previous publications, in which Puncioidea were
not seen as having any direct relationship to the Kirkbyoidea.
Earlier taxonomic schemes such as those proposed by
Hornibrook (1949), Henningsmoen (1953), Sylvester Bradley
(1961) and Maddocks (1982), in which punciids were seen
as having a close relationship to the beyrichicopines, have
not been included in this discussion. Also the discussion in
Kozur (1993) on the relationships of the punciids with other
palaeocopid and podocopid groups is completely confusing.
As aresult, it is proposed that the Order Punciocopida should
include only the superfamily Puncioidea.

Some comments with respect to a recent contribution by
Yu et al. (2012) are also warranted. Those authors presented
a phylogenetic analysis that was derived from both
morphologic traits and molecular biological data, leading to
their conclusion that Puncioidea, as a phylogenetic lineage,
deserved the status of a Subclass, Punciocopa. However
Yu et al. (2012) then acknowledged this as a proposal, one
that needed more compeeling evidence before it could be
confirmed.

The Subclass Palaeocopa, as characterised originally
by Henningsmoen (1953) is probably a polyphyletic taxon,
as a result, comparisons and attributions with respect
to the relationship of that Subclass to Myodocopa and
Podocopa is fraught at best. It is therefore legitimate to
then question the taxonomic status of Palaeocopa. Does
it for instance, fulfil morphologic criteria necessary for it
to qualify as monophyletic group? If the answer were yes,
then the present authors would accept the initial proposal
of Henningsmoen (1953) resulting in Palaeocopa being
given the same hierarchic status as Podocopa, namely both
are Subclasses. However, as documented herein, within
the Palaeocopa we find punciids belonging to Podocopa
and in the same time palaeocope-like (in terms of shell
morphology) species belonging to Myodocopa were also
recorded (Siveter et al., 2012). This situation, leading to the
logical conclusion that Palaeocopa is a polyphyletic group
as noted above. An alternative solution is those adopted by
Vannier et al. (1989) giving to the palaeocopes the taxonomic
rank of a suborder and a more restricted definition. Therefore,
it becomes necessary to revise the taxonomy position of this
rich Palaeozoic group within a more complete framework
of the Class Ostracoda where both living and fossil taxa are
considered. A seminal contribution to this conundrum will be
offered by the potential discovery of limb-bearing Palaeozoic
specimens of groups such as the kirkbyocopids.

We close this discussion offering in the figure 20 our
view on the place of the Order Punciocopida, restricted to
the superfamily Puncioidea, as belonging to the Subclass
Podocopa.
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Halocypridae Bairdiocopina Cypridocopina
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Figure 20. Revised version of the phylogenetic tree for Recent Ostracoda groups from G.W. Miiller, 1894, modified as indicated in this text.

Figure 21. a-c — Sequence of the predatory reaction of Heterocypris incongruens before and after injuring a midge larva (Chironomus plumosus)
(Images extracted from the videoclip of Danielopol et al., 2019).
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4.3. THE MODEST SPECIES RICHNESS OF PUNCIOIDEA -
PROPOSAL FOR A NON-TRIVIAL EXPLANATION

The low species richness of the superfamily Puncioidea
with representatives existing other a wide area, from both
Southernand Northernhemispheres(Table 2),inthe contextof
the general pattern of the marine ostracod benthic radiations
(Horne, 2003), is surprising. The record of representatives of
this group over a long period of time, from the Lower Norian,
Upper Triassic, i.e. about 210Mya (Kozur, 1998) to present day,
invites some potential explanation. Acknowledging that the
habit and life cycle of punciids remain poorly understood.
Such a similar situation existed with the thaumatocyprids
when these were discovered in anchialine caves (Danielopol,
1972). Since then a dozen species have been discovered in
marine caves in the Atlantic, Pacific and the Indian Oceans
(Danielopol et al., 2000; Humphreys et al., 2009). However
even for areas where ostracods have been relatively-well
investigated such as the coast of Japan, New Zealand and
Australia, punciids were, and remain rare. Acknowledging
that one contributing factor might be that that animals and
especially the valves are rapidly destroyed in marine habitats
with strong currents and unstable abrasive sandy sediments.

We propose here an alternative possibility derived from
the assumption that the punciids actively search for their
optimal environment, which once achieved, leads to the
establishment of a viable and stable population. In other
words punciids actively construct their own niche. Such an
active exploration of the environment with a constant search
for energetic resources or congeners has been documented
in many non-marine ostracods, especially those belonging
to the superfamily Cypridoidea. Danielopol et al. (2019)

recorded using video-techniques, the constant movements
of a groundwater dwelling ostracod, Cryptocandona kieferi
Klie and those of a surface water dwelling, Heterocypris
incongruens Ramdohr. For the former species, extremely
long time spent in search of food, an adaptive behaviour
for animals living in the oligotrophic environment of
subterranean waters. The movement of the latter species
in video, demonstrates their predatory life-style involves
active chemical perception of their surroundings. Figure 21,
a-c, presents a succession of the Heterocypris incongruens
movements and the way the crustaceans aggregate on the
midge prey (Chironomus plumosus L.). Similar observations,
namely the demonstration of the active search as movement
of ostracods can be seen also in the video-clips of Robin J.
Smith placed on the home page of the Biwa laboratory
(Smith, 2019).

The difference between the punciids and cypridoids is
most obvious in their sensorial morphological equipment.
The antennary equipment of the Manawa staceyi is devoid
of aesthetascs, chemosesorial organs (Fig. 16b) while those
of cypridoids, such as the antennae of Candona sanociensis
Sywula (Fig. 17a-h and 18a-b), present five different types of
aesthetascs, with additional sensorial setae “t” of the male
being used for communication with the female during the
mating process (Danielopol, 1978; Horne et al., 1998). Both
Candona and Heterocypris are known as genera with a high
number of species (Meisch et al., 2019).

Additionally, it should be noted that ostracod groups
which move actively in their environment (crawling or
swimming as is the case for most of the Cypridoidea), are
also species rich. Manawa staceyi as mentioned above

Figure 22. Virtual model using 4-D hypercube representations for the ways ostracods possibly perceive their surrounding environment: a —
Manawa staceyi, “Flatland” type; b — Candona neglecta, “Spaceland” type (additional explanation, see text) (graphics Danielopol).
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moves slowly on /in the sandy substrate. Finally, one has to
mention that Swanson (1989b) postulated that juveniles of
M. staceyi having flat and very light valves could disperse by
floating in the marine waters. This would explain the wide
biogeographic distribution of the punciids mentioned above.
However Boeckner et al. (2009) demonstrated experimentally
that meiofauna which is able to disperse through the column
of water over large distances is represented mainly by animals
which are able actively to leave their benthic substrate.
Apparently this is not the case of M. staceyi which has a
morphology typical for psammobiotic animals as previously
documented. Hhowever, KMS has noted that in this regard
Puncia, the other ‘extant’ punciid found in New Zealand
waters, remains enigmatic. Valves of this frilled species are
recovered (even more rarely than specimens of Manawa)
from equivalent environments, but juveniles of same size
have never been found by him. This leading to a speculative
suggestion that perhaps within the punciids, a planktic
lifestyle has developed in adults, this then accounting for the
hemispheric distribution of same.

There is an obvious contrast in the sensorial chaetotaxic
equipment and the way that punciids and the non-marine
cypridoids possibly define their environmental space. The
punciids, such as the psammobiotic M. staceyi, seem to
perceive the surrounding space within a flat, quasi two
dimension system (Fig. 22a). The cypridoids (Fig. 22b), on
the other hand, as a result of their movement and well
developed chemo-sensorial organs perceive the aquatic
environment within a higher dimensional space, named by
Poincaré (1902/1968) “representative space” The two groups,
each with different perceptive capacities will be named,
Flatlanders and Spacelanders. These are metaphoric names
used already by Turvey (2019) for similar functional groups
and were derived from the Abbott’s fiction tale “Flatland, a
romance of many dimensions” (Abbott, 1884/ 2013).

5. CONCLUSION: NEW PERSPECTIVES
FROM THE REINVESTIGATION OF
MORPHOLOGICAL TRAITS OF MANAWA
STACEYI AND ITS RELATED TAXA.

The concluding remarks presented below are based on
the assumption that the morphological traits of Manawa
staceyi are representative for the Puncioidea, as a whole, that
now raised to the status of an Order, the Punciocopida:

1. The body plan of Puncioidea tracks that pattern exhibited
by Podocopa, namely it displays a ventral polarity with
specific characteristics, the presence of lateral extension
of thelimbs during theirambulatory and feeding activities
and a wide-gape, horizontal extension of the valves. In
our opinion this is not a primitive state for Ostracoda but
rather a derived one, with an extended geological record.
This assertion should be further examined using new
information.

2. The re-examination of the morphology of the limbs
of Manawa staceyi then allows the punciids to be

3.

5.

considered taxonomically, as an Order, the Punciocopida,
within the Subclass Podocopa. This taxon proposed
initially by Schallreuter (1968) receives here an enlarged
diagnosis based mainly on limb traits. We propose to
restrict the content of the Order Punciocopida to the
ostracods belonging to the superfamily Puncioidea. The
exact phylogenetic relationships between the Palaeozoic
kirkbyocopines, and the post-Palaeozoic punciids, have
to be re-evaluated.

The status of the Subclass Palaeocopa as defined by
Henningsmoen (1953) can only be resolved more
accurately after studies of new possible finds of limb-
bearing material of, for example, kirkbyocopines and
similar taxa.

We assume that the morphologic pattern of the horizontal
position of the valves and limbs during the life activity, as
observed in Manawa staceyi is not a primitive organismal
state, but one derived from an ostracod with sagittal
position of the body, with a narrow gape of the open
valves, with bilateral position of the limbs (especially the
male copulatory complex), with antennal and thoracic
legs without morphologic transformation of the distal
phanerae for substrate fixation. The peculiar aspects
of the morphology of Manawa staceyi are considered
adaptations to the special dynamic aquatic environment
in which those ostracods live, coarse-grained sediments
in which their habitat is dominated by grain surface and
inter-granular spaces. Therefore, we consider it necessary
to reinvestigate the problem of homeomorphic traits
as convergent adaptive solutions adopted by different
benthic ostracods groups.

The pediform shape of the maxillulary endopodite is
interpreted as an expression of a deep homology process,
the result of parallel evolution within the Podocopa. We
have noted equivalent situations, also requiring further
investigation and data.

As a non-trivial hypothesis, we propose that the reduced
capacity of niche construction of punciids (viz. the
obvious reduced sensorial capacity for explorative
perception and activity, as compared to the non-marine
Cypridoidea), is an important constraining factor for the
evolutionary diversification of this group. Most probably
other factors contribute to the biological rarity problem
of punciocopids too. For instance the low evolvability
aspect as we perceive it from the restricted taxonomic
diversity. Therefore, additional investigations related to
this topic are needed.

Finally, we suggest as a realistic perspective for the next
period of scientific investigations on Ostracoda, that such
effort should concentrate on a detailed examination of
the morphology of those Palaeozoic ostracod groups
which possess apparent phylogenetic affinities to the
Punciocopida, the resultant data then being applied
using the approaches discussed and/or illustrated here.
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