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Abstract

A new genus and species of Arthrotardigrada is described from Florida, USA based on its unique adhesive pad/claw com-

binations. Mutaparadoxipus duodigifinis gen. nov., sp. nov., is characterized by well-developed, ventral secondary clavae 

that are adjacent to the mouth, pointed lateral and caudal alae, seminal receptacles with coiled ducts opening lateral to the 

gonopore, and all legs with digits bearing proximal adhesive pads. Distal claws are present on digits I–III of legs I–III, but 

are missing from digit IV. On leg IV, distal claws are present only on digits II & III. A single accessory point is present on 

claws II & III only. This is the fourth species discovered to date with proximal adhesive pads, increasing support for a 

clade of adhesive-padded arthrotardigrades, and is likely the sister taxon of Paradoxipus orzeliscoides. The incomplete 

set of claws may represent an evolutionary step in a progressive loss of claws hypothesized to have occurred within the 

Halechiniscidae. The subfamily Orzeliscinae is amended as a result.
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Introduction

The first marine tardigrade, Echiniscoides sigismundi Schultze, 1865 was described almost 150 years ago and 

today eight families, 43 genera, and more than 160 species of marine heterotardigrades have been described, 

representing approximately 15% of all currently known tardigrade species (Guidetti & Bertolani 2005; Degma & 

Guidetti 2007; Degma et al. 2014).

In 1928, Thulin erected the family Halechiniscidae within the Arthrotardigrada to include species that lack 

strongly sclerotized dorsal segmental plates, possess a complete or incomplete set of cephalic appendages, and bear 

four digits with claws on each adult leg. Currently, Halechiniscidae consists of 8 subfamilies, 28 genera and 89 

species, making it the most speciose family of arthrotardigrades (Guidetti & Bertolani 2005; Degma & Guidetti 

2007; Degma et al. 2014). However, based on molecular evidence, the family Halechiniscidae is considered 

polyphyletic (Jørgensen et al. 2010).

Perhaps reflecting its polyphyletic nature, morphological diversity within the Halechiniscidae is extremely 

high, evidenced in part by the structure of the digits (toes). Halechiniscids bear four digits on each leg for a total of 

32 digits, and because digits may bear morphologically diverse claws and/or adhesive pads, there is the possibility 

of multiple character states for each digit. Consequently, lower classification within the Halechiniscidae, i.e. genus 

level, is determined in part by digit morphology, and has been the subject of numerous cases for systematic 

reclassification. Nowhere is this more evident than in the case of Orzeliscus.

Orzeliscus was first described from São Sebastião, Brazil based on the presence of proximal adhesive pads on 

each of the four digits of the adult legs (du Bois-Reymond Marcus 1952). The genus was subsequently placed in 

the Onychopodidae based on three shared characters: 1) lateral cirri & primary clava arise from a common base, 2) 
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Discussion

It is not uncommon among halechiniscid taxa that the two internal digits (digits II, III) differ morphologically from 

the external ones (digits I, IV). However, Mutaparadoxipus duodigifinis gen. nov., sp. nov. is unique in that digits 

I and IV differ from each other as well. Although M. duodigifinis gen. nov., sp. nov. is morphologically very 

similar to P. orzeliscoides, it does not fit the description of the genus Paradoxipus, which explicitly states “four 

similar toes (digits) on each foot. Each toe with proximal suction disc and distal claw” (Kristensen & Higgins 

1989). This characterization is clearly violated by M. duodigifinis gen. nov., sp. nov., which has at least one 

clawless toe and as many as three different toe morphologies per foot, including accessory points on digits II & III, 

which are lacking in P. orzeliscoides. Additionally, variation in the digit pattern between legs I–III and leg IV, as 

occurs in M. duodigifinis gen. nov., sp. nov., is a diagnostic feature of at least one other genus in the 

Halechiniscidae—Dipodarctus Pollock, 1995—as well as the non-halechiniscid genera, Anisonyches Pollock, 

1975, Carphania Binda, 1978, and Megastygarctides McKirdy et al., 1976. 

Paradoxipus orzeliscoides is clearly the sister taxon to M. duodigifinis gen. nov., sp. nov. but despite the 

morphologically similar secondary clavae, seminal receptacles, and alae, we believe that the difference in claw 

arrangement and morphology is too significant and extreme to attribute to intraspecific variation or even to a 

species-level character, especially considering that at least 30 specimens, both males and females, of the new 

tardigrade were collected. Consequently, the unique foot construction of this newly discovered tardigrade cannot 

be accurately represented by any hitherto described genus and so warrants the erection of the new genus, 

Mutaparadoxipus gen. nov.

To date, four monospecific genera of Tardigrada have been described possessing elongate adhesive organs on 

the proximal part of their digits (du Bois-Reymond Marcus 1952, Kristensen & Higgins 1989, Renaud-Mornant 

1989, this report), each with different claw structures and arrangements. Renaud-Mornant (1989) suggested that a 

progressive loss of claws occurred from Chrysoarctus to Opydorscus and finally to both Orzeliscus and Batillipes. 

Although the distal suction discs of Batillipes are almost certainly not homologous to the proximal elongate 

adhesive organs (Pollock 1982), the discovery of P. orzeliscoides and now M. duodigifinus gen. nov., sp. nov. adds 

support for a clade united by proximal adhesive organs. Additionally, these two species may represent evolutionary 

events leading to the complete loss of claws in Orzeliscus. For this reason, we have placed P. orzeliscoides and M. 

duodigifinis gen. nov., sp. nov. into the newly amended subfamily, Orzeliscinae. The observation by Jørgensen et 

al. (2010) that Orzeliscus belopus is basal within the polyphyletic Halechiniscidae offers further support that this 

group is likely to be a clade unto itself.

Whatever the case may be, the acquisition of molecular data from Paradoxipus, Opydorscus, and 

Mutaparadoxipus gen. nov., would go a long way in helping to clarify the relationships within this group of 

adhesive-padded arthrotardigrades.
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