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phyllopodous thoracic limbs of a
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conchostracan (Leptestheria sp.), with
comments on the use of Phyllopoda as a
taxonomic category

Joei W. Martin and Jennifer C. Christiansen

Abstract: The fourth thoracic appendage of an adult female Nebalia sp. (class Malacostraca, order
Leptostraca) is compared with that of an adult female Leptestheria sp. {class Branchiopoda, order
Spinicaudata). Although these limbs are **phyllopodous’ (flattened, leaflike) in both orders, they differ
markedly in the size and arrangement of endites, type and number of setae, and function. Setal types
found on the fourth thoracopod of Nebalia sp. are variations of a basic plumose or plumodentate seta,
and the diversity of setal types is low. None of the setae is annulate, a distinction in setal formation. In
contrast, on the fourth thoracopod of Leprestheria sp. there is a wide variety of setal types and stout
spines, some of which have been reported from other ‘‘conchostracans’’ (orders Spinicaudata and
Laevicaudata) but not from the thoracopods of any leptostracan. Nearly all of the setae are annulate.
Thus, the single character {phyllopodous thoracic appendages) supposedly linking leptostracans and
branchiopods in some classificatory schemes (e.g., the class Phyllopoda sensu Schram) has clearly
arisen independently in these two taxa and in several other crustacean groups, and cannot be used as an
indicator of phylogenetic affinity. The rejection of the class Phyllopoda as defined by Schram is
supported, as are arguments for retention of leptostracans within the Malacostraca. The use of
Phyllopoda as a taxonomic name, regardless of which crustacean groups are considered to compose the
taxon, is discouraged in light of the rather convoluted history and inconsistent application of this term.

Résumé : Le quatritme appendice thoracique d’une femelle adulte de Nebalia sp. {classe Malacostraca,
ordre Leptostraca) est comparé a celui d’'une femelle adulte de Leptestheria sp. {classe Branchiopoda,
ordre Spinicaudata). Maigré leur qualificatif de « phyllopodes » {aplatis, en forme de feuille) chez les
deux ordres, ces membres sont trés distincts par la taille et 'arrangement de leurs endites, par le type et
le nombre de leurs soies et par leur fonctionnement. Les soies trouvées sur le quatriéme thoracopode de
Nebalia sp. sont des variations du modgle de base d'une soie plumeuse ou plumodentée et la diversité
des soies est faible. Aucune de ces soies n’est annelée, un caractere distinctif dans la formation des
soies. Par ailleurs, il existe sur le quatridme thoracopode de Leprestheria sp. une grande variété de
types de soies et de grosses épines, certains déja observés chez d’autres « choncostracés » (ordres
Spinicaudata et Laevicaudata), mais pas sur les thoracopodes des leptostracés. Presque toutes les soies
sont annelées. Donc, la seule caractéristique (appendices thoraciques phyllopodes) supposée relier les
leptostracés et les branchiopodes dans certains systémes de classification {e.g., la classe Phyllopoda
sensu Schram) est de toute évidence apparue indépendamment chez les deux taxons et chez plusieurs
autres groupes de crustacés, et ne peut donc pas servir d’indice d'affinités phylogénétiques. L"abandon
de la classe des Phyllopoda telle que définie par Schram est justifiée, de méme que le sont les
arguments en faveur du maintien de ’ordre des leptostracés parmi les malacostracés. L utilisation du
Phyliopodes pour désigner un taxon est donc déconseiliée. quel que soit le groupe de crustacé dont on
parle, puisque le terme ne semble pas avoir ét€ toujours employé de fagon cohérente.
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Fig. 1. Fourth thoracic appendage of a female of an undescribed species of Nebalia from the coast of southern California. (a) Entire
limb, medial side toward the right, distal at the bottom. (b) ‘‘Naked™ setae of the distolateral part of the exopod (see a) at higher
magnification. (¢} Naked (actually minutely serrulate) seta on the lateral border of the exopod. SEM. (d) Distal segment of endopod
at higher magnification, showing densely setulate setae lacking an annulus. (¢) Larger diameter plumose setae typical of the medial
border of the endopod. (f) Thinner, more densely plumose setae arising from a curved row at the base of the protopod.

(g) Overlapping thin and thick plumose setae from the same area as in f. SEM. Scale bars: 1.6 mm for 2; 0.5 mm for ¢~f;

50 um for b and g.

Introduction

As an obvious adaptation for swimming or for generating
water currents, flattened, leaflike limbs have arisen in a large
number of marine invertebrate taxa. This is particularly true
among the Crustacea, a group that is third in species number
but undoubtedly foremost in terms of morphological diver-
sity (= disparity; see Fryer 1985; Martin 1992). Natatory,
or at least leaflike, appendages are present even in those
crustacean taxa whose predominant mode of locomotion is
not swimming; for example, the abdomen of reptant decapods
nearly always bears leaflike pleopods, which are employed
for a variety of purposes depending upon the taxon.
Although limb morphology is often used as a basis for
crustacean classification, the great morphological plasticity
of crustacean appendages means that there is always some
risk in doing so. In the case of the various crustacean taxa
sometimes referred to as phyllopods (see the Discussion and
also Fryer 1987; Dahl 1987) it is clear that a number of
unrelated taxa have independently developed this type of
limb. Nevertheless, the idea that some of these phyllopodous
groups may be related (based mostly on shared possession of
these limbs) is an old and persistent one. According to Dahl
(1987), Milne Edwards regarded leptostracans and branchio-
pods as members of the same taxon as early as 1840; Schram
(1986, p. 543) credits an earlier paper by Latreille (1825) for
the first use of Phyllopoda as a formal taxonomic name. In
the most recent compendium that attempts to cover the entire
Crustacea, Schram (1986) revived this grouping, encompass-
ing under the heading Phyllopoda the branchiopods, cephalo-
carids, and leptostracans. Because Schram’s classification
appeared in book form, whereas critical reviews of that work
appeared in scientific journals (e.g., Abele 1987; Dahi 1987;
Fryer 1987), there is the possibility that some subsequent popu-
lar or textbook accounts of the Crustacea will perpetuate this
concept of the Phyllopoda. For example, in the newest edi-
tion of Meglitch’s textbook Invertebrate Zoology (coauthored
by Schram) this usage appears without any mention of doubt
or concern about the arrangement (Meglitsch and Schram
1991, p. 476). Thus, the beginning student of crustacean
morphology and phylogeny might be led to believe, despite
a rather large amount of evidence to the contrary (e.g., Hessler
and Newman 1975; Dahl 1987, 1992), that this concept of
the Phyllopoda is, in fact, a viable alternative to the tradi-
tional placement of leptostracans within the Malacostraca
and the treatment of the cephalocarids as a separate crusta-
cean class, In this paper we address what might be regarded
as the sole synapomorphy proposed for the recognition of a
class Phyllopoda (e.g., Schram 1986), the presence of poly-
ramous and foliaceous limbs. Dahl (1987, 1992) has addressed
the question of polyramy (a basic feature of malacostracans
and so not a phyliopod synapomorphy; see also Hessler and

Newman 1975). He noted also that foliaceous limbs are
possessed by a number of other taxa, are not always indica-
tive of filter feeding, and are quite different between lep-
tostracans and branchiopods. We provide additional evidence
from studies at an uitrastructural level showing how these
limbs differ in derivation, form, and function.

Materials and methods

Specimens of a large (to 15 mm total length) undescribed
species of the leptostracan genus Nebalia were sent to us by
E. Vetter, Scripps Institution of Oceanography, La Jolla,
California. The specimens were collected on 29 February
1992 using an air-powered suction device on a detrital mat
at the head of Scripps Canyon, approximately 1000 m north
of the Scripps Institution pier, La Jolla, California, 32°52.5'N,
117°15.5'W, at a depth of 19 m. Sediment and debris col-
lected in this manner were washed through a 55-um sieve.
Animals were preserved in 4% formalin in seawater and later
transferred to 70% ethyl alcohol.

Specimens of the spinicaudatan conchostracan genus
Leptestheria were taken from a large collection in the Natural
History Museum of Los Angeles County. These specimens are
readily identifiable as Leprestheria compleximanus (Packard)
(see Martin and Cash-Clark 1993). The specimens lack data
concerning date or place of collection, but are presumably
from the southwestern United States, considering the known
range of L. compleximanus. We used only adult females of
both species, and removed and illustrated only the fourth
thoracic appendage for both taxa.

Drawings were made with the aid of a Wild MSAPO dis-
secting stereomicroscope and a Nikon Labophot compound
microscope, each equipped with a camera lucida. Specimens

. prepared for scanning electron microscopy (SEM) observa-

tion (for photography and to verify our light microscopy
observations) were dehydrated in a graduated ethanol series,
dried using hexamethyldisilazane (Nation 1983), and mounted
with carbon tape prior to sputter-coating with gold and view-
ing with a Cambridge 360 stereoscan electron microscope.

Results

Nebalia sp. (Fig. 1)

In Nebalia sp. (Fig. 1a), the endopod is essentially undivided,
or at most weakly incised, along its medial edge, and all of
the setation consists of short to long plumose setae. The dis-
tinction between the endopod and the protopod is not clear,
and neither is the distinction between the ‘‘proximal endite”
and more distal endites (but see Walossek 1993). Divisions
of the endopod are most evident distally, where three seg-
ments can be discerned, and subdivisions are more evident
in more anterior thoracopods and in some other species






