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Abstract Thoracopods of juvenile Tantulocarida (Crustacea) show a great deal of similarity with 
the postantennular appendages, especially the mandible, of some maxillopodan nauplii such as cope
pods, cirripeds, and Hansen's y larvae. The phylogenetic implication of this similarity is discussed 
within the context of the possible origin oftantulocarid thoracopods. 

The class Tantulocarida was erected by Boxshall & Lincoln (1983) to accom

modate four species of ectoparasitic crustaceans: Basipodella harpacticola Becker, 
1975, B. atlantica Boxshall et Lincoln, 1983, Deoterthron dentatum Bradford et Hewitt, 

1980, and D. aselloticola Boxshall et Lincoln, 1983. Later on, a fifth member of 

the class, D. megacephala Lincoln et Boxshall, 1983, was added and a sound definition 
of the class seems to have been reached. However, the systematic position of this 
group ofthe Crustacea is still debatable. The first species, B. harpacticola, was reported 
as a copepod by Becker (1975), but Bradford & Hewitt (1980) asserted that Basi
podella and their new genus Deoterthron were "cirripeds with characters in common 

with both Rhizocepha1a and Ascothoracica," and so placed them within the Maxil
lopoda. Bradford & Hewitt's opinion, however, was rejected by Boxshall & Lincoln 
(1983) who erected for these crustaceans a new taxon called Tantulocarida and 

treated it at the same rank with the Copepoda and Cirripedia. Certain thoracopods 
of B. harpacticola and D. aselloticola bear an endite with a seta on the protopodite; 
this nature was considered by Boxshall & Lincoln (1983, p. 15) as a major feature 
to distinguish the tantulocarids from "all other groups at the maxillopodan level of 
organization." Their argument is apparently based upon a view point that "all 
other groups at the maxillopodan level of organization" are devoid of thoracopodal 

endite (see also Hessler, 1982, p. 163, for the absence of the endite in the Maxil
lopoda). As pointed out by them, it is true that the thoracopods of tantulocarids 
clearly differ from the thoracic appendages of adult and juvenile maxillopodans, 

especially in respect of the endite. However, it is also true that certain structure 
which resembles the endite of the tantulocarid thoracopods does exist on the post

antennular appendages of some (but not all) nauplius larvae of crustaceans "at the 
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maxillopodan level of organization." Moreover, the peculiar endopodite on the 

tantulocarid thoracopods may be indeed related to the endopodite of postantennular 
appendages found in some maxillopodan nauplii. Be that as it may, I shall demon

strate in the following some general similarity in the basic morphology, which have 

so far been overlooked or underestimated, between the tantulocarid thoracopods and 

certain postantennular appendages of nauplius (including metanauplius) larvae of 
some maxillopodans (hence, malacostracans and most of non-maxillopodan taxa 

are excluded from the following discussion). I shall also entertain another possible 

interpretation on the phylogenetic significance of this peculiar tantulocarid thoraco
pods. 

Before entering the mam subject, it is necessary to comment on the usage of 

the term 'maxillopodan' because the taxonomic validity of the Maxillopoda Dahl 

itself is still a matter of debate (see F.R. Schram, 1982, Hessler, 1982, Boxshall, 
1983, Grygier, 1983). In the present paper, I do not intend to discuss the validity 

of the Maxillopoda as a taxon, and the term is used throughout the section I for 

the convenience of referring to an informal group including copepods, cirripeds in 
the strict sence (excluding ascothoracids) and the crustaceans known as Hansen's y 

larvae (nauplius y and cypris y, see T.A. Schram, 1970a, b, 1972; genus name will 
be given in Ito, in press). Although ascothoracids, which were separated from the 

Cirripedia and placed under a formal taxon Ascothoracida by W agin ( 194 7) and 

that was asserted by Grygier ( 1983, 1984b) to form a stem group of the Maxillopoda, 
they are purposely omitted from the following discussion because their endite-less 
naupliar appendages are of little value for discussion in the section I, though an 

exceptional case is known for the nauplius of Baccalaureus japonicus Broch reported 
by Yosii (1931). The Branchiura, in spite of its inclusion in Dahl's Maxillopoda, 

is also disregarded in the section 1 because their larvae are not comparable to the 

nauplius or metanauplius of other maxillopodans. Mystacocarids, which are "the 
weakest component of the Maxillopoda" (Boxshall & Lincoln, 1983, p. 14), also 
are disregarded in the section 1, since their naupliar antenna and mandible have 

much developed rami than those of other maxillopodan nauplii, though certain 
relations are seen between them (see Delamare Deboutteville, 1953). Recently, 

Grygier (1984·b: unpublished thesis) proposed a new classificatory system of the 
Maxillopoda including Hansen's y larvae. Although I agree in his system of maxil
lopodan classification, I do not adopt it here for the sake of avoiding confusion about 
the date if and when his thesis is published. 

1. Tantulocarid Thoracopods and Naupliar Appendages of Maxillopoda 

1-1. Thoracopods of juvenile Tantulocarida. 

All known tantulocarid adults show a strong degenerative development owing 

to their parasitic mode of life, and their thoracopods are not exemplified, though 

an endite persists on each of their thoracopods except for the last pair. Contrary 
to the adult, juvenile tantulocarids, even though they are parasitic, have somewhat 
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Fig. 1. Comparison of a tantulocarid thoracopod and naupliar appendages of some maxillopodans. 
A. Second thoracopod of a juvenile of the tantulocarid Deoterthron aselloticola (after Boxshall 
& Lincoln, 1983); B, C. Mandible of Nl and NVI of the harpacticoid copepod Cantho
camptus mirabilis (after I t6 & Takashio, 1980); D. Mandible of NI of the harpacticoid 
copepod Longipedia coronata (after Nicholls, 1935); E. Mandible of Nl of the harpacticoid 
copepod Canuella perplexa (after Vincx & Heip, 1979, modified); F. Mandible of NI of the 
cyclopoid copepod Oithona brevicornis (after Uchirna, 1979, modified); G, H. Mandible of 
NI and NVI of the calanoid copepod Centropages typicus (after Lawson & Grice, 1970); 
I. NI of the cirriped Balanus amphitrite hawaiiensis (after Hudinaga & Kasahara, 1942, 
modified); .J. Mandible of NV of the cirriped Balanus eburneus (after Costlow & Bookhout, 
1957, modified); K, L. Second antenna and mandible of Hansen's nauplius y (after 
Schram, 1972, modified). 
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less modified thoracopods, hence, they are taken on for comparison. The second 

thoracopod of a juvenile D. aselloticola illustrated in Fig. 1-A is used to represent 

the tantulocarid thoracopods 1-5 (thoracopod 6 is rudimentary). 

Lincoln & Boxshall (1983) reported a spoon-shaped spine, instead of two spi

nules, on each endopodite of thoracopods 2-5 of D. dentatum and D. megacephala. 
This means that the two apical spines on the endopodite illustrated in Fig. 1-A 

may be considered as the chitinous rims of such a spoon-shaped spine. The struc

ture of the juvenile thoracopods 1-5 seems to be less variable when other species 
are taken into consideration. Some notable deviations from the representative 

thoracopod illustrated in Fig. 1-A are as follows: the endopodite of thoracopod 1 

has only one seta (in D. megacephala) or no seta (in D. aselloticola) and the exopodite 

ofthoracopod 1 (in D. dentatum) has only two setae. 

1-2. Endite. 

The endite of tantulocarid thoracopods is represented by a simple process aris

ing from the proximal inner edge of the protopodite and bearing a short apical seta. 

Next, I shall enumerate the similar structure found in some maxillopodan naupliar 

appendages. 
Fig. 1-B shows the mandible of the nauplius I (the first nauplius) of Cantho

camptus mirabilis Sterba (Copepoda, Harpacticoida) reported by It6 & Takashio 
(1980). Although this species is not primitive among harpacticoids, its naupliar 

mandible bears the elements that are comparable with the tantulocarid thoracopods. 

This naupliar mandible consists of two-segmented protopodite (sympodite), exo
podite, and endopodite. As it can be seen in the figure, a seta arises from the inner 

edge of the short proximal segment of the protopodite. (Since the identity of this 

segment -precoxa or coxa- is a matter of dispute (cf. Lang, 1965, p. 10, Rosen

field, 1967, p. 22), I call it simply 'proximal segment' in the present paper.) At 
later naupliar stages of this harpacticoid, the proximal segment becomes protruded 
inwards (Fig. 1-C). I find this protuberance bearing a seta closely resembles the 

endite of the tantulocarid thoracopods ( cf. Figs 1-A and 1-C). 

A similar structure, though its protrudent feature is not as well developed, 
is found in the naupliar mandible of other harpacticoid genera, e.g., Longipedia (Gur

ney, 1930; Nicholls, 1935, see Fig. 1-D; Onbe, 1984), Canuella (Vincx & Heip, 

1979, see Fig. 1-E), Tigriopus (It6, 1970), Paramphiascella (Rosenfield & Coull, 1974), 

cyclopoid genera, e.g., Oithona (Uchima, 1979, see Fig. 1-F), Apocyclops (Valderhaug 

& Kewalramai, 1979, Cyclops (Ewers, 1930), and poecilostomatoid genera, e.g., 

Paranthessius (Briggs, 1977) and Lichomolgus (Costanzo, 1969). Although similar 
structure is found also in the naupliar mandibles of calanoid copepods, the proximal 

segment of the protopodite of their naupliar mandibles is usually transformed into 
a masticatory segment at later stages like the one seen in the copepodids (see Lawson 
& Grice, 1970, for Centropages typicus: cf. Figs 1-G and 1-H). 

The similarity between the nauplii of certain copepods and cirripeds has re
peatedly been pointed out in the literature (Gurney, 1930; Nicholls, 1935; Lang, 
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1948; Newman, 1982), and their mandibles are of course the core of the case. Fig. 
1-I shows the nauplius I of Balanus amphitrite hawaiiensis Brach as given by Hudinaga 

& Kasahara ( 1942). In this cirriped, the proximal segment of the mandible is 
slightly protruded inward and bears a seta during the nauplius I but two setae or 

spines at later naupliar stages. The same or similar structures are found also in 
other cirripeds, e.g., B. amphitrite denticulata Broch and B. eburneus Gould reported by 

Costlow & Bookhout (1957, see Fig. 1-:J; 1958), and in B. balanoides (L.) and B. 
balanus (L.) (see Crisp, 1962). 

Although the systematic position of the enigmatic crustacean larvae called 
nauplius y (Hansen, 1899) and their later developmental stage, cypris y, has long 

been discussed especially in relation with cirripeds and ascothoracids (Bresciani, 

1965; T.A. Schram, 1970a, 1972; Hessler, 1982; Grygier, 1983; see also lt6 & 
Ohtsuka, 1984, and It6, 1984), they have recently been recognized as a distinct 
taxon equivalent to Cirripedia and Ascothoracida within the Maxillopoda (Grygier, 

1984b). According to T.A. Schram (1970b, 1972), the mandible of his nauplius y 
has a short seta on the inner edge of the proximal segment of the protopodite (Fig. 
1-L). This structure is reminiscent of the one found in the naupliar mandible of 

copepods and cirripeds. Here, I would like to emphasize that in nauplius y the 
mandible is clearly patterned after the antenna (cf. Figs 1-K and 1-L); this nature 
will be discussed further in a later section but at this point it will suffice to say that 
two forms of nauplius y without endite on their postantennular appendages are 

known in Japan, in addition to a usual form with endite (It6, unpublished). 
In short, the most obvious difference between the maxillopodan naupliar man

dible and the tantulocarid thoracopod would be that in the latter the endite arises 

from the proximal extreme of the protopodite which is not two-segmented, whilst in 
the former the endite bearing a seta which is considered as an equivalent of the 
tantulocarid endite by me is placed on the proximal segment of the two-segmented 
protopodite. As a matter of fact, there might be a possibility that Boxshall & Lin
coln (1983) had overlooked the presence of a short proximal protopodal segment 

that bears the endite. However, Dr. G.A. Boxshall has kindly re-examined the 
material of D. aselloticola upon my request and confirmed their previous observa
tion. He has informed me further that "(the endite) may as such represent the 
endite of a previously distinct segment that is now completely incorporated into 
the proto pod" (pers. comm.). The reason why tantulocarid endite does not arise 
from a proximal segment on the protopodite is out of question because there are 

maxillopodan nauplii with their much reduced proximal protopodal segment being 
protruded inwards just like tantulocarid endite. The feature found in the nauplii 
at the later stages of development in Canthocamptus mirabilis is the case in point. In 

addition, there are also some cirriped nauplii whose proximal segment of the man
dibular protopodite is not clearly delimited, rather, it is only represented by a par

ticular form and armature that occur on the inner edge of the protopodite (see Fig. 

1-J). Hence, I think there is little difficulty in calling a particular seta-bearing 

inner portion of the proximal segment of two-segmented protopodite (sympodite) 
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of the naupliar mandible of maxillopodans homologous to the endite of the tan

tulocarid thoracopods. However, question can be raised regarding to the validity 

of the comparison that was made above between the thoracopods of tantulocarids 
and the non-thoracic appendages (mandible) of maxillopodans. Before clearing this 

point, similarity in the general structure between the tantulocarid thoracopods 

and the postantennular appendages of maxillopodan nauplii must be elucidated 

as the basis for further discussion. 

1-3. General similarity. 

The endopodites of thoracopods 2-5 of juvenile Deoterthron aselloticola show no 

structural difference. They are consisted of a peculiar segment which extends some

what inwards, bears medially (ventrally) two juxtaposed setae, and appears masti
catory in function. No maxillopodan adults or juveniles have such endopodites 

on the thoracic appendages, but nauplii of certain maxillopodans have their ap

pendages with endopodite similar to those found in the tantulocarid thoracopods. 

The mandibular endopodite of the nauplius I of Canthocamptus mirabilis (Fig. 1-B) 

consists of two elements: a strong proximal segment with masticatory inner edge 
and a small ventral outgrowth. The proximal segment is greatly extended inward 
and armed with two comb-like apical spines and a subterminal seta; the ventral 

outgrowth is formed near the outer (ventral) base of the proximal segment and 

bears a few juxtaposed setae. There is no doubt that these two elements of Cantho
camptus are homologous to the two well-defined endopodal segments found in other 

'primitive' harpacticoids such as Longipedia (Fig. 1-D) and Canuella (Fig. 1-E). 

Moreover, the proximal segment of the latter genera also exhibits a trend to form 

a masticatory armature even though it is not as prominent as in C. mirabilis. The 

mandibular endopodite of Oithona brevicornis nauplii (Fig. 1-F) is simpler than those 
of the harpacticoids mentioned above: The proximal segment is clearly extended 

inward and armed with two inner spines which are not basally delimited; the 
distal segment is tipped with two setae. If this distal segment were reduced and 

represented by the remaining two juxtaposed setae, the modified endopodite would 

closely approach the one found in the tantulocarids. The mandibular endopodites 
of cirriped nauplii can also be explained in the same plan as described above, though 

their segmentation is not as clear (Fig. 1-I, J). On the other hand, the endopodite 
of the mandible of nauplius y (Fig. 1-L) consists of two segments, the first shows 

an underdeveloped masticatory structure, armed with a spine and a seta and the 

second bears two apical setae. While the armature is like that of 0. brevicornis its 
second segment is distinctly shorter. This shorter distal segment with two apical 

setae approaches closer to the tantulocarid feature where the distal 'segment' is 

represented by two juxtaposed setae. In addition, I would like to emphasize here, 
as in the case of the endite, that there is no structural difference between the man
dibular endopodite and the antenna! endopodite of nauplius y (see Fig. 1-K, L). 

Based on the above discussion, it is apparent that the peculiar endopodite of 
the tantulocarid thoracopods, which appears masticatory, is more in line with the 



TANTULOCARID AND MAXILLOPODAN APPENDAGES 157 

first mandibular endopodal segment (masticatory or underdeveloped masticatory) 
of some maxillopodan nauplii than with the thoracic appendages of maxillopodan 

adults or juveniles. If this assumption is accepted, then, we can assume further 
that the two juxtaposed setae on the endopodite of tantulocarid thoracopods re
present a reduced feature of a setiferous second segment which is equivalent to the 

setiferous second endopodal segment found in the mandible of these maxillopodan 

nauplii. 
The exopodite of the thoracopods 1-5 of Deoterthron aselloticola is represented 

by a short, rudimentary segment bearing four setae which are not clearly defined 
at base (Fig. A-1). This feature is quite different from a typical maxillopodan 
thoracopods of either adult or juvenile. Nevertheless, an exopodite possessing four 

setae is found in the naupliar mandible of certain copepods that were noted above. 

For instance, Canthocamptus mirabilis has four setae on its two-segmented exopodite 

(Fig. 1-B), and Oithona brevicornis has four setae on the four-segmented exopodite 
(Fig. 1-F). Similarly, Centropages typicus has five to six setae on its mandibular 

exopodite which consists of one to four segments according with stage (Fig. 1-G, 
H), Longipedia coronata has six setae on its four-segmented exopodite (Fig. 1-D), 
and Canuella perplexa has five or six setae on its four-segmented exopodite (Fig. 1-E). 
Longipedia and Canuella are generally regarded as primitive members of harpacti
coids (Lang, 1948; Por, 1984), therefore, it is likely that their four-segmented ftagel

liform exopodites also represent a primitive state. If this is the case, then, the 

exopodite of less than four segments must represents a derived state, at least for 
harpacticoid nauplii. It is notewcrtby that Bcxshall et al. (1984) considered that 
the ancestral (adult) copepod bore a mandible with five or six segments in the exo
podite. On the other hand, the mandibles cf cirriped nauplii mentioned above 

(Fig. 1-I, J) have four to six setae on their exopodites which consist of at least four 
segments, reminding one of the counterpart found in the copepods, especially the 
species of Longipedia. The Atlantic forms of nauplius y reported by T.A. Schram 
(l970b, 1972) have five setae on the mandibular exopodite which is similar to the 
antenna] exopodite and consists of three or four distinct segments with one or two 
questionable 'segments' (Fig. 1-L. See also Bresciani, 1965). These examples 
strongly suggest that the mandibular exopodite of maxillopodan nauplii is represented 
by a multisegmented ftagelliform ramus, basically consisting of at least four seg
ments with each of them bearing a lateral seta except for the terminal segment which 

may have two setae. If the segments of a four-segmented exopodite bearing four 
setae (one on each segment as in Oithona brevicornis: see Fig. 1-F) were reduced, 
it would assume very likely a condition that is typical of the tantulocarid thoracopod. 

There are many known examples that certain setae represent the remnants of their 
original segments when they were not fused with each other (Lang, 1948; see also 

Ita, 1982). Although the original number of exopodal segments of the tantulo

carid thoracopod is yet to be determined, it would not be illogical to assume that 
there is a basic structural similarity between the exopodite of tantulocarid thoracopod 

and that of the naupliar mandible of maxillopodans. 
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As repeatedly pointed out above, a close resemblance is found between the 
mandible and the antenna of nauplius y. It can be said that there is no difference 

in their basic structure. Although not so obvious as the case in nauplius y, some 
similarity between the mandible and antenna can be found also in other maxillo

podan nauplii (see Williamson, 1982, p. 70). In most cases, with the exception of 

later naupliar stages of some calanoids, the antenna of the feeding maxillopodan 

nauplius has a well-developed masticatory edge on the proximal part of the proto
podite (see Fig. 1--I), whilst their mandible is devoid of such structure, instead, it has 

a simple enclitic process(es). The most prominent difference between them is in 
the presence or absence of this masticatory edge. If this difference in the proximal 

part of the protopodite is disregarded, the essential difference between the naupliar 
mandible and antenna of maxillopodans would be no longer present. The only 

other difference, that is not essential, is the number of exopodal segments; the 
antenna! exopodite usually has more segments than the mandibular exopodite. 

For the convenience of further discussions, the maxillopodan naupliar antenna and 

mandible are separated into three main types based upon the structure of their 

protopodites (or sympodites) (see Fig. 2). The one (Fig. 2-A) characterized by 
the possession of a sclerotized masticatory edge or similar masticatory armature 
consisting of a large and spiniform, unarticulated, process with or without spines 
and setae on its proximal segment (or proximal portion, if it is not clearly separated 

A B c 
Fig. 2. Three models of naupliar postantennular appendages of maxillopodans, with respect to 

the armature of the proximal segment of sympodite. A. Mandible-type appendage with 
masticatory sympodite; B. Mandible-type appendage with submasticatm:v sympodite; C. 
Appendage with non-masticatmy sympodite. 
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into two segments) is called 'masticatory' sympodite; the one (Fig. 2-B) charac
terized by the possession of a simple endite with a small apical seta (or spine) arising 
from a well-definable base is called 'submasticatory' sympodite; and the one (Fig. 
2-C) without any trace of endite is called 'non-masticatory' sympodite. Two exam

ples of masticatory sympodite are seen in Fig. 1: the antenna of Balanus nauplius 
(Fig. 1-I) and the mandible at a later naupliar stage ofCentropages (Fig. 1-H). Both 

antenna and mandible of nauplius y illustrated in Fig. 1 are of submasticatory sym
podite, and naupliar antenna and mandible of usual ascothoracids (Wagin, 1947; 

Brattstrom, 1948) are of non-masticatory sympodite, though both antenna and 
mandible of Baccalaureus japonicus Broch illustrated by Yoshii ( 1931) are of masti
catory sympodites. Both antenna and mandible of rhizocephalans are of non

masticatory sympodite (or protopodite) (see Delage, 1884). Incidentally, the 
exopodite and endopodite of the model appendages labeled as A and B in Fig. 2 
are based upon the antenna and mandible of nauplius y, and these model appen
dages are formed to consist of the following three major elements: a multisegmented 

flagelliform exopodite, an endopodite of very few (two in the models) segments of 
which the proximalmost is inclined to form a masticatory armature, and a masti
catory or submasticatory sympodite (or protopodite with indication of two com posit 

segments). Aside from the number of segments on the exopodite and some minor 
details of both rami, appendages like these models actually exist and they are typical

ly represented by naupliar mandibles. Such an appendage is accordingly called 

a 'mandible-type' appendage. 

In the following discussion the naupliar 'antenna and mandible' will simply 
be called 'postantennular appendages', for naupliar (or metanaupliar, to be precise) 
postmandibular appendages, if present, are usually rudimentary and not functional 
even in the cases of calanoids that have unusually well-developed postmandibular 

appendages at later naupliar stages. The similarity in the general structure of 

naupliar postantennular appendages is not unique to maxillopodans (see Sanders, 
1963, p. 70, Hessler & Newman, 1973, p. 451, Hessler, 1982, p. 158), but to equate 

them with the thoracopods of juvenile tantulocarids would necessitate a considera
tion on the phylogenetic origin of the tantulocarid thoracopod. 

2. Origin of Tantulocarid Thoracopods 

In the previous section, I did not explain why thoracopods of one group of the 
Crustacea can be equated with the naupliar postantennular appendages of another 
group when these appendages are non-thoracic at juvenile and adult stages. How

ever, my assumption is supported by the fact that there is a series of mandible-type 
appendages present in some extinct crustaceans like phosphatocopine ostracodes, 

such as Vestrogothia spinata Muller, from the Upper Cambrian of Sweden (Muller, 
1979; see also McKenzie et al., 1983). Although it is still a matter of dispute whether 

these extinct crustaceans are true ostracodes (see F.R. Schram, 1982, p. 111), 

which are regarded as potentially attributable to the Maxillopoda (Newman et al., 
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1969; Hessler & Newman, 1975; Grygier, 1983), the point I am trying to make 

here is that in some primitive crustaceans there is a series of appendages that are 

devoid of essential morphological distinction between the cephalic and thoracic, 

or the oral and postoral. It should also be emphasized that these uniform append

ages resemble closely the model appendages that were developed above for the post

antennular appendages of maxillopodan nauplii (see also Grygier, 1983, p. 83, for 

the similarity of appendages between phosphatocopine ostracodes and maxillopodan 
nauplii). The basic feature of the third appendage of a phosphatocopine ostracod, 

such as Bradoriidarum sp. (Muller, 1979), is as follows: The protopodite is armed 

with spinules and forms a well-developed gnathic edge; the endopodite consists of 

two segments, with the protruded proximal segment bearing spine (and/or setae) 
to assume an underdeveloped masticatory edge and the small distal segment carrying 

two apical setae; the exopodite is of multisegmented flagelliform and armed with 

a few setae on the terminal segment apically and with a seta on each of the other 

segments unilaterally. The major difference between this ostracod appendage and 

the proposed basic plan of the postantennular appendages of maxillopodan nauplii 
lies in the number of segments of the exopodite (18 for the former's), but this differ

ence becomes insignificant if more posterior and/or underdeveloped appendages of 

ostracodes are taken into consideration. The protopodite of this appendage dis
plays some differences, it has a well-developed gnathic edge bearing many spines 

and appears like the protopodite of general trunk appendages of cephalocaridans 

and trilobites. Apart from these differences, the cases of phosphatocopine ostracodes 

with a series of practically uniform and almost mandible-type appendages clearly 

indicate that in the ancestral Crustacea (either Maxillopoda or pre-Maxillopoda) 
the mandible-type appendages were not necessarily restricted to the antenna or 

mandible, but could have occurred in further posterior appendages (first four 
or five pairs of the appendages are actually of the mandible-type for these fossil 

ostracodes). 
As a matter of fact, the similarity between postantennular appendages in an

cestral curstaceans has already been speculated by some workers, notably Sanders 

(1963) and Hessler & Newman (1975). Hessler & Newman proposed a hypothe
tical ancestral crustacean with mixopodium-type appendages on cephalon as well 

as trunk somites (to be precise, they proposed two models which differed from each 

other in the structure of the carapace). In addition, the antenna of this ancestral 

crustacean is "essentially postoral, much as in the nauplius, and shows a high degree 

of serial homology with trunk limbs." They noted further that "the postantennal 
head limbs and trunk segments all bear serially very similar limbs" (quotations 

from Cisne, 1982, p. 69). Although these characteristics were intended for the 
adult ancestral crustacean, such a level of organization is exhibited only by the 

Cephalocarida among the extant crustaceans (see Sanders, 1955, 1957, 1963). Al

though adult remipedians have a very long series of similar trunk appendages, all 
of their postantennular appendages on the head are highly differentiated (Yager, 

1981) and resemble the much differentiated head appendages of the Copepoda, 
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especially the Calanoida (Ito, 1983). In connection with the reality of Hessler & 

Newman's hypothetical urcrustacean, Cisne (1982) suggests that high similarity 
between the antenna and postantennal limbs would be a characteristic of the an

cestral crustacean's nauplius larva. Many examples are known to support that "the 
larva of the descendant represents the larval and not the adult of the ancestor" (de 

Beer, 1951). Hessler & Newman's hypothetical urcrustacean might be more ap
plicable to larval or juvenile stages than to adult of ancestral crustaceans. At any 

rate, Hessler & Newman's hypothesis seems to support my contention that it is not 

illogical to compare between the naupliar postantennular appendages of one group 
that are non-thoracic at juvenile and adult stages with the juvenile thoracic append

ages of another group. 
As already mentioned, systematic position and phylogeny of the Tantulocarida 

have been discussed by some workers mainly in relation to maxillopodans such as 
the Ascothoracida and Rhizocephala. In this connection, Boxshall & Lincoln 

(1983) were first to point out the difference between the tantulocarid thoracopods 
with endite and maxillopodan thoracic appendages in terms of the endite. They 

suggested that "the endite is derived from the cephalocaridan type of protopodal 

endite attributed to the urcrustacean by Hessler & Newman (1975) and which is 
thus regarded as plesiomorphic to the Crustacea." Their assumption of the endite 

being originated from the cephalocaridan-type protopodite might not be impossible 
and, I believe, even taking it further back to a trilobite level of origin is also feasible; 

nevertheless, especially in the case of the Tantulocarida, such backward tracking to 
very remote ancestors does make it obscure what tantulocarid thoracopods actually 
imply as an evidence of evolutional novelty. The origin of tantulocarid thoracopods 
in terms of its peculiar endite should be carefully examined in relation to maxil

lopodans and not cephalocaridans, because the protopodite of a typical cephalo
caridan limb does not have a simple and proximally placed endite with one apical 

seta, instead, there is a complex gnathic structure along its entire inner edge, which 
is separated into some lobules with many spines and/or setae. In my opinion, before 
pursuing such a direct back tracking of tantulocarid endite to cephalocaridan-type 
protopodite, one must examine the reason why the proximalmost enclitic lobule 
remained unchanged while a complete degeneration occurs in all of the other enclitic 
lobules. On the other hand, despite the fact that mandible-type appendages, as 
well as appendages supposed to have been derived from them, are common to the 
antennae and mandibles of maxillopodans (here it includes both ascothoracids and 
mystacocarids, though their appendages differ to some extent from those of other 
maxillopodan nauplii) and some non-maxillopodan crustaceans (especially, the larval 

stages of branchiopods; see Sanders, 1963, Fig. 28), it is almost only in the Maxil
lopoda that we find the kind of appendages as depicted in Fig. 2-B with submasti

catory sympodite. Hence, I find there is a certain significant difference between 

the cephalocaridan protopodites and tantulocaridan-maxillopodan protopodites 
with respect to the endite. It is assumed that from this submasticatory sympodite 
(Fig. 2-B) another form of submasticatory sympodite (Fig. 3) was developed through 
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Fig. 3. A possible derivation of the tantulocarid thoracopod (right) from a 
mandible-type appendage with submasticatory sympodite (left). 

losing setae on the distal segment, because these setae on the distal segment may 

degenerate independent of the transformation of the endite on the proximal segment. 
Tantulocarid thoracopods bear close resemblance with the postantennular 

appendages of maxillopodan nauplii, especially with the type of submasticatory 

sympodite (Fig. 3). If this view is accepted, then, the absence of intercoxal sclerite 

between each pair of thoracopods of tantulocarids (Boxshall & Lincoln, 1983, p. 12) 
would also be resolved because naupliar postantennular appendages of maxillopodans 

are devoid of intercoxal sclerite. I speculate that they were formed from a common 

basic plan and, in the case of tantulocarid thoracopods, deviation from this common 

basic plan has taken place by simplification and specialization through their parasitic 

life. 
The submasticatory sympodite in a maxillopodan nauplius appears either as 

an underdeveloped structure which becomes a masticatory form at later develop

mental stages or as an underdeveloped structure that ceases further differentiation 
at an early developmental stage. The latter case may be regarded as a degenera

tive feature. Similarly, even though some different cases might be equally possible, 

the protopodite of the extant tantulocarids may be postulated as the one showing 
a degenerative feature of their immediate ancestor with submasticatory sympodite 

on each of the corresponding thoracopods. The thoracopodal sympodite of this 
'immediate ancestor' may possess an underdeveloped structure of the still older 

ancestors. In this case, there is a possibility that this underdeveloped feature was a 
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characteristic of thoracic appendages at certain larval stages of a tantulocarid 

ancestor which had more pedigerous somites at later stages than the extant tantu

locarids. Furthermore, I speculate the thoracic appendages of this tantulocarid 

ancestor at these larval stages were of a mandible-type and, at postlarval (juvenile 

and adult) stages, they were structurally distinct from the larval ones. 

3. Concluding Remarks 

Although I have explained the peculiar structure of tantulocarid thoracopods 

by relating it with a generalized type of naupliar postantennular appendages of 

some maxillopodans, my explanation raises several problems for the phylogenetic 

studies of maxillopodans (in broad sense) and tantulocarids. For example, posterior 

four pairs ofbranchiuran appendages (legs), which somewhat differ from the thoracic 

appendages of other maxillopodans, will have to be re-examined with regard to 

mandible-type appendages. Branchiuran legs are devoid of intercoxal sclerite, and 

those of certain larval stages (e.g., leg 1 of ArgulusJaponicus Thiele at the fourth larval 

stage: see Tokioka, 1936) are similar to a mandible-type appendage with sub

masticatory sympodite rather than to thoracic appendages of copepods, cirriped 

cyprids, ascothoracids, or cypris y. The identity of a single seta (or spine) which 

attaches to the inner edge of the coxa of certain copepod legs (e.g., legs 1-4 of Longi

pedia: see Ito, 1980; such examples abound among cyclopoids, see any taxonomic 

papers) would also be questionable, for ascothoracids have as many as 12 setae on 

the coxa of legs (see Grygier, 1984a). In fact, this setose coxa in ascothoracid legs 

has made me wonder whether the single coxal seta on copepod legs is indeed a homo

logue of the tantulocarid thoracopodal endite or an equivalent of the enclitic seta 

of submasticatory sympodite of naupliar postantennular appendages. Even if 

the coxal inner seta of copepod legs could be related to setae on the gnathic edge 

of the cephalocaridan-type protopodite of trunk limbs, one would have to assume 

that several unknown steps and events must have occurred before reaching the state 

of possessing a single seta. 

On the other hand, it is possible that the ancestor of tantulocarids might have 

more pedigerous somites at later developmental stages than the extant tantulo

carids. In addition, this ancestral crustacean might have as many head appendages 

as suggested by Grygier (1983) for his urmaxillopodan or by Tiemann (1984) for 

a model of Copepodoidea. This hypothetical animal can be a reality because there 

exist crustaceans with copepod-like head and numerous trunk somites, such as Speleo
nectes lucayensis Yager, 1981 (Some undescribed species and genera of the Remipedia 

also exist: F.R. Schram, pers. comm.). Within this context and in contrast to 

Newman's view (Newman, 1983, p. 108), I am expecting that when larval or post

larval development of remipedians is made known, the origin of most maxillopodan 

taxa as well as tantulocarids will become more clearly explainable. The presence 

of a pair of bifurcate processes on remipedian head (Yager, 1981), which is one of 

the most serious problems in relating remipedians with maxillopodans, will perhaps 
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become insignificant (It6, in press). 

Tantulocarid juveniles and adults show strong trends of degeneration in various 

aspects. The lack of definable appendages on the head is the case in point. It 
seems that the short exopodal segment and rudimentary second endopodal segment 
of their thoracopods are resulted as a degeneration from their ancestral features. 

Such trend of degeneration and simplification could have occurred through neotenic 

evolution that is so commonly found in many groups of maxillopodans and related 
taxa. However, this commonness should not be dismissed as a mere convergence, 

because degenerative or simplified creatures might exhibit some ancestral structural 
elements that persisted in them. To find these essential common elements between 

seemingly different structures, or, for that matter, the essential differences between 

seemingly similar structures, is of great importance in phylogenetic consideration. 
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