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Abstract: The Elikah River section spanning the Lopingian (Late Permian) to the Griesbachian (Early Triassic) time interval in the 

Central Alborz Mountains (north Iran) was sampled for ostracod analysis. We report 79 species distributed among 38 genera. Four 

new species are described: Acratia? pervagata Forel sp. nov., Microcheilinella alborzella Forel sp. nov., Basslerella superarella 

Crasquin sp. nov. and Cavellina nesenensis Crasquin sp. nov. The ontogeny of 13 species is described and sexual dimorphism in the 

genus Microcheilinella is here undoubtedly recognized for the first time. Six species show precocious sexual dimorphism of their 

carapace as early as A-5 juvenile. The Lilliput effect is for the first time recorded and quantified for two species. Rare long-time 

span Palaeocopida species, known throughout the entire Permian, document relatively long-term evolution, including the size and 

growth rate modifications associated with the earlier appearance of carapace sexual dimorphism through time. These patterns might 

be related to the Guadalupian–Lopingian events and/or to climatic modifications occurring during the Permian interval. 
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Ostracods have been abundantly documented from the PTB transition worldwide, displaying extinction rates ranging from 68 to 

100% depending on the locality (see Crasquin and Forel 2014 for review). They abundantly survived in the localities where 

microbial matsdeveloped in the direct aftermath of the extinction (Hindeodus parvus – Isarcella isarcica conodont zones), locally 

providing dissolved oxygen and nutritive resource (Forel 2013; Forel et al. 2013a). In spite of these refuge conditions, the survivors 

are characterized by strong intraspecific variability possibly related to persistent deleterious conditions and heterochronies of the 

development by modified growth rates related to the changes of fecundity/reproduction required to maintain a viable population 

(Forel 2014). The PTB time interval is known from several localities in Iran displaying continuous marine successions, particularly 

the famous Julfa section (see synthesis in Gaetani et al. 2009; Leda et al. 2014; Schobben et al. 2014). The Elikah River section 

(N 36°13027″, E 51°20048″) is located in the Central Alborz Mountains of northern Iran and was recently redescribed in detail by 

Gaetani et al. (2009) and Angiolini et al. (2010). This section was carefully sampled as part of a large-scale analysis of the 

extinction, the survival and the recovery patterns of the ostracods through the PTB, including South China (Meishan GSSP, 

Zhejiang Province: Crasquin et al. 2010a; Forel and Crasquin 2011a; Sichuan Province: CrasquinSoleau and Kershaw 2005; 

Guangxi Province: CrasquinSoleau et al. 2006a; Guizhou Province: Forel et al. 2009; Forel 2012; Tibet: Crasquin-Soleau et al. 

2007, Forel and Crasquin 2011b; Forel et al. 2011), Turkey (Crasquin-Soleau et al. 2002, 2004a, b; Forel 2014), Hungary (Forel 

et al. 2013b), Italy (Crasquin et al. 2008), Saudi Arabia (Crasquin-Soleau et al. 2005, 2006b) and Serbia (Crasquin et al. 2010b). 

The ostracods of the PTB transition of Iran are known from the Zal section, north-west Iran (Kozur and Mette 2006; Mette 2008, 

2010). The present study is the first to describe the ostracod faunas from the PTB in the Alborz Mountains, documenting important 

survival in the microbial mats following the end-Permian extinction in this area. It is furthermore the second record of such refuge 

conditions in the Neo-Tethys (Forel et al. 2013a; Forel 2014). 118 samples from the Lopingian (Late Permian; Nesen Formation) 

up to the Griesbachian (Early Triassic; Elikah Formation) in the Elikah River section were processed by hot acetolysis (Lethiers 

and CrasquinSoleau 1988; Crasquin-Soleau et al. 2005). About 6200 specimens were extracted from 58 productive samples, 

distributed among 79 species, belonging to 38 genera. Four new species are described: Acratia? pervagata Forel sp. nov., 

Microcheilinella alborzella Forel sp. nov., Basslerella superarella Crasquin sp. nov. and Cavellina nesenensis Crasquin sp. nov. The 

ontogenetic series of 13 species are newly described, 6 of which show the precocious sexual dimorphism of the carapace as early 

as A-5 juvenile stage. The analysis of Paraparchites chenshii and Cyathus caperata (Palaeocopida) spanning the entire Permian 

reveals a shift of the onset time of sexual dimorphism appearing earlier in the ontogeny of Upper Permian specimens compared to 

their Lower Permian counterparts, associated with size changes. These patterns are identified as the long-term heterochronies of 

the development (peramorphosis, predisplacement and deceleration) possibly related to global climatic conditions or Guadalupian–

Lopingian events, which have been linked to a large flood basalt eruption, the Emeishan large igneous province (Zhou et al. 2002; 

Wignall et al. 2009; Bond et al. 2010). 

  
INTRODUCTION 

The transition between the Permian and the Triassic (Permian–Triassic boundary, PTB) witnessed the most cataclysmic biotic 

crisis of the Phanerozoic, with extinction rates exceeding 90% of the marine species (e.g. Sepkoski 1984; Erwin 1993; Payne and 

Clapham 2012 and references therein). The body size of organisms is a key parameter reflecting evolutionary and ecological 

factors. During a biotic crisis, size reduction is commonly observed in different fossil groups and has been termed ‘the Lillipu t 

effect’ (Urbanek 1993). Many organisms show significant size reduction through the end-Permian extinction, including the 

brachiopods (Chen et al. 2005a, b; Twitchett 2005; He et al. 2007; Peng et al. 2007; Leighton and Schneider 2008), the gastropods 

(Fraiser and Bottjer 2004, 2007; Payne 2005), the bivalves (Hayami 1998), the ammonoids (Yang et al. 1993), the foraminifers 

(Jenny-Deshusses 1991; Song et al. 2011), the conodonts (Kozur 1996), the echinoderms (Twitchett and Oji 2005) and the fishes 

(Twitchett 2001; Mutter and Neuman 2009). Until recently, ostracods were believednot to be affected by the Lilliput effect through 

the endPermian events. However, abundant small specimens have been reported from the Lower Triassic microbialites of Turkey 

and attributed to the result of this effect (Forel 2014). 
Ostracods are benthic microcrustaceans characterized by their bivalved calcified carapace enabling their long fossil record from 

the Ordovician to the Recent. As do all the other crustaceans, ostracods grow by successive moultings until they reach Adult stage. 

Each of these semaphoronts (i.e. every time slice of the life of organism; Hennig 1965) provides fundamental insights into the 

phylogenetic and evolutive history of these organisms, strongly related to environmental events (Høeg 1992; Maas et al. 2003; 

Haug et al. 2010). 
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GEOLOGICAL SETTING 

The Elikah River section is located in the Central Alborz Mountains in northern Iran, about 40 km north of Tehran (Fig. 1). 

The detailed description of the sedimentary succession from the Pennsylvanian to the Early Triassic in the Central and Eastern 

Alborz has been carried out by Gaetani et al. (2009). During the Pennsylvanian, a rift developed between Arabia and Central 

Iran (Al-Belushi et al. 1996; Jassim and Goff 2006), leading to the formation of the Neo-Tethys during the Early–Middle 

Permian (Garzanti 1999; Angiolini et al. 2003). During the Middle Permian, the Alborz was occupied by a large open-marine 

shelf, displaying common evolution with Cimmerian blocks, such as Transcaucasia and Taurids (Gaetani et al. 2009). During 

the Late Permian, southern areas stayed emerged due to low or inexistent subsidence, while the Alborz evolved as the northern 

passive margin of the Iranian microcontinent (Gaetani et al. 2009). During the Late Permian – Early Triassic interval, Iran 

was part of the Cimmerian terranes bathed by the Neo-Tethys (Fig. 1; Sengor 1979; Berberian and King 1981; Dercourt€et 

al. 1993; Crasquin-Soleau et al. 2001; Stampfli and Borel 2002). The northward migration of the Cimmerian blocks and the 

activation of the subduction of the Palaeo-Tethys oceanic crust along the Eurasian margin persisted during most of the PT 

time interval (Alavi 1991; Dercourt et al. 1993, 2000; Ruttner 1993; Besse et al. 1998; Stampfli and Borel 2002; Zanchi et 

al. 2009; see Sengor 1979, 1990 for€ alternative hypothesis). The studied area transited through the tropical arid belt during 

the Middle Permian and entered the humid equatorial zone during the Late Permian, leading to the deposition of the lower 

part of the Nesen Formation. The return of the microplate to an arid tropical latitude during the Early Triassic, associated with 

the continuation of this northward drift, corresponds to the deposition of the carbonate tidal flats of the Elikah Formation 

(Gaetani et al. 2009). 
The Nesen Formation is about 130 m thick and consists of marly limestone and cherty limestone. It is divided into lower 

and upper members. The lower member (~70 m thick) is made of dark grey shale interbedded with thin- to medium-bedded 

nodular marly limestone with scattered volcanic layers at the base. It contains 

Elikah River section, Alborz, north Iran. 

abundant bioclasts, brachiopods, dasycladacean algae and foraminifera (e.g. Gaetani et al. 2009; Angiolini and Carabelli 

2010; Angiolini et al. 2010 and references therein). Its first 10–15 m might be latest Capitanian in age (Angiolini et al. 2010), 

while the rest of the member is characterized by the Araxilevis intermedius biozone beginning in the early Wuchiapingian 

(Iranian–Chinese Research Group 1995). The upper member (~60 m thick) records a decrease in shaly intercalations and an 

increase in micritic limestone. It is mostly composed of bioclastic limestone, marly limestone and marlstone. Abundant 

organisms have been reported, for example brachiopods and foraminifers (e.g. Gaetani et al. 2009; Angiolini and Carabelli 

2010; Angiolini et al. 2010 and references therein). The occurrence of the conodont Hindeodus julfensis (Sweet) in sample 

03IR157 indicates a late Wuchiapingian – early Changhsingian age (Fig. 2). While the foraminifer assemblage points to a 

Wuchiapingian– Changhsingian age. According to Angiolini and Carabelli (2010), the Nesen Formation shows an evolution 

 

FIG. 1. Palaeogeographical map during the Middle Permian (modified from Crasquin-Soleau et al. 2001) showing the location of the 



[Digitare qui] 
 

[Digitare qui] 
 

from depth below storm wave base in the lower member to shallower depth and higher energy close to the fairweather wave 

base in the upper member. The upper 34.7 m of the Nesen Formation has been sampled for the present investigation. 
The Elikah Formation conformably overlies the Nesen Formation and comprises several lithological units, not all of which 

are visible in all the localities where the Elikah Formation crops out. At the very base, 40 cm of oolitic limestone yielded 

foraminifers and algae, overlain by 40 cm of nearly abiotic oolitic limestone. They are capped by domal and planar 

microbialites, microbial fabrics occurring in all samples from 03IR219 upwards (Pierre-Yves Collin, Burgundy University, 

pers. comm. 2011). Bivalves are locally abundant, dominated by Claraia and Eumorphotis (Gaetani et al. 2009 and references 

therein). The base of the Elikah Formation is still Changhsingian in age. The conodont Hindeodus parvus Kozur and 

Pjatakova, index for the base of the Triassic (Yin et al. 2001), occurs about 70 cm above the base of the Formation (Iranian–

Japanese Research Group 1981). It co-occurs with the first occurrence of the foraminifer disaster taxon ‘Cornuspira’ mahajeri 

Bronnimann€ et al. (Angiolini et al. 2010). The conodont Isarcicella turgida Perri has been found in sample 03IR251, which 

still indicates an earliest Induan age. The Elikah Formation was deposited on a wide flat plain, submerged by a very shallow 

sea (Gaetani et al. 2009). The basal 15.6 m of the Elikah Formation has been sampled for ostracod study. 
Based on facies, foraminifer and algal change, two large fourth-order cycles have been documented in the upper member 

of the Nesen Formation, continuing in the subsequent Elikah Formation (Angiolini et al. 2010). The lower cycle begins below 

sample 03IR163 and consists of mud-dominated facies. Its flooding surface is identified as the P40 of Sharland et al. (2001, 

2004). The upper cycle starts around 03IR173 and consists of grainy facies, bioclastic packstone, oolitic packstone/grainstone 

and microbialites. The shift to grainy/oolitic facies around samples 03IR214–215 corresponds to the base of a thirdorder 

sequence, related to KS2 of Insalaco et al. (2006). The PTB is therefore part of a transgressive tract of this sequence. 
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FIG. 2. Stratigraphical log, showing sample positions through the productive portion of the Elikah River section, Alborz, Iran. The reader is 

referred to Gaetani et al. (2009) for the complete succession and to Forel et al. (2015, appendix 1) for a complete distribution of the 

ostracod species. Abbreviations: W., Wuchiapingian stage; jul., occurrence of the conodont Hindeodus julfensis; par., occurrence of the 

conodont Hindeodus parvus; red line, PTB. Brachiopod bizones: P. ova., Permophricodothyris ovata Biozone; E. lat., Enteletes 

lateroplicatus Biozone (Angiolini et al. 2010). Colour online. 
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MATERIALS AND METHODS 

Samples and extraction 

We processed 118 samples (labelled 03IRxx) spanning 203.2 m of the upper member of the Nesen Formation and Elikah 

Formation for ostracod analysis. Only 58 samples were productive: the productive portion (50.3 m) of the total sampled 

section is here represented (Fig. 2; detailed species distributions in Forel et al. (2015, appendix 1)); the reader is referred to 

Gaetani et al. (2009) for a complete record. The calcareous ostracod carapaces have been extracted from the calcareous rocks 

using the hot acetolysis technique (Lethiers and Crasquin-Soleau 1988; Crasquin-Soleau et al. 2005). Seventy-nine species 

belonging to 38 genera are identified and figured (Figs 3, 5, 7, 11, 17, 22; see Supporting Information for higher resolution 

versions of these figures). Four species are new and described below. Nearly all the specimens are represented by complete 

carapaces, documenting the limited/ absence of postmortem transportation associated with low hydrodynamism and/or rapid 

burial by high sedimentation rates (Oertli 1971). The large number of juvenile stages confirms this view. Because of poor 

preservation and/or low abundance, some species are kept in open nomenclature. 

Discrimination of ontogenetic series 

As do other crustaceans, ostracods grow by moulting (ecdysis) and stop moulting when they reach Adult stage. In modern or 

well-preserved fossils, the adults can easily be sorted out from the juveniles by their hinge structure, appendages and inner 

lamellae (van Morkhoven 1962). The overall preservation of the specimens recovered from the Elikah River section did not 

allow the study of such characteristics. Specimens are here assigned to their corresponding instar groups based on their size: 

all the lengths (L) and heights (H) of each species yielding more than five individuals were plotted in traditional H/L diagrams 

to distinguish size clusters corresponding to successive juveniles and adults. For each species under scrutiny, we computed 

the Kernel density maps (Gaussian Kernel distribution) from the PAST software (Hammer et al. 2001; Hammer and Harper 

2005) to robustly distinguish those successive scatter points and reconstruct ontogenetical series for 13 of the recovered 

species. 
Sexual dimorphism: determination and semantic choices 

The morphological differences between males and females, called sexual dimorphism, are known for ostracods since the 

Ordovician (Moore 1961). A recent compilation distinguishes three parts of the ostracods’ body (carapace and soft parts) 

prone to sexually dimorphic patterns (Ozawa 2013): 
1. The appendages with the examples of males’ asymmetric or larger limbs and the presence/absence of substructures on 

some limbs of living Podocopida and Myodocopida (Abe and Vannier 1991, 1993; Ikeya and Abe 1996). Different eye 

structures are also documented for some Myodocopida (Abe and Vannier 1993; Ikeya and Abe 1996). 
2. The surface ornamentation of some female Podocopida is heavier than their male counterparts (Tsukagoshi 1998; Kamiya 

et al. 2001; Smith and Kamiya 2005). 
3. The size and shape of the carapaces of both fossil and recent ostracods are dimorphic. The Palaeocopida are known for 

their strong sexual dimorphism throughout their history from the Ordovician to the Middle Triassic. It globally reflects 

the presence of brood chambers in the posterior portion of the female carapaces (Moore 1961; Horne et al. 1998). As a 

general rule, the female carapaces of recent Podocopida are larger, with a more inflated posterior border (e.g. Cytherella, 

Metacypris, Neonesidea, Paranesidea, Uncicocythere, Xestoleberis; Maddocks and Illiffe 1986; Maddocks 1991; Smith 

and Hiruta 2004; Smith and Kamiya 2005; Sato and Kamiya 2007). The present work therefore uses the uniformitarianist 

assumption that morphs displaying a stockier posterior portion are female carapaces. This hypothesis seems fairly 

satisfactory since eggs have been discovered from posteriorly inflated Myodocopida, therefore identified as female, from 

the Silurian of Herefordshire, England (Siveter et al. 2007). 
The gender of fossil ostracods is traditionally designated by the notions of heteromorphs, corresponding to adult females, 

and technomorphs being adult males and all juveniles (Moore 1961). However, it is now relatively accepted that sexual 

dimorphism might appear before the Adult stage in either recent or fossil ostracods (see Discussion for details). Because soft 

parts are rarely fossilized, the sexually dimorphic patterns preserved for fossil ostracods affect their carapaces. For those fossil 

species displaying dimorphic structures previous to Adult stage, the notion of technomorph can no longer be taken as valid 

since it would gather the adult males, juvenile males and juvenile females. In the present analysis, we document several cases 

of pre-adult sexual dimorphism: for these species, we choose not to use the traditional heteromorph/technomorph notion. 
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Alternatively, we refer to this sexual differentiation by the following binomial notation: gender/developmental stage, for 

example female/A-1. 
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FIG. 3. Ostracods from the Elikah River section, Iran. All specimens are housed in the collections of Universite Pierre et Marie Curie, 

Paris, France. A–B, Bairdia urodeloformis Chen; A, carapace, right lateral view, P6M3404, sample 03IR200, Late Permian; B, 

carapace, right lateral view, P6M3405, sample 03IR182, Late Permian. C–G, Bairdia wailiensis Crasquin-Soleau; C, carapace, right 

lateral view, P6M3406, sample 03IR172, Late Permian; D, carapace, right lateral view, P6M3407, sample 03IR183, Late Permian; 

E, carapace, right lateral view, P6M3408, sample 03IR198, Late Permian; F, carapace, right lateral view, P6M3409, sample 

03IR199, Late Permian; G, carapace, right lateral view, P6M3410, sample 03IR216, Late Permian. H–J, Bairdia cf. subcontracta 

Chen in Shi and Chen, 1987; H, carapace, right lateral view, P6M3411, sample 03IR200, Late Permian; I, carapace, right lateral 

view, P6M3412, sample 03IR206, Late Permian; J, carapace, left lateral view, P6M3413, sample 03IR203, Late Permian. K–M, 

Bairdia cf. bassoni Crasquin in Crasquin et al., 2010a; K, carapace, right lateral view, P6M3414, sample 03IR199, Late Permian; L, 

carapace, right lateral view, P6M3415, sample 03IR202, Late Permian; M, carapace, right lateral view, P6M3416, sample 03IR206, 

Late Permian. N–P, Bairdia cf. wailiensis Crasquin-Soleau in Crasquin-Soleau et al., 2006a; N, carapace, right lateral view, 

P6M3417, sample 03IR199, Late Permian; O, carapace, right lateral view, P6M3418, sample 03IR182, Late 
Permian; P, carapace, right lateral view, P6M3419, sample 03IR206, Late Permian. Q, Bairdia cf. wushunbaoi Crasquin in Crasquin 

et al., 2010a, carapace, right lateral view, P6M3420, sample 03IR200, Late Permian. R–T, Bairdia cf. cahuzaci Forel in Forel and 

Crasquin, 2011a; R, carapace, right lateral view, P6M3421, sample 03IR171, Late Permian; S, carapace, right lateral view, 

P6M3422, sample 03IR198, Late Permian; T, carapace, right lateral view, P6M3423, sample 03IR203, Late Permian. U, Bairdia sp. 

1, carapace, right lateral view, P6M3424, sample 03IR183, Late Permian. V, Bairdia sp. 2, carapace, right lateral view, P6M3425, 

sample 03IR206, Late Permian. W, Bairdia? sp. 3, carapace, right lateral view, P6M3426, sample 03IR182, Late Permian. X, Y, 

Bairdia sp. 4; X, carapace, right lateral view, P6M3427, sample 03IR198, Late Permian; Y, carapace, right lateral view, P6M3428, 

sample 03IR202, Late Permian. Z–AB, Bairdia sp. 5; Z, carapace, right lateral view, P6M3429, sample 216, Late Permian; AA, 

carapace, right lateral view, P6M3430, sample 231, Early Triassic; AB, carapace, right lateral view, P6M3431, sample 197, Late 

Permian. AC–AE, Sinabairdia sp. 1; AC, carapace, right lateral view, P6M3432, sample 03IR201, Late Permian; AD, carapace, 

right lateral view, P6M3433, sample 03IR201, Late Permian; AE, carapace, right lateral view, P6M3434, sample 03IR202, Late 

Permian. AF, Orthobairdia sp. 1, carapace, dorsal view, P6M3435, sample 03IR182, Late Permian. All scale bars represent 100 lm. 
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Abbreviations. AB, anterior border; ACA, anterior cardinal angle; ADB, antero-dorsal border; AVB, antero-ventral border; DB, dorsal 

border; H, height; Hmax, maximal height; HmaxR, Hmax at right valve (for Microcheilinella); L1–L3, lobes; L, length; Lmax, maximal length; 

LV, left valve; PB, posterior border; PCA posterior cardinal angle; PDB, postero-dorsal border; PTB, Permian–Triassic boundary; PVB, 

postero-ventral border; RV, right valve; SDC, sexual dimorphism of the carapace; S2, median sulcus; VB, ventral border. 

SYSTEMATIC PALAEONTOLOGY 

This published work and the nomenclatural acts it contains have been registered in Zoobank: http://zoobank.org/References/ 0EAFA7F8-

3612-4EE5-AB0D-D1A813EBDE37 

For the four new species, a full description is given. Only the synonymy and occurrences of other species are specified, and 

species left in open nomenclature are only illustrated on the plates. The abundance and occurrences of the open nomenclature 

and cf. species are given in Forel et al. (2015, appendix 2). We follow the systematic classification of Moore (1961) modified 

after Lethiers (1981) and Horne et al. (2002). All specimens are stored at the Universite Pierre et Marie Curie, Paris, France, 

collection numbers P6Mxxxx. 

Class OSTRACODA Latreille, 1806 
Subclass PODOCOPA Muller, 1894€ 

Order PODOCOPIDA Muller, 1894€ 
Suborder PODOCOPINA Sars, 1866 
Superfamily Bairdioidea Sars, 1887 

Family Bairdiidae Sars, 1887 

Genus BAIRDIA McCoy, 1844 

Type species. Bairdia curta McCoy, 1844. 

Bairdia urodeloformis Chen in Shi and Chen, 1987 Figure 3A–B 

1982 Rectobairdia firmata; Chen and Shi, pl. 7, fig. 10 only. 
1987 Bairdia macdonelli Harlton; Shi and Chen, p. 35, pl. 1, figs 1–7, pl. 18, figs 1–4. 
1987 Bairdia urodeloformis Chen in Shi and Chen, p. 40, pl. 4, figs 17–23. 
2002 Bairdia macdonelli Harlton; Shi and Chen, p. 63, pl. 2, figs 1–4. 
2010a Bairdia urodeloformis; Crasquin et al., p. 348, figs 7G–N, 18. 

Material. Three complete carapaces, several fragments. 

Dimensions. L = 755–793 lm; H = 333–343 lm; H/L = 0.43– 
0.44. 

Occurrence. Samples 03IR182, 200, 202, 206, 207, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, 

Iran, Changhsingian, Late Permian (this work). Nantong section, Jiangsu Province, China, Changhsingian, Late Permian (Chen and Shi 1982). 

http://zoobank.org/References/0EAFA7F8-3612-4EE5-AB0D-D1A813EBDE37
http://zoobank.org/References/0EAFA7F8-3612-4EE5-AB0D-D1A813EBDE37
http://zoobank.org/References/0EAFA7F8-3612-4EE5-AB0D-D1A813EBDE37
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Matan and Pingding sections, Guangxi Province, Wuchiapingian, Late Permian (Shi and Chen 2002). Meishan section, Zhejiang Province, China, 

Changhsingian, Late Permian (Shi and Chen 1987; Crasquin et al. 2010a) 

 

Bairdia wailiensis Crasquin-Soleau in Crasquin-Soleau et al., 2006a 

Figure 3C–G 

2006a Bairdia wailiensis Crasquin-Soleau in Crasquin-Soleau et al., p. 60, pl. 1, figs 15–17. 
2013b Bairdia wailiensis; Forel et al., fig. 6J–M. 

Material. 22 complete carapaces, several fragments. 

Dimensions. See Figure 4. 

Remarks. Bairdia wailiensis Crasquin-Soleau is known from the Early Triassic of Hungary (Forel et al. 2013b) and Guangxi 

Province, China (Crasquin-Soleau et al. 2006a). Those specimens are distributed among five ontogenetic stages, from A-4 to Adult 

(Fig. 4B). The Upper Permian specimens are known from Hungary (Forel et al. 2013b) and the Elikah River section (this work). 

They are also distributed among five stages, A-4 to Adult, A-2 juveniles only being found from Hungary (Fig. 4A). As for most of 

the Bairdioidea from the PTB interval whatever the locality, the specimens of Bairdia wailiensis document the strong intraspecific 

variability affecting all the ontogenetic stages. No clear modification of the shape can be recognized throughout its development 

apart from the increase in size. Furthermore, no sexual dimorphism is observed. 

Occurrence. Samples 03IR161–163, 172, 182, 183, 185, 189, 198– 200, 202, 203, 216, 219, Nesen and Elikah formations (Fig. 2; Forel et 

al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, Changhsingian, Late Permian (this work). Jinya/Waili section, Guangxi 

Province, South China, Griesbachian?–Spathian, Early Triassic (Crasquin-Soleau et al. 2006a). Balvany North section, Bukk€ Mountains, 

Hungary, Changhsingian–Griesbachian, Late Permian – Early Triassic (Forel et al. 2013b). 

Genus FABALICYPRIS Cooper, 1946 

Type species. Fabalicypris wileyensis Cooper, 1946. 

Fabalicypris parva Wang, 1978 Figure 5B–G 

1978 Fabalicypris parva Wang, p. 293, pl. 2, figs 12 a,b, 13 a,b. 
1985 Fabalicypris hungarica; Kozur, p. 82, pl. 17, figs 2, 9, 10. 
1987 Bairdiacypris opulenta; Shi and Chen, p. 51, pl. 13, fig. 10. 
2004b Fabalicypris parva; Crasquin-Soleau et al., p. 286, pl. 3, figs 4, 5. 

 2008 Fabalicypris parva; Mette, text-fig. 3, pl. 2, fig. 8. 
2010a Fabalicypris parva; Crasquin et al., p. 353, fig. 9A0, B0. 2010 Fabalicypris parva; Mette, p. 13. 

         2012 Fabalicypris parva; Forel, p. 13, fig. 11I.  

         2013b Fabalicypris parva; Forel et al., fig. 22I–L. 
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Fig. 4 Length/Height scatter plot of Bairdia wailiensis Crasquin-So leau in the Late Permian leau in the Late Permian (A) and Early Triassic 

(B). All Upper Permian specimens are from Hungary (Forel et al. 2013b) and Iran (this work), and all Lower Triassic specimens are from 

Guangxi Province, South China (Crasquin-Soleau et al. 2006a) and Hungary (Forel et al. 2013b) 

 

 

  

 

Material. 28 carapaces, several fragments. 

Dimensions. See Figure 6. 

 L (lm) H (lm) 

Adult 808–820 
340–
354 

A-1 660–755 299–
342 

A-2 543–588 240–
269 

A-3 454–538 192–
242 

A-4 400–433 184–
201 

A-5 350–379 149–
182 

A-6 288–316 138–
155 
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Remarks. The abundant specimens of Fabalicypris parva Wang, 1978 are distributed among seven ontogenetic stages, from 

A-6 to Adult (Fig. 6). The size of the Carboniferous specimens is not represented here since calculations from the initial 

pictures did not fit the values provided in the literature (Kozur 1985). From A-6 to A-4, the specimens display relatively 

conservative morphology, only affected by an overall increase in the dimensions from one stage to the following. In A-3 

specimens, two different morphologies begin to show: elongate carapace with PB long and postero-dorsally compressed 

(labelled 1 on Fig. 6), stockier carapace with PB truncated and close to vertical (labelled 2 on Fig. 6). These morphological 

differences further develop in A-2 stage where they become more evident. Based on the uniformitarianism exposed 

previously, the first pattern could correspond to females, for which the copulatory and egg production/brooding organs would 

have been located at PB. It therefore implies that the sexual dimorphism of internal organs might begin to show on external 

morphology in A-3 juveniles for the species Fabalicypris parva (see Discussion). 

Occurrence. Samples 03IR157, 159, 161–163, 171, 172, 185, 191, 193, 197, 198, 200–202, 206, 207, 212, 213, Nesen Formation (Fig. 2; 

Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, Changhsingian, Late Permian (this work). Bukk€ Mountains, 

Hungary, Late Moscovian, Carboniferous (Kozur 1985). Northern Guizhou and southern Yunnan provinces, Wuchiapingian–

Changhsingian, Late Permian (Wang 1978). Curuk Da€ g section, western Taurus, Turkey, Wuchiapingian– Changhsingian, Late Permian 

(Crasquin-Soleau et al. 2004b). Zal section, north-western Iran, Changhsingian, Late Permian (Mette 2008, 2010). Meishan section, 

Zhejiang Province, China, Changhsingian, Late Permian (Shi and Chen 1987; Crasquin et al. 2010a). Dajiang section, Guizhou Province, 

China, Changhsingian, Late Permian (Forel 2012). Balvany North section, Bukk Mountains, Hungary, Changhsingian, Late Permian€ (Forel 

et al. 2013b). 
 

Genus PETASOBAIRDIA Chen in Chen and Shi, 1982 

Type species. Petasobairdia bicornuta Chen in Chen and Shi, 1982. 

Petasobairdia subnantongensis Chen in Shi and Chen, 1987 Figure 7M–O 

 1982 Petasobairdia nantongensis Chen in Chen and Shi, 
p. 130, pl. 6, figs 7–9, non figs 1–6. 

1987 Petasobairdia subnantongensis Chen in Shi and Chen, p. 47, pl. 8, figs 1–4, pl. 19, figs 8, 9. 
2002 Petasobairdia subnantongensis; Shi and Chen, p. 75, pl. 17, figs 12–14. 
2008 Petasobairdia nantongensis; Crasquin et al., pl. 4, figs 16, 17. 
2010a Petasobairdia subnantongensis; Crasquin et al., 

p. 350, fig. 13F–H. 

Material. Six broken carapaces. 

Occurrence. Samples 03IR159, 202, 203, 205, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, 

Changhsingian, Late Permian (this work). Bulla section, Dolomites, Italy, Changhsingian, Late Permian (Crasquin et al. 2008). Nantong section, 

Jiangsu Province, China, Late Permian (Chen and Shi 1982). Matan and Pingding sections, Guangxi Province, China, Wuchiapingian, Late 

Permian (Shi and Chen 2002). Meishan section, Zhejiang Province, China, Wuchiapingian–Changhsingian, Late Permian (Shi and Chen 1987; 

Crasquin et al. 2010a). 
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FIG. 5. Ostracods from the Elikah River section, Iran. All specimens are housed in the collections of Universite Pierre et Marie Curie, 
Paris, France. A, Orthobairdia sp. 1, carapace, right lateral view, P6M3436, sample 03IR182, Late Permian. B–G, Fabalicypris parva Wang 
B, carapace, right lateral view, P6M3437, sample 03IR171, Late Permian; C, carapace, right lateral view, P6M3438, sample 03IR201, Late 
Permian; D, carapace, right lateral view, P6M3440, sample 03IR197, Late Permian; E, carapace, right lateral view, P6M3587, sample 03IR197, 

Late Permian; F, carapace, right lateral view, P6M3441, sample 03IR197, Late Permian; G, carapace, right lateral view, P6M3442, sample 

03IR202, Late Permian. H–L, Fabalicypris? sp. 2; H, carapace, right lateral view, P6M3439, sample 03IR172, Late Permian; I, carapace, right 

lateral view, P6M3443, sample 03IR203, Late Permian; J, carapace, right lateral view, P6M3487, sample 03IR202, Late Permian; K, carapace, 

right lateral view, P6M3488, sample 03IR200, Late Permian; L, carapace, right lateral view, P6M3489, sample 03IR206, Late 
Permian. M–O, Bythocypris sp. 1; M, carapace, right lateral view, P6M3490, sample 03IR216, Late Permian; N, carapace, right lateral view, 

P6M3491, sample 03IR216, Late Permian; O, carapace, right lateral view, P6M3492, sample 03IR224, Early Triassic. P–R, Kempfia sp. A; P, 

carapace, right lateral view, P6M3493, sample 03IR204, Late Permian; Q, carapace, right lateral view, P6M3494, sample 03IR202, Late 

Permian; R, carapace, dorsal view, P6M3495, sample 03IR202, Late Permian. S–V, Liuzhinia cf. antalyaensis Crasquin-Soleau in 

CrasquinSoleau et al., 2004a; S, carapace, right lateral view, P6M3444, sample 03IR220, Early Triassic; T, carapace, left lateral view, 

P6M3445, sample 03IR220, Early Triassic; U, carapace, right lateral view, P6M3446, sample 03IR237, Early Triassic; V, carapace, right lateral 

view, P6M3447, sample 03IR206, Late Permian. W–X, Liuzhinia? sp. 3; W, carapace, left lateral view, P6M3448, sample 03IR225, Early 

Triassic; X, carapace, right lateral view, P6M3449, sample 03IR239, Early Triassic. Y–Z, Liuzhinia sp. 4; Y, carapace, right lateral view, 

P6M3450, sample 03IR220, Early Triassic; Z, carapace, left lateral view, P6M3451, sample 03IR220, Early Triassic. AA–AB, Liuzhinia sp. 5; 

AA, carapace, right lateral view, P6M3452, sample 03IR222, Early Triassic; AB, carapace, left lateral view, P6M3453, sample 03IR225, Early 

Triassic. AC, Liuzhinia sp. 6, carapace, right lateral view, P6M3454, sample 03IR235, Early Triassic. AD, Bairdiacypris sp. A, carapace, right 

lateral view, P6M3455, sample 03IR220, Early Triassic. AE, Bairdiacypris sp. 3, carapace, right lateral view, P6M3456, sample 03IR220, Early 

Triassic. AF, Bairdiacypris? sp. 3, carapace, right lateral view, P6M3457, sample 03IR215, Late Permian. AG–AJ, Praezabythocypris? cf. 

ottomanensis (Crasquin-Soleau in Crasquin-Soleau et al., 2004a); AG, carapace, right lateral view, P6M3458, sample 03IR229, Early Triassic; 

AH, carapace, right lateral view, P6M3459, sample 03IR237, Early Triassic; AI, carapace, right lateral view, P6M3460, sample 03IR237, Early 

Triassic; AJ, carapace, right lateral view, P6M3461, sample 03IR237, Early Triassic. All scale bars represent 100 lm. 
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FIG. 6. Length/Height scatter plot of Fabalicypris parva Wang in the Late Permian. All are from Hungary (Forel et al. 2013b), Turkey (Crasquin-

Soleau et al. 2004b), Iran (Zal section: Mette 2008, 2010; Elikah River section: this work) and South 
China (Meishan GSSP, Zhejiang Province: Crasquin et al. 2010a; Guizhou–Yunnan Provinces: Wang 1978; Guizhou Province: Forel et al. 

2009, Forel 2012). 1, female; 2, male. 
 

 

 

 

Family ACRATIIDAE Grundel, 1962€ 

Genus ACRATIA Delo, 1930 

Type species. Acratia typica Delo, 1930. 

Acratia? pervagata Forel sp. nov. 
Figure 7P–U 

LSID. urn:lsid:zoobank.org:act:17C40F69-CC70-41A0-ADAC-C99F2F966C4B 

 
2004b Macrocypris cf. M. deducta; Crasquin-Soleau et al., pl. 3. figs 15–16. 

 2012 Acratia sp. 4; Forel, figs 3J, K. 
 2012 Acratia? sp. 1; Forel, figs 3G. 

2013b Acratia sp. C; Forel et al., fig. 10S, non 10R. 

Derivation of name. From the Latin ‘prevagatus’ for widespread. 
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Types. Holotype: one complete carapace (Fig. 7T), P6M3481, Dimensions. See Figure 8. sample 

03IR202; paratype: one complete carapace (Fig. 7R), P6M3479, sample 03IR216. 

Type horizon. Sample 03IR202, Elikah River section, Nesen Formation, Changhsingian, Late Permian. 

Type locality. Elikah River section (N 36°13027″, E 51°20048″), Central 

Alborz, Iran. 

 

Material. 12 complete carapaces from the Elikah River section, two 

complete carapaces from the C_€uruk Da_g section, Turkey; 

two complete carapaces from the Dajiang section, Guizhou 

Province, China. 

 

Dimensions. See Figure 8. 

 

Material.  

 

 

 L (lm) H (lm) 

Adult 632–680 
365–
405 

A-1 552–606 306–
347 

A-2 487–522 271–
325 
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FIG. 7. Ostracods from the Elikah River section, Iran. All specimens are housed in the collections of Universit_e Pierre et Marie 

Curie, Paris, France. A–B, Praezabythocypris? cf. ottomanensis (Crasquin-Soleau in Crasquin-Soleau et al., 2004a); A, carapace, 

right lateral view, P6M3462, sample 03IR239, Early Triassic; B, carapace, right lateral view, P6M3463, sample 03IR239, Early Triassic. 

C–E, Praezabythocypris cf. pulchraformis Forel in Crasquin et al., 2010a; C, carapace, right lateral view, P6M3464, sample 03IR225, 

Early Triassic; D, carapace, right lateral view, P6M3465, sample 03IR225, Early Triassic; E, carapace, right lateral view, P6M3466, 

sample 03IR157, Late Permian. F–I, Praezabythocypris? sp. 1; F, carapace, right lateral view, P6M3467, sample 03IR199, Late 

Permian; G carapace, right lateral view, P6M3468, sample 03IR199, age Late Permian; H, carapace, right lateral view, P6M3469, sample 

03IR206,Late Permian; I, carapace, right lateral view, P6M3470, sample 03IR206, Late Permian. J–L, Praezabythocypris? sp. 2; J, 

carapace, right lateral view, P6M3471, sample 03IR206, Late Permian; K, carapace, right lateral view, P6M3472, sample 03IR206, Late 

Permian; 

L, carapace, right lateral view, P6M3473, sample 03IR182, Late Permian; M–O, Petasobairdia subnantongensis Chen; M, carapace, 

right lateral view, P6M3474, sample 03IR202, Late Permian; N, carapace, dorsal view, P6M3475, sample 03IR203, Late Permian; O, 

carapace, right lateral view, P6M3476, sample 03IR203, Late Permian. P–U, Acratia? pervagata Forel sp. nov.; P, carapace, right lateral 

view, P6M3477, sample 03IR216, Late Permian; Q, carapace, right lateral view, P6M3478, sample 03IR216, Late Permian; R, 

paratype, carapace, right lateral view, P6M3479, sample 03IR216, Late Permian; S, carapace, right lateral view, P6M3480, sample 

03IR203, Late Permian; T, holotype, carapace, right lateral view, P6M3481, sample 03IR202, Late Permian; U, carapace, right lateral 

view, P6M3482, sample 03IR201, Late Permian. V–X, Acratia qinglongensis Wang, 1978; V, carapace, right lateral view, P6M3483, 

sample 03IR171, Late Permian; W, carapace, right lateral view, P6M3484, sample 03IR201, Late Permian; X, carapace, right lateral 

view, P6M3485, sample 03IR202, Late Permian. Y–Z, Acratia cf. permiana Zalanyi‚ 1974; Y, carapace, left lateral view, P6M3486, 

sample 03IR201, Late Permian; Z, carapace, right lateral view, P6M3487, sample 03IR182, Late Permian. AA–AB, Acratia cf. 

subfusiformis Wang, 1978; AA, carapace, right lateral view, P6M3488, sample 03IR162, Late Permian; AB, carapace, right lateral view, 

P6M3489, sample 03IR171, Late Permian. AC, Acratia? sp. 1, carapace, right lateral view, P6M3490, sample 03IR207, Late Permian. 

AD–AE, Acratia sp. A; AD, carapace, right lateral view, P6M3491, sample 03IR157, Late Permian; AE, carapace, left lateral view, 

P6M3492, sample 03IR200, Late Permian. All scale bars represent 100 lm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 8. Length/Height scatter plot of Acratia? pervagata Forel sp. nov. All specimens are from Turkey (Crasquin-Soleau et al. 2004b), 

Guizhou Province, South China (Forel et al. 2009; Forel 2012), and Iran (this work). 

 

 

Description. The carapace of the present species is subtriangular in lateral view, strongly postplete to close to amplete. The LV overlaps RV all 

around the carapace with maximum at VB. Its surface is smooth. The contour of dorsal, anterior and posterior borders is similar at both valves. 

The ADB is short (25% of Lmax) and bent towards AB with an angle close to 60. Its transition with DB is slightly angulated in some specimens 
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only (160). The DB is about 60% of Lmax and gently bent towards ADB with an angle close to 15. The PDB is slightly shorter than ADB (15% of 

Lmax) and strongly bent towards PB (130). The transition of DB with ADB and PDB is located at similar H close to the dorsum (90% of Hmax). 

The PB is large (110) with a maximum of convexity located in the lower quarter of Hmax. The AB is close to 90 with a maximum of convexity 

located higher (40% of Hmax). The ventrum is evenly convex at RV and divided into three distinct portions. The AVB and PVB have similar 

lengths of about 35–40% of Lmax. The AVB is slightly convex, and its transition with VB is slightly angulated (160). The VB is concave and about 

25% of Lmax, and its transition with PVB is close to flat. The PVB is slightly convex. The LV is broadly convex at ventrum with AVB, VB and 

PVB not distinct (Fig. 9). 

Remarks. Specimens of this new species have already been reported from the Late Permian of Turkey (Crasquin-Soleau et al. 

2004b), Hungary (Forel et al. 2013b) and South China (Forel 2012) under different identifications, mostly open nomenclature. It 

is here recorded for the first time to cross the PTB. Acratia? pervagata Forel sp. nov. differs from A. hvorostaniensis Egorov, 1953 

from the Frasnian of Russia by its less convex VB and asymmetric shape in lateral view. It is also distinct from A. posteroinclinata 

Kozur, 1985 from the Late Permian of Hungary by its marked DB–ADB, less steep PDB, posterior maximum of convexity located 

slightly more dorsally, and more rounded AB and PB. Through its three reconstructed ontogenetic stages, no clear shape 

modification is identified, the intraspecific variations being here very strong, as for most of the Bairdioidea of the PTB transition. 
 

Occurrence. Samples 03IR195, 201–204, 207, 216, 220, Nesen and Elikah formations (Fig. 2; Forel et al. 2015, appendix 1), Elikah River 

section, Central Alborz, Iran, Changhsingian–Griesbachian, Late Permian – Early Triassic (this work). Curuk Da€ g section, Western Taurus, 

Turkey, Wuchiapingian, Late Permian (Crasquin-Soleau et al. 2004b). Dajiang section, Guizhou Province, China, Changhsingian, Late 

Permian (Forel 2012). Balvany North section, Bukk Mountains, Hungary, Changhsingian, Late Permian (Forel et al. 2013b). 
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FIG. 9. Scheme of the contour of Acratia? pervagata Forel sp. nov. showing all angles and proportions of the carapace. 

 

 

Acratia qinglongensis Wang, 1978 Figure 7V–X 

1978 Acratia qinglongensis Wang, pp. 295–296, pl. IV, fig. 9a–d. 

Material. 13 carapaces, several fragments. 

Dimensions. See Figure 10. 

 L (lm) H (lm) 

Adult 732 430 
A-1 632–648 353–

393 
A-2 561–605 311–

592 
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Remarks. The specimens of Acratia qinglongensis are distributed among three ontogenetic stages, A-2 to Adult (Fig. 10). 

Through the reconstructed portion of the development, the carapace becomes stockier, elongated specimens mostly 

corresponding to A-3, and AB migrates dorsally. The material is, however, insufficient to detect any possible sexual 

dimorphism. 

 
Occurrence. Samples 03IR163, 171, 172, 201–204, 206, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central 

Alborz, Iran, Changhsingian, Late Permian (this work). Western Guizhou–north-eastern Yunnan provinces, South China, Late Permian (Wang 

1978). 

 

 

 

 

 

 

 

 

Family PACHYDOMELLIDAE Berdan and Sohn, 1961 

Genus MICROCHEILINELLA Geis, 1933 

Type species. Microcheilus distortus Geis, 1932. 

FIG. 10. Length/Height scatter plot 

of Acratia qinlongensis Wang. All 

specimens are from Guizhou– 
Yunnan Provinces, South China 

(Wang 1978) and Iran (this work). 
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Microcheilinella rectodorsata Forel in Crasquin et al., 2010a Figure 11C–F 

2010a Microcheilinella rectodorsata Forel in Crasquin et al., pp. 359–360, fig. 22A–G. 

Material. 34 carapaces, several fragments. 

Dimensions. See Figure 12. 

 L (lm) H (lm) 

Adult 568–601 
298–
345 

A-1 520–505 231–
315 

A-2 455–486 219–
283 

A-3 392–422 232–
248 

A-4 334–369 163–
223 

A-5 261–314 142–
169 

 

Remarks. All the specimens known for the species Microcheilinella rectodorsata Forel, 2010 gather into six successive 

ontogenetic stages, from A-5 to Adult (Fig. 12). Among each of them, two morphologies are distinguished: (1) the stocky 

and ovoid carapaces showing a round PB with a maximum of convexity around mid-Hmax (i.e. 50% of Hmax), these are the 

largest specimens of each stage; and (2) the elongated carapaces displaying tapered PB with maximum of convexity close to 

the ventrum, which correspond to the smallest specimens of each stage. These two groups could, respectively, correspond to 

females and males. This interpretation is coherent with the previous report of subelliptical and more elongated morphs among 

specimens of M. mendelgrammi (Early Carboniferous of South China), the latter possibly being males (Olempska 2001). If 

so, our data would document the appearance of sexually dimorphic carapaces in stage A-5 at least (see Discussion). 

Occurrence. Samples 03IR159, 161, 172, 182, 186, 197, 198, 200– 207, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah 

River section, Central Alborz, Iran, Changhsingian, Late Permian (this work). Meishan section, Zhejiang Province, China, Changhsingian, 

Late Permian (Crasquin et al. 2010a). 

Microcheilinella alborzella Forel sp. nov. 
Figure 11G–Q 

LSID. urn:lsid:zoobank.org:act:73317504-926A-4445-A21476639B43D664 

Derivation of name. From the type locality in the Alborz Mountains, Iran. 

Types. Holotype: one complete male carapace (Fig. 11J), P6M3502, sample 03IR206; paratype: one complete female carapace (Fig. 11O), 

P6M3507, sample 03IR202. 

Dimensions. See Figure 13. 

 L (lm) H (lm) 

Adult 440–505 
279–
339 



 

A-1 361–437 231–
302 

A-2 316 214 
A-3 252 185 

 

Diagnosis. A species of Microcheilinella with straight, horizontal DB, AB broadly rounded and vertical, overlap strong all around 

the carapace. 

Description 

♂. The male carapace is ovoid and relatively elongate in lateral view, amplete to slightly preplete; it is diamond-shaped in dorsal view with Wmax 

in the anterior third of L; the surface is smooth. 
The LV is massive, ovoid at AB and truncated at PB; it strongly overlaps RV at all borders, with a maximum at DB in most cases, thickness 

varying from 8 to 25% of Hmax at both DB and VB (Fig. 14); the ADB is straight to slightly convex and bent towards AB with an angle close to 

30; the DB is strongly convex; the PDB is straight, long and bent towards PB with an angle around 25; the AB is rounded with large radius of 

convexity, whose maximum is located around mid-Hmax; the PB is angulated (100) with a small radius of convexity located in the upper third of 

Hmax; its shape is asymmetrical with a 60 angle in the upper portion and 20 in the lower portion; the AVB is short, convex and strongly bent 

towards AB (30); the VB is slightly convex; the PVB is convex to straight for some specimens, long (more than half Lmax) and bent dorsally at an 

angle close to 20. 
The RV is rectangular at AB and tapered at PB; its Hmax is located around anterior half; the ADB and DB are undifferentiated, straight and long; 

the PDB is short, straight to convex and bent downward to PB with an angle close to 90; the transition between ADB and AB is marked by an 

obtuse angle (115); the   AB is nearly vertical to slightly convex with large radius of curvature, maximum located around the mid-Hmax of the 

valve; its transition with AVB is of acratian type also marked by an obtuse angle (125) located at the ventrum; the PB displays a narrow radius of 

convexity (90) with a maximum above mid-Hmax of the valve; it is located below the PB at LV; the VB displays contours similar to LV. 

♀. The female carapace is elongate, rectangular and amplete in lateral view; it is lenticular in dorsal view, with Wmax posterior to mid-Lmax; the 

LV overlaps RV all around the carapace with a maximum of overlap at DB (6–20% of Hmax; Fig. 14); the surface is smooth. 
The LV is ovoid; ADB is straight, long (55% of Lmax) and slightly bent towards AB (25); the DB is convex and short; the PDB is about 45% of 

Lmax, straight and bent towards PB with angle similar to ADB–AB; the AB is rounded with a large radius of convexity, whose maximum is 

located close to mid-Hmax; the PB is tapered with narrower radius of convexity (120), whose maximum located slightly above mid-Hmax; the 

undifferentiated AVB and VB are convex and long (80% of Lmax); the PVB is straight and bent towards PB with an angle close to 30. The RV is 

relatively homogeneously rectangular; its PDB, ADB and DB are straight and in continuity; the AB is broadly rounded to vertical with a maximum 

of convexity around mid-Hmax or below mid-Hmax in some specimens; its transition with AVB is close to 90 and located at VB, and the PB is 

similar in shape to AB but slightly narrower; the AVB, VB and PVB are also in continuity, straight and long; the ventrum and dorsum are close 

to parallel and mirror image of each other. 
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FIG. 11. Ostracods from the Elikah River section, Iran. All specimens are housed in the collections of Universite Pierre et Marie Curie, 

Paris, France. A, Acratia sp. B, carapace, right lateral view, P6M3493, sample 03IR192, Late Permian. B, Acratia sp. C, carapace, left 

lateral view, P6M3494, sample 03IR203, Late Permian. C–F, Microcheilinella rectodorsata Forel in Crasquin and Forel, 2010a; C, 

carapace, ♂, right lateral view, P6M3495, sample 03IR202, Late Permian; D, carapace, ♀, right lateral view, P6M3496, sample 03IR159, 

Late Permian; E, carapace, ♂, right lateral view, P6M3497, sample 03IR205, Late Permian; F, carapace, ♂, right lateral view, P6M3498, 

sample 03IR206, Late Permian. G–Q, Microcheilinella alborzella Forel sp. nov.; G, carapace, ♂, right lateral view, P6M3499, sample 

03IR202, Late Permian; H, carapace, ♂, right lateral view, P6M3500, sample 03IR161, Late Permian; I, carapace, ♂, right lateral view, 

P6M3501, sample 03IR206, Late Permian; J, holotype, carapace, ♂, right lateral view, P6M3502, sample 03IR206, Late Permian; K, 

carapace, ♂, right lateral view, P6M3503, sample 03IR206, Late Permian; L, carapace, ♂, dorsal view, P6M3504, sample 03IR206, Late 

Permian; M, carapace, ♀, right lateral view, P6M3505, sample 03IR172, Late Permian; N, carapace, ♀, right lateral view, P6M3506, 

sample 03IR182, Late Permian; O, paratype, carapace, ♀, right lateral view, P6M3507, sample 03IR202, Late Permian; P, carapace, ♀, 

dorsal view, P6M3508, sample 03IR200, Late Permian; Q, carapace, ♀, right lateral view, P6M3509, sample 03IR202, Late Permian. R–

T, Callicythere sp. 1; R, carapace, left lateral view, P6M3510, sample 03IR219, Late Permian; S, carapace, right lateral view, P6M3511, 

sample 03IR221, Early Triassic; T, carapace, left lateral view, P6M3512, sample 03IR222, Early Triassic. U–Z, Basslerella superarella 

Crasquin sp. nov.; U, holotype, carapace, right lateral view, P6M3513, sample 03IR203, Late Permian; V, carapace, dorsal view, 

P6M3514, sample 03IR203, Late Permian; W, carapace, right lateral view, P6M3515, sample 03IR162, Late Permian; X, carapace, right 

lateral view, P6M3516, sample 03IR182, Late Permian; Y, carapace, right lateral view, P6M3517, sample 03IR202, Late Permian; Z, 

paratype, carapace, right lateral view, P6M3518, sample 03IR203, Late Permian. AA, Arqoviella sp. 1, carapace, right lateral view, 

P6M3519, sample 03IR235, Early Triassic. AB, Paracypris gaetanii Crasquin-Soleau, carapace, right lateral view, P6M3520, sample 

03IR159, Late Permian. AC–AD, Paracypris cf. gaetanii Crasquin-Soleau; AC, carapace, right lateral view, P6M3521, sample 03IR223, 

Early Triassic; AD, carapace, left lateral view, P6M3522, sample 03IR223, Early Triassic. AE, Orthocypris sp. 2, carapace, left lateral 

view, P6M3523, sample 03IR203, Late Permian. AF, Cyathus caperata (Guan), carapace, right lateral view, P6M3524, sample 03IR203, 

Late Permian. All scale bars represent 100 lm. 
 

 

 

FIG. 12. Length/Height scatter plot of Microcheilinella rectodorsata Forel 2010. All specimens are from 
Meishan GSSP, Zhejiang Province, South China (Crasquin et al. 2010a) and Iran (this work). 1, female; 2, male. 
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FIG. 13. Length/Height scatter plot of Microcheilinella alborzella Crasquin sp. nov. All specimens are from Iran (this work); 1, female; 2, 

male. 

 

 

 

 

 

Remarks. Microcheilinella alborzella Forel sp. nov. differs from M. venusta Chen, 1958 from the Early Permian of the Nanking 

Province, China (Chen 1958), by its stronger overlap and straighter dorsal and ventral borders. It is also different from M. peroi 

peroi Kozur, 1985 from the Early Abadehian (Wuchiapingian) of the Bukk Moun-€ tains, Hungary, by its straighter dorsal and 

ventral borders. Some specimens display a Bairdia-like PB similar to M. speciosa Chen, 1958 from the Early Permian of Nanking 

Province, China, but the nature of the overlap drives us to consider M. alborzella Crasquin sp. nov. as a different species. M. 

alborzella Forel sp. nov. is close to M. sp. C sensu Forel et al. 2013b from the Early Triassic of the Balvany North section, 

Hungary, but it is shorter with straighter DB and bent steeper towards PB. It is also similar in outline to M. larianovae Polenova, 

1955 from the Middle Devonian of the Urals, but this species displays a maximum of overlap at PVB and very short DB at RV. 

The specimens of M. alborzella Forel sp. nov. recovered from the present section are distributed among four ontogenetic stages, 

from A-3 to Adult (Fig. 13). The shape is relatively conservative through its development. A-3 and A-2 specimens show tapered 

PB, corresponding to male morphs. Two morphologies differentiate during A-1 with elongated specimens possessing broadly 

rounded PB corresponding to female morphs (labelled 1 on Fig. 13) and shorter specimens with tapered PB corresponding to male 

 

 



 

morphs (labelled 2 on Fig. 13). They document the appearance of sexual dimorphism in A-1 juvenile for Microcheilinella 

alborzella Forel sp. nov. 

Occurrence. Samples 03IR161, 162, 172, 182, 183, 186, 188, 200, 201–203, 205, 206, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 

1), Elikah River section, Central Alborz, Iran, Changhsingian, Late Permian (this work). 

 

FIG. 14. Scheme of the contour of Microcheilinella alborzella Crasquin sp. nov. showing all angles and proportions of the carapace. RV, 

height proportions of right valve; LV, height proportions of left valve. 
 

 

Superfamily CYTHEROIDEA Baird, 1850 
Family CYTHERIDEIDAE Sars, 1925 

Genus BASSLERELLA Kellett, 1935 

Type species. Basslerella crassa Kellett, 1935. 

Basslerella superarella Crasquin sp. nov. Figure 11U–Z 

LSID. urn:lsid:zoobank.org:act:9A98BF04-577A-4E58-85C5A8C4294829EC 

Derivation of name. From the Latin superare for survive. 

Types. Holotype: one complete carapace (Fig. 11U), P6M3513, sample 03IR203; paratype: one complete carapace (Fig. 11Z), P6M3518, 

sample 03IR203. 

Type horizon. Sample 03IR203, Elikah River section, Nesen Formation, Changhsingian, Late Permian (Fig. 2). 

Type locality. Elikah River section (N 36°13027″, E 51°20048″), Central Alborz, Iran. 

Material. 66 complete carapaces, several fragments. 

    Dimensions. L = 222–477 lm, H = 147–345 lm,H/L = 0.6–0.78 (Fig. 15). 



[Digitare qui] 
 

[Digitare qui] 
 

 

Diagnosis. A species of Basslerella with high H/L ratio (up to 0.78) with strongly tapered and elongated posterior half of the 

carapace; free margin of ADB border pinched. 

Description. The carapace of the new species is elongate, strongly asymmetrical, drop-shaped with posterior half of the carapace tapered in 

lateral view. It is preplete with Hmax occurring at the transition between ADB and DB in the anterior one-third of Lmax or in front. The thin 

overlap of LV all around RV is visible at some specimens only. It displays a lenticular shape in dorsal view with Wmax slightly backward 

from Lmax. The surface is smooth. 
The ADB is long (40% of Lmax), slightly convex and bent towards AB with an angle of 40 (Fig. 16). Its transition to DB is rounded and 

located around 40% of Lmax; it is located around 30% of Hmax higher than the DB–PDB transition. The DB is straight and of middle length 

(45% of Lmax); its posterior portion is bent ventrally with an angle close to 45. The PDB is only 15% of Lmax and vertical to slightly convex. 

The PB is narrow, vertical to convex with a small radius of curvature whose maximum is located around the lower quarter of Hmax. The AB 

is broadly rounded with a maximum of convexity located slightly below (in the holotype) to above mid-Hmax (Fig. 11X); it is fringed by a 

pinched area. The AVB is of middle length (30% of Lmax), gently rounded and steeply bent towards AB. The VB is long (50% of Lmax), 

convex to close to straight at LV and slightly concave at RV. The PVB is short. 

 

Remarks. The abundant specimens of Basslerella superarella Crasquin sp. nov. document strong variations in the H and L of 

the posterior part of the carapace. Strong variations also affect PB, from convex to close to vertical. However, contrary to 

other species in the present work, these intraspecific disparities are continuous and homogenous and cannot be related to 

sexual dimorphism based on the present data. Basslerella superarella Crasquin sp. nov. differs from most of the known 

Basslerella species by its pinched AB and elongated posterior half resulting in elongate and tapered lateral profile. The 

Permian specimens are distributed among six ontogenetic stages, from A-5 to Adult (Fig. 15A), while the Triassic ones 

correspond to stages A-4 to Adult (Fig. 15B). The ontogenetic development of Basslerella superarella Crasquin sp. nov. 

seems to be mostly marked by an inflation of the posterior portion of the carapace. 

 
 

 



 

 

FIG. 16. Scheme of the contour of Basslerella superarella Crasquin sp. nov. showing all angles and proportions of the carapace. 

 

Occurrence. Samples 03IR157, 162, 182, 183, 185, 192, 198, 200– 203, 206, 212, 213, 216, 220, 222, 223, 230, 234, Nesen and Elikah formations 

(Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, Changhsingian–Griesbachian, Late Permian – Early Triassic 

(this work). 

Superfamily CYPRIDOIDEA Baird, 1845 Family PARACYPRIDIDAE Sars, 1923 

Genus PARACYPRIS Sars, 1910 

Type species. Paracypris polita Sars, 1866. 

 L (μm) H (μm) 

Adult 
A–1 
A–2 
A–3 

365 
325 

267–276 
235–256 

258 
196 

172–177 
147–153 

   

 L (μm) H (μm) 

Adult 
A–1 

422–477 
368–395 

308–345 
248–300 

A–2 320–358 224–267 
A–3 283–309 211–235 
A–4 250–276 180–196 
A–5 222–242 156–174 

FIG. 15. Length/Height scatter 350 plot of 

Basslerella superarella Crasquin sp. nov. All 

specimens are from Iran (this work). 
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Paracypris gaetanii Crasquin-Soleau in Crasquin-Soleau et al., 2006a Figure 11AB 

 1992 Paracypris sp.; Hao, p. 42, pl. 1, fig. 24. 
2005 Paracypris sp. sensu Hao 1999 (sic); CrasquinSoleau and Kershaw, pl. I, figs 7–9. 
2006a Paracypris gaetanii Crasquin-Soleau in CrasquinSoleau et al., p. 64, pl. 4, figs 1–4. 
2008 Paracypris gaetanii; Crasquin et al., p. 249, pl. 4, fig. 11. 
2009 Paracypris gaetanii; Forel et al., p. 819, fig. 4 (5). 
2011a Paracypris gaetanii; Forel and Crasquin, figs 3F0–4A. 

 2012 Paracypris gaetanii; Forel, p. 22, figs 13T–X. 
 2014 Paracypris gaetanii; Forel, p. 14, figs 12N–Q. 

Material. One carapace. 
Dimensions. L = 210 lm, H = 454 lm, H/L = 0.46. 

Remarks. Based on the ontogenetic stages of all the known specimens of Paracypris gaetanii described in Forel (2014), the 

present specimen belongs to the A-2 stage. 

Occurrence. Sample 03IR159, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, 

Changhsingian, Late Permian (this work). Cur€ uk Da€ g section, Griesbachian, Early Triassic, Western Taurus, Turkey (Crasquin-Soleau 

et al. 2004a, b; Forel 2014). Griesbachian, Early Triassic, Zhenfeng, Guizhou Province, China (Hao 1992). Laolongdong section, 

Griesbachian, Early Triassic, Sichuan Province, China (Crasquin-Soleau and Kershaw 2005). Jinya/Waili section, Griesbachian, Early 

Triassic, Guangxi Province, China (Crasquin-Soleau et al. 2006a). Bulla section, Griesbachian, Early Triassic, Dolomites, Southern Alps, 

northern Italy (Crasquin et al. 2008). Dajiang section, Guizhou Province, China, Changhsingian–Griesbachian, Late Permian – Early Triassic 

(Forel et al. 2009; Forel 2012). Meishan section, Griesbachian, Early Triassic, Zhejiang Province, China (Forel and Crasquin 2011a). 

Order PALAEOCOPIDA Henningsmoen, 1953€ Suborder BEYRICHICOPINA Scott, 1961 
Superfamily OEPILELLOIDEA Jaanusson, 1957 Family APARCHITIDAE Jones, 1901 

Genus CYATHUS Roth and Skinner, 1930 

Type species. Cyathus ulrichi Roth and Skinner, 1930. 

Cyathus caperata (Guan in Guan et al., 1978) Figures 11AF; 17A, B 

1978 Sinocoelonella caperata Guan in Guan et al., p. 149, pl. 37, fig. 17; pl. 38, fig. 1. 
1986 Cyathus caperata; Chen and Bao, p. 111, pl. 4, fig. 3. 
1987 Cyathus caperata; Shi and Chen, p. 32, pl. 10, figs 10–18. 
2008 Cyathus caperata; Yuan, pp. 47–48, pl. 2, figs 4–6. 
2009 Cyathus caperata; Yuan et al., pl. 1, fig. 15. 
2010a Cyathus caperata; Crasquin et al., pp. 332–334, figs 3A–D. 

 2012 Cyathus caperata; Chitnarin et al., p. 806, fig. 4A–D. 
 2014 Cyathus caperata; Burrett et al., p. 14, 16, fig. 12s, t. 

Material. Five complete carapaces, several fragments. 

Dimensions. L = 373–549 lm, H = 262–346 lm, H/L = 0.63– 
0.70 (Fig. 18). 



 

Remarks. Cyathus caperata is known throughout the entire Permian. We gathered all the available data and compared the size and 

morphology of the specimens in the Early, Middle and Late Permian (Fig. 18). They allowed us to reconstruct several ontogenetic 

stages: A-5 to Adult for Early Permian (Fig. 18A), A-2 to Adult for Middle Permian (Fig. 18B), A-4 to Adult for Late Permian 
(Fig. 18C). It therefore appears that all the Iranian specimens reported from the present analysis are A-2 juveniles. The ontogenetic 

development of this species mostly corresponds to an increase in dimensions. Similarly, no clear sexual dimorphism can be 

distinguished, for either the Lower or Middle Permian specimens. Among the Upper Permian fauna, some A-2 and A-1 specimens 

are relatively more elongated with more inflated PB (labelled 1 on Fig. 18C). These specimens might be females, but additional 

material is necessary to confirm this hypothesis. 

Occurrence. Samples 03IR200, 202–204, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, 

Changhsingian, Late Permian (this work). Chihsia Formation, Jurong and Longtan area, Jiangsu Province, China, Early Permian (Chen and Bao 

1986). Wugang, Hunan Province, China, Early Permian (Guan et al. 1978). Saiwa section, Guizhou Province, China, Late Permian (Yuan et al. 

2009). Meishan section, Zhejiang Province, China, Changhsingian, Late Permian (Shi and Chen 1987; Crasquin et al. 2010a). Sak Chai Quarry 

section, Chaiyaphum Province, Nong Phai section, Phetchabun Province, north-eastern Thailand, Early Permian, Ta Kli section, Nakhon Sawan 

Province, Middle Permian, central Thailand (Chitnarin et al. 2012). E-Lert Formation, Loei Province, northern Thailand (Burrett et al. 2014). 

Cyathus elliptica Shi in Shi and Chen, 1987 Figure 17C, D 

1987 Cyathus elliptica Shi in Shi and Chen, p. 32, pl. 10, figs 20–23; pl. 17, figs 5, 6. 
2010a Cyathus elliptica; Crasquin et al., p. 334, fig. 3E–H. 
2012   Cyathus elliptica; Chitnarin et al., p. 810, fig. 4E–H.  

2014    Cyathus elliptica; Burrett et al., p. 16, fig. 12u–w. 

 
Material. Four carapaces, several fragments. 

Dimensions. See Figure 19. 

 L (lm) H (lm) 

Adult 598–607 
319–
369 

A-1 528–534 265–
299 

A-2 453–498 239–
284 

A-3 401–457 306–
347 

A-4 341–378 182–
212 

 

 

Remarks. Cyathus elliptica is known from the Early–Middle Permian of Thailand (Chitnarin et al. 2012) to the Late Permian of 

Meishan, China (Shi and Chen 1987; Crasquin et al. 2010a) and Iran (present work). The Lower and Middle Permian specimens 

are not abundant and are not used here. All the Upper Permian specimens gather into five ontogenetic groups, from A-4 to Adult, 

Iranian specimens belonging to A-4, A-1 and Adult stages (Fig. 19). From the stage A-3, two morphologies are distinguished. The 

specimens with relatively symmetrical PB and AB, with an overall subrectangular contour, correspond to female morphs (labelled 

1 on Fig. 19), while the specimens that are laterally thinner and more elongated with tapered PB are identified as males (labelled 

2 on Fig. 19). The present data document the appearance of precocious sexual dimorphism in A-3 for Cyathus elliptica. 

Occurrence. Samples 03IR182, 202, 203, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, 

Changhsingian, Late Permian (this work). Meishan section, Zhejiang Province, China, Changhsingian, Late Permian (Shi and Chen 1987; Crasquin 
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et al. 2010a). Sak Chai Quarry section, Chaiyaphum Province, Nong Phai section, Phetchabun Province, north-eastern Thailand, Early Permian, 

Ta Kli section, Nakhon Sawan Province, Middle Permian, central Thailand (Chitnarin et al. 2012). E-Lert Formation, Loei Province, northern 

Thailand (Burrett et al. 2014). 

Suborder KIRKBYOCOPINA Grundel, 1969€ 
Superfamily KIRKBYOIDEA Ulrich and Bassler, 1906 Family KIRKBYIDAE Ulrich and Bassler, 1906 

Genus KNIGHTINA Kellett, 1933 

Type species. Amphissites allorismoides Knight, 1928. 

Knightina bullaensis Crasquin in Crasquin et al., 2008 
Figure 17H–J 

2008 Knightina bullaensis Crasquin in Crasquin et al., 
p. 242, pl. 1, figs 16–17. 

Material. 12 carapaces, several fragments. 

Dimensions. See Figure 20. 

 L (lm) H (lm) 

Adult 1232 585 

A-1 839 451 
A-2 733 344 
A-3 545–606 281–

304 
A-4 487–499 239–

267 
A-5 407–428 194–

220 
A-6 320 179 
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FIG. 17. Ostracods from the Elikah River section, Iran. All specimens are housed in the collections of Universite Pierre et Marie Curie, Paris, 

France. A–B, Cyathus caperata (Guan); A, carapace, left lateral view, P6M3525, sample 03IR203, Late Permian; B, carapace, left lateral 

view, P6M3526, sample 03IR203, Late Permian. C–D, Cyathus elliptica Shi; C, carapace, right lateral view, P6M3527, sample 03IR203, 

Late Permian; D, carapace, left lateral view, P6M3528, sample 03IR182, Late Permian. E, Carinaknightina cf. zhengfengensis Hao, 1992 

of Yi 2004, carapace, right lateral view, P6M3529, sample 03IR203, Late Permian. F, Kirkbya sp. 1?, carapace, right lateral view, P6M3530, 

sample 03IR159, Late Permian. G, Kirkbya sp. 2, carapace, left lateral view, P6M3531, sample 03IR203, Late Permian. H–J, Knightina 

bullaensis Crasquin; H, carapace, right lateral view, P6M3532, sample 03IR216, Late Permian; I, carapace, left lateral view, P6M3533 

sample 03IR171, Late Permian; J, carapace, left lateral view, P6M3534, sample 03IR185, Late Permian. K–M, Reviya cf. praecurukensis 

Forel in Forel et al., 2013b; K, carapace, left lateral view, P6M3535, sample 03IR172, Late Permian; L, carapace, left lateral view, P6M3536, 

sample 03IR172, Late Permian; M, carapace, left lateral view, P6M3537, sample 03IR172, Late Permian. N, Reviya? sp. 1, carapace, right 

lateral view, P6M3538, sample 03IR225, Early Triassic. O, Buekkella sp., carapace, left lateral view, P6M3539, sample 03IR220, Early 

Triassic. P, Polytylites? sp. 1, fragment of carapace, left lateral view, P6M3540, sample 03IR212, Late Permian. Q–R, Parahollinella 

visnyoensis Kozur, 1985; Q, carapace, right lateral view, P6M3541, sample 03IR201, Late Permian; R, carapace, right lateral view, 

P6M3542, sample 03IR203, Late Permian. S, Parahollinella? sp. 1, carapace, left lateral view, P6M3543, sample 03IR159, Late Permian. 

T, Roundyella? cf. papilliformis Wang, 1978, carapace, right lateral view, P6M3544, sample 03IR230, Early Triassic. U, Hollinella sp. 1, 

carapace, left lateral view, P6M3545, sample 03IR212, Late Permian. V, Hollinella sp. 2, carapace, right lateral view, P6M3546, sample 

03IR193, Late Permian. W, Hollinella sp. 3, carapace, left lateral view, P6M3547, sample 03IR234, Early Triassic. X–Y, Hollinella sp. 4; X, 

carapace, right lateral view, P6M3548, sample 03IR163, Late Permian; Y, carapace, left lateral view, P6M3549, sample 03IR163, Late 

Permian. Z, Hollinellidae? indet., carapace, left lateral view, P6M3550, sample 03IR226, Early Triassic. AA, Langdaia? sp. 1, fragment of 

carapace, right lateral view, P6M3551, sample 03IR200, Late Permian. AB–AC, Indivisia sp. 1; AB, carapace, right lateral view, P6M3552, 

sample 03IR196, Late Permian; AC, carapace, right lateral view, P6M3553, sample 03IR201, Late Permian. AD–AF, Paraparchites chenshii 

Crasquin; AD, carapace, left lateral view, P6M3554, sample 03IR162, Late Permian; AE, carapace, left lateral view, P6M3555, sample 

03IR162, Late Permian; AF, carapace, left lateral view, P6M3556, sample 03IR203, Late Permian. All scale bars represent 100 lm. 

 

FIG. 18. Length/Height scatter plot of Cyathus caperata (Guan) in the Early (A), Middle (B) and Late Permian (C). All Lower and 

Middle Permian specimens are from Thailand (Chitnarin et al. 2012), and all Upper Permian specimens are from 

South China (Guizhou Province: Guan et al. 1978; Meishan GSSP, Zhejiang Province: Crasquin et al. 2010a) and Iran (this work). 1, 

female? 



 

 

Remarks. The specimens of Knightina bullaensis recovered from the present work and from the Bulla section, Italy (Crasquin 

et al. 2008), are distributed among seven ontogenetic stages, from A-6 to Adult (Fig. 20). The two Italian specimens are A-5 

juveniles. Because of its tapered PB, the only known Adult specimen is identified as a male. The A-1 specimen displays a 

more rectangular shape and might therefore be a female. 

Occurrence. Samples 03IR159, 161, 162, 171, 172, 185, 194, 202, 207, 216, Nesen and Elikah formations (Fig. 2; Forel et al. 2015, appendix 

1), Elikah River section, Central Alborz, Iran, Changhsingian, Late Permian (this work). Bulla section, Dolomites, Italy, Changhsingian, 

Late Permian (Crasquin et al. 2008). 

Family AMPHISSITIDAE Knight, 1928 

Genus PARAHOLLINELLA Zalanyi, 1974 emend. Kozur, 1985 

Type Species. Parahollinella hungarica Zalanyi, 1974. 

Parahollinella visnyoensis Kozur, 1985 
Figure 17Q, R 

1985 Parahollinella visnyoensis Kozur, pp. 32–33, taf. 7, figs 8, 9. 
1985 Kegelites visnyoensis; Kozur, p. 117. 

          2008 Parahollinella visnyoensis; Crasquin et al., pl. 2, fig. 4. 

Material. Two complete carapaces, several fragments. 

Dimensions. L = 680–821 lm, H = 439–609 lm, H/L = 0.65–0.74. 

Occurrence. Samples 03IR196, 201, 203, 213, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, 

Iran, Changhsingian, Late Permian (this work). Bukk€ Mountains, Hungary, Wuchiapingian (Abadahian), Late Permian (Kozur 1985). Bulla 

section, Dolomites, Italy, Changhsingian, Late Permian (Crasquin et al. 2008). 

Superfamily PARAPARCHITIDEA Scott, 1959 emend. Sohn, 1971 
Family PARAPARCHITIDAE Scott, 1959 

Genus PARAPARCHITES Ulrich and Bassler, 1906 emend. Scott, 1959 

Type species. Paraparchites humerosus Ulrich and Bassler, 1906. 

Paraparchites chenshii Crasquin in Crasquin et al., 2010a Figure 17AD–AF 

1982 Paraparchites kansasensis; Chen and Shi, p. 116, pl. 3, figs 1–3. 

 

1987 Paraparchites kansasensis; Shi and Chen, p. 34, pl. 11, figs 1–4. 
2002 Paraparchites kansasensis; Shi and Chen, p. 62, pl. 1, figs 26–30. 
2010a Paraparchites chenshii Crasquin in Crasquin et al., pp. 338–339, fig. 4M–S. 
?2010b Paraparchites chenshii; Crasquin et al., p. 25, pl. 1, fig. 12. 
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2012 Paraparchites chenshii; Chitnarin et al., p. 816, fig. 8J–L. 

Material. Seven complete carapaces, several fragments. 

Dimensions. L = 281–370 lm,H = 213–286 lm,H/L = 0.68–0.79 (Fig. 21). 

 

Remarks. The species Paraparchites chenshii is known from the Early Permian (Chitnarin et al. 2012) to the Late 

Permian (Chen and Shi 1982; Shi and Chen 1987, 2002; Crasquin et al. 2010a; this work). The Middle Permian 

specimens are distributed among four successive stages, from A-3 to Adult. Only two specimens are known from 

the Early Permian and are identified as Adults (Fig. 21A). The Upper Permian specimens are distributed from A-

5 to Adult (Fig. 21B). 

As stated by Crasquin et al. (2010a), modifications through the ontogeny of P. chenshii mostly affect the 

height and roundness of PB. All A-5 specimens are strongly asymmetrical with tapered PB. The differentiation 

of sexual morphs might begin in stage A-4, with some asymmetrical specimens (males, labelled 2 on Fig. 21), 

while others display a wider PB (females, labelled 1 on Fig. 21). This pattern of PB widening further develops 

in A-3 onwards. The present data could trace the expression of sexual dimorphism on the carapace of 

Paraparchites chenshii back to A-4. All A-4 specimens of Middle Permian age are male morphs with 

asymmetrical height and tapered PB. The only specimen attributed to A-2 also displays a male morphology. 

Stockier shape with enlarging of PB is only observed in A-1 and Adults (see Discussion). 

Occurrence. Samples 03IR159, 162, 197, 203, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, 

Central Alborz, Iran, Changhsingian, Late Permian (this work).  Pingding section, Guangxi Province, China, Wuchiapingian, 

Late Permian (Shi and Chen 2002). Wantong section, Hubei Province, South China, Changhsingian, Late Permian (Chen and 

Shi 1982). Meishan section, Zhejiang Province, South China, Changhsingian, Late Permian (Shi and Chen 1987; Crasquin et 
al. 2010a). 

 

 



 

 

FIG. 19. Length/Height scatter plot of Cyathus elliptica Shi from the Late Permian of South China 

(Meishan GSSP, Zhejiang Province: Crasquin et al. 2010a) and Iran (this work); 1, female; 2, male 
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FIG. 20. Length/Height scatter plot of Knightina bullaensis Crasquin. All Lower and Middle Permian 

specimens are from Thailand (Chitnarin et al. 2012), and all Upper Permian specimens are from South China (Guizhou Province: 

Guan et al. 1978; Meishan GSSP, Zhejiang Province: Crasquin et al. 2010a) and Iran (this work). 
 

 

FIG. 21. Length/Height scatter plot of Paraparchites chenshii Crasquin in the Early–Middle Permian (A) and Late Permian (B). All Lower and 

Middle Permian specimens are from Thailand (Chitnarin et al. 2012), and all Upper Permian specimens are from South China (Guangxi Province: 

Shi and Chen 2002; Meishan GSSP, Zhejiang Province: Crasquin et al. 2010a) and Iran (this work); 1, female; 2, male. 



 

 

Genus SAMARELLA Polenova, 1952 

Type species. Samarella crassa Polenova, 1952. 

Samarella victori Crasquin in Crasquin et al., 2010a Figure 22A–E 

2010a Samarella victori Crasquin in Crasquin et al., 
p. 339, fig. 4T–X. 

 

Material. 19 complete carapaces, several fragments. 

Dimensions. See Figure 23. 

 L (lm) H (lm) 

Adult 954 754 

A-1 618 553 
A-2 504–581 402–

466 
A-3 414–553 349–

436 
A-4 324–338 258–

286 
 

Remarks. All the known specimens of Samarella victori Crasquin correspond to A-4 to Adult stages (Fig. 23). 

Differentiation of two morphs is recorded in A-3. The female morph displays an inflated PB, downward migration of 

the posterior maximum of curvature and migration of Hmax towards AB, resulting in a relatively amplete shape (labelled 

1 on Fig. 23). The male morph is relatively amplete with PB tapered and posterior maximum of convexity located in 

the upper fourth of Hmax (labelled 2 on Fig. 23). These distinct shapes further develop in A-2 stage. Females in A-2 

display a higher carapace than males, generally located in the lower right hand portion of the scatter point. The only A-

1 specimen identified displays a female shape with further widening of PB. This trend is accentuated in the unique adult 

of female gender displaying a subsymmetrical lenticular shape. The present data illustrate the appearance of precocious 

sexual dimorphism on the carapace of the Upper Permian Samarella victori in A-3 (see Discussion). 

Occurrence. Samples 03IR162, 171, 172, 182, 197, 201–204, 206, 207, 213, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), 

Elikah River section, Central Alborz, Iran, Changhsingian, Late Permian (this work). Meishan section, Zhejiang Province, South 

China, Changhsingian, Late Permian (Crasquin et al. 2010a). 

Samarella meishanella Forel in Crasquin et al., 2010a 
Figure 22F–H 

1982 Paraparchites texanus; Chen and Shi, p. 117, pl. 3, figs 9–11. 
1987 Paraparchites texanus; Shi and Chen, p. 35, pl. 11, figs 5–12. 
2002 Paraparchites subrotundus; Shi and Chen, p. 62, pl. 1, figs 31–33. 

  2010a Samarella meishanella Forel in Crasquin et al., pp. 339–340, fig. 4Y–A’. 
          2013b Samarella meishanella; Forel et al., fig. 4, M–O. 

Material. Four complete carapaces, several fragments. 
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FIG. 22. Ostracods from the Elikah River section, Iran. All specimens are housed in the collections of Universite Pierre et Marie Curie, 

Paris, France. A–E, Samarella victori Crasquin; A, carapace, left lateral view, P6M3557, sample 03IR162, Late Permian; B, carapace, 

right lateral view, P6M3558, sample 03IR162, Late Permian; C, carapace, right lateral view, P6M3559, sample 03IR171, Late Permian; 

D, carapace, right lateral view, P6M3560, sample 03IR172, Late Permian; E, carapace, right lateral view, P6M3561, sample 03IR201, 

Late Permian. F–H, Samarella meishanella Forel; F, carapace, left lateral view, P6M3562, sample 03IR207, Late Permian; G, carapace, 

left lateral view, P6M3563, sample 03IR210, Late Permian; H, carapace, left lateral view, P6M3564, sample 03IR212, Late 
Permian. I–J, Shemonaella sp. 1; I, carapace, right lateral view, P6M3565, sample 03IR216, Late Permian; J, carapace, right lateral view, 

P6M3566, sample 03IR222, Early Triassic. K–O, Cavellina nesenensis Crasquin sp. nov.; K, holotype, carapace, left lateral view, P6M3567, 

sample 03IR172, Late Permian; L, carapace, left lateral view, P6M3568, sample 03IR172, Late Permian; M, carapace, left lateral view, 

P6M3569, sample 03IR200, Late Permian; N, carapace, left lateral view, P6M3570, sample 03IR213, age Late Permian; O, paratype, 

carapace, left lateral view, P6M3571, sample 03IR214, Late Permian. P–Q, Cavellina cf. suprapermiana Kozur, 1985; P, fragment of 

carapace, right lateral view, P6M3572, sample 03IR226, Early Triassic; Q, carapace, right lateral view, P6M3573, sample 03IR231, Early 

Triassic. R–S, Cavellina? sp. 1; R, carapace, right lateral view, P6M3575, sample 03IR239, Early Triassic; S, carapace, left lateral view, 

P6M3575, sample 03IR239, Early Triassic. T, Cytherellina sp. 1, carapace, left lateral view, P6M3576, sample 03IR223, Early Triassic. U, 

Healdianella cf. distincta Polenova, 1952, carapace, right lateral view, P6M3577, sample 03IR223, Early Triassic. V–W, Healdianella cf. 

subcuneola Posner, 1951; V, carapace, right lateral view, P6M3578, sample 03IR182, Late Permian; W, carapace, right lateral view, 

P6M3579, sample 03IR198, Late Permian. X–Z, Silenites? sasakwaformis Shi; X, carapace, right lateral view, P6M3580, sample 03IR161, 

Late Permian; Y, carapace, right lateral view P6M3581, sample 03IR203, Late Permian; Z, carapace, right lateral view, P6M3582, sample 

03IR182, Late Permian. AA, Spinocypris? sp. 1, carapace, right lateral view, sample 03IR207, Late Permian, P6M3583. AB–AF, 

?Eumiraculum desmaresae Forel; AB, carapace, right lateral view, P6M3582, sample 03IR162, Late Permian; AC, carapace, right lateral 

view, P6M3583, sample 03IR200, Late Permian; AD, carapace, right lateral view, P6M3584, sample 03IR202, Late Permian; AE, carapace, 

right lateral view, P6M3585, sample 03IR200, Late Permian; AF, carapace, right lateral view, P6M3586, sample 03IR203, Late Permian. 

All scale bars represent 100 lm. 

 

Dimensions. See Figure 24. 

 
 

Remarks. Although Samarella meishanella is observed to cross the PTB in Hungary (Forel et al. 2013b), it is only reported 

here from Upper Permian deposits. All specimens known from the Late Permian are distributed among six ontogenetic stages, 

A-5 to Adult (Fig. 24). The four Iranian specimens belong to A-4, A-3 and A-2, while the unique Permian specimen from 

Hungary is attributed to A-5. The two specimens attributed to A-5 correspond to the two different morphs typical of sexual 

dimorphism: PB is tapered at the Meishan specimen (male), while the carapace is subrectangular on the Hungarian specimen 

(female). Through the ontogeny, female morphs show a backward migration of Hmax: from subamplete in A-5, they become 

preplete. The attribution of the Triassic specimens, only known from Hungary, to an ontogenetic stage is complex. They all 

display a male shape and therefore represent either stages younger than A-5 or a taphonomic bias. Comparing the amplitude 

of their size distribution with the stages reconstructed from the Late Permian, it seems that they represent at least two different 

stages, here labelled A-x and A-(x–1). 

 
Occurrence. Samples 03IR205, 210, 212, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, 

Iran, Changhsingian, Late Permian (this work). Matan and Pingding sections, Guangxi Province, China, Wuchiapingian, Late Permian (Shi 

and Chen 2002). Mianyang section, Hubei Province, China, Changhsingian, Late Permian (Chen and Shi 1982). Meishan section, Zhejiang 

Province, China, Changhsingian, Late Permian (Shi and Chen 1987; Crasquin et al. 2010a). Balvany North section, Bukk Mountains, 

Hungary,€ Changhsingian–Griesbachian, Late Permian – Early Triassic (Forel et al. 2013b). 
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FIG. 23. Length/Height scatter plot of 

Samarella victori Crasquin. All specimens 

are from South China (Meishan GSSP, 

Zhejiang Province: Crasquin et al. 2010a) 

and Iran (this work); 1, female; 2, male. 
Types. Holotype: one complete 

carapace (Fig. 22K), P6M3567, 

sample 03IR172; paratype: one 

complete carapace (Fig. 22O), 

P6M3571, sample 03IR214. 

 

 

 

 

 

 

 

 

FIG. 24. Length/Height scatter plot of  Samarella meishanella Forel. All specimens are from South China (Meishan GSSP, Zhejiang 

Province: Crasquin et al. 2010a), Hungary (Forel et al. 2013b) and Iran (this work); 1, female; 2, male. 
 



 

 

Order PLATYCOPIDA Sars, 1866 
Suborder PLATYCOPINA Sars, 1866 

Superfamily CAVELLINOIDEA Egorov, 1950 
Family CAVELLINIDAE Egorov, 1950 

Genus CAVELLINA Coryell, 1928 

Type species. Cavellina pulchella Coryell, 1928. 

Cavellina nesenensis Crasquin sp. nov. Figure 22K–O 

LSID. urn:lsid:zoobank.org:act:C642872E-1AF9-426A-A9D1- 
70C39F96F256 

Derivation of name. From the occurrence of the present species in the Nesen Formation. 

Type horizon. Sample 03IR172, Elikah River section, Nesen Formation, Late Permian. 

Type locality. Elikah River section (N 36°13027″, E 51°20048″), Central Alborz, Iran. 

Material. Five carapaces, several fragments. 

Dimensions. H = 173–197 lm, L = 295–340 lm, H/L = 0.52–0.62 (Fig. 25). 

 

Diagnosis. A species of Cavellina with an elongated carapace, AB narrower than PB and well expressed to faint S2. 

Description. The carapace of the present species is elongate, subrectangular to sublenticular asymmetrical in lateral view, postplete with 

Hmax in the posterior third of Lmax. A faint to well-expressed S2 is visible around mid-Lmax, extending to mid-Hmax, L2 and L3 relatively flat. 

A thin overlap of LV all around RV is visible at some specimens. The surface is smooth and outlines of RV and LV are very similar. 
The PDB is about 50% of Lmax (Fig. 26), straight and bent towards PB with an angle up to 10; it forms an angle of 120 with PB. The DB is 

convex, more or less prominent and ngulated, and located around mid-Lmax. The ADB is straight; it is horizontal and continues the DB in 

some specimens, while it forms an angle around 90–120 with AB in some others. The AB is rounded to slightly angulate with a relatively 

narrow radius of curvature, whose maximum is located slightly above mid-Hmax. The PB is broadly rounded with a large radius of 

convexity, the maximum being located around mid-Hmax. The PVB is convex, short (15% of Lmax) and gently rose towards PB (100). The 

VB is straight to concave, long (60% of Lmax) and forms an angle close to 10 with horizontal. The AVB is rounded, of middle length (25% 

of Lmax) and steeply bent towards AB (50°). 
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FIG. 26. Scheme of the contour of a left valve of Cavellina nesenensis Crasquin sp. nov. showing all angles and proportions of the carapace. 

Remarks. The new species described here differs from Cavellina jolfaensis from the Early Dzhulfian (Changhsingian) of north-

west Iran (Mette 2010) by its longer ADB, larger radius of curvature at AB and PB. It is also different from C. aff. longa 

Kotchetkova and Guseva, 1972, from the early Dzhulfian of north-west Iran (Mette 2010) by its larger radius of curvature at PB. 

C. mocki Kozur, 1985 from the Abadehian (Wuchiapingian) of the Bukk€ Mountains, Hungary, is distinguished from the present 

species by its straighter DB with no angulation. C. nesenensis Crasquin sp. nov. differs from C. postunica Kozur, 1985 from the 

Abadehian of the Bukk Mountains, Hun-€ gary, by its more angulated DB and larger radius of curvature at AB. It is distinct from 

C. cf. rotunda Cooper, 1946, from the Late Permian of Meishan, South China (Shi and Chen 1987), by its different DB. It also 

differs from C. bellerophonella Crasquin from the Late Permian of the Bulla section (Italy; Crasquin et al. 2008) by its larger AB 

with a maximum of convexity located higher, PB broadly rounded and larger and thinner overlap. Internal structures of the present 

species have not been observed, and no trace of a septum of brood pouch is seen on the exterior of the valves. Among the Cavellina 

species known from the literature, sexual dimorphism is of domiciliar type and mostly visible in dorsal view. The largest specimen 

found here (Fig. 22M) displays a wider PB with a maximum of curvature located more ventrally than all the other specimens, 

possibly related to sexual dimorphism. However, no dorsal view is available here and specimens are not enough to determine the 

ontogenetic stages, and more material is needed to solve these issues. 

Occurrence. Samples 03IR172, 200, 213, 214, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, 

Iran, Changhsingian, Late Permian (this work). 
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Suborder METACOPINA Sylvester-Bradley, 1961 
Superfamily HEALDIOIDEA Harlton, 1933 

Family BAIRDIOCYPRYDIDAE Shaver, 1961 

Genus SILENITES Coryell and Booth, 1933 

Type species. Silenites silenus Coryell and Booth, 1933. 

Silenites? sasakwaformis Shi in Shi and Chen, 1987 Figure 22X–Z 

1987 Silenites sasakwaformis Shi in Shi and Chen, p. 63, pl. 15, figs 22–25. 
2010a Silenites? sasakwaformis; Crasquin et al., p. 358, fig. 20A0–C0. 

Material. Five carapaces, several fragments. 

Dimensions. See Figure 27. 

 L (lm) H (lm) 

Adult 768–787 
463–
497 

A-1 693–718 375–
422 

A-2 575–609 271–
399 

A-3 461–498 261–
278 

A-4 310–349 186–
206 

 

Remarks. All the known specimens of Silenites? sasakwaformis correspond to A-4 to Adult ontogenetic stages (Fig. 27). The 

specimens from the Elikah River section belong to A-4, A-2 and A-1. The shape of the present species is very conservative through 

the ontogeny. The Chinese specimens are very similar to the holotype described by Shi and Chen (1987) with carapace amplete, 

relatively elongate, PB close to vertical. Although intermediate morphologies make no doubt about the attribution of the Iranian 

specimens to S.? sasakwaformis, they document strong intraspecific variations in being higher, H/L less restricted, carapace less 

amplete and posterior with a maximum of convexity located higher. 

Occurrence. Samples 03IR161, 182, 200, 203, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, Central Alborz, Iran, 

Changhsingian, Late Permian (this work). Meishan section, Zhejiang Province, China, Changhsingian, Late Permian (Shi and Chen 1987; Crasquin 

et al. 2010a). 
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Order and suborder indet. 

Genus EUMIRACULUM Chen in Shi and Chen, 1987 

Type species. Eumiraculum changxingensis Chen in Shi and Chen, 1987. 

?Eumiraculum desmaresae Forel in Forel et al., 2013b Figure 22AB–AF 

?2013b Eumiraculum desmaresae Forel in Forel et al., 
p. 211, figs 18I–L, 19. 

Material. Eight carapaces, several fragments. 

Dimensions. L = 350–445 lm, H = 244–274 lm, H/L = 0.61– 
0.7. 

Remarks. We cast doubt on the attribution of the present species to the species Eumiraculum desmaresae Forel, 2013b because of 

the overall poor preservation of the specimens, all being smaller than those described from the type locality. 
 

Occurrence. Samples 03IR162, 163, 200, 202, 203, 212, 213, Nesen Formation (Fig. 2; Forel et al. 2015, appendix 1), Elikah River section, 

Central Alborz, Iran, Changhsingian, Late Permian (this work). 

FIG. 27. Length/Height scatter plot of 

Silenites? sasakwaformis Shi. All 

specimens are from South China 

(Meishan GSSP, Zhejiang Province: 

Shi and Chen 1987; Crasquin et al. 
2010a) and Iran (this work). 
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SIZE CHANGE THROUGH TIME 

The Elikah River section provides interesting material to analyse both the size trends through the PTB (Basslerella superarella, 

Bairdia wailiensis) and during the overall Permian thanks to species in common with the Early and Middle Permian of Thailand 

(Cyathus caperata, Paraparchites chenshii). For each of these four species, distinct H/L diagrams were built for Permian and 

Triassic specimens. 

The Lmin, Lmean, Lmax and Hmin, Hmean, Hmax of each successive ontogenetic stage were compared and used to calculate growth rates 

for both L and H as follows: 

KH ¼Hnþ1=Hn 

KL ¼Lnþ1=Ln 

where KH and KL are, respectively, Hmean and Lmean growth rates; Hn and Ln are, respectively, Hmean and Lmean at ontogenetic stage n; 

and Hn + 1 and Ln + 1 are, respectively, Hmean and Lmean at ontogenetic stage n + 1. The reconstructed successive growth rates are then 

compared to the Brooks’ rule generalizing the growth of ostracods to 1.26 (Brooks 1886; Teissier 1960). 

 

Short-term pattern through the PTB: the Lilliput effect 

Although several species are here found to cross the PTB, the analysis is complicated because of the low abundance of Permian 

assemblages compared to those of Early Triassic age. Only Basslerella superarella yielded enough specimens to perform such an 

analysis (Fig. 11U–Z). Thanks to its relatively widespread geographical distribution, the dimensions of Bairdia wailiensis (Fig. 

3C–G) are compared through the PT transition in the Elikah River section (this work), Hungary (Forel et al. 2013b) and China 

(Guangxi Province; Crasquin-Soleau et al. 2006a). 

Basslerella superarella and its Lilliput effect in the Elikah River section.  

Among the 97 Basslerella superarella specimens recovered from the Elikah River section, 76 are suitable for size analysis: 66 of 

Permian and 10 of Triassic age. Six stages are recognized among the Permian specimens, from A-5 to Adult, and four for the 

Triassic specimens, from A-3 to Adult (Fig. 15). Lmin, Lmean, Lmax and Hmin, Hmean, Hmax have been determined and plotted for each 

ontogenetic stage recognized in the Late Permian and Early Triassic (Fig. 28A). For each stage, the percentages of size change 

from the Late Permian to the Early Triassic are summarized in Table 1. This quantification of size fluctuation through the PTB 

was only performed on stages A-3 to Adult since A-4 and A-5 are only known from Permian material. It appears that throughout 

most of the ontogeny, Permian specimens are strictly larger than their Triassic counterparts: the reduction in size ranges from 

11.5% (Lmin A-1) to 34.7% (Hmax A-1). For all stages, H displays stronger decrease than L and maximum size decreases more than 

mean, itself decreasing more than minimum. 
These data are the first record of the Lilliput effect for ostracods through the PTB. Recently, slow growth and a ‘bet-hedging’ 

strategy by the increase in the fecundity with the production of smaller but more abundant eggs have been documented for 

several Podocopida from the Early Triassic of Turkey. A single species of Palaeocopida shows an accelerated growth, possibly 

linked to the production of fewer, bigger eggs (Forel 2014). KL and KH of Late Permian specimens are relatively stable 

throughout the ontogeny, with a slight acceleration reaching the Adult stage. Interestingly, all these Upper Permian values 

range from 1.11 (KL A-2 to A-1) to 1.18 (KL A-1 to Adult), lower than the Brooks’ rule (Fig. 28A). The Upper Permian 

specimens of Basslerella superarella from the Elikah River section also record a slow growth pattern, that is paedomorphosis 

by deceleration, similar to those observed in Turkey (Forel 2014). This conclusion confirms a previously raised problem: the 

end-Permian extinction is generally considered independent from the end-Guadalupian event, and Upper Permian faunas are 

taken to represent a ‘healthy’ standard to study the following survival and recovery. However, the present record clearly 

highlights the abnormal ontogenetic rhythm experienced by some ostracods in relation to environmental perturbations already 

in the Late Permian. These latest Permian ostracods can no longer be considered as stable and wholesome since they are 

recovering from the Guadalupian–Lopingian events. 
The Lower Triassic specimens display a strongly unstable growth rhythm, for both L and H. Except for KL from A-3 to A-

2 and A-1 to Adult, all Triassic KL and KH are higher than Permian ones, ranging from 1.1 (KL A-3 to A-2) to 1.32 (KH A-1 to 

Adult). The acceleration of KH towards Adult might indicate that Adult was the most resilient stage for this species. However, 
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KL at the A-1 to Adult transition simultaneously shows deceleration. In spite of their fluctuations, KL and KH of Basslerella 

superarella in the Early Triassic are lower than for their Upper Permian counterparts, respectively, 1.26 and 1.25 in Late 

Permian, 1.13 and 1.19 in Early Triassic, documenting the further reduction in growth through the PTB.  

The large-scale Lilliput effect of Bairdia wailiensis.  

The specimens of Bairdia wailiensis recovered from the Permian deposits of the Elikah (this work), the Triassic of China 

(Guangxi, Crasquin-Soleau et al. 2006a) and the Permian–Triassic of Hungary (Forel et al. 2013b) also  document an interesting 

size pattern through the PTB on a large geographical scale. Among the 36 specimens known, 19 are of Late Permian age (Iran, 

this work and Hungary, Forel et al. 2013b) and 17 are of Early Triassic age (Guangxi, China, Crasquin-Soleau et al. 2006a and 

Hungary, Forel et al. 2013b). All specimens are distributed among five ontogenetic stages from A-4 to Adult (Fig. 4). 
 

 
 

 

 

FIG. 28. Size changes of Basslerella superarella and Bairdia wailiensis through the PTB. A, Basslerella superarella at the Elikah River 

section, Iran (this work); length (bottom) and height (top) distributions of all Upper Permian (light grey) and Lower Triassic (dark 

grey) specimens from A-5 to Adult stage; length and height growth rates (KL and KH, respectively) are plotted at the transition 

between each developmental stage. B, Bairdia wailiensis in Guangxi, South China (Crasquin-Soleau et al. 2006a), Hungary (Forel et al. 
2013b) and Iran (this work); length (bottom) and height (top) distributions of all Upper Permian (light grey) and Lower Triassic 

(dark grey) specimens from A-4 to Adult stage; Upper Permian growth rates were calculated from Iran specimens (this work) and 
Lower Triassic ones from Hungarian specimens. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 
TABLE 1. Proportion of change of Lmin, Lmean, Lmax and Hmin, Hmean, Hmax calculated for the successive ontogenetic stages of Basslerella 

superarella (Iran, this work) and Bairdia wailiensis (South China: Crasquin-Soleau et al. 2006a; Hungary: Forel et al. 2013b; Iran: this work) 

from the Late Permian to the Early Triassic at the Elikah River section. 

 Lmin Lmean Lmax Hmin Hmean Hmax 
Basslerella superarella (%) 
Adult 14 19 

A-1 11.5 14.5 

A-2 16.5 20.5 
23.5 18 

23.5 

16.5 21 

23 

21.5 29 

28.5 

25.5 

35 

33.5 
A-3 17 17.5 

Bairdia wailiensis (%) 

18.5 28.5 30.5 33 

Adult 33.5 35.5 37.5 37.5 41.5 44.5 

A-1 A-

2 
A-3 

41.5 44 

48 

40 
42.5 50 

32 
40 51 

38 
40 
49.5 

38 
42 
47.5 

37 
41.5 

48 

A-4 28 40 45 32 41.5 46 

 

 

The Lmin, Lmean, Lmax and Hmin, Hmean, Hmax of all stages are summarized in Table 1 and Figure 28B. Throughout their entire 

ontogeny, the Lower Triassic specimens are significantly smaller than their Upper Permian counterparts with no overlap. 

Interestingly, this reduction in size is much stronger than in Basslerella superarella, ranging from 28% (Lmin A-4) to 51% (Lmax A-

3). Bairdia wailiensis shows that the size reduction observed in Basslerella superarella through the PTB at the Elikah River section 

is not a local pattern but is indeed worldwide since Hungarian and Chinese localities display similar characteristics. KL and KH have 

been calculated for the Upper Permian specimens from the Elikah River section (A-4 to A-2) and the Early Triassic of Hungary (A-

4 to Adult; Fig. 28B). Although only three stages have been found from the Permian of Iran, they document fast growth in L and H 

from A-4 to A-3, followed by a vertiginous drop down from A-3 to A-2. This pattern is hardly understandable and more specimens 

would assess this issue. Conversely, the Triassic KH is always lower than in Brooks’ rule, decreasing from A-1 to Adult stage. The 

overall KL values increase from A-4 to A-1, the transition from A-2 to A-1 being the unique above Brooks’ value. It then sharply 

decreases below Brooks’ value to reach Adult size. Based on this Triassic pattern, A-1 might have been the most resilient stage for 

Basslerella superarella. Although the Permian ontogenetic rhythm remains obscure, the slow growth documented by the Triassic 

specimens corresponds again to paedomorphosis by deceleration. 
The Lilliput effect is here documented for the first time for two ostracod species crossing the PTB. All the ontogenetic stages 

are affected by this size reduction, ranging from 11% (Basslerella superarella) to 51% (Bairdia wailiensis). It is accompanied by 

the onset of unstable and low growth rates in the Early Triassic. 

Long-term pattern through the Permian 

Three Palaeocopid species found from the present section are also known from the Early and Middle Permian of other localities 

(Thailand; Chitnarin et al. 2012; Cyathus caperata, C. elliptica, Paraparchites chenshii), two of them allow insights into their 

evolution throughout the Permian. 

Cyathus caperata. As described previously, six, three and four ontogenetic stages are recognized among the Cyathus caperata, 

respectively, in the Early, Middle and Late Permian (Fig. 18). Lmin, Lmean, Lmax and Hmin, Hmean, Hmax of all stages in the Early, 
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Middle and Late Permian are summarized in Figure 29A. From the Early to the Middle Permian, all dimensions decrease, ranging 

from 17% 

(Lmin, Lmean Adult) to 34.5% (Hmin A-2; Table 2). From the Middle to the Late Permian, L and H patterns are dissociated: (1) Lmin 

and Lmean diminish from 0.5% (Lmean Adult) to 24% (Lmin A-1), while Lmax stays relatively stable; and (2) all H increase strongly 

from A-2 to Adult from 1.5% (Hmin A-2) to 44.5% (Hmax Adult), overpassing the Middle Permian dimensions for Hmax A-1 and all 

the H of Adult, Hmax of Adult overpassing the Early Permian values. The Middle–Upper Permian transition is also characterized 

by an increase in the amplitude of size variations between 

Lmin–Lmax and Hmin–Hmax. Considering the overall Permian, all the H and L decrease, ranging from 17% (Hmax A-1) to 56% (Lmin A-

4), with the exception of Hmax at the Adult stage, increasing of 12%. KH and KL were also calculated and compared, and in the Late 

Permian, only the Meishan data could be used (Fig. 29A). First, all the values of KH and KL are below Brooks’ rule, except KH for 

the A-1 to Adult transition. It confirms that the Upper Permian faunas should not be taken as references to estimate the pre-PTB 

normal levels of biodiversity. For Cyathus caperata, this trend began at the Early–Middle Permian transition and destabilized at 

the transition with the Late Permian, with a strong increase in the dimensions of the last ontogenetic stages. Very interestingly, the 

general patterns show an increase in both KH and KL throughout the Permian. This observed reduction in size followed by a 

stagnation and relative increase in the last ontogenetic instars is therefore here associated with an overall acceleration of the growth 

during the entire Permian. Until now, such patterns have not been reported. Possible causes will be discussed below, but the strong 

and unprecedented decrease of size recorded between the Early and Middle Permian remains unexplained. A possible consideration 

is that Cyathus caperata belongs to the Palaeocopida, suffering greatly during the end-Permian extinction and disappearing at the 

base of the Triassic (with possible persistence of two living species in the Southern Pacific; see Crasquin and Forel 2014 for 

review). This pattern might correspond to an evolutive trend reflecting a degeneration of the Palaeocopida, as a possible mechanism 

of their extinction after the end-Permian crisis. The extinction rates of the ostracods through the end-Guadalupian event(s) are still 

poorly documented, and additional data might be helpful to understand why Palaeocopida survived the Guadalupian–Lopingian 

event(s) but disappeared after the end Permian main extinction. This issue is further discussed below in the light of the 

modifications in sexual precocity through time. 

Paraparchites chenshii. As described previously, one, five and six ontogenetic stages are recognized, respectively, for the 

Lower, Middle and Upper Permian representatives of the species Paraparchites chenshii (Fig. 21). The Lmin, 

Lmean, Lmax and Hmin, Hmean, Hmax of all stages are summarized in Figure 29B. From the Early to the Middle Permian, only the 

Adult stage can be analysed: L is relatively unchanged between 0.8% (Lmax) and 0.8% (Lmin), while H shows a homogeneous 

increase of about 9% (Table 2). The Middle Permian specimens of A-4 to A-1 are all larger than their Upper Permian 

counterparts in all H and L, documenting a decrease in size ranging from 5.5% (Hmax A-2) to 27% (Lmin A-4). The transition to 

Adult stage is marked by the reversal of this pattern, Upper Permian specimens becoming larger for all H and L, documenting 

an increase of 4% (Lmean Adult) to 15.5% (Hmax Adult). These trends are underpinned by variable growth rates, alternating 

between values below and above Brooks’ rule (Fig. 29B). The only Lower Permian KH and KL reconstructed here, from A-5 

to A-4, are located slightly below the Brooks’ rule.  



 

2010a). 

 

In Middle Permian, KL decreases from A-3 to Adult, to reach values below Brooks’ standard. In the mean time, KH strongly decreases 

from A-3 to A-1 and slightly increases to reach Adult stage, although still being below Brooks’ rule. The Upper Permian patterns 

are unstable, decreasing strongly from A-4 to A-2 for KL and from A-4 to A-1 for KH. The end of the ontogenetic development is 

characterized by a drastic increase in both KH and KL, indicating that for Paraparchites chenshii, the Adult stage should have been 

the most resilient. Until now, this pattern has never been observed for other organisms through the Permian. It is discussed further 

below. 
Long-term size changes through the entire Permian are here recorded for the first time for Palaeocopid ostracods. The dimensions 

of Cyathus caperata document an overall decrease ranging from 17% to 56%, coordinated with the increase in the growth rates 

through the Permian. Paraparchites chenshii does not display strong size modifications from the Early to the Middle Permian. 

However, the Middle–Upper Permian transition corresponds to a decrease in size ranging from 5% to 27%, accompanied by variable 

growth rates. 

 
Late Permian 
Middle Permian 

Early Permian 
Brooks’s rule 

FIG. 29. Size changes of Cyathus caperata (Guan) and Paraparchites chenshii Crasquin through the Permian. A, Cyathus caperata from the 

Early–Middle Permian of Thailand (Chitnarin et al. 2012) and Late Permian of South China (Guizhou: Guan et al., 1978; Meishan GSSP, 

Zhejiang: Crasquin et al. 2010a) and Iran (this work; H/L scatter plot in Fig. 13); length (bottom) and height (top) distributions of all 

Lower (light shade), Middle (middle shade) and Upper Permian (dark shade) specimens for the reconstructed ontogenies; length and 

height growth rates (KL and KH, respectively) are plotted at the transition between each developmental stage and were calculated from 

Thailand specimens for the Early and Middle Permian (Chitnarin et al. 2012) and from Meishan, China, for the Late Permian (Crasquin et 
al. 2010a). B, Paraparchites chenshii from the Early–Middle Permian of Thailand (Chitnarin et al. 2012) and the Late Permian of South 

China (Guangxi: Shi and Chen 2002; Meishan, Zhejiang: Crasquin et al. 2010a) and Iran (this work; H/L scatter plot in Fig. 21); length 

(bottom) and height (top) distributions of all Lower (light shade), Middle (middle shade) and Upper Permian (dark shade) specimens for 

the reconstructed development stages; KL and KH were calculated from Thailand specimens for the Early and Middle Permian (Chitnarin 

et al. 2012) and from the Late Permian of Meishan, South China (Crasquin et al. 2010a). Colour online. 
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PRECOCIOUS SEXUAL DIMORPHISM 

Sexual dimorphism is widely known for ostracods throughout their history (Ozawa 2013). This pattern seems to be more pronounced 

in the adults than in the juveniles (Kamiya 1992). For Podocopida, sexual dimorphism of the carapace (abbreviated here as SDC) is 

a consequence of sexually dimorphic appendages and appearance/maturation of sexual organs. As an example, possible Anlage (first 

developmental stage) of the hemipenis is reported in A-2 of the recent Uncinocythere occidentalis, but external dimorphism of the 

carapace only becomes visible in A-1, females being larger than males (Smith and Kamiya 2005). On average, the adult females are 

17% longer and 22% higher than the adult males of this species (Smith and Kamiya 2001). Other works also report such precocious 

SDC for recent Podocopida (e.g. Cyprideis torosa, Cytheromorpha acunpunctata, Heterocythereis albomaculata, Loxoconcha 

elliptica) in the last one or two juvenile stages before Adult (Rohr 1979; Van Harten 1983; Ikeya and Ueda 1988; Athersuch et al. 

1989). Anlagen of reproductive organs being visible and evident in A-1 or A-2 in some recent Podocopida species, it is reasonable 

that SDC becomes visible at that stage (Ikeya and Ueda 1988). Ikeya and Ueda (1988) considered that precocious sexual dimorphism 

should be common if Podocopida’s sex is genetically determined and that these features are unobserved in young instars because 

of the small sexual differences between males and females. In the fossil record, six Bathonian Podocopida and one Silurian 

Myodocopida species document SDC as early as A-5 (Whatley and Stephens 1977; Perrier et al. 2007). Similarly, some 

Palaeocopida species display sexual dimorphism from A-3 onward (Jaanusson 1956; Martinsson 1956; Guber 1971; Whatley and 

Stephens 1977). However, life cycles and ontogenetic timings vary among taxa, so the time of appearance of SDC should also vary, 

as confirmed by the fossil record. 
The growth of ostracods by moulting produces punctuated changes in the carapaces during their ontogeny, potentially 

observable in the fossil record. Fourteen of the 80 species recovered from the Permian–Triassic time interval at the Elikah 

River section yielded enough specimens to reconstruct the successive ontogenetic stages, down to A-6 for Fabalicypris parva 

(Fig. 6) and Knightina bullaensis (Fig. 20). Seven of these species clearly display two morphs: Fabalicypris parva, 

Microcheilinella rectodorsata, M. alborzella, Cyathus elliptica, Paraparchites chenshii, Samarella victori and S. meishanella. 

For each of these species, the two morphs could represent theoretically intraspecific variations due to ontogenetic or 

environmental factors, or the occurrence of two separated species. But the latter hypothesis is rejected: contrary to the frequent 

intraspecific variations observed on PTB ostracods, no continuous variation in characters is observed between the two morphs 

of each species. Moreover, the two morphs always co-occur and are not isolated morphs. The observed patterns in the Elikah 

River material are typical of SDC, which is here documented for the first time for those seven species. Based on 

uniformitarianism, we therefore consider that the larger/longer morphs correspond to females. Sexually dimorphic 

ornamentation could also potentially be visible for Cyathus elliptica, but the preservation state made it impossible to confidently 

decide whether the absence of ornamentation is due to initial absence or to degradation. 

 

 

 

 

 

 

 



 

TABLE 2. Proportion of change of Lmin, Lmean, Lmax and Hmin, Hmean, Hmax calculated for the successive ontogenetic stages of Cyathus 
caperata (Guan) and Paraparchites chenshii Crasquin through the Early, Middle (Thailand: Chitnarin et al. 2012) and Late Permian 

(Cyathus caperata: China, Guizhou: Guan et al. 1978; Meishan GSSP, Zhejiang: Crasquin et al. 2010a; Iran: this work. Paraparchites 
chenshii: China, Guangxi: Shi and Chen 2002; Meishan GSSP, Zhejiang: Crasquin et al. 2010a, Serbia: Crasquin et al. 2010b, Iran: this 

work). 

 

HETEROCHRONIES THROUGH THE PERMIAN AND END-PERMIAN EXTINCTION 

Heterochronic changes can modify the rates and/or timing of the ontogenetic formation of the morphological characteristics of 

an organism. They might affect either the rate of development, or the onset or offset times of characters. Two types of 

heterochrony are distinguished. Paedomorphosis is the presence of immature structures in an Adult stage and might be the result 

of deceleration (slower rate), hypomorphosis (earlier offset time) or postdisplacement (later onset time). Peramorphosis 

corresponds to the occurrence of mature characteristics in immature stages, caused by acceleration (faster rate), hypermorphosis 

(later offset time) or predisplacement (earlier onset time; Reilly et al. 1997; Haug et al. 2010). Paedomorphosis is regarded as 

an adaptative mechanism to cope with ecological and environmental perturbations associated with biotic crises (Harries et al. 

1996). It has been shown that heterochronies (hypermorphosis and predisplacement) played a crucial role in the early evolution 

of crustaceans (Haug et al. 2010). They are also implicated in the speciation mechanisms of the ostracod Loxoconcha species 

during the Pliocene–Pleistocene in the Western Pacific (Tanaka and Ikeya 2002). Postdisplacement is known for recent ostracods 

(Chrysocythere ornata) of the Congo platform as a colonization mechanism under strong seasonal upwelling and/or active 

sedimentation (Bertholon 1997). As far as we know, the same work documents the only predisplacement mechanisms known 

for ostracods as an answer to upwelling establishment in the Miocene–Pliocene of Morocco. They consider that the 

environmental conditions induced by the upwelling of deep waters are causes for postdisplaced or predisplaced developments 

and that continental influx favours hypomorphosis. Recently, we documented seven ostracod species with heterochronic 

development in the lowermost Triassic microbialites of Turkey: six of them display slow growth rates (four Podocopida and 
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two Palaeocopida), while one had fast growth (Palaeocopida). They are interpreted as the secondary adaptative mechanisms to 

deleterious environment in the aftermath of the extinction, resulting in fecundity and voltinism modifications to maintain viable 

populations (Forel 2014). 
In the present study, the appearance time of SDC during the ontogeny of the recovered ostracods is of utmost importance in detecting 

the possible heterochronies and modification of the fecundity/voltinism. They are privileged insights into the palaeobiology of those 

organisms, some of which went extinct (Palaeocopida), while others succeeded in reconquering environments where they occur to 

the present day (e.g. Podocopida, Bairdioidea). The material presented here allows not only short-term analysis through the PTB 

but also long-term view through the overall Permian thanks to long-time-span Palaeocopida species present during the Early–Middle 

Permian of Thailand (Chitnarin et al. 2012). 
The SDC onset time for the six species under scrutiny is variable among the different taxa and in time, as summarized in Table 

3. Considering Palaeocopida, our record of dimorphism in A-3 of Cyathus elliptica and Samarella victori in the Late Permian of Iran 

confirms the previous mentions of precocious SDC for this order. It seems that such precocity was relatively common for 

Palaeocopida through their evolution. However, the occurrence of SDC in A-5 of Samarella meishanella is the first known record 

of strong precocity for this order. Considering the abovementioned existence of such precocity in Podocopida and Myodocopida, it 

seems reasonable that some Palaeocopida might display similar patterns, keeping in mind that SDC does not imply simultaneous 

sexual maturity. 
Paraparchites chenshii is the only species for which the time of appearance of SDC can be investigated from the Middle to Late 

Permian. This onset time differs between the Middle and Late Permian, from A-2 to A-4, respectively. The present data therefore 

document a shift of the 

TABLE 3. Summary of ontogenetic time of appearance of carapace sexual dimorphism in Fabalicypris parva, Microcheilinella rectodorsata 

(Podocopida), Cyathus elliptica, Paraparchites chenshii, Samarella victori and S. meishanella (Palaeocopida) from the present work. 

 

 
 

 

SDC onset time in Paraparchites chenshii towards an appearance of dimorphic patterns in younger instars in the Late Permian 

(Table 3). This precocious appearance of morphological characters reflects a faster ontogeny of the species in the Late Permian 

compared to the Middle Permian corresponding to a peramorphosis by predisplacement. As stated above, this shift of SDC onset 

time is coupled with a reduction in the size of all ontogenetic stages, except the Adult, from the Middle to Late Permian, and faster 

growth for the Middle Permian specimens, except for the transition to Adult stage. 
Two hypotheses can account for this unprecedented pattern: 

1. Paraparchites chenshii occurs rarely in the Early Permian of Thailand (Chitnarin et al. 2012), and the only two specimens 

found did not allow any conclusion to be drawn regarding the ontogeny of the species during this interval. This newly recorded 

heterochrony might be linked to the Guadalupian– Lopingian transition, corresponding to a primary short-term response to 

extinction-linked events (Isozaki 2003; Shen and Shi 2009). However, little is known about the extinction patterns of ostracods 

through the Guadapupian–Lopingian boundary (Crasquin and Forel 2014), and it is for the moment not possible to deepen 

this hypothesis. 



 

2. While we previously recognized short-term heterochronies following the end-Permian events (Forel 2014), Paraparchites 

chenshii could record a longer trend spanning the Middle and Late Permian, implying forcing parameters of different scale. 

Short-term patterns through the PTB (the heterochronies and Lilliput effect) might be related to short-term and relatively rapid 

environmental/ecological events related to the end-Permian extinction (Forel 2014). Long-term adaptations highlighted by 

the present work might rather reflect climatic forcing. 
The Middle Permian Paraparchites chenshii were discovered in the Sawan and Phetchabun provinces in central Thailand (Chitnarin 

et al. 2012), part of the Indochina block during the Permian (Metcalfe 2011). Throughout the Permian, the Indochina block was 

located in the subtropical belt, on the eastern edge of Palaeo-Tethys at the transition with Panthalassa (e.g. Metcalfe 2002; Angiolini 

et al. 2013 and references therein). The Iran microplate might have occupied slightly similar latitude during the Late Permian 

(Gaetani et al. 2009). However, global climatic conditions varied drastically during the Permian: the earliest Permian ice maximum 

was followed by a complete shift to greenhouse, followed by three more localized glacial episodes centred in eastern Australia 

(Isbell et al. 2003; Fielding et al. 2008a, b). The recent reconstructions of the mean temperatures in tropical areas and of the high-

latitude d18O document large climatic changes through the Permian, the largest during the Sakmarian–Artinskian (Early Permian; 

cool to warm shift) and during the Kungurian– Roadian (Early–Middle Permian; warm to cool shift). However, the global trend is 

of an increase in temperatures during the overall Permian (Montanez~ et al. 2007; Korte et al. 2008). 
Temperature plays a primordial role in shaping the distribution of marine organisms. Their occurrence and survival are closely 

related to maximum and minimum temperatures, and their thermal tolerance is correlated with respiratory deterioration and 

the onset of anaerobic metabolism (Portner et al. 1999; Frederich and Portner 2000; Wabete et al. 2008). A strong correlation 

has been documented between growth rate and rising sea temperature for Recent giant clams, with erratic growth above 27°C 

(Schwartzmann et al. 2011). Many crustaceans show the strong negative effects of temperature on their energy metabolism 

(Verslycke and Janssen 2002; Wabete et al. 2008). Among them, copepods are able to alternate between univoltine and 

multivoltine reproduction following temperature conditions (Gerten and Adrian 2002; Winder and Schindler 2004; Adrian et 

al. 2009). Ostracods are highly sensitive to temperature, affecting both their growth and reproductive patterns. In the fossil 

record, the body size of deep-sea ostracods has been linked to climate change, ostracods getting larger as climate got colder 

(Hunt et al. 2010). Similarly, dwarfing has been documented during the Paleocene– Eocene Thermal Maximum (PETM) in 

response to high temperatures: ostracod food consumption rates and lifetime might have been reduced compared to their pre-

PETM counterparts, increasing their growth rates (Yamaguchi et al. 2012). In modern ecosystems, low temperatures cause 

deceleration of growth for several Cypridoidea (Podocopida; Ganning 1971), while many species develop faster at higher 

temperatures (Cohen and Morin 1990). The reproduction rate of the recent freshwater Heterocypris barbara (Gauthier and 

Brem 1928) is doubled under fluctuating temperatures, leading to the idea that more generations in a given period allow faster 

adaptations for freshwater ostracods (Rossi et al. 2003, 2013; Forrest and Miller-Rusching 2010). 
The present observation of shift in the SDC precocity of Paraparchites chenshii co-occurs with a decrease in the overall body 

size and growth rates of at least two Palaeocopida species from the Middle to Late Permian. Although specimens of 

Paraparchites chenshii are not abundant enough in the Early Permian, the size/growth pattern of Cyathus caperata seems to 

indicate that the physiological modifications at the origin of these changes began in the Early Triassic. As stated above, the 

observed size, growth and reproduction changes through time might reflect temperature modifications. Referring to the 

observation of ostracods getting larger in colder climate (Hunt et al. 2010), we interpret the trends of Palaeocopida 

(Paraparchites chenshii and Cyathus caperata) as temperature dependent, reflecting the global warming during the overall 

Permian. It is also interesting to note that the size change of Cyathus caperata is much stronger from the Middle to Late 

Permian than from the Early to Middle Permian. It might imply that this species was more deeply affected by the Guadalupian–

Lopingian events than by the temperature increase. A statistical analysis in progress will allow clarify these conclusions. 
Until recent works investigating temperature changes through the PTB and Early Triassic (e.g. Sun et al. 2011; Schobben et al. 

2014), most attention was given to oxygenation state as one of the triggers of extinction/slow recovery. Our knowledge of the Recent 

and fossil ostracod record during this interval is one of the arguments to rule out such a one-parameter system. All the ostracod 

patterns documented during the Permian (this work) and through the PTB and subsequent recovery (Forel et al. 2013a; see Crasquin 

and Forel 2014 for synthesis) have been studied under the aspect of oxygenation issues. As stated above, temperature is a 

fundamental parameter for all marine organisms and its effects on both community structure and individual characteristics are often 

neglected. However, the observed impacts of temperature state on modern ostracods are very similar to the features observed in 

Permian and PTB assemblages. Short-term changes in ostracod assemblages and physiology might also be related to the temperature 

rise recorded through the PTB in the Palaeo-Tethys (Schobben et al. 2014). Similarly, the acidification of waters has huge impacts 

on the physiology and ecology of modern organisms (e.g. Whiteley 2011 for crustaceans), with patterns similar to those observed 
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for issues concerning oxygenation and temperature. Our recent works on the ostracods of the Permian–Triassic interval document 

their strong ability to modulate their physiology and life rhythms to adapt to long-term climatic changes and to temporarily 

successfully colonize microbial refuge in the aftermath of the end-Permian extinction. This strong plasticity is observed at the 

community level with change in their composition and at the individual level with heterochronies and intraspecific variations. The 

present data illustrate the wide variety of ostracods’ physiological responses to climatic and environmental changes through the 

Permian and PTB. Future works have to be aimed at drawing a synthetical view of ecosystems by integrating crucial parameters 

such as the oxygen levels, the temperature and the acidification of the waters. 
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