
CHAPTER 4. RESULTS - PHYLOGENY AND BIOGEOGRAPHY OF THE ANASPIDACEA 

 

Introduction 

 
The current phylogenetic position of the Syncarida and its three orders, the Anaspidacea, Palaeocaridacea 

and Bathynellacea, has been generally accepted as being one of the basal groups with the Malacostraca 

although the exact position still seems to be a matter of some debate. The relationships within the 

Syncarida are historically accepted as monophyletic (Schram 1984, Jenner 2009, Coineau & Camacho 

2013) although there has again been recent debate about the inclusion of the Bathynellacea and whether 

this Order should be placed in its own Superorder Podophallocarida (Serban 1972, Tabacaru & Danielopol 

2011, Coineau & Camacho 2013). This monophyletic concept of the relationships of the taxa within the 

Anaspidacea is tested against a more detailed morphological examination of all previously described 

species and new taxa. The phylogeny of the Anaspidacea is determined by cladistic analysis of 

morphological characters and character states. The analysis includes 65 taxa with the Anaspidacea and 

Palaeocaridacea included within the ingroup and the two families of Bathynellacea, the Parabathynellidae 

and Bathynellidae as the outgroup. A revised classification of the Anaspidacea and Palaeocaridacea is 

provided and new higher level diagnoses are provided for the Suborders.  

 

In order to investigate the evolutionary pathways and changes in morphology of the Anaspidacea, it is also 

necessary to include in this examination, the extinct group of Syncarida, the Palaeocaridacea as the 

possible ancestral lineage of the Anaspidacea. This group illustrates the diversity in form and it is 

necessary to test this diversity in relation to the Anaspidacea in order to determine the most likely 

evolutionary pathways. Indeed, Gampsonyx fimbriatus Jordan (later to renamed by Roemer; (1856) 

Uronectes fimbriatus (Jordan 1847)) was the first described species of what came to be acknowledged as a 

diverse radiation of ‘palaeocaridaceans’ in the Palaeozoic.  However, previous cladistic analyses (Schram 

1984) reveal that the so-called ‘Order’ Palaeocaridacea constitutes a paraphyletic series of stem families 

that lead to the crown group Anaspidacea. This analysis will also examine the possible paraphyletic 

relationship within the Palaeocaridacea and with the Anaspidacea. The cladistic analysis is followed by an 

examination of the implications of the results in terms of the biogeography and evolutionary pathways of 

the Anaspidacea. 

 

Materials and Methods 

The character matrix for the cladistic analysis was developed from the detailed examination of the three 

Orders of the Syncarida with a particular focus on the Anaspidacea in Chapter 3, and the Palaeocaridacea 

in Appendix 7.3. In total there are 65 species analysed including 40 species from the Anaspidacea, 23 

Palaeocaridacea and 2 species of Bathynellacea. The Bathynellacea were used as the outgroup, as all 

previous studies described earlier indicated were coded using a combination of the examination of one 
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species from each of the two families and the general characteristics of each family as described in 

McLaughlin 1980. The two species included Bathynella natans Vejdovsky 1882 for the Bathynellidae, and 

Kimberleybathynella gigantea Cho et al. 2005, for the Parabathynellidae. The investigation accumulated 

130 characters which were assembled in a DELTA (Description language for Taxonomy; (Dallwitz et al. 

1980, 2005) database. Of the 130 characters initially coded, 126 were used in the analysis with four 

excluded as they are extrinsic characters which include habitat salinity (marine/freshwater), habitus 

(surface water/hyporheic or phreatic), family distribution (global to localised), and the age of existence 

(extant or age of fossils in million years).  

 

The phylogenetic reconstruction analysis was performed with MESQUITE Version 2.75 (build 564)  

(Maddison & Maddison 2011) and (PAUP version 4.0b8a (Swofford 2003) using heuristic searches and the 

maximum parsimony (MP) approaches. 2000  different replications were performed, with each having a 

different random swap sequence of taxa to form the Wagner tree with subsequent  TBR branch swapping 

for each replication. To examine relationships between species of Anaspidacea, the Palaeocaridacea was 

included in the ingroup with no inference was made regarding the age of the fossils. Two outgroups were 

used (No. 64-65). All characters were equally weighted. A nonparametric bootstrapping was used with 

1000 replicates to assess the stability of internal branches in the resulting topologies (Felsenstein 1985; 

Felsenstein & Kishino 1993). Heuristic search settings: Optimality criterion = parsimony. 126 total 

characters were used. All characters are of type 'ord' (Wagner). All characters have equal weight. 2 

characters are constant and 3 variable characters are parsimony-uninformative. There were 121 parsimony-

informative characters = 121 with gaps are treated as "missing". Multistate taxa interpreted as uncertainty. 

Starting tree(s) were obtained via stepwise addition with a random addition sequence. 2000 replicates were 

performed with a starting seed = 265301734. Number of trees held at each step during stepwise addition = 

1. Branch-swapping algorithm was tree-bisection-reconnection (TBR). Steepest descent option was not in 

effect. No more than 100 trees of score (length) greater than or equal to 1 were saved in each replicate. 

'MaxTrees' setting = 1000 (will not be increased). Branches collapsed (creating polytomies) if maximum 

branch length is zero.  'MulTrees' option in effect. The Heuristic search completed a total number of 

rearrangements tried = 5.9991e+009.  Score of best tree(s) found = 900. Number of trees retained = 625 

 

Morphological Analysis 

The variability in morphology of the Anaspidacea has been as a result of being an ancient lineage that has 

occupied a range of habitats from surface water lakes, rivers, wetlands, deltas, estuaries and even inshore 

marine environments. The complexity of their morphology was additional complicated by have genetically 

conservative genes that genetic change has not been reflected in morphological change for example within 

Anaspides tasmaniae (Jarman & Elliot, 2000) and the Bathynellacea (Coineau & Camacho 2013) as well 

as having a number of families colonizing and progressively adapting to subterranean interstitial life. The 

adaption to this environment within the Syncaridan has involved morphological convergence with its 
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progressive loss of articulation, segmentation, sense organs as well as the development of specialised 

structures (Coineau & Camacho 2013). Another phenomenon exhibited by the Syncarida is progenesis 

which has retention of larval characteristics in adult groundwater fauna. This has resulted in a diverse and 

intrinsically difficult group from which to determine useful diagnostic characters for analyzing 

phylogenetic relationships. The characters sequences used in the analysis follow the general concept that 

body structures such as body segmentation and limb articulation, particularly for species that migrate from 

the surface into subterranean environments will change from multisegmented states to reduced states to 

total absence via a reduction in segmentation. The analysis has included all taxa listed except for the fossil 

syncarid, Brooksyncaris canadensis, which was not included due to the poor preservation and therefore a 

lack of features. Each character below has been assigned a number of states representing the changes in 

that state across the taxa. Each state is numbered representing the ordering of the states is from state 0 to 

state 1, state 2 … etc., where the states progress from a considered plesiomorphic to apomorphy state. For 

example the first character, the carapace, contain two states that indicate a taxa may either not possess a 

carapace (state 0) or possess a carapace (state 1) with the assumption that the plesiomorphic state is the 

absence of a carapace. Each state is represented by a number that is coded into the Character Matrix in 

Appendix 7.3.  

 

Body 

1- Carapace: state 0- absent, state 1- present. 

 

2- Body Shape: state 0- straight, state 1- slight dorsal flexure, state 2- prominent dorsal flexure between per 

7-8 and expanded per 6. 

 

3- Body Size (maximum length in mm): state 0- 40-60, state 1- 20-39, state 2- 10-19, state 3- 4-9, state 4- 

0-5-3. 

 

4- Number of free pereonites: state 0- 8, state 1- 7. 

 

5- Number of free pleonites: state 0- 6, state 1- 5. 

 

6- Colouration: state 0- externally pigmented with spots, state 1- non-pigmented. 

 

7- Dorsal body surface structure: state 0- smooth, state 1- setose, state 2- crenulated, state 3- transverse 

striations, state 4- dorsal midline ridges and spines , state 5- pereonites with anterior row of tubercles, state 

6- long spines on somite margins. 

 

Thoracomeres 
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8- Thoracomere 1 connection with cephalon: state 0- unfused, state 1- partly fused, prominent mandibular 

groove present, state 2- fused, no groove present. 

 

9- Thoracomere 1 length relative to pereonite 2: state 0- subequal, state 1- shorter = 50%, state 2- shorter 

=30%, state 3- absent. 

 

10- Thoracomere 1 fenestra dorsalis: state 0- absent, state 1- broad, oval plate, state 2- narrow, bright red, 

cylindrical plate. 

 

11- Thoracomere 2 length relative to pereonite 3: state 0- subequal, state 1- shorter. 

 

12- Thoracomere 2-8 length to pleonites length: state 0- all uniform, state 1- pereonites shorter, state 2- 

pereonites longer, state 3- pleonites progressively longer. 

 

13- Thoracomere 8 with lateral semi-circular ridges: state 0- absent, state 1- present. 

 

Pleonites 

14- Pleonite 5 posterior margin: state 0- smooth or with small simple setae, state 1- short robust setae, state 

2- serrate. 

 

15- Pleonite 5 lateral posterior margin shape: state 0- straight, state 1- indented, state 2- extended. 

 

16- Pleonite 6 posterior margin shape: state 0- straight, state 1- indented, state 2- extended. 

 

17- Pleonite 6 posterior margin: state 0- smooth, state 1- short robust setae, state 2- long, robust, articulated 

spines, state 3- serrate - short cuticular spines. 

 

18- Pleonite 6 length to Pleopod 5 length: state 0- subequal, state 1- longer, state 2- shorter. 

 

19- Pleonite 6 length to width ratio: state 0- subequal, state 1- longer than wide, state 2- shorter than wide. 

 

20- Pleonite 6 (No of articulated spines on posterodorsal margin): state 0- 0, state 1- 2, state 2- 3, state 3- 4, 

state 4- 5, state 5- >5. 

 

21- Pleonite 6 length of posterior margin spines to telson length ratio: state 0- < 0-1, state 1- 0-5, state 2- 1-

0 <. 
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22- Pleonite pleura shape: state 0- straight or extended posteriorly, state 1- rounded, state 2- triangular, 

state 3- spiny or serrate, state 4- single, elongate spine, state 5- pl 1-4 large rounded lappets. 

 

Cephalon 

23- Cephalon length to height: state 0- length < height, state 1- length = height, state 2- length > height. 

 

24- Cephalon mandibular groove: state 0- absent, state 1- present. 

 

25- Cephalon cervical grooves: state 0- 0 grooves, state 1- 1 groove dorsal, state 2- 1 groove lateral. 

 

26- Cephalon dorsal lobes: state 0- absent, state 1- single cross shaped medial endite covering rostrum and 

nuccal organ, state 2- present as 2 large lateral and 1 smaller anteromedial dorsal lobes. 

 

27- Cephalon anteromedial shape: state 0- broad rounded, state 1- broad triangular, state 2- elongate 

rounded, state 3- elongate triangular, state 4- elongate rectangular, state 5- anteromedial notch. 

 

28- Nuccal organ: state 0- absent, state 1- present. 

 

29- Optic notch: state 0- absent, state 1- small semicircular concavity on anterolateral corner of cephalon 

state 2- anterior margin of cephalon strongly concave with no defined notch.  

 

Eyes 

30- Eye Structure: state 0- stalked, state 1- sessile, state 2- absent. 

 

31- Eye stalk direction: state 0- anteriorly, state 1- directed laterally. 

 

32- Eye-stalk tubercle: state 0- absent, state 1- present. 

 

33- Ocelli Occurrence: state 0- present, state 1- reduced, state 2- absent. 

 

34- Eye position: state 0- distal, state 1- distolateral, state 2- lateral. 

 

Rostrum 

35- Rostrum formation: state 0- anterior margin of cephalon dorsal plate, state 1- anterior articulated plate 

separate from cephalon dorsal plate. 
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36- Rostrum - number of terminal points: state 0- 0, state 1- 1, state 2- triangular, distally bilobed, state 3- 

triangular bilobed separate by diastema, state 4- 3. 

 

37- Rostrum seta - number of pairs: state 0- 0, state 1- 1, state 2- 2, state 3- >2. 

 

38- Rostrum setal position: state 0- distal, state 1- lateral. 

 

Antennule 

39- Peduncle segment 2 - Length to width ratio: state 0- length > width, state 1- length subequal width. 

 

40- Peduncle segment 3 - Length to width ratio: state 0- length > width, state 1- length = width, state 2- 

length < width. 

 

41- Antennal lobe on basal segment of flagellum in the males: state 0- absent, state 1- present. 

 

42- Lateral antennular flagellum length to body length ratio: state 0- 100% or <, state 1- 50-40%, state 2- 

40-30%, state 3- <30%. 

 

43- Medial antennular flagellum length to lateral flagellum length ratio: state 0- <50%, state 1- 50-70%, 

state 2- >70%. 

 

Antenna 

44- Antenna peduncle - No- of segments: state 1- 4, state 2- 3. 

 

45- Antenna length to body length ratio: state 0- greater than 1 body length, state 1- 80-100% body length , 

state 2- 50-80%, state 3- < 50%. 

 

46- Antenna length to antennule length: state 0- shorter, state 1- equal. 

 

47- Antenna peduncle segment 1 length to width ratio: state 0- length > width, state 1- length = width, state 

2- length < width. 

 

Scaphocerite 

48- Scaphocerite structure: state 0- absent, state 1- oval distally pointed, state 2- oval distally rounded, state 

3- oval distally rounded with distomedial spine, state 4- oval distally pointed with distomedial spine, state 

5- diamond shaped with distomedial spine. 
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Labrum 

49- Labrum ventral margin: state 0- round, state 1- small medial notch, state 2- large medial concavity. 

 

Mandible 

50- Mandible left incisor process (pars incisiva) - denticle structure: state 0- 5-6 subequal denticles, state 1- 

1 large bicuspid, 5 subequal smaller denticles, state 2- 1 large bicuspid, 5 smaller, subequal denticles, and 

row of minute denticles, state 3- 1 large bicuspid, 4 smaller denticles separate from 1-2 larger, pointed, 

medial  denticles, state 4- 1 large bicuspid, 4 smaller denticles, 1 larger medial denticle, not separate, state 

5- large bicuspid, 3 smaller denticles, row 2-4 very small, 1 small medial denticle. 

 

51- Mandible spine row (processus incisivus accessorius): state 0- row of 10-11 small simple setae, state 1- 

row of 3-4 large penicillate setae, state 2- row of 2 large penicillate setae , state 3- 1 large penicillate setae, 

state 4- absent. 

 

52- Mandible diastema between incisor and molar processes: state 0- broad, state 1- narrow v-shaped. 

 

53- Mandible molar process (pars molaris) terminal surface: state 0- bristle-like short stout setae covering 

surface, state 1- tuberculate triturating surface, state 2- large, cuticular, spinose denticles. 

 

54- Mandibular palp - No of segment: state 0- 3, state 1- 1 reduced, state 2- 0. 

 

Paragnath 

55- Paragnath shape: state 0- oval, state 1- spatulate lobes with straight medial margin, state 2- spatulate 

lobes with notch in medial margin, state 3- spatulate lobes with notch and v-shaped diastema, state 4- 

spatulate lobes with a distally directed, medial, triangular extension. 

 

56- Paragnath medial lobe: state 0- absent, state 1- small triangle, state 2- large pointed, mediodistal 

projection. 

 

57- Paragnath segment No-: state 0- 2, state 1- 1. 

 

Maxillula 

58- Maxillula palp - No- of segments: state 0- 1 segment with terminal plumose setae, state 1- 1 segment 

with no setae, state 2- 0 segments with lateral extension, state 3- no segments and no extension. 

 

59- Maxillula - No- of lobes: state 0- 2 without medial endite, state 1- 2 with medial endite. 
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60- Maxillula lateral lobe spine row: state 0- > 12 comb setae of equal length to spine, state 1- 12-8 comb 

setae of equal length to spine, state 2- 7 or > comb setae of equal length to spine, state 3- 7 or > comb setae 

of shorter than spine. 

 

61- Maxillula spine row structure: state 0- 1 straight tier, state 1- 2 tiers - upper lateral and lower medial. 

 

62- Maxillula lateral lobe spine row angle to length of lobe: state 0- near horizontal, state 1- diagonal, state 

2- near vertical. 

 

63- Maxillula medial endite - No- of pectinate spines: state 0- >11 uniform spines, state 1- 5 uniform 

spines, state 2- 5 with 1 large spine, state 3- 4 uniform spines, state 4- 4 variable size spines, state 5- 3 . 

 

Maxilla 

64- Maxilla No- of lobes: state 0- 4 subequal, state 1- 3 subequal with 1 medial endite reduced, state 2- 3 

subequal with 2 medial endites reduced, state 3- 2 subequal with 2 endites reduced endites, state 4- 1 large 

and 2 reduced endites. 

 

65- Medial endite medial margin spine row: state 0- large spine row, state 1- small row with 1-3 spines, 

state 2- absent. 

 

Maxilliped 

66- Maxilliped function/relative size to other thoracopods: state 0- ambulatory, similar to other 

thoracopods, state 1- raptorial, enlarged, state 2- raptorial with chelae-like propodus and dactylus, state 3- 

reduced. 

 

67- Maxilliped - No- of coxal epipodites: state 0- 2 large, round lobes, state 1- 2 lobes, 1 large round, 1 

narrow, spatulate, state 2- 2 small, subequal, state 3- 2 small lobes, unequal in size, state 4- 1 narrow, 

spatulate, state 5- 0. 

 

68- Maxilliped coxa endites or medial lobes: state 0- 0, state 1- 1, state 2- 3. 

 

69- Maxilliped basis exopodite shape: state 0- multisegmented, state 1- tubular, elongate apically rounded, 

state 2- tubular, apically pointed, state 3- absent. 

 

70- Maxilliped basis mediodistal extension or lobe: state 0- absent, state 1- present. 
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71- Maxilliped propodus terminal setae: state 0- unmodified, simple setae, state 1- modified terminal claw 

forming a chelate structure with dactylus. 

 

Thorcapods 

72- Thoracopod 2 function: state 0- ambulatory, similar to other thoracopods, state 1- raptorial, enlarged, 

state 2- raptorial with chelae-like propodus and dactylus. 

 

73- Thoracopod 2 - coxa endites or medial lobes state 0- absent, state 1- present. 

 

74- Thoracopod 2 coxa - No- of epipodites state 0- 2 large, round lobes, state 1- 2 lobes - 1 large, round 

and 1 narrow, spatulate, state 2- 1 narrow, spatulate, state 3- 0. 

 

75- Thoracopod 2 basis exopodite - No of segments: state 0- multisegmented, state 1- tubular, single 

segment with terminal setae, state 2- 0. 

 

76- Thoracopod 3 function: state 0- ambulatory, similar to other thoracopods, state 1- raptorial, enlarged. 

 

77- Thoracopod 3, Thoracopod - coxa endites or medial lobes: state 0- absent, state 1- present. 

 

78- Thoracopod 3 coxa - No- of epipodites state 0- 2 large, round lobes, state 1- 2 lobes - 1 large round, 1 

narrow, spatulate, state 2- 1 narrow, spatulate, state 3- 0. 

 

79- Thoracopod 3 basis exopodite - No of segments: state 0- multisegmented, state 1- tubular, single 

segment with terminal setae, state 2- tubular, single segment, state 3- 0. 

 

80- Thoracopod 7 - coxa endites or medial lobes: state 0- absent, state 1- present. 

 

81- Thoracopod 7 coxa - No- of epipodites: state 0- 2 large, round lobes, state 1- 2 lobes - 1 large round 

and 1 narrow, spatulate, state 2- 1 narrow, spatulate. 

 

82- Thoracopod 7 basis exopodite - No of segments: state 0- multisegmented, state 1- tubular, single 

segment with terminal setae, state 2- tubular, single segment, state 3- 0. 

 

83- Thoracopod 8 - coxa endites or medial lobes: state 1- absent, state 2- present. 

 

Pleopod 1 female 
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84- Pleopod function: state 0- natatory, multisegmented, state 1- swimming, single segment paddle shapes 

on peduncle, state 2- reduced, state 3- absent. 

 

85- Pleopod 1 coxa endites or medial lobes: state 0- absent, state 1- present. 

 

86- Pleopod 1 exopodites - No of segments: state 0- multisegmented, state 1- 1-2, state 2- 1 plumose seta, 

state 3- 0. 

 

87- Pleopod 1 female endopodites - No of segments: state 0- multisegmented, state 1- 1-2, state 2- plumose 

seta, state 3- 0. 

 

Pleopod 1 Male  

88- Pleopod 1 - No- of segments: state 0- 2, state 1- 1. 

 

89- Pleopod 1 distal segment structure: state 0- flat, state 1- moderate medial ridges, state 2- medial ridges 

form extended/folded to forming distal hood, state 3- medial ridges extended to form ventral and dorsal 

lobes, state 4- medial ridges extended to form horizontal, lateral and medial digitate lobes. 

 

90- Pleopod 1 distal segment shape: state 0- oblong, state 1- triangular, distally blunt or round, state 2- 

triangular, distally pointed, state 3- rectangular. 

 

91- Pleopod 1 Coupling hooks: state 0- present, state 1- absent. 

 

92- Pleopod 1 Coupling Hooks position: state 0- distal,  state 1- central, state 2- proximal. 

 

93- Pleonite 1 ventral keel on ventral margin: state 0- absent, state 1- small semi-circular lobe, state 2- 

tongue shaped lobe, state 3- rectangular lobe. 

 

94- Pleonite 1 ventral keel posterior projection: state 0- absent, state 1- short, round, state 2- elongate 

spike. 

 

Pleopod 2 Male  

95- Pleopod 2 exopodites - No of segments: state 0- multisegmented, state 1- 1-2 segments, state 2- 1-2 

seta. 

 

96- Pleopod 2 proximal segment length to distal segment length: state 0- proximal > distal, state 1- 

proximal = distal, state 2- proximal < distal. 
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97- Pleopod 2 endopodite shape of distal segment: state 0- stylet, state 1- forming cup shape, state 2- 

truncate with 3-4 distal lobes. 

 

98- Pleopod 2 endopodite position: state 0- lateral, state 1- medial. 

 

99- Pleopod 2 coupling hooks position on proximal segment: state 0- absent, state 1- proximal, state 2- 

central, state 3- distal. 

 

Pleopod 3 

100- Pleopod 3 coxa endites or medial lobes: state 0- absent, state 1- present. 

 

101- Pleopod 3 exopodite - No of segments: state 0- multisegmented, state 1- 1-2 segments, state 2- 1-2 

seta. 

 

 102- Pleopod 3 endopod - No of segments: state 0- multisegmented, state 1- 1-2 segments, state 2- 1-2 

seta. 

 

Pleopod 4  

103- Pleopod 4 coxa endites or medial lobes: state 0- absent, state 1- present. 

 

104- Pleopod 4 exopod - No of segments: state 0- multisegmented, state 1- 1-2 segments state 2- 1-2 seta. 

 

105- Pleopod 4 endopodite - No of segments: state 0- multisegmented, state 1- 1-2 segments, state 2- 1-2 

seta. 

 

Pleopod 5 

106- Pleopod 5 coxa endites or medial lobes: state 0- absent, state 1- present. 

 

107- Pleopod 5 exopodite (No of segments): state 0- multisegmented, state 1- 1-2 segments, state 2- 1-2 

seta, state 3- 0. 

 

108- Pleopod 5 endopod (No of segments):  state 0- multisegmented, state 1- 1-2 segments, state 2- 1-2 

seta. 

 

Telson 
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109- Telson distal margin shape: state 0- round, state 1- round with flat distal tip, state 2- square, state 3- 

triangular, state 4- triangular, spear shaped, state 5- bifid or with medial groove, state 6- sinuous, state 7- 

absent. 

 

110- Telson - separation of distal and lateral margin: state 0- no delineation, round, state 1- distinct 

separation with distolateral corner. 

 

111- Telson lateral margin shape: state 0- straight, state 1- convex, state 2- concave. 

 

112- Telson length to uropod length: state 0- 100%, state 1- 70-90%, state 2- 50%, state 3- <35%, state 4- 

0. 

 

113- Telson with medial longitudinal ridge: state 0- absent, state 1- round, state 2- sharp. 

 

114- Telson with lateral flange state 0- absent, state 1- present. 

 

115- Telson dorsal surface submarginal setae - No- of setae: state 0- 0, state 1- 2, state 2- 4 or <. 

 

116- Telson posterior ventral margin setae: state 0- absence, state 1- presence. 

 

117- Telson posterior margin with two large distolateral spines (one on each lateral corner): state 0- absent, 

state 1- present. 

 

118- Telson lateral margin setation coverage: state 0- complete, state 1- distal 2/3, state 2- distal 1/3, 

 state 3- distal tip only, state 4- no setae. 

 

119- Telson lateral margin setae types: state 0- no setae, state 1- thin simple setae, state 2- robust simple 

spines, state 3- complex serrate spines, state 4- cuticular spines. 

 

Uropod 

120- Uropod shape: state 0- tubular, state 1- narrow, flat paddle shaped, distally rounded, state 2- narrow, 

flat spatulate shaped, distally pointed, state 3- broad, flat paddle shaped, state 4- spear shaped. 

 

121- Protopod length to width: state 0- shorter, state 1- subequal, state 2- longer. 

 

122- Rami reinforced with lateral rib: state 0- absent, state 1- present. 

 

340 
 



123- Medial ramus - no- of segments: state 0- 2, state 1- 1, state 2- 0. 

 

124- Lateral ramus No- of segments: state 0- 2, state 1- 1 with straight diastema, state 2- 1 with curved or 

circular diastema, state 3- 1 with reduced, round diastema, state 4- 1 with medial and lateral subdistal 

notch, state 5- 1 with laterodistal notch , state 6- 1 with no articulation or lateral notch. 

 

125- Lateral rami posterolateral margin: state 0- smooth, state 1- fine simple setae, state 2- robust simple 

spines, state 3- cuticular spines. 

 

126- Furca: state 0- elongate, state 1- subequal in length, state 2- small, flat lobe, state- absent. 

 

Results 

Tree Descriptions 

The results of the phylogenetic analyses produced three trees in which all species of both Anaspidacea and 

Palaeocaridacea are clearly separated from the two Bathynellacea outgroup taxa. Three cladograms are 

presented below that present an increasing degree of resolution of relationships within the Anaspidacea. 

They including the boot strapped tree, the consensus tree and the maximum parsimony tree (No. of steps = 

625). The phylogenetic reconstruction revealed that the each of the trees presented are well resolved into four 

Orders: the Bathynellacea, Stygocaridacea, Palaeocaridacea and the Anaspidacea. The Order Stygocaridacea 

Noodt 1965 is re-instated in order to accommodate the taxa that are now clearly divergent from the Anaspididae 

based on this analysis. 

 

Bootstrap Tree 

The bootstrap tree clearly delineates the six families previously identified under the Order Anaspidacea, 

however, it also sharply separates the Anaspididae from the remaining five families and joins it as a sister group 

to the Palaeocaridacea. The Patagonaspididae has also been distinctly separated from both the Stygocarididae 

and the Psammaspididae although it now forms a group incorporating the Stygocarididae, that represent a sister 

group to the Psammaspididae, Raptornungidae, Palaeocaridacea and the Anaspidacea. All major anaspidacean 

families remain consistent across each of the trees except for the Palaeocaridacea in which the resolution and 

delineation collapses in both the Bootstrap and Consensus trees indicating substantial variability in branch 

swapping. The same applies to the Koonungidae genera Pholeteronunga, Drummonunga and Boolarrunga 

although each of these genera are represented by one species and in this case it is the resolution of the matrix 

under bootstrapping and consensus that is insufficient to adequately define the evolutionary pathways for the 

genus Koonunga, as well as the genera of the Raptornungidae and Psammaspididae.  

 

The genera that show distinct separation with boot strapping (and therefore retaining their designation) include 

all of the genera within the Stygocarididae except for Tasmanocaris and Stygocarella that have formed a close 

association. In the Koonungidae, all genera are easily delineated from Koonunga with Neonunga and 
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Micraspides forming a significant association. Within the Palaeocaridacea only two families standout as having 

distinct alignment of the taxa. These are Acanthotelsonidae and the Palaeocarididae. The two families 

Psammaspididae and the Raptornungidae while distinct and separate, have a close association although contain 

sufficient apomorphies to separate into them into distinct units. The Anaspididae form a distinct clade that is 

retained throughout the analyses with Allanaspides and Paranaspides diverging from the Palaeocaridacea stock 

at an early age. Paranaspides is indicated to be the sister group of the remaining 'Anaspides'-like genera. Each 

of the three 'Anaspides'-like genera show distinct autapomorphies that clearly separate them and the two 

Occidentaspides species form a coherent genus. 

 

Consensus Tree 

The Consensus tree is similar to the Bootstrap tree in that it still constrains the trees resolution, particular within 

the Palaeocaridacea. The major difference is the separation of the Psammaspididae and Koonungidae from the 

Palaeocaridacea and the Anaspididae. The Syncarida now form a clear monophyletic group that includes the 

Anaspididae and Palaeocaridacea. The Superorder Syncarida is now defined by the presence of a petasma in the 

males and excludes the Bathynellacea. The Stygocarididae now form the basal family within Syncarida 

followed by the Patagonaspididae, the Psammaspididae/Raptornungidae, the Koonungidae and the Anaspididae 

and Palaeocaridacea clade. Within the Koonungidae the only genera to have diverged in this tree is 

Drummonunga that is now forming the basal component of the clade. The Palaeocaridacea are still largely 

unresolved although Squillitidae is defined by the genera Squillites and Praenaspides. Another set of genera that 

were previous unassigned and placed within the Uncertain family of Palaeocaridacea now form a distinct South 

American/Australian clade that is distinctly separate from the northern hemisphere fossil Syncarida and is now a 

sister clade to the Palaeocaridacea. These genera include Anaspidites as the basal taxa with Clarkecaris and 

Koonaspides forming a close association. The Anaspididae has also become disassociated with the 

Palaeocaridacea. 

 

The Stygocarididae have now become quite delineated and form a monophyletic family commencing with the 

mid-South American genus Parastygocaris forming the basal clade followed by the eastern (Argentinian) South 

American genus Argentocaris and Oncostygocaris. The western (Chilean) South American genus Stygocaris 

and the New Zealand genus Zealandacaris diverge followed by the Australian Tasmanocaris and New Zealand 

Stygocarella forming the terminal clade. 

 

Maximum Parsimony Tree 

The analysis presented in this tree retains the base monophyletic structure of the Syncarida and within the 

Anaspidacea as previously described however, the maximum parsimony tree provides significantly more 

detailed resolution of most of the taxa and now provides indications of possible evolutionary pathways for the 

Syncarida at the family and genus levels. The Anaspididae form a distinct clade from the fossil Palaeocaridacea, 

however, the closest association is with the clade formed by the clade formed by Clarkecaris, Koonaspides and 

Anaspidites. This association is based primarily on the shortened length of the pereonites, telson and uropod 
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structures. The Anaspididae displays a south western origin with the genera Allanaspides and Paranaspides 

representing the basal groups from which the Septentrionaspides and Anaspides diverge in central Tasmania. 

The final two genera originate from Anaspides stock and separate with Occidentaspides migrating to the central 

south and Spinaspides separating and forming a distinct clade along the south western margin of Tasmania. The 

large divergences genera within the Anaspididae particularly within the Allanaspides, Paranaspides and 

Septentionaspides clades may be sufficient to elevate these clades to subfamily status. 

 

The Palaeocaridacea is an unstable group containing the highest degree of branch swapping within the 

Syncarida. The families that have retained the distinctness include the Palaeocaridae and Squillitidae. The most 

significant change is the family Acanthotelsonidae which has increased its coverage and subsumed the 

Minicaridae although it is still present as a distinct smaller clade. It has however, lost Palaeosyncaris dakotensis 

to a more basal position without other affinities. The other major change as mentioned previously is the new 

familial association of Clarkecaris, Koonaspides and Anaspidites. 

 

The Koonungidae remain largely unchanged except for delineation of the genera Drummonunga, 

Pholeteronunga, Boolarrunga forming the more basal taxa supporting the two divergent clades Koonunga and 

the Zeidlerunga/Micraspides/Neonunga clade. 

 

The consistency of the Psammaspididae/Raptornungidae clade gives support for a subfamilial grouping to 

accommodate the two. The only difference in this tree is that genera of Psammaspididae has diverged with the 

Tasmanian Eucrenonaspides becoming basal followed by the more north eastern Psammapides and terminating 

with Cavernaspides in the western regions of NSW thus indicating a northern coastal and then western dispersal 

of the family. The analysis did not have sufficient resolution to delineate genera or species of Raptornungidae. 

The relationships within the Stygocaridae have remained unchanged. 
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Figure 4.1. Bootstrap tree for the phylogeny of the Syncarida based on morphological data with confidence 

indices over 50%. 
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Figure 4.2. Consensus tree for the phylogeny of the Syncarida based on morphological data. 
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Figure 4.3. Maximum parsimony tree for the phylogeny of the Syncarida based on morphological data. 
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CHAPTER 5. GENERAL DISCUSSION 

 

Scientists have long described the Anaspidacea as the most interesting group of freshwater crustaceans 

(Schram 1984, Williams 1980), as they possess a unique combination of morphological (Calman 1896; 

Smith 1908; 1965a; Schminke 1982), distributional (Schminke 1982) and physiological (Wallis & 

Macmillan 1998) characteristics that places them in a singularly significant position, both within the 

Syncarida and in the evolution of the Malacostraca as a whole. They are an intriguing group of small to 

tiny crustaceans that have, since their discovery in Tasmania in 1893, tantalised scientists by their uncanny 

resemblance to the extinct and primitive Carboniferous to Permian fossil Syncarida, the Palaeocaridacea of 

North America and Europe. For this reason the order and the Family Anaspididae particularly, has been 

described as classic ‘living fossils’ (Smith 1909a, Drummond 1959, Schram and Hessler 1984, Schram 

1984) that has supposedly remained unchanged morphologically for over 300 million years, and in so 

doing have thus retained the unmodified, archetypal body form from which all advanced crustaceans have 

evolved. The term was originally coined by Smith in 1909 for Anaspides tasmaniae from Mount 

Wellington, Tasmania.  The term was later defined by Stanley (1979) as "long lineages that persist as 

restricted bradyletic lines". The other families of the Anaspidacea, particularly the Psammaspididae and 

Stygocarididae, also suggest linkages with the cosmopolitan, and possibly oldest order of Syncarida, the 

Bathynellacea.  

 

This interest however, has not translated into comprehensive and detailed research to understand the 

species diversity, species distribution, detailed morphology, physiology, life history, environmental 

requirements or the evolutionary relationships of the species or higher taxonomic levels. Instead, most of 

what is known is based on limited descriptions and ecological studies of a very small number of species 

and from limited localities. This knowledge has then been extrapolated to cover all other taxa within the 

order.  This study provides a morphological analysis of all species of the Anaspidacea and the Palaeocaridacea 

using phylogenetic analysis to infer a greater understanding of the relationships within the Anaspidacea. The 

Palaeocaridacea have been included in the analysis in order to more fully understand the history of the 

morphology and the evolutionary pathways.  

 

The structural morphology of the Anaspidacea appears to reflect the habitats in which they occur, the niches 

within those habitats and the food they consumed.  The changes in morphology may also indicate the climatic 

conditions that have occurred during their evolution. The structure of the Palaeocaridacea indicate that they 

were open water benthic organisms who were quite good swimmers. The paddle shaped pleopods, the large 

scaphocerite and elongated antennae, fan shaped uropods and large leaf shaped respiratory endopods on the 

thoracopods closely resemble those of Anaspides except for the multisegmented pleopods. Instead of paddle 

shaped pleopods of the Palaeocaridacea, Anaspides has lateral rows of setae which function predominantly as 

water circulators rather than as swimming legs although they do perform this function. The development of the 
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paddle shaped pleopods are analogous to the pleopods of the decapods shrimps and would indicate that they 

were far better swimmers that the present day Anaspides. This is an adaptation that would have suited them 

better in the very large deltas, swamps and lakes that covered much of North America and Europe during the 

Mesozoic. The ability to be good swimmers and prevalence of such large water bodies with large transition 

zones between fresh, brackish and marine environments would have significantly aided in the dispersal of the 

Palaeocaridacea and is suggested as the reason why they have been found across large areas of the northern 

hemisphere. With the absence of frozen polar areas the climate is suggested to be relatively consistent across 

large areas, which would have produced organisms with narrow environmental tolerances.  

 

The large leaf shaped endopods on the thoracopods of the Palaeocaridacea and Anaspididae are indicators of a 

high oxygen demand presumably from high activity or higher activity in habitats with low oxygen levels. The 

production of higher oxygen levels during the Mesozoic caused by the extensive swamps and woodlands 

would have produced larger species particularly in surface waters however, with the large input of 

allochthonous material into the swamps and lakes there would have also been large areas of low DO 

particularly within the standing pools and lakes. As the Syncarids of then and now are predominantly benthic 

the development of strategies for inhabiting these would have occurred and would have started the 

development of a group of crustaceans that could inhabit the benthic and soft interstitial sediments. The 

evolution of this trait would be the savior of the group over millennia as they progressively evolved to inhabit 

environments that would not change dramatically over time and would protect them from the numerous 

cataclysmic extinction events. The demise of the Northern hemispheres Palaeocaridacea occurred at the end 

the Mesozoic at the time of the massive Permian extinction event that wiped out about 90% of life on earth. 

This is speculated to have been a combination of a meteor strike and extensive volcanisms centering on the 

Siberia steps. This volcanism extended over much or North America and Europe and would have resulted in 

the wiping out of the vegetation through fires and dust clouds. This in turn would have produced extensive 

sedimentation of the waterways. Most pelagic aquatic species would have perished as the clean, vegetated 

streams, lakes and swamps were filled with fine, possibly acidic, low oxygenated sediments that would have 

smothered the benthos and eradicated most aquatic life in these systems. The only groups that would have 

survived these conditions would have been those that already pre-adapted to living in these environments.  

 

The common fauna groups found in similar environments today included aquatic oligochaetes and crustaceans 

such as the benthic syncarids and some of the isopods such the Phreatoicoidea. It is suggested that although the 

Palaeocaridacea were wiped out in Europe, North America and Northern South America they had already 

dispersed south by this time along the western margin of Gondwanaland that included southern South 

America, Western Antarctica and south Eastern Australia and that they were sufficiently far enough away from 

the epicenter of the Northern Hemisphere extinction events that they were able to survive. Evidence of this is 

the presence of Anaspidites antiquus in the rivers and deltas of the Sydney sandstone formation 240 million 

ago and Koonaspides within the Cretaceous Murray Basin in Victoria as well as the fact that the 
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Stygocarididae had dispersed from South America to New Zealand prior to the separation of Gondwanaland. 

The preadaptation to living in interstitial environments would have also later aided in the survival during the 

frequent climate changes that occurred following the Mesozoic including the ice ages and increases in aridity. 

These climatic changes would have encouraged the continued adaptation from a benthic interstitial to phreatic 

interstitial.  

 

The morphological changes necessary to make this transition from an open water pelagic organism to an 

underground interstitial organism can be clearly correlated to the changes in the morphologies within the 

Anaspidacea. These changes include size (related to the size of the water body or void in which they live – the 

smallest species occur in the finer sediments and the largest species occur in large water bodies or caves with 

large voids.). These changes in habitat or adaptation to specific habitats are reflected size and shape of the 

respiratory epipods, the rate of oxygen consumption, the length of the antennae, the length to width ration of 

the body and body segments, the design and length of the uropods and telson. The reduction and loss in the 

size and projection of appendages such as the loss or lack of development of the antennal scaphocerite is 

another adaptation to a more interstitial existence. The width and length of the uropods and telson is correlated 

to the size of the water body and the need to swim whereas the shorter the telson and the rounder the uropods 

correlated to the smaller the void or finer the sediments that they live in. The size and number of spines on the 

telson is indicative of the fineness of the pore spaces or sediments in which they live. For examples, the 

setation of the a) Anaspididae is generally small and plumose and are designed to aid the hydrodynamics of the 

body shape for swimming, b) the setae on the pleonite 6, the uropods and the telson of both Psammaspides and 

Raptornungidae (both exclusive benthic interstitial organisms that occupy larger voids such as caves and 

course sediments with larger voids such as sand and gravel bars in rivers or alluvial /fractured rock aquifers) 

are designed as defensive mechanisms to protect the rear part of the animal from predation in restricted 

environments where it cannot turn around and face a predator. The reduction in the size of the telson and the 

size and number of robust setae or spines from the Raptornungids/Psammaspid clade to the koonungids and 

finally to the Stygocarids represent a transition from habitats with structure such as coarse grain sediments and 

fractures of caves and alluvial aquifers of 1st to 3rd order streams to the finer sediments of deltas of larger 4th to 

6th order rivers. 

 

It is clear that the Anaspididae are direct offshoot and last surviving members of the ancient Palaeocaridacea 

although the cladograms indicates they are a sister clade the Palaeocaridacea. The Anaspididae and the other 

families diverged at an early stage most likely before the Mesozoic and dispersed and evolved alongside each 

other. They however inhabited different environments and therefore had differing survival abilities. The fact 

that Anaspides now only occurs in Tasmania is related to the survival of the habitats and the climate in this 

region is a testament to the changing global environments around the globe.  
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The Stygocarididae have also demonstrate clear evolutionary pathways starting with the separation of the 

Stygocaris and Argentacaris geographically when considered with the morphological differences has 

significant implications for estimates of the age of separation and speciation as well as the possible 

direction of the evolutionary pathyways.  The Argentocaris species all occur on the eastern side the Andes 

in Argentina and Stygocaris occurs to the west on the western side of the Andes. The similarities between 

the species of the two genera, in overall morphology indicates that they were once part of the same group 

and probably within the same catchment system. The rise of the Andes Mountain chain divided the 

catchment and isolated the species. It is suggested that as Stygocaris has developed more apomorphic 

features such as the fusion of the lateral rami, the development of the male antennule and the changes to 

the male petasma, that the divergence between Stygocaris and Argentocaris was at a far earlier period than 

the divergence between the species of Argentocaris. It is also suggested that the evolutionary pathway has 

been from the east to the west and that there has been a change in the habitat structure such as sediment 

size on the western side of the Andes in Chile that has necessitated the change in morphology. This is 

opposed to the continuation of previous habitat conditions on the eastern side that has mean there has been 

little change and there a retention of the more plesiomorphic morphology. 

 

This includes the two to three segments of the male pleopod 1 and the three segments and stylet form of 

the male pleopod 2 as well as the extension of the telson, the shapes of the paragnath and maxillula. There 

is, however significant variation between the two including the bilobed rostrum in the Tasmanocaris that is 

more akin to either Psammaspididae or Oncostygocaris from Patagonia, whereas the rostrum of 

Stygocarella has similarities to the rostrums in taxa such as the South America Parastygocaris goerssi or 

Argentocaris schminkei. Other features that separate the two genera is the reduced nature of the New 

Zealand genus compared with the Australian genus as can be seen on the reduction of segments on the 

male pleopod 1 and the maxilla. The differences between the two genera clearly delineate the two, while 

still demonstrating a close relationship. 

 

The Order Anaspidacea is currently divided into two Suborders, the Anaspidinea and the Stygocaridinea by 

Knott and Lake (1980). The first suborder the Anaspidinea was erected by Calman in 1904 to 

accommodate the newly discovered Anaspides tasmaniae and later the new genus Paranaspides, Smith in 

1908. In 1965 Noodt erected a new order, the Stygocaridacea, initially to accommodate the Stygocarididae. 

The Order Stygocaridacea was later subverted to a subordinal status to Stygocaridinea by Knott & Lake in 

1980 and placed within the Order Anaspidacea. The family Psammaspididae was also included within the 

Stygocaridinea by Knott & Lake (1980).  The concept that the stygocarids should not be an order was also 

suggested by Schminke in 1975 where he treated Stygocarididae as belonging to the Anaspidacea as well, 

although he did not qualify the reasoning behind the placement. The original diagnosis for the order 

included: Mesopsammale Syncarida; thoracomere 1 fused with cephalon; 6 pleonites; mandible with 

350 
 



penicillate setae between the molar and incisor processes; furcal rudiments on telson; petasma of the male; 

antennula with statocyst. 

 

A majority of these features however, are also found within the other Anaspidacea and are already covered 

in the ordinal diagnosis. The delineation of the suborders by Knott & Lake (1980) however, cannot be 

supported by the current analysis and is therefore abolished. As is the grouping of the Koonungidae with 

the Anaspididae as it was based on a misinterpretation of characters, particular the structure of the telson 

and uropods and an insufficiently detailed examination of more diagnostic characters such as the male 

genitalia.  

 

After the re-examination and analysis of all anaspidacean and Palaeocaridacea taxa with a far more 

comprehensive dataset that also incorporates the fossil taxa it is recognised that the significant differences 

in overall body form and habitus between the Stygocaridacea and the Anaspidacea. The results also 

demonstrate the close relationship between Anaspididae and the Palaeocaridacea and that the reinstatement 

of the Stygocaridacea is necessary to accommodate the extant Syncarida that were previous assigned to just 

the Anaspidacea. This results in three Orders within the Syncarida, and refinement of the diagnosis of the 

Syncarida to exclude the Bathynellacea, where the Anaspidacea and the Palaeocaridacea would form sister 

Orders separate from the Stygocaridacea. The Bathynellacea is separated into its own Superorder 

(Superorder Podophallocarida) which has previously been suggested by Serban (1972), Tabacaru & 

Danielopol (2011) and Coineau & Camacho 2013. This discussion however is outside the parameters of 

this study and will be left to another time. This study therefore presents new diagnoses and new familial 

compositions below. The Stygocaridacea encapsulates all anaspidacean families except the Anaspididae. 

The Order Anaspidacea, which was originally designated by Calman in 1904, now reduced to only contain 

the Anaspididae. The diagnoses for the two Orders are presented below.   

 

Revised Diagnoses of the Anaspidacea 

 

Order STYGOCARIDACEA NOODT 1965a 

 

Diagnosis. Modified from Noodt 1965 and Knott & Lake 1980. 

Minute to moderate sized Anaspidacea (0.5-15mm); eyes absent or sessile and  incorporated into the 

distolateral margin of cephalic shield and no eyestalk; antenna without a scaphocerite on the second 

segment; cephalon frontal margin round or broadly triangular with no anteromedial extensions; rostrum 

formed by extension of vertex which can be a single or bilobed; mandible consisting of a incisor process 

with a large terminal denticle not separated by a large gap or diastema; male pleopod 1 with single or 

multiple subdistal hooks; male pleopod 2 distal segment of endopodite ≥ to the proximal segment; male 

pleopod 2 proximal segment stylet shaped tapering to a point; uropods round or slightly flattened and 
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distally rounded; telson and uropods not forming a flattened fan, uropodal rami with 1 to 2 segments; 

telson with 2-3 lateral spine rows 

 

Family Composition 

Psammaspididae 

Raptornungidae 

Koonungidae 

Patagonaspididae 

Stygocarididae 

 

Order ANASPIDACEA Calman 1904 

 

Diagnosis. Modified from Thomson 1893, Calman 1904 and Knott & Lake 1980. 

Moderate to large anaspidaceans; eyes pedunculate on an articulated eyestalk and separate from the 

cephalic shield; cephalon and all body segments distinct rostrum formed by an anteromedial extension of 

the cephalic plate consisting of an elongate rounded or triangular lobe; antenna with an oval scaphocerite 

on the second segment with a round distal margin; mandible consisting of a incisor process with a medial 

accessory incisor lobe or terminal denticle with or without setae, separated by a large gap or diastema; 

maxilla with two broad, setose lobes and a palp, maxilla with four short, broad setose lobes without a palp, 

maxillipeds with lamellar epipodites and endopodites on the coxa, basis with a tubular elongate exopodite 

and ischium distolaterally expanded; succeeding seven pairs of legs nearly uniform in structure, adapted 

for walking; thoracopod epipodites lamellar, broad, leaf or oval shaped; thoracopod exopodites, natatory 

and multisegmented; pleopoda with well-developed natatory, multisegmented exopodites;  male pleopod 1 

without subdistal hooks; male pleopod 2 distal segment distinctly shorter than proximal segment; male 

pleopod 2 proximal segment paddle shaped, distally rounded or folded and not tapering to a point; pleonite 

6 posterior margin with a row or short simple setae or spines; telson short, distally triangular or rounded 

with a row of short setae or spines on posterior margin only; uropods flattened and broad, single segmented 

with no diastema, spatulate or leaf shaped and distally truncated; telson and uropods forming a flattened 

fan; telson with only one lateral spine row 

 

Family Composition 

Anaspididae 
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Revised Classification of the Syncarida 

A new classification of the Orders Anaspidacea and Palaeocaridacea is presented below based a detailed 

re-examination of morphology. The Bathynellacea families are included for completeness.. 

 

Table 4.1. Revised checklist of Species 

Superorder SYNCARIDA Packard 1885 

Order ANASPIDACEA Calman 1904 

 Family ANASPIDIDAE Thomson 1893 

  Genus Allanaspides Swain, Wilson, Hickman & Ong 1970 

   Allanaspides helonomus Swain,  Wilson, Hickman & Ong 1970 

   Allanaspides hickmani Swain,  Wilson & Ong 1971 

  Genus Anaspides Thomson 1894  

   Anaspides tasmaniae (Thomson 1893)    

  Genus Occidentaspides n. gen 

   Occidentaspides pedderensis n. sp. 

   Occidentaspides spinulae Williams 1965(= Anaspides Thomson 1893) 

  Genus Paranaspides Smith 1908 

   Paranaspides lacustris Smith 1908  

  Genus Septentrionaspides n. gen 

   Septentrionaspides nicholsi n. sp. 

  Genus Spinaspides n. gen 

   Spinaspides ida n. sp. 

Order STYGOCARIDACEA NOODT 1965 

 Family PATAGONASPIDIDAE Grosso & Peralto 2002  

  Genus Patagonaspides Grosso & Peralto 2002 

   Patagonaspides sandroruffoi Grosso & Peralto 2002  

 Family PSAMMASPIDIDAE Schminke 1974 

  Genus Cavernaspides n. gen 

   Cavernaspides bowenparkensis n. sp. 

   Cavernaspides vincenti n. sp.   

  Genus Eucrenonaspides Knott & Lake 1980 

   Eucrenonaspides oinotheke Knott  & Lake 1980 

  Genus Psammaspides Schminke 1974a 

   Psammaspides williamsi Schminke 1974a 

 Family RAPTORNUNGIDAE n.fam. (= Family A Serov 2002) 

  Genus Raptornunga n. gen. 

   Raptornunga timorensis n. sp. 
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  Genus Phreatonunga n. gen 

   Phreatonunga boultoni n. sp. 

   Phreatonunga neverensis n. sp. 

 Family KOONUNGIDAE Sayce 1908 

 Subfamily Koonunginae n.subfam. 

  Genus Koonunga Sayce 1907 

   Koonunga cursor Sayce 1907 

   Koonunga burgessi n. sp. 

   Koonunga colaci n. sp. 

   Koonunga grampianensiss n. sp. 

   Koonunga smithtoni n. sp. 

  Genus Zeidlerunga crenarum n. gen (= Koonunga  Sayce 1908) 

   Zeidlerunga gellibrandi n. sp. 

 Subfamily Micraspidinae n.subfam. 

  Genus Micraspides Nicholls 1931 

   Micraspides calmani Nicholls 1931 

   Micraspides zeehanensis n. sp.  

 Subfamily Drummonunginae n.subfam. 

  Genus Boolarrunga n. gen 

   Boolarrunga gippslandica n. sp. 

  Genus Drummonunga n. gen  

   Drummonunga welshpooli n. sp 

  Genus Neonunga minuta n. gen 

   Neonunga minuta n. sp. 

  Genus Pholeteronunga n. gen 

   Pholeteronunga silvani n. sp 

 Family STYGOCARIDIDAE Noodt 1963 

  Genus Parastygocaris Noodt 1963  

   Parastygocaris andina Noodt 1963 

   Parastygocaris goerssi Noodt 1963 

  Genus Oncostygocaris Schminke 1980 

   Oncostygocaris patagonica Schminke 1980 

  Genus Stygocaris Noodt 1963 

   Stygocaris gomez-millasi Noodt 1963 

  Genus Stygocarella Schminke 1980 

   Stygocarella pleotelson Schminke 1980 

  Genus Argentacaris n. gen 
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   Argentacaris hugofernandezi Grosso & Peralto 1997 (= Stygocaris   

   Schminke 1980) 

   Argentacaris clapsi Grosso & Peralto 1997 (= Stygocaris Schminke,   

   1980) 

   Argentacaris schminkei Grosso & Peralto 1997 (= Stygocaris    

   Schminke 1980) 

  Genus Tasmanocaris n. gen 

   Tasmanocaris giselae (= Stygocaris Schminke 1980) 

  Genus Zealandacaris n. gen 

   Zealandacaris townsendi Morimoto 1977 (= Stygocaris Schminke,   

   1980) 

*Order PALAEOCARIDACEA Brooks 1962 

 *Family MINICARIDAE Schram 1984 

  *Genus Minicaris Schram 1979 

   *Minicaris brandi Schram 1979 

  *Genus Erythrogaulus Schram 1984 

   *Erythrogaulus carrizoensis Schram 1984 

 *Family ACANTHOTELSONIDAE Meek and Worthen 1865 

  *Genus Acanthotelson Meek and Worthen 1865 

   *Acanthotelson stimpsoni Meek and Worthen 1865 

   *Acanthotelson kentuckiensis Schram 1984 

  *Genus Uronectes Bronn, 1850 (= Gampsonychus Burmeister 1855) 

   *Uronectes fimbriatus Jordan 1847 

   *Uronectes kinniensis Schram & Schram 1979 

   *Uronectes palatinus Uhl and Raisch 1999 (See Uhl 1999) 

  *Genus Palaeosyncaris Brooks 1969 

   *Palaeosyncaris dakotensis Brooks 1969 

   *Palaeosyncaris micra Schram 1984 

 *Family PALAEOCARIDIDAE Meek and Worthen 1865 

  *Genus Palaeocaris Meek and Worthen 1865 

   *Palaeocaris typus Meek and Worthen 1865 

   *Palaeocaris secretanae Schram 1984 

   *Palaeocaris retractata Calman 1932 

  *Genus Monicaris Stamberg 2000 

   *Monicaris rubnicensis Stamberg 2000 

 *Family SQUILLITIDAE Schram and Schram 1974 

  *Genus Squillites Scott 1938 
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   *Squillites spinosus Scott 1938x 

  *Genus Praenaspides Woodward 1908 

   *Praenaspides praecursor Woodward 1908 

 *Family PALAEOANASPIDIDAE n.fam. 

  *Genus Anaspidites Brooks 1962 

   *Anaspidites antiquus Chilton 1929 

  *Genus Clarkecaris Messalira 1952 

   *Clarkecaris brasili Messalira 1952 

 *Family PALAEOKOONASPIDIDAE n.fam. 

  *Genus Koonaspides Jell & Duncan 1986 

   *Koonaspides indistinctus Jell & Duncan 1986 

 *Family UNCERTAIN Schram 1984 

  *Genus Nectotelson Brocchi 1880 

   *Nectotelson krejcii Brocchi 1880 

  *Genus Pleurocaris Calman 1911a 

   *Pleurocaris annulatus Calman 1911a 

   *Pleurocaris juengeri Schöllman 1999 

  *Genus Spinocaris Uhl 1999 

   *Spinocaris horribilis Uhl 1999 

  *Genus Williamocalmania Schram 1984 

   *Williamocalmania vandergrachti (Pruvost) 1912 

  *Genus Brooksyncaris Schram 1984a 

   *Brooksyncari canadanensis (Brooks) 1969 

  *Genus Palaeorchestia Zittel 1885 

   *Palaeorchestia parallela (Fritsch) 1876  

Superorder PODOPHALLOCARIDA 

**Order BATHYNELLACEA Chappuis 1915 

 **Family Bathynellidae 

 **Family Parabathynellidae 

 

* Indicates that these taxa are extinct and represented in the fossil record. 

** Group not examined in this study. 

 

Conclusion 

Historically the Anaspidacea only contained five families. This study presents eight families: the 

Anaspididae, Koonungidae, Psammaspididae, Stygocarididae, Patagonaspididae and one new family the 
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Raptornungidae, and two Australian fossil families, the Palaeoanaspididae and Palaeokoonaspidae. The 

Syncarida is now divided into three Orders in which the Stygocaridacea is reinstated to accommodate five 

of the extant families and the Anaspidacea is reduced to contain only the Anaspididae and the 

Bathynellacea is separated into its own Superorder. In total the extant Syncarida contains 28 genera and 40 

species exhibiting a broad array of morphologies, behaviour, ecology, habitats and distributions. The 

Palaeocaridacea contribute five families, 16 genera and 23 species to the analysis.  

 

The morphological analysis of the structure of the Anaspidacea has resulted in the need to redefine our 

concepts of the relationships within the Anaspidacea and the degree of change necessary to separate species, 

genera and the higher classifications. The very conservative rates of morphological variation as indicated by 

Jarman and Elliot (2000) on Anaspides in Tasmania and the retention of consistent gross morphology over 

millions of years, dictate that instead of using major morphological differences to delineate specie and genera 

we should refine our examinations to much smaller differences. Historically, all previous classifications have 

been focused on the large obvious features of the group, which has resulted in. for example, single species with 

no arboreal method of dispersal, apparently occurring across a state with catchments that have been isolated for 

millions of years and even apparent genera of groundwater organisms that occur on separate continents that 

have been separated for tens or hundreds of millions of years. Therefore, it is necessary to refine our paradigm 

for separating species to much smaller units and shift all of the current classifications, except for the Ordinal 

level up a level. The overall biogeography of the Superorder is one that originated in the Northern Hemisphere 

alongside the evolution of the Palaeocaridacea and dispersed south along the coastline of Laurasia and 

Gondwanaland during and possibly prior to the Mesozoic. The dispersal continued South through South 

America and the western margin of Antarctica to occupy New Zealand and the South of Australia by the 

Triassic. 

 

 

 

 

 

 

 

 

 

 

 

 

5. REFERENCES 

357 
 



Andrew, J. 1999. Genetic diversity and differentiation among populations of Tasmanian Mountain shrimp 

genus, Anaspides. Report to the Queen Victoria Museum, Launceston and the Tasmanian Parks 

and Wildlife Service. 

Andrew, J. 2004. Biogeography and Systematics of the Tasmanian Mountain Shrimp Anaspides tasmaniae 

Thomson, 1892 (Syncarida: Anaspididae). MSc. thesis. Hobart, University of Tasmania. 

Anonymous. 1994. National River Processes and Management Program Monitoring River Health 

Initiative. River Bioassessment Manual Version 1.0. Department of the Environment, Sport and 

Territories, Canberra. 

Bou, C. 1974. Les methodes de recolte dans les eaux souterraines interstitielles. Annuls of Speleology. 

29:611-619. 

Bou, C. 1979. Etude de la faune interstitielle des alluvions du Tam mise en place d'une station d'etude et 

resultants preliminaires. Bull. Fed. Tam Speleo.Archeol. 16: 117-129. 

Bou, C., and Rouch, R. 1967. Un nouveau champ de recherches sur la faune aquatique souterraine. C.R. 

Hebd. Séances Acad. Sci. Ser. III. Sci. Vi.e. 265: 369-370. 

Boulton, A.J. & Foster, J.G. 1998. Effects of buried leaf litter and vertical hydrologic exchange on 

hyporheic water chemistry and fauna in a gravel river bed in northern New South Wales, Australia. 

Freshwater Biology, 40, 229-243. 

Boulton, A.J., Dole-Olivier, M.-J. & Marmonier, P. 2004. Effects of sample volume and taxonomic 

resolution on assessment of hyporheic assemblage composition sampled using a Bou-Rouch pump. 

Arch. Hydrobiol.159: 327-355. 

Boulton, A.J., Humphreys, W.F. & Eberhard, S.M. 2003. Imperilled subsurface waters in Australia: 

biodiversity, threatening processes and conservation. Aquatic Ecosystem Health and Management 

6: 41–54.  

Bowman, T. E. 1984. Stalking the wild crustaceans: the significance of sessile and stalked eyes in 

phylogeny. Journal of Crustacean Biology. 4(1): 7-11. 

Brocchi, P. 1880. Note sur un Crustace fossile recueilli dans les schistes d'Autun. Bulletin de la Societe 

Geologique de France (3)8:5-1 0, pi. 1. 

Brooks, H.K. 1962. On the fossil Anaspidacea, with a revision of the classification of the Syncarida. 

Crustaceana. 4(3): 227-242. 

Brooks, H.K. 1969. Syncarida. In Moore, R. C. (ed.), Treatise on Invertebrate Paleontology, Part R, 

Arthropoda 4, Vol.1. Geological Society of America and University of Kansas, Lawrence. Pp.345–

359. 

358 
 



Brusca, R.C. & Brusca, G.J. (2003). Invertebrates (2nd ed.). Sunderland, Massachusetts: Sinauer 

Associates. P.875. 

Burmeister, H. 1855. Ueber Gampsonychus fimbriatus Jordan. Abhandlungen der naturforshenden 

Gesellschaft zu Halle 2:191-200, pi. 10, figs. 12-14. 

Calman, W.T. 1896. On the genus Anaspides and its affinities with certain fossil Crustacea. Transaction of 

the Royal Society of Edinburgh. 38: 787–802. 

Calman, W.T. 1904. On the classification of the Crustacea: Malacostraca. Annual Magazine of Natural 

History. 13(7): 144-158. 

Calman, W.T. 1908. Notes on some characters of Koonunga and Anaspides. Transactions of the Linnean 

Society of London. 11: 15-16. 

Calman, W.T. 1911. On Pleurocaris, a new crustacean from the English coal measures. Geological 

Magazine. 8 (5): 156-160. 

Calman, W.T. 1932. Notes on Palaeocaris praecursor, Kukenthal and T. Krumbach (Eds.). Handbuch der 

Zoologie. 111(1). De Gruyter, Berlin. 

Camacho A.I., Rey, I., Dorda, B.A., Machordom, A. & Valdecasas, A.G. 2002. A note on the systematic 

position of the Bathynellacea (Crustacea, Malacostraca) using molecular evidence. Contribution to 

Zoology 71(4): 123–129. 

Camacho, A.I., Torres, E. Ortiz, C. Puch &  Valdecasas, A. G. 2006. Small-scale biogeographical pattern 

in groundwater Crustacea (Syncarida, Parabathynellidae). Biodiversity and Conservation. 15: 

3527–3541.  

Camacho, A.I. & Valdecasas, A.G. 2008. Global diversity of syncarids (Syncarida; Crustacea) in 

freshwater. Hydrobiologia. 595: 257-266. 

Castany, G. (1982) Principes et Methodes del. Hydrogeologie, Dunod, Paris. 

Chappuis, P.A., 1915. Bathynella natans und ihre Stellung im System. Zoologisches Jahrbüch der 

Systematik. 40: 147-176. 

Chilcott, S. 1989. A continuation of the Surveys of Freshwater Invertebrates from Lakes in the World 

Heritage Area, Tasmania. Inland Fisheries Commission Occasional Report. 89-01. 

Chilton C. 1929. Note on a fossil shrimp from Hawkesbury sandstones. Journal of the Royal Society of 

New South Wales 62: 366-368. 

Cho, J.L., Park, J.G., Humphreys, W.F. 2005. A new genus and six species of the Parabathynellidae 

(Bathynellacea, Syncarida) from the Kimberley region, Western Australia. Journal of Natural 

History. 39, No.24 / 2005: 2225-2255. 

359 
 



Clark, N.D.L. 1990. Minicaris brandi Schram 1979, a syncarid crustacean from the Namurian 

(Carboniferous). Scottish Journal of Geology. 26: 125-130. 

Clarke J.M. 1920. Crustacea from the Permian of Säo Paula, Brazil. New York State Museum Bulletin. 219-

220: 135-137. 

Clarke, A. 2000. Records of the Tasmanian cave fauna known or purported to be in the South Australian 

Museum. Helictite 36 (2), 23-37. 

Clarke, A. 2006. Cavernicole diversity and ecology in Tasmania. University of Tasmania. (Unpublished). 

Cohen, M. J. 1960. The response patterns of single receptors in the crustacean statocyst. Proceedings of the 

Royal Society B: Biological Sciences 152 (946): 30–49. 

Coineau, N. & Boutin, C. 1992. Biological processes in space and time: colonization, evolution and 

speciation in interstitial stygobionts. In Camacho A. I. (Ed.). The Natural History of Biospeleology. 

Monografı´as del M.N.C.N. 7(CSIC), Madrid. pp. 423–451. 

Coineau, N., Camacho, A.I. 2013. Superorder SYNCARIDA Packard 1885. In. The Crustacea. Treatise on 

Zoology-Anatomy, Taxonomy, Biology. Traité de Zoologie. (Eds.) von Vaupel Klein, J.C., 

Charmatier-Daires., Schram, F.R. Brill Leiden Boston 2013. 

Coleman, M. J. and H. B. N. Hynes. 1970. The vertical distribution of the invertebrate fauna in the bed of a 

stream. Limnol. Oceanography. 15:31-40. 

Crawford, R.L. 1985. Results of a cave invertebrate inventory in the Mt. St. Helens National volcanic 

monument. Washington State Entomological Society Proceedings. 46: 703-705. 

Creaser, E.P. 1931. Some cohabitants of burrowing crayfish. Ecology. 13: 243-244. 

Cvetkov L. 1968. Un filet phréatobiologique. Bulletin de lʼInstitut de Zoologie et Musée. Académie 

Bulgare de la Science 27, 215–218. 

Dahl, E. & Hessler, R. R. 1982. The crustacean lacinia mobilis: a reconsideration of its origin, function and 

phylogenetic implications. Zoological Journal of the Linnean Society, 74: 133–146. Dahl, E. 1983. 

Malacostracan phylogeny and evolution. In: Crustacean Phylogeny: Crustacean Issues 1 (F. 

Schram, ed.), pp.189-212. San Diego Natural History Museum, California. Dallwitz, M. J. 1980. A 

general system for coding taxonomic descriptions. Taxon.  29: 41–6. 

Dallwitz, M.J. (2005) Overview of the DELTA system. http://delta–intkey.com/www/overview.htm.  

Danielopol, 1989. Groundwater fauna associated with riverine aquifers. Journal of North American 

Benthological Society. 8(1); 18-35. 

De Deckker, P. 1980. New records of Koonunga cursor Sayce, 1908 (Syncarida, Anaspidacea). 

Transactions of the Royal Society of South Australia. 104(2): 21-25. 

360 
 



Doran, N.E., Richardson, A.M.M., & Wood, S.L. 2001. Gordon River Cave Flora and Fauna assessment. 

Basslink Integrated Impact Assessment Statement. Potential Effects of Changes to Hydro Power 

Generation. Appendix 10: Prepared for Hydro Tasmania. pp. 1-47. 

Driessen, M.M.  & Mallick, S.A. 2007. The Life History of Allanaspides hickmani Swain, Wilson and Ong 

1971. Crustaceana. 80 (10): 1171-1192. 

Driessen, M.M., Mallick, S. A., Lee, A. & Thurstans. S. 2007. Loss of habitat through inundation and the 

conservation status of two endemic Tasmanian syncarid crustaceans: Allanaspides hickmani and A. 

helonomus (Syncarida: Anaspididae). Oryx. 40(4): 464-467. 

Drummond, F.H. 1959. The syncarid crustacea, a living link with remote geological ages. Australian 

Museum Magazine. 13: 63-64. 

Dyson, H.J., Ellis, R. & James, J.M. (Eds.) 1982. Wombeyan Caves. Sydney Speleological Society 

Occasional Paper No.8.  

Eberhard, S.M. 1993. Survey of fauna and human impacts in the Jenolan Caves Reserve. Caves Reserve 

Trust, Jenolan Caves. 

Eberhard, S.M.  & Spate, A.P. 1995. Cave invertebrate survey: Toward an atlas of NSW Cave fauna. A 

report under NSW Heritage Assistance program NEP94765. NSW National Parks and Wildlife 

Service, Queanbeyan. 

Eberhard, S.M, Richardson, A.M.M. & Swain, R. (1991). The invertebrate cave fauna of Tasmania. 

Zoology Department, University of Tasmania, Hobart. 

Evans, J.W. 1937-39. Fish Food Investigations. Salmon and Freshwater Fisheries Commissioners Report 

Years 1937, 1938 and 1939. 

Felsenstein, J. 1985. Confidence limits on phylogenies: an approach using the bootstrap. Evolution. 39: 

783-791. 

Flynn, T.T. 1918. The distribution of Anaspides and Ooperipatus in Tasmania. Australian Zoologist. 1(5): 

102.  

Fritsch, A. 1875. Priropsis zivocisstva pro vyssi gymnasasialni a realné skoly. Prague, 135 pp. 

Fritsch, A. 1876. Über die Fauna der Gashohle des Pilsner und Rakonitzer Beckens. Sitzungsberichte der 

Königlichen Böhmischen Gesellschaft der Wissenschaften. Prague. 1875: 70-79. 

Fulton, W. 1982. Notes on the distribution and life cycle of Paranaspides lacustris Smith (Crustacea: 

Syncarida). Bulletin of the Australian Society of Limnology. 8. 23-5. 

Fulton, W. 1983. Macrobenthic Fauna of Great Lake, Arthurs Lake and Lake Sorell, Tasmania. Australian 

Journal of Marine and Freshwater Research. 34: 775-85 

361 
 



Fulton, W. 1987. Tasmania's endangered freshwater fauna. Newsletter of the Inland Fisheries Commission. 

16 (1). 

Fulton, W. and Howitz, P. 1987. Syncarid Crustaceans. In ' The Freshwater Fauna of the World Heritage 

Area, Tasmania' (Fulton, W. and Richardson, A.M.M, Eds). Inland Fisheries Commission, 

Tasmania. 

Gibert, J., Danielopol, D., & Stanford, J.A. (Eds), 1994, Groundwater Ecology, Academic Press. 

Gibert, J., R. Ginet, J. Mathieu, I.-L Reygrobellet and A. Seyed-Reihani. 1977. Structure et fonctionnement 

des ecosystemes du Haut-Rhone francais. IV. Le peuplement des eaux phreatiques; premier 

resultats. Ann. Limnol. 13:83-97. 

Gillieson, D.S. 1996. Caves: Processes, Development, Management. Blackwell Publishers, Cambridge. Pp. 

324. 

Gordon, I.O. 1961. On the mandible of Paranaspides lacustris Smith - a correction. Crustaceana. 2(3): 

213-222. 

Gordon, I.O. 1964. On the mandible of the Stygocaridae (Anaspidacea) and some other Eumalacostraca, 

with special reference to the lacinia mobilis. Crustaceana. 7(2): 150-157. 

Grobben, Claus' Lehrbuch. 1905.  [Title unknown.]. Unpaginated. 

Grobben, K. 1892. Zur Kenntnis des Stammbaumes und des Systems der Crustaceen. Sitzungsberichte der 

Kaiserlichen Akademie der Wissenschaften, Wien. 101: 237-294. 

Grosso, L.A. & Peralto, M. 1996. Discovery of a new Stygocarididae in an ancient area of endemism. 

Parastygocaris schminkei n. sp. (Crustacea, Syncarida). Physis (Buenos Aires). 54(126-127): 

Seccin B: 21-26. 

Grosso, L.A. & Peralto, M. 1997. Parastygocaris clapsi n. sp., a new syncarid Stygocarididae from the 

hyporheic zone of the Aicuna River (La Rioja, Argentina). Neotropica (La Plata). 43(109-110): 

27-34. 

Grosso, L.A. & Peralto, M. 2000. First Stygocaris species (Crustacea, Syncarida) discovered at Eastern 

Andes. S. hugofernandezi n. sp. Physis Secciones (Buenos Aires) 57(132-133): 39-44. 

Grosso, L.A. & Peralto, M. 2002. Patagonaspides gen. n.; P. sandroruffoi n. sp (Crustacea, Syncarida). 

First phreatobite species of a new anaspidacean family discovered in Patagonia with cladistic 

analysis of Stygocaridinea (Anaspidacea). Bullettino del Museo Civico di Storia Naturale di 

Verona, Botanica Zoologia. 26: 105-118. 

Growns, I., & Williams, S. 2006. A review of the impacts of Tallowa Dam on the macroinvertebrate 

communities of the Shoalhaven River. Shoalhaven River Scientific Advisory Panel. 

362 
 



Gruner, H.E. 1996. Segmentation tagmes et appendices. Pp. 9-47. In. Grasse, P.P. (Ed). Traité de Zoologie, 

Anatomie, Systématique, Biologie. Masson, Paris. 7 (1); 917 pp. 

Hancock, P.J. & Boulton, A.J. 2008. Stygofauna biodiversity and endemism in four alluvial aquifers in 

eastern Australia. Invertebrate Systematics. 22: 117-126. 

Hancock, P.J. 2002. Human impacts on the stream-groundwater exchange zone. Environmental 

Management. 29: 763-781 

Hancock, P.J. 2004. Groundwater dependent aquatic biota survey of the Pioneer Valley, Queensland 

Aquatic Ecosystem Health. Technical Report for Queensland Department of Natural Resources, 

Mines and Energy. 

Harrison, P.J. M., D.L., Young, H.M. 1995. Serotonin immunoreactivity in the ventral nerve cord of the 

Primitive crustacean, Anaspides tasmaniae, closely resembles that of Crayfish. Journal of 

Experimental Biology. 198(2): 531-535. 

Herbert, C. & Helby, R. 1980. A Guide to the Sydney basin. Maitland, NSW: Geological Survey of NSW. 

p. 582. 

Hessler, R.R. 1983. A defense of the Caridoid facies: wherein the early evolution of the Eumalacostraca is 

discussed. 145-164. In. Schram. (Ed). Crustacean phylogeny. Crustacean Issue. 1:372 pp. 

Hickman, V.V. 1936. Anaspides tasmaniae. Paper of the Proceedings of the Royal Society of Tasmania. 

1936:1-35. 

Hickman, V.V. 1937. The embryology of the syncarid crustacean, Anaspides tasmaniae. Papers of the 

Royal Society of Tasmania. 1936: 1-36. 

Hose, G. 2008. Stygofauna Baseline Assessment for Kangaloon Borefield Investigations, Southern 

Highlands. Access Macquarie Limited for Sydney Catchment Authority.  

Howitz, P. 1988. The Distributions of some Subterranean Syncarid Crustaceans in Southern and Western 

Tasmania (With an Appended Discussion of the Pholeteros of the Region). Unpublished Report, 

Centre for Environmental Studies, University of Tasmania. 11pp. 

Horwitz, P. 1989. The faunal assemblage (or pholeteros) of some freshwater crayfish burrows in southwest 

Tasmania. Australian Society for Limnology Bulletin. 12:29-36. 

Howitz, P. 1990. The conservation status of Australian Freshwater Crustacea. With a Provisional list of 

Threatened Species, Habitats and Potentially Threatening Processes. Report Series No. 14. 

Australian National Parks and Wildlife Service. P. 121. 

Humphreys, W.F. & Adams, M. 1991. The subterranean aquatic fauna of the North West Cape Peninsula, 

Western Australia. Records of the Western Australian Museum. 15(2): 383-411. 

363 
 



Humphreys, W.F. (1994). The subterranean fauna of the Cape Range coastal plain, northwestern Australia. 

Report to the Australian Heritage Commission and the Western Australian Heritage Committee. 

202 pp. Unpublished. 

Humphreys, W.F. 1993. Stygofauna in semi-arid tropical Western Australia: A Tethyan connection. 

Memoires de Biospéologie. 20:111-116. 

Humphreys, W.F. 1993. The significance of the subterranean fauna in biogeographical reconstruction: 

examples from Cape Range Peninsula, Western Australia. Records of the Western Australian 

Museum, Supplement. No. 45. 

Humphreys, W.F. 2001 Groundwater calcrete aquifers in the Australian arid zone: the context to an 

unfolding plethora of stygal biodiversity. Records of Western Australian Museum Supplement. 64: 

63-83). 

Humphries, W.F. (2002) “Groundwater ecosystems in Australia: An emerging understanding.” 

Proceedings of the IAH groundwater conference: “Balancing the groundwater budget”, 12-17 

May, 2002, Darwin, NT. 

Hynes, H. B. N. 1983. Groundwater and stream ecology. Hydrobiologia 100: 9399. 

Jarman, S. N. & Elliott, N.G. 2000. DNA evidence for morphological and cryptic Cenozoic speciations in 

the Anaspididae, 'living fossils' from the Triassic. Journal of Evolutionary Biology. 13(4): 624-

633. 

Jell, P.A. & Duncan, P.M. 1986. Invertebrates, mainly insects, from the freshwater, Lower Cretaceous, 

Koonwarra Bed (Korumburra Group), South Gippsland, Victoria. Memoirs of the Association of 

Australasian Palaeontologists. 3: 111-205. 

Jenner, R.A, Dhubhghaill, C.N, Ferla, M.P, & Wills, M.A. 2009. Eumalacostracan phylogeny and total 

evidence: limitations of the usual suspects. BMC, Evolutionary Biology. 9: 1-20. 

Jespersen, A. 1983. Spermiogenesis in Anaspides tasmaniae (Thomson) (Crustacea, Malacostraca, 

Syncarida). Acta Zoologica (Copenhagen). 64(1): 39-46. 

Jordan, H., 1847. Entdeckung fossiler Crustaceen im Saarbru¨cken’schen Steinkohlengebirge. 

Verhandlungen des Natur Historischen Vereines Preussischen Rheinlande. 4: 89–92. 

Juberthie C. 2000. The diversity of the karstic and pseudokarstic hypogean habitats in the World. Pp. 17-

39. In “Ecosystems of the World, Subterranean Ecosystems”, H. Wilkensm D.C. Culver and 

Humphreys (Eds.), Elsevier, Amsterdam. 

Kauri, T. & Lake, P.S. 1972. The structure of the organ of Belconci of the syncarid crustacean, Anaspides 

tasmaniae (Thomson). Zeitschrift Zellforschung und mikroskopische Anatomie.  132(4): 431-450. 

364 
 



Kiernan, K. 1988. Caves and Karst areas of Tasmania - a brief survey. Journal of the Sydney Speleological 

Society. 32: 107-121  

Kingham, R.A., 1998. Geology of the Murray-Darling Basin — Simplified Lithostratigraphic Groupings. 

Australian Geological Survey Organisation, Record 1998/21. AGSO. 

Knott, B. & Lake, P.S. 1977. Of a wine cellar and psammaspids. Newsletter Australian Society of 

Limnology. 15(1): 49.  

Knott, B. & Lake, P.S. 1980. Eucrenonaspides oinotheke gen.et sp.n (Psammaspididae) from Tasmania, 

and a new taxonomic scheme for Anaspidacea (Crustacea, Syncarida). Zoological Scripta. 9(1). 

(1980): 25-33. 

Knott, B., Suter, P.J. & Richardson, A.M.M. 1978. A preliminary observation on the littoral rock fauna of 

Hartz Creek, southern Tasmania, with notes on the water chemistry of some neighbouring lakes. 

Australian Journal of Marine and Freshwater Research. 29: 703-15. 

Kutschera, V., Maas, A & Waloszek. D. 2012. Uropods of Eumalacostraca (Crustacea s.l.: Malacostraca) 

and their phylogenetic significance. Arthropod Systematics & Phylogeny. Senckenberg 

Gesellschaft für Naturforschung. 70 (3) 181 – 206. 

Lake, P.S. 1977. Pholeteros - The faunal assemblage found in crayfish burrows. Australian Society of 

Limnology. 15 (2): 57-60. 

Lake, P.S. & D.J. Coleman, 1977. On the subterranean syncarids of Tasmania. Helictite. 15: 12-17. 

Lake, P.S., Swain, R. & Ong, J.E. 1974. The ultrastructure of the fenestra dorsalis of the syncarid 

crustaceans Allanaspides helonomus and Allanaspides hickmani. Zeitschrift Zellforschung und 

Mikroskopische Anatomie. 147: 335-351. 

Lake. P.S. & Knott, B. 1972. On the freshwater crustaceans of the Central Plateau. In. The Lake Country 

of Tasmania' (Ed. M. Banks) Royal Society of Tasmania, Hobart. 

Lange, S. & Schram, F. 1999. Evolution y filogenia de los crusta´ceos. Boletı´n de la Sociedad 

Entomolo´gica Aragonesa. 26: 235–254. 

Latreille, P.A. 1802. Histoire naturelle générale et particulière Crustacés et des Insectes. 2: 380 pp. 

Laverack, M.S.M., D.L.  Ritchie, & G., Sandow, S. 1996. The ultrastructure of the sensory dorsal organ of 

crustacean. Crustaceana (Leiden). 69(5): 636-651. 

Leys, R., Cooper, S.J.B., Stracker, U., Wilkens, H. 2005. Regressive evolution of an eye pigment gene in 

independently evolved eyeless subterranean beetles. Biology Letters. doi: 10 1098 /rsbl.2005.0358. 

Published online. 

365 
 



Lopretto, E.C. & Morrone, J.J. 1998. Anaspidacea, Bathynellacea (Crustacea, Syncarida), generalised 

Tracks, and the biogeographical relationships of South America. Zoologica Scripta. 27(4): 311-

318. 

Machado Brito, I. & Padilha de Quadros, L. 1978. Ocurrencia inedita de Clarkecaris brazilicus (Crustacea, 

Malacostraca) no Permiano do Estado do Parana. Anais da Academia Brasileira de Ciencias. 

50(3): 417-421. 

Maddison, W.P. & D.R. Maddison. 2011.  Mesquite: A modular system for evolutionary analysis.  Version 

2.75.  http://mesquiteproject.org 

Malard, F., Dole-Olivier, M. -J., Mathieu, J., Stoch, F., 2001. PASCALIS – Protocols for the Assessment 

and Conservation of Aquatic Life in the Subsurface. 〈http://www.pascalis-project.com/).  

Manton, S.M. 1930. Notes on the habits and feeding mechanisms of Anaspides and Paranaspides 

(Crustacea, Syncarida). Proceedings of the Zoological Society of London. 1930: 791-800. 

Manton, S.M. 1931. Photograph of a living Anaspides tasmaniae. Proceedings of the Zoological Society of 

London. 1931: 1079. 

Marmonier, P., Vervier, P., Gilbert, J. & Dole-Oliver, M. 1993. Biodiversity in Groundwaters. Tree. 8: 11. 

Martin, J.W. & Davis, G.E. 2001. An updated classification of the recent Crustacea. Natural History 

Museum of Los Angeles County, Science Series 39: 1-124. 

McConnell, F.M. 1987. Morphometry of transport tissues in a freshwater crustacean. Tissue & Cell. 

19(3):319-349. 

McLaughlin, P. A. 1980. Comparative morphology of Recent Crustacea. W. H. Freeman and Company, 

San Francisco.  

Meek, F.B. & Worthen, A.H. 1865. Notice of some new type of organic remains from the coal measures of 

Illinois. Proceedings of the Academy of Natural Science of Philadelphia. 1865: 46-50. 

Mezzallra, S. 1971. Contribuisao ao conhecimento da geologia de sub-superficie e da paleontologia da 

formaYao lrati, no estado de Sao Paulo. Anais da Academia Brasileira de Ciencias. Supplement. 

43: 273-336. 

Morimoto, Y. 1977. A New Stygocaris (Syncarida, Stygocarididae) from New Zealand. Bulletin of the 

National Science Museum, Series A. (Zoology). 3(1).  

Nicholls, G.E. & Spargo, D. 1932. Notes on the internal anatomy of the Anaspidacea. Annals & Magazine 

of Natural History. Series 10(10):153-166. 

Nicholls, G.E. 1931. Micraspides calmani, a new syncaridan from the west coast of Tasmania. Journal of 

the Linnean Society of London. Zoology. 37: 473-488. 

366 
 



Nicholls, G.E. 1947. On the Tasmanian Syncarida. Records of the Queen Victoria Museum. 2: 9-16. 

Nilsson, D.E, 1990. Three unexpected cases of refracting superposition eyes in crustaceans. Journal of 

Comparative Physiology. 167: 71-78. 

Noodt, W. 1963a. Subterrane Crustaceen der zentralen Neotropis. Zur Frage mariner Relike im Bereich des 

Rio Paraguay-Parana-Amazonas systems. Zoologischer Anzeiger. 171(1/4): 114-147. 

Noodt, W. 1963b. Estudios Sobre Crustaceos de Aguas Subterraneas III. Crustacea Syncarida de Chile 

Central. Investigaciones Zoologica Chilenas. 10:151-167. 

Noodt, W. 1963c. Anaspidacea (Crustacea, Syncarida) in der südlichen Neotropis. Verhandlungen der 

Zoologisch-Botanischen Gesellschaft in Wien 1962: 568-578, Abb. 1d, 5d, [577]. 

Noodt, W. 1964. Natürliches System und Biogeographie der Syncarida. Gewässer und Abwässer 37/38: 

77–186. 

Noodt, W. 1965a. Natürliches System und Biogeographie der Syncarida. Gewässer Abwässer. 37/38 

(1964): 77-186. 

Noodt, W. 1965b. Crustacea subterránea aus Argentininien. Beitrage zur Neotropischen Fauna. 42(2): 84-

129. 

Noodt, W. 1970. Zur Eidonomie der Stygocaridacea, einer Gruppe interstitieller Syncarida (Malacostraca). 

Crustaceana. 19(3): 227-244. 

O'Brien, D.P. 1990. The conservation status of the mountain shrimp (Anaspides tasmaniae and Anaspides 

spinulae). Department of Parks, Wildlife and Heritage, Tasmania. 

Oshel, P.E. 1988. SEM morphology of the foreguts of gammaridean amphipods compared to Anaspides 

tasmaniae (Anaspidacea: Anaspididae), Gnathophausia ingens (Mysidacea: Lophogastridae), and 

Idotea balthica (Isopoda: Idoteidae). Crustaceana Supplement (Leiden).13 (1988): 209-219. 

Packard, A.S. 1885. The Syncarida, a group of Carboniferous Crustacea. American Naturalist. 19:700-703. 

Pemberton, M. 1988. Soil erosion between Birchs Inlet and Elliott Bay, southwestern Tasmania. Papers 

and Proceedings of the Royal Society of Tasmania. 122: 109-14. 

Pennak, R. W. and J. V. Ward. 1986. Interstitial faunal communities of the hyporheic and adjacent 

groundwater biotopes of a Colorado mountain stream. Arch. Hydrobiol. Monographische Beitrage 

74:356-396. 

Peralto, M. 2010. Setal classification system for Stygocarididae and Patagonaspididae Crustacea 

(Anaspidacea). Acta Zoologica Lilloana. 54 (1–2): 44–62. 

Perrier, V., Vannier, J., Racheboeuf, P.R., Chabarb, D. & Sotty, D. 2003. Upper Carboniferous syncarid 

crustaceans from the Montceau Lagerstaette (France). Palaeontology Newsletter. 54: 54-55. 

367 
 



Perrier, V., Vannier, J., Racheboeuf, P.R., Chabarb, D. & Sotty, D. 2006. Syncarid crustaceans from the 

Montceau Lagerstaette (Upper Carboniferous; France). Palaeontology (Oxford). 49: 647-672. 

Poore, G.C.B., Bruce, N.L., Cookson, L.J., Green, A.J., Knott, B., Lake, P.S., Lew Ton, H.M., Markham, 

J.C., Sieg, J. & Wilson, G.D.F. 2002. Zoological Catalogue of Australia, Volume 19.2A, 

Crustacea: Eumalacostraca: Syncarida, Peracarida: Isopoda, Tanaidacea, Mictacea, 

Thermosbaenacea, Spelaeogriphacea. Published by ABRS and CSIRO Publishing. 

Pruvost, P. 1912. Note sur un myiapode du terrain houiller du Nord. Annales de la Societe Geologique du 

Nord. 41:65-69.  

Reik, E.F. 1959. The Australian Freshwater Crustacea. In. Biogeography and Ecology of Australia. 246-

258. Uitgeverij Dr. W. Junk - Den Haag. 

Richter, S. & G. Scholtz. 2001. Phylogenetic analysis of the Malacostraca (Crustacea). Journal of 

Zoological Systematics and Evolutionary Research. 39: 113–136.Roemer, F. 1856. Palaeo-

Lethacea: II. Theil. Kohlen-Periode (Silur-Devon-, Kohlen-, und Zech-stein-Formation), pp.672-

675. In. H.G. Bronn's Lethacea Geognostica. Bd.I. Stuttgart. 

Rolfe, W.D.L. 1962. A syncarid crustacean from the Keele Beds (Stephanian) of Warwickshire. 

Paleontology. 4: 546-551, pl. 68.  

Rolfe, W.D.L., Schram, F.R., Pacaud, G., Sotty, D. & Secrétan, S. 1982. A remarkable Stephanian biota 

from Montceau-les-Mines, France. Journal of Paleontology. 56: 426-428. 

Sayce, O.A. 1907. Description of a remarkable new crustacean with primitive malacostracan characters. 

Victorian Naturalist. 24: 117-120. 

Sayce, O.A. 1908. On Koonunga cursor, a remarkable new type of malacostracous crustacean. 

Transactions of the Linnean Society of London. Zoology. 11(2): 1-16. 

Scarsbrook, M.R.; Fenwick, G.D.; Duggan, I.C.; Haase, M. (2003). A guide to the groundwater 

invertebrates of New Zealand. NIWA Science & Technology Series 51. 59 p. 

Schmidt, S.I., Hanh, H.J., Watson, G.D., Woodbury, R.J., & Hatton. T.J. 2004. Sampling Fauna in Stream 

Sediments as well as Groundwater Using One Net Sampler. Acta hydrochimica et hydrobiologica. 

Volume 32, Issue 2, pages 131–137. 

Schminke, H.K. & Parker, S.P. 1982. Syncarida. Synopsis and Classification of Living Organisms. 233-

237.  

Schminke, H.K. [Ed.]. 1982. Syncarida. In. Synopsis and classification of living Organisms. Mcgraw-hill 

book company, New York. 1982: i-xviii: 233-237. 

Schminke, H.K. 1973. Evolution, System und Verbreitungsgeschichte der Familie Parabathynellidae 

(Bathynellacea, Malacostraca). Mikrofauna Meeresboden. 24: 1–192.Schminke, H.K. 1974a. 

368 
 



Mesozoic intercontinental relationships as evidenced by bathynellid Crustacea (Syncarida, 

Malacostraca). Systematic Zoology. 23: 157-164. 

Schminke, H.K. 1974b. Psammaspides williamsi gen. n., n. sp, Ein Vertreter einer Neuen Familie 

mesopsammaler Anaspidacea (Crustacea, Syncarida). Zoological Scripta 3(4): 177-183. 

Schminke, H.K. 1975. Phylogenie und Verbreitungsgeschichte der Syncarida (Crustacea, Malacostraca). 

Verhandlungen Zoologische Gesellschaft, Bochum. 1974: 384-388. 

Schminke, H.K. 1976. The ubiquitous telson and the deceptive furca. Crustaceana. 30 (3): 292-300.  

Schminke, H.K. 1978a. Die phylogenetische Stellung der Stygocarididae (Crustacea: Syncarida). Unter 

besonderer Beru¨cksichtingung morphologischer A¨ hnlichkeiten mit Larvenformen der Eucarida. 

Zeitschrift fu¨r Zoologische Systematik und Evolutionforschung. 16: 225–239. 

Schminke, H.K. 1980. Zur systematik der Stygocarididae und Beschreibung zweier neuer arten 

(Stygocarella pleotelson gen. n., n. sp und Stygocaris giselae sp. n). Beaufortia. 30(6): 139-154. 

Schminke, H.K. 1982. Malacostracan Syncarida. In:  Parker, S.P. (Ed.), Synopsis and Classification of 

Living Organisms, McGraw-Hill, New York. 2: 233-237.  

Schölmann, L. 1999. Pleurocaris juengeri n. sp. Ein neuer Krebs (Malacostraca, Syncarida) aus dem 

Namur B von Hagen-Vorhalle (Westfalen, Deutschland). Geologie und Paläeontologie in 

Westfalen. 52: 5-17. 

Schram, F.R. 2008. Does biogeography have a future in a globalized world with globalized faunas? 

Contributions to Zoology. 77 (2): 127-133.  

Schram, F. R. & Hessler, R. R. (1984). Anaspidid Syncarida. In: Eldredge N, Stanley SM eds. Living 

Fossils. New York: Springer. pp. 192-195. 

Schram, F. R. & Hof, C. H. J. 1998. Fossils and the interrelationships of Major Crustacean groups. In: 

Edgecombe, G. D. (ed.) Arthropod Fossils and Phylogeny. Columbia University Press, New York: 

pp. 233-302.  

Schram, F. R. 1979. British Carboniferous Malacostraca. Fieldiana: Geology 40:1-129.Schram, F. R. 1984. 

Fossil Syncarida. Transactions of the San Diego Society of Natural History. 20(13): 189-246. 

Schram, J.M. & Schram, F.R. 1974. Squillites spinosus from the Mississippian Heath Shale of Central 

Montana. Journal of Paleontology. 53: 169-174. 

Scott, H. W. 1938. A stomatopod from the Mississippian of Central Montana. Journal of Paleontology, 12: 

508-510. 

Serban, E. 1972. "Bathynella (Podophallocarida Bathynellacea)." Travaux de l'Institut de Speologie. 

“Emile Racovitza”. 11: 11-224. 

369 
 



Serov, P. 1988. Aspects of Ecology of Anaspides tasmaniae (Crustacea: Syncarida). (Unpublished 

Honours.Thesis, University of Tasmania, Hobart). 

Serov, P. 2002. "A Preliminary Identification of Australian Syncarida (Crustacea)." Cooperative Research 

Centre for Freshwater Ecology. Identification and Ecology Guide 44: 1-30. 

Siewing, R. 1959. Syncarida. In Bronn, H. G. (ed.), Klassen und Ordnungen des Tierreichs. Akademische 

Verlagsgesellsch. Geest & Portig, Leipzig, Thomson. 5(1): 121; 4(2): 1–121. 

Silvey, G. E. & Wilson, I.S. 1979. Structure and function of the lateral giant neurone of the primitive 

crustacean, Anaspides tasmaniae. Journal of Experimental Biology. 78: 121-136. 

Silvey, G. E. Shrimps in high places. 1980. Australian Natural History. 20(2): 71-74.  

SMEC. 2006. Baseline Groundwater Dependent Ecosystem Evaluation Study – Upper Nepean 

Groundwater Pilot Studies – Final Report. Report to Sydney Catchment Authority. SMEC Australia 

Pty Ltd, Sydney. 

Smith, G.W. 1908. A preliminary account of the habits and structure of the Anaspididae, with some 

remarks on some other freshwater Crustacea from Tasmania. Proceedings of the Royal Society of 

London. (B) 80: 465-473. 

Smith, G.W. 1909a. "The freshwater Crustacea of Tasmania, with remarks on their geographical 

distribution." Transactions of the Linnean Society of London. Zoology. 11(4): 61-92. 

Smith, G.W. 1937. On the Anaspidacea, living and fossil. Quarterly Journal of Microscopical Science. 53: 

489-578. 

Štamberg S. 2000. A new syncarid crustacean from the Lower Permian of Bohemia. Bulletin of 

Geosciences. 75(1): 67 - 72. 

Stanley, S. M. 1979. Macroevolution, pattern and process. W. H. Freeman, 

Swain, R. & C.I. Reid, 1983. Observations on the life-history and ecology of Anaspides tasmaniae 

(Thomson) (Syncarida: Anaspididae). Journal of Crustacean Biology. 3: 163-172. 

Swain, R., Chladil, M.A., Summers, CR, 1998. High altitude stream faunas, Wildlife Report, 98 (2);143-

154.  

Swain, R. & Lake, P.S. 1974. The fenestra dorsalis of Allanaspides (Crustacea: Syncarida) - cytological 

changes in response to elevated NaCl levels. Abstracts of papers presented to the Eighth 

International Congress on Electron Microscopy held in Canberra, Australia. 2: 1-727.   

Swain, R., Marker, P.F. & Richardson, A.M.M. 1987. Respiratory responses to hypoxia in stream-dwelling 

(Astacopsis franklinii) and burrowing (Parastacoides tasmanicus) parastacid crayfish. Comparative 

Biochemistry and Physiology. (A) 87: 813-817.Swain, R. 2000. The life history and habitat of 

370 
 



Allanaspides helonomus (Syncarida: Anaspididae). pp. 283-290 in J. C. Von Vaupel Klein and F. 

R. Schram, editors. The biodiversity crisis and Crustacea. Proceedings of the Fourth International 

Crustacean Conference, Amsterdam, Netherlands, 20-24 July 1998. A.A. Balkema, Rotterdam. 

Swain, R., Chladil, M.A., Summers, C.R, 1998. High altitude stream faunas. Wildlife Report, 98, (2): 143-

154. 

Swain, R., Wilson, I.S. & Ong, J.E. 1971. A new species of Allanaspides (Syncarida, Anaspididae) from 

south-western Tasmania. Crustaceana. 21: 196-202. 

Swain, R., Wilson, I.S., Hickman, J.L. & Ong, J.E. 1970. Allanaspides helonomus gen. et sp. nov. 

(Crustacea: Syncarida) from Tasmania. Records of the Queen Victoria Museum. 35: 1-13. 

Swofford, D.L. 2003. PAUP*. Phylogenetic Analysis Using Parsimony (*and Other Methods), version 4. 

Sinauer Associates, Sunderland, MA. 

Tabacaru, I. & Danielopol, D.L. 2011. Essai d'analyse critique des principales hypotheses concernant la 

phylogenie des Malacostracés (Crustacea, Malacostraca). Travaux de l'Institut de Speologie. 

“Emile Racovitza”. 50: 87-119. 

Thomson, G.M. 1893. Notes on Tasmanian Crustacea, with descriptions of new species. Papers and 

Proceedings of the Royal Society of Tasmania. 1892: 45-76.  

Thomson, G.M. 1894. On a freshwater schizopod from Tasmania. Transactions of the Linnean Society of 

London. (Zoology.). 6: 285-303. 

Thurgate, M.E., Gough, J.S., Clarke, A.K., Serov, P. and Spate, A. 2001b. Stygofauna diversity and 

distribution in Eastern Australia cave and karst areas. Records of the Western Australian Museum, 

Supplement No. 64: 49-62. 

Thurgate, M.E., Gough, J.S., Spate, A.P. & Eberhard, S. 2001a. Subterranean biodiversity in NSW: from 

rags to riches. Records of the Western Australian Museum. 64: 37-47 

Tjonneland, A., Okland, S., Bruserud, A. & Nylund, A. 1984. Heart ultrastructure of Anaspides tasmaniae 

Thomson (Crustacea, Syncarida). Journal of Crustacean Biology. 4(2): 226-232. 

Tomlinson, M., Hancock, P.J. & Boulton, A.J. 2007. ‘Groundwater faunal responses to desiccation and 

water table change’, paper presented at XXXV Congress of the International Association of 

Hydrogeologists, Groundwater and Ecosystems, Lisbon, Portugal, 17–21 September 2007. 

Turak, E., Waddel, l N., and Johnstone, G. (2004). New South Wales Australian River Assessment System 

(AUSRIVAS): Sampling and Processing Manual, 2004. Natural Heritage Trust, Department of 

Environment and Conservation NSW. 

Uhl, D. 2003 Uronectes fimbriatus (Syncarida, Malacostraca) from the Rotliegend. (Upper Carboniferous - 

Lower-Permian) of the Saar-Nahe Basin (SW Germany). Releases the POLLICHIA, 89, 43-56. 

371 
 

http://ecite.utas.edu.au/14728


Uhl, D. 1999. Syncarida (Crustacea, Malacostraca) from the Stephanian D (Upper Carboniferous) of the 

Saar-Nahe Basin (SW Germany). Neues Jahrbuch für Geologie und Paläontologie, Monatshefte. 

1999: 679-697. 

Vandenberghe, A. 1960. Un arthropode du terrain houiller de la Loire Eilecticus pruvosti. Bulletin de la 

Société Geologique des France. 11(7): 690-692. 

Vejdovsky, F. 1882. Thierische Organismen der Brunnengewässer von Prag. Prag. Pp.70. 

Wallis, E. A. & Macmillan, D.L. 1998. Foregut morphology and feeding strategies in the syncarid 

Malacostracan Anaspides tasmaniae: correlating structure and function. Journal of Crustacean 

Biology. 18(2): 279-289. 

Ward, J. V. 1974. A temperature-stressed stream ecosystem below a hypolimnial release mountain 

reservoir. Arch. Hydrobiol. 74:247-275. 

Ward, J.V., Malard, F., Stanford, J.A. & Gonser, T. 2000. Interstitial aquatic fauna of shallow 

unconsolidated sediments, particularly hyporheic biotopes. Pp. 41-58. In. “Ecosystems of the 

World, Vol 30. Subterranean Ecosystems”. H. Wilkens, D.C. Culver and W.F. Humphreys (eds.), 

Elsevier, Amsterdam. 

Ward, J.V.; Stanford, J.A.; Yoelz, N.J. (1994). Spatial distribution patterns of Crustacea in the floodplain 

aquifer of an alluvial river. Hydrobiologia. 287: ll-1 

Watling, L. 1983. Pericaridan disunity and its bearing on eumalacostracan phylogeny with a redefinition of 

the eumalacostran superorder. 213-228. In. Schram, F.R. (Ed). Crustacean phylogeny. Crustacean 

Issue. 1: 372 pp. Watling, L. 1989. A classification system for crustacean setae based on the 

homology concept. In. Functional Morphology of feeding and Grooming in Crustacea. (Eds 

Felgenhauer, B., Watling, L., Thistle, A. A.A. Balkema/Rotterdam. 1989: 15-26. 

Watts, C.H.S., Hancock, P.J. & Leys, R.  2007. A stygobitic Carabhydrus Watts (Dytiscidae, Coleoptera) 

from the Hunter Valley in New South Wales, Australia. Australian Journal of Entomology. 46: 56-

59 

Wells, S.M., Pyle, R.M. & Collins. 1983. The IUCN Invertebrate Red Data Book. Pp. 1-632.  

Whinam, J., Eberhard, S., Kirkpatrick, J.B. & Moscal, A. 1989. Ecology and Conservation of Sphagnum 

peatlands in Tasmania. Tasmanian Conservation Trust Inc., Hobart. 

Williams, W.D. 1965b. Ecological notes on Tasmanian Syncarida (Crustacea: Malacostraca), with a 

description of a new species of Anaspides. Internationale Revue der gesamten Hydrobiologie und 

Hydrographie. 50: 95-126. 

Williams, D.D., and Hynes, H.B.N. 1974. The occurrence of benthos deep in the substratum of a stream. 

Freshwater Biol. 4: 233-256. 

372 
 



Williams, W.D. 1965a. Subterranean occurrence of Anaspides tasmaniae. International Journal of 

Speleology. 1: 333-337. 

Williams, W.D. 1965b. Ecological notes on Tasmanian Syncarida (Crustacea: Malacostraca), with a 

description of a new species of Anaspides. Internationale Revue der gesamten Hydrobiologie und 

Hydrographie. 50: 95-126. 

Williams, W.D. 1974. Freshwater Crustacea. In W.D. Williams (ed.), Biogeography and Ecology in 

Tasmania: pp. 63-112: W. Junk. 

Williams, W.D. 1980. Syncarida. In: Australian Freshwater Life. Pp.151-154. MacMillan, Melbourne. 

Woodward, H. 1908. Some coal measure crustaceans with modern representatives. Geological Magazine. 

5: 385-396. 

Yen, A., Butcher, R. 1997. An overview of the conservation of non-marine invertebrates in Australia. 

Environment Australia, Canberra. 

Zeidler, W. 1985. A new species of crustacean (Syncarida: Anaspidacea: Koonungidae), from sinkholes 

and caves in the south-east of South Australia. Transactions of the Royal Society of South 

Australia. 109 (3): 63-75. 

*Zerbib, C. 1967. Premiere observation de la glande androgene chez un Crustace Syncaride: Anaspides 

tasmaniae Thomson et chez un Crustace Eucaride: Meganyctiphams norvegica Sars. Comptes 

Rendus des Seances de l Academie des Sciences. Serie D, Sciences Naturelles, Paris. 264D: 415-

418. 

Zittel, K. A. 1885. Handbuch der Zoologie Band I, Abteilung 2, Lief 4. Oldenburg, Munich and Leipzig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

373 
 


