Original diagnosis for †Henningsmoenicaris scutula after Walossek & Müller (1990) 

"Large, bowl-shaped shield, which covers the complete head and anterior of first trunk segment; shield with broad duplicature around anterior and lateral sides; posterior of shield truncate, providing a gap for the segmented trunk; lateral eye composed of ovoid lobes nesting on a rod-shaped peduncle which inserts at the anterior edge of the elongate hypostome; the latter is free from the anterior margin, oval in outline and raised from the ventral surface; its distal surface bears an oval softer area encircled by a faint ring wall; the Y-shaped mouth is located within soft area at the posterior edge of the hypostome.


Five pairs of head appendages. First antennae uniramous rod-shaped and composed of few tubular articles. Subsequent appendages biramous. Exopods of second and third limbs annulated and carrying rigid spine-like setae medially, exopods of posterior limbs paddle-shaped and with rigid spine-like setae along their distal margin. Limb base of all posterior limbs robust, flattened in anteroposterior direction, and blade-like extended medially. Inner edge armed with short stout spines, similar spines occur also on the separate proximal.


Trunk comprises four segments, which progressively decrease in size. Anterior three segments with gently convex tergites, each overlapping the subsequent one, ventral surface of the segments concave and pliable around the insertions of the appendages. Last trunk segment conically tapering, slightly dorsoventrally compressed and with few marginal spines at bluntly rounded end. Papilla-like anus anteroventrally on this segment, enclosed within finely folded area."
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Characters chosen for analysis

Mainly ventral soft part anatomy was chosen for analysis because many characters of the dorsal hard part anatomy seem to yield a high probability of homeomorphy (convergent evolution on a homologous structure) or other kinds of homoplasies. One example is the bivalved shield that has convergently evolved in, for example, Ostracoda, †Bradoriida and †Phosphatocopina. Additionally, other divergences of dorsal and ventral aspects, for example in the Silurian ostracod †Nymphatelina gravida Siveter, Siveter, Sutton & Briggs, 2007 (cf. Siveter et al. 2007b), that shows the ventral anatomy of a myodocopid but the shield of palaeocopid ostracodes, draw additional questions on the reliability of simple shield-based characters. Furthermore, we followed the method used, for example, in Wills (1998) and Wills et al. (1998) in mainly coding each segment of interest separately.
Anterior region.

1. Labrum. This term has often been mistreated and mixed up with the term hypostome (see Walossek & Müller 1990; Maas et al. 2003). We understand the labrum as a fleshy outgrowth at the rear of the hypostome covering the mouth opening. On the surface towards the mouth opening the labrum is covered with sensillae and slime glands. The structure may be absent (0) or present (1).

2. Sternum. The sternum is a fusion product of several post-oral sternites, possibly that of the antenna (second appendage; unclear because no distinct antennal sternite could be found in †Agnostus pisiformis, stem derivatives, phosphatocopines and eucrustaceans, including larvae), the mandible (third appendage) and the maxillula (fourth appendage). The sternum also bears a pair of elaborate humps, the so-called paragnaths, which are located on the mandibular part of the sternum (Maas et al. 2003); its surface is covered with fine hairs. Together with the labrum, the sternum forms the atrium oris and has been proposed as a labrophoran autapomorphy (Siveter et al. 2003; Maas et al. 2003). The sternites may be fused (1) or not (0).

3. Basipods present on post-antennular limbs. The post-antennular limbs of crustaceans show a strong proximal portion carrying the two rami distally and a masticatory setation medially. Such a proximal portion may be present (1), as seen in euarthropods, or the limb stem consist of a number of small ringlets (0), as known from in the fuxianhuiids (Waloszek et al. 2005) or †Canadaspis (Briggs 1978; Hou & Bergström 1997).

4. Anterior antennulae setation. The antennulae articles have a large diameter and show insertion areas for large anteriorly positioned spines. This type of morphology may be developed (1), i.e. the setae insert anteriorly, or the setae insert medially (0). The proximal portions of the antennula in †Henningsmoenicaris scutula and †S. vestrogothiensis both carry a probably massive anterior seta. These portions, especially in †H. scutula almost appear like giving rise to "branchings" of the antennula, as the insertion of the probable massive seta has a diameter of about one half to two thirds of the diameter of the next portion. These portions closely resemble portions of the antennula in the early developmental stage in †Oelandocaris oelandica (Stein et al. 2005, 2008), where from an anterior insertion an outgrowth consisting of a bipartite (possible also more sub-portions than two) portion arises. These "branching" portions are interpreted as being homologous, as they both have very large insertion anteriorly on antennulae portions. Consequently the "outgrowths" of the antennula in †O. oelandica in later developmental stages are interpreted as derivatives of such large anterior spines, as indicated by the earliest known developmental stage (Stein et al. 2008).
First post-antennular body segment.
5. Incorporation into the head. The first post-antennular body segment is included in the head and its tergite is incorporated into the head shield (1) or the segment is free and its tergite is separate from the head shield (0). In all euarthropods the first post-antennular body segment is part of the head and the head shield covers the segment that has no separate tergite. Examples for arthropods with this segment being free are the fuxianhuiids (Waloszek et al. 2005).

6. Early larvae with a proximal endite. Early larval stages of the species, i.e. the segmental equivalent to euarthropod head larvae, possess (1), or lack (0) a setiferous lobate structure proximal to the basipod. If this structure is not present in older stages, it is assumed to be lacking also in early stages. The proximal endite is an important feature of Crustacea (Walossek & Müller 1990, Walossek 1993). The fact that it may not be present in earlier developmental stages, but appear later in ontogeny has been demonstrated by Haug et al. (2009) and the present work.

7. Later developmental stages with a proximal endite. Older developmental stages of the species, already possessing four or more post-antennular segments, possess (1) or lack (0) a setiferous lobate structure proximal to the basipod. As it is assumed that proximal endites do not get lost during ontogeny, it is concluded that if a proximal endite is present in early stages, it is also present in late stages. Likewise it may be concluded that late stages lacking the proximal endite are assumed to lack it also in early stages (see above).

8. Proximal endite is enlarged to form a coxa. The character is inapplicable to taxa not possessing a proximal endite on this appendage. In phosphatocopines and eucrustaceans the proximal endite of the second appendage is enlarged to form a laterally enclosed ring, this being the new most proximal portion of the appendage, the coxa (1). In other taxa the proximal endite is exclusively a median structure (0). 

9. Exopod multi-annulated. The exopod is not paddle-shaped (0) nor a lamellae-bearing shaft (0), but is made up of a number of slightly flattened tubular articles (1). The limb is, furthermore, differentiated from trunk limbs also in endopod morphology and is included into a tripartite feeding apparatus formed by the antennula, the second appendage and the third appendage (Walossek & Müller 1990; Walossek 1993).

10. Exopod with 3-2 setation pattern. This character can only be applied if the exopod of this appendage is multi-annulated. The sub-terminal article carries a pair of setae, the terminal a triplet, although the lateral seta of the triplet may be smaller (perhaps only in earlier developmental stages) (1). Absence of the pattern is coded as 0.

11. Exopod paddle-shaped. The exopod is not multi-annulated (0) or a lamellae-bearing shaft (0), but forms a leaf-shaped paddle (1).

Second post-antennular body segment.

12. Incorporated into the head. The segment is included into the head (1). Its tergite is fused into the head shield, or freely articulated to the anterior head portion, with a separate tergite (0).

13. Early larvae with a proximal endite. Early larval stages of the species, i.e. the segmental equivalent to euarthropod head larvae, possess (1) or lack (0) a setiferous lobate structure proximal to the basipod. If this structure is not present in older stages, it is assumed to lack also in early stages.

14. Later developmental stages show a proximal endite. Older developmental stages of the species, already possessing four or more post-antennular segments, possess (1) or lack (0) a setiferous lobate structure proximal to the basipod. As it is assumed that proximal endites do not get lost during ontogeny, it is concluded that if a proximal endite is present in early stages, it is also present in late stages. Likewise it may be concluded that late stages lacking the proximal endites are assumed to lack it also in early stages (see above).

15. Proximal endite is enlarged to form a coxa. The character is inapplicable to taxa not possessing a proximal endite on this appendage. In phosphatocopines and eucrustaceans the proximal endite of the third appendage is enlarged to form a laterally enclosed ring, this is the new most proximal portion of the appendage, the coxa (1). In other taxa the proximal endite is exclusively a median structure (0). 

16. Exopod multi-annulated. The exopod is not paddle-shaped  (0) nor a lamellae-bearing shaft (0), but is made up of a number of slightly flattened tubular articles (1). The limb is, furthermore, differentiated from trunk limbs also in endopod morphology and is included into a tripartite feeding apparatus formed by the antennula, the second appendage and the third appendage.

17. Exopod with 3-2 setation pattern. This character can only be applied, if the exopod of this appendage is multi-annulated. The sub-terminal article carries a pair of setae, the terminal a triplet, although the lateral seta of the triplet may be smaller (1) (perhaps only in earlier developmental stages). The terminal portion of the exopod of †Sandtorpia vestrogothiensis is interpreted as a fusion product of such an arrangement, as indicated through the lateral double S-shaped outline, which can be interpreted as the fusion (or non-separation) of two articles. Absence of the pattern is coded as 0.

18. Exopod paddle-shaped. The exopod is not multi-annulated (0) or a lamellae-bearing shaft (0), but forms a leaf-shaped paddle (1).
 Third post-antennular body segment

19. Incorporated into the head. The segment is included into the head (1). Its tergite is fused into the head shield, or freely articulated to the anterior head portion, with a separate tergite (0).

20. Early larvae with a proximal endite. Early larval stages of the species, i.e. the segmental equivalent to euarthropod head larvae, possess (1) or lack (0) a setiferous lobate structure proximal to the basipod. If this structure is not present in older stages, it is assumed to lack also in early stages.

21. Later developmental stages with a proximal endite. Older developmental stages of the species, already possessing four or more post-antennular segments, possess (1) or lack (0) a setiferous lobate structure proximal to the basipod. As it is assumed that proximal endites do not get lost during ontogeny, it is concluded that if a proximal endite is present in early stages, it is also present in late stages. Likewise it may be concluded that late stages lacking the proximal endite are assumed to lack it also in early stages (see above).

22. Exopod multi-annulated. The exopod is not paddle-shaped (0) nor a lamellae bearing shaft (0), but is made up of a number of slightly flattened tubular articles (1).

23. Exopod paddle-shaped. The exopod is not multi-annulated (0) nor a lamellae bearing shaft (0), but forms a leaf-shaped paddle (1).

24. Exopod reaching into arthrodial membrane. The proximal joint of the exopod does not exclusively insert into the disto-lateral side of the basipod, but is latero-proximally longer than the basipod, reaching into the lateral arthrodial membrane of the appendage. Thus, the basipod is topologically not a completely closed sclerotised ring (1). Otherwise the exopod arises from the limb stem and does not reach into the arthrodial membrane (0).

Fourth post-antennular segment.

25. Incorporated into the head. The segment is included into the head (1). Its tergite is fused into the head shield, or freely articulated to the anterior head portion, with a separate tergite (0). In the case of †Martinssonia elongata this segment is moveable against the anterior part of the head, but the lateral rim of the head shield is continuously including this segment; therefore, it is interpreted as incorporated into the head. In †Sandtorpia vestrogothiensis the close resemblance of the two backward-pointing spine-like structures to the appendage rudiments of †Henningsmoenicaris scutula leads us also to the interpretation that this animal has in fact at lest five head appendages; thus the fourth post-antennular is interpreted as incorporated into the head.

26. Early larvae with a proximal endite. Early larval stages of the species, i.e. the segmental equivalent to a stage with one additional segment than the euarthropod head larvae, posses (1) or lack (0) a setiferous lobate structure proximal to the basipod. If this structure is not present in older stages, it is assumed to lack also in early stages.

27. Later developmental stages with a proximal endite. Older developmental stages of the species, already possessing five or more post-antennular segments, possess (1) or lack (0) a setiferous lobate structure proximal to the basipod. As it is assumed that proximal endites do not get lost during ontogeny, it is concluded that if a proximal endite is present in early stages, it is also present in late stages. Concluding the same way results in the fact that late stages lacking the proximal endite are assumed to lack it also in early stages (see above).

28. Exopod multi-annulated. The exopod is not paddle-shaped (0) or a lamellae-bearing shaft (0), but made up of a number of slightly flattened tubular articles (1).

29. Exopod paddle-shaped. The exopod is not multi-annulated (0) or a lamellae-bearing shaft (0), but forms a leaf-shaped paddle (1).

30. Exopod reaching into limb-membrane. The proximal joint of the exopod is not exclusively inserting into the disto-lateral side of the basipod, but is latero-proximally longer than the basipod, reaching into the lateral arthrodial membrane of the limb. Thus, the basipod is topologically not a completely closed sclerotised ring (1). Otherwise the exopod arises from the limb stem and does not reach into the arthrodial membrane (0).
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