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A rich and diverse tanaidomorphan (Crustacea: Tanaidacea) assemblage associated to Early Cretaceous resin-producing forests in North Iberia: palaeobiological implications
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The extinct tanaidomorphan diversity from Early Cretaceous Spanish amber, currently comprising 26 specimens, is reassessed. The fossil family Alavatanaidae Vonk & Schram, 2007, described from Spanish amber, is revised on account of repreparation of type specimens and the finding of new material. The described tanaidomorphan taxa are classified within the superfamily Paratanaoidea. An emended diagnosis for Alavatanaidae is provided, as well as for the genera Alavatanais Vonk & Schram, 2007 and Proleptochelia Vonk & Schram, 2007, and their respective species Alavatanais carabe Vonk & Schram, 2007 and Proleptochelia tenuissima Vonk & Schram, 2007. Three new species, two of them classified in a new genus each, are described: Alavatanais margulisi sp. nov., Eurotanais terminator gen. et sp. nov., and Electrotanais monolithus gen. et sp. nov. Proleptochelia euskadiensis Vonk & Schram, 2007 is considered a junior synonym of A. carabe, and the genus Proleptochelia, together with its type and only species P. tenuissima, is left without familial placement within Paratanaoidea. Within this superfamily, Alavatanaidae is closely related to the Leptocheliidae. Also, morphological variability due to sexual dimorphism in the studied paratanaoids has been determined. Multiple taphonomic and palaeobiological evidence indicates that the Spanish amber tanaids were most likely inhabitants of wet or moist forest floor.

Keywords: Tanaidomorpha; Alavatanaidae; revision; Mesozoic; Albian; Peñacerrada I; El Soplao
Introduction
Tanaids are diverse and widespread peracarid crustaceans comprising almost 1200 known species (Anderson & Blazewicz 2013). Except for a few rare freshwater and brackish species (Larsen & Hansknecht 2004; Bamber 2008; Jaume & Boxshall 2008), Recent tanaids are marine organisms occuring over the full range of depths, from the intertidal zone down to 9000 m depth. These small, cryptic crustaceans show a worldwide distribution and have successfully colonized diverse marine benthic habitats. Most species inhabit soft sediments and typically hide in crevices or interstices, or construct tubes or burrows (Blazewicz-Paszkowycz et al. 2012). As generally occurs in organisms without an obligate dispersive phase, tanaids species are often endemic; allopatric speciation, niche specificity, and sympatric associations of sibling species are common (e.g., Larsen 2001; Bamber 2010). The general aspects of their biology and ecology have been reviewed by Larsen (2005). The understanding of their diversity has been often hindered by the fact that many taxa are sexually dimorphic or even polymorphic (Hamers & Franke 2000; Larsen 2001).
Phylogenetic studies on Tanaidacea consistently recovered it sister to the Cumacea (Poore 2005). The traditional division into Monokonophora and Dikonophora is no longer followed. Following Sieg (1984), four suborders are recognized within Tanaidacea: Anthracocaridomorpha (only containing fossil taxa), Apseudomorpha, Neotanaidomorpha, and Tanaidomorpha. Nevertheless, some molecular approaches have not supported the Tanaidacea as a monophyletic group (Spears et al. 2005; Wilson 2009). Although there is current consensus about the monophyly of the higher taxa within the order, Kakui et al. (2011) suggested that the Neotanaidomorpha may be included within the Tanaidomorpha. Tanaidomorphans have undergone the greatest diversification in tanaid’s evolution, and they show the least gross morphological diversity within Tanaidacea. The external morphology of tanaidomorphans, characterized by elongated and small bodies, usually oval in cross section, and covered by smooth cuticle, is simplified when compared to that of the other Recent suborders, which is adapted to a predominantly tubicolous life-style (Blazewicz-Paszkowycz et al. 2012). Although numerous taxonomic studies have been undertaken on the Tanaidomorpha (e.g. Guerrero-Kommritz 2003; Heard et al. 2004; Guerrero-Kommritz & Brandt 2005; Bird 2007a, b; Blazewicz-Paszkowycz 2007a, b; Larsen 2007; McLelland 2007), the systematics and phylogeny of the suborder remains highly unresolved. The diagnoses of many families are incomplete or contradictory, and large groups of genera lack family affiliation. The high-level taxonomy within the suborder Tanaidomorpha is largely based on Sieg (1980b) for the Tanaoidea, and on Gutu & Sieg (1999) for the Paratanaoidea, the two superfamilies in which the suborder is divided. Later, Larsen & Wilson (2002) and Bird & Larsen (2009) provided a preliminary re-interpretation of the higher taxonomy of the Paratanaoidea derived from cladistic analyses.
Tanaids are exceedingly scarce in the geological record, with only 13 fossil species recorded to date (see Schram 2013 for an updated review). These are mostly rock-impressions, and only few specimens have been found as bioinclusions in fossil resins. The history of tanaids goes back to the Early Carboniferous, with the oldest species described from Scotland (Peach 1882; Schram et al. 1986; Briggs et al. 1991). Palaeozoic taxa are also known from the Upper Carboniferous of Illinois (Schram 1974, 1989) and the Early Permian of Germany (Malzahn 1957; Sieg 1980a; Schram et al. 1986). Several Mesozoic tanaids were described from the Middle (Hannibal et al. 2003) and Late (Végh & Bachmayer 1965) Triassic of Hungary, the Early Jurassic of Germany (Reiff 1936; Schram et al. 1986), the Middle Jurassic of Bulgaria (Sachariewa-Kowatschewa & Bachmayer 1965), Germany (Malzahn 1965, 1970; Förster 1966; Schweigert & Etter 2008), and Switzerland (Heer 1865; Etter 1988, 2004), the Late Jurassic of Germany (Polz 2005), and the Early Cretaceous of Germany (Malzahn 1979; Schram et al. 1986; Gutu & Sieg 1999; Gutu 2004). Until recently, however, the only fossils known as amber inclusions were three species from Early Cretaceous amber of Spain for which the family Alavatanaidae Vonk & Schram 2007 within the Suborder Tanaidomorpha was erected (Vonk & Schram 2007). New recent findings from Spanish and French ambers, the only two Cretaceous ambers in which tanaids have been found to date, have significantly increased our knowledge on the Cretaceous diversity of the group. French amber has provided tanaids from various localities in the Charente-Maritime region (Archingeay-Les Nouillers and La Buzinie outcrops), and the departments of Vendée (La Garnache outcrop) and Aude (Fourtou outcrop) (Sánchez-García et al. 2013). This French diversity suggests brackish or even marine habitats and will be published elsewhere (Sánchez-García et al. in prep.).
Here we provide a systematic account of tanaidomorphan tanaids from Spanish Cretaceous amber, both new and previously studied, after repreparation. This rich diversity has significant palaeobiological implications regarding the life-style of Cretaceous tanaids.

Geological setting
Two Iberian basins have yielded a significant amount of amber with bioinclusions, the Maestrat Basin (MB), in eastern Spain, and the Basque-Cantabrian Basin (BCB), in northern Spain (Delclòs et al. 2007; Peñalver & Delclòs 2010). Several localities from the MB have provided amber, the best known of which is San Just (Teruel Province) (Peñalver et al. 2007). The two most important amber outcrops from the BCB are Peñacerrada I (= Moraza) in the north-east (Burgos Province) (Alonso et al. 2000; Delclòs et al. 2007) and El Soplao in the north-west (Autonomous Community of Cantabria) (Najarro et al. 2009, 2010). The development of these two basins during the Early Cretaceous is associated with the opening of the northern part of the Atlantic and the kinematics between the European and Iberian plates (Malod & Mauffret 1990; Olivet 1996). As a result, amber deposits are distributed along the Iberian Peninsula in a strip curve from the east to the north, corresponding to the coastline during the Early Cretaceous (Delclòs et al. 2007). All localities are related with transitional continental to marine environments, although the BCB showed more marine influence than the MB, in which amber deposits are sedimentologically associated with fluvial swamps. In general terms, the amber deposits of the BCB are linked with delta-shore marine environments (see synthesis in Peñalver & Delclòs 2010), and specifically related to paralic environments in the eastern region (Peñacerrada I outcrop, Escucha Fm.) to paralic–marine environments in the western region (El Soplao outcrop, Las Peñosas Fm.). Both, the Escucha Fm. and the Las Peñosas Fm. are laterally equivalent. To date, tanaids have only been found in the BCB deposits.
The amber from the Peñacerrada I outcrop belongs to the so-called Álava amber (Alonso et al. 2000). More than 2300 arthropod inclusions have been discovered to date, with Crustacea being 1.22 % of the total diversity (Delclòs et al. 2007; Peñalver & Delclòs 2010). In the outcrop’s area, the Escucha Fm. is divided into three subunits that, overall, are represented by a deltaic succession, with a vertical tendency to a regression of the deltaic system in the lower–middle subunits and a vertical transgression in the upper subunit. Amber is always associated with coal and lignitic beds or organically rich marl levels from the middle subunit, coinciding with the boundary between the maximum regression and the beginning of the transgression, and is mainly present at the top of filling sequences of interconnected channels within deltaic bays. Three tanaids species have been formally described from this outcrop: Alavatanais carabe, Proleptochelia euskadiensis, and Proleptochelia tenuissima (see Vonk & Schram 2007), while an indetermined tanaid was figured by Delclòs et al. (2007).

El Soplao outcrop is potentially the largest amber deposit with arthropod inclusions in Spain (Najarro et al. 2009, 2010). Over 500 arthropod inclusions have been discovered to date (Pérez-de la Fuente 2012). Stratigraphically, it occurs in the Las Peñosas Fm., a nonmarine to transitional marine siliciclastic unit that is interleaved within a regressive–transgressive, carbonate-dominated marine sequence that is early Aptian to late Albian in age. Corresponding to the regressive stage of that sequence during the early Albian, strata of the El Soplao outcrop are located in a unit of heterolithic sandstones–siltstones and carbonaceous mudstones related to broadly coastal delta–estuarine environments (Najarro et al. 2009). A level of organic-rich clays 0.7–2.5 m thick contains the amber pieces associated with abundant plant cuticle remains. Regarding fossil tanaids, a single individual was just figured in Pérez-de la Fuente (2012), without description. That specimen, the only found to date in El Soplao, is described herein.

Palinological data that completes the overview of these amber-bearing outcrops are provided by Barrón et al. (2001) and Najarro et al. (2010), and suggest an early Albian age (ca. 110–105 Ma) for both deposits. Extensive stratigraphical, sedimentological, and palaeoenvironmental information have been comprehensively discussed in Alonso et al. (2000), Najarro et al. (2009, 2010), and Peñalver & Delclòs (2010).

Material and methods
The seven type specimens from Peñacerrada I (=Álava) amber described by Vonk & Schram (2007) (Table 1) have been reexamined after the repreparation of the amber pieces in which they are preserved. These amber pieces were newly cut, polished, and embedded into clear, synthetic blocks of epoxy resin according to the method of Corral et al. (1999) and Nascimbene & Silverstein (2000). As the new preparations are prisms with sides tightly close to the specimens, visibility was strongly improved, allowing examination of the majority of the specimens from different perspectives. This improved visibility allowed us to reinterpret several anatomical characters when compared to the original observations provided by Vonk & Schram (2007).

The new findings include 18 tanaids from Peñacerrada I amber and a single individual from El Soplao amber (Table 1). Except for the individual MCNA 9583, these new specimens are preserved in thin polished amber pieces that were embedded into prisms of epoxy resin.
Drawings were made under incident and transmitted light with the aid of a camera-lucida attached to an Olympus BX41 stereomicroscope. Drawings were then inked and scanned into Adobe Photoshop CS3. Photographs were undertaken with a digital camera attached to Olympus BX41 and Motic BA310 stereomicroscopes. Image stacks were merged using CombineZP software and Adobe Photoshop CS3. All measurements were taken with the software ImageJ.

Morphological terminology used follows that of Larsen (2003). Terminology of the cuticular ornamentation follows the traditional use of ‘spines’ for relatively inflexible, thorn-like structures and ‘setae’ for flexible, bristle- or hair-like structures, being usually long and fine, in keeping with their etymology. Body length measurements were taken from the distal end of the cephalothorax to the apex of the pleotelson. Other morphometric data are given as ratios (Table 2).

Institutional and collection abbreviations

Acronyms for institutional repositories are as follows: CES: Institutional Collection from the El Soplao outcrop in the Laboratory of the El Soplao Cave, Celis, Cantabria, Spain; MCNA: Museo de Ciencias Naturales de Álava, Vitoria-Gasteiz, Álava, Spain.

Additionally examined samples

(1) Alavatanais carabe Vonk & Schram, 2007, holotype (MCNA 9537) and paratype (MCNA 9088); Peñacerrada I outcrop, Moraza, Spain. Housed at the MCNA.

(2) Proleptochelia tenuissima Vonk & Schram, 2007, holotype (MCNA 9846b); Peñacerrada I outcrop, Moraza, Spain. Housed at the MCNA.

(3) Proleptochelia euskadiensis Vonk & Schram, 2007, holotype (MCNA 9846a) and paratypes (MCNA 8637, MCNA 9449, MCNA 9201a); Peñacerrada I outcrop, Moraza, Spain. Housed at the MCNA.

Systematic palaeontology
Class Malacostraca Latreille, 1802

Superorder Peracarida Calman, 1904

Order Tanaidacea Dana, 1849

Suborder Tanaidomorpha Sieg, 1980

Superfamily Paratanaoidea Lang, 1949

Family Alavatanaidae Vonk & Schram, 2007

Type genus. Alavatanais Vonk & Schram, 2007

Emended diagnosis. Male. Eyes well developed, large, slightly bulging, anterolaterally placed on cephalothorax. Pereonites 1–3 not reduced. Pleon short, with five free pleonites, as wide as pereon; no articulated plumose setae on lateral margin of pleonites. Pleon and pleotelson not fused. Antennule with five or more articles. Antenna with up to six articles. Functional mouthparts retained. Cheliped robust; cheliped fixed finger and dactylus widely separated at base, forming a distinct gap between them (i.e., forcipate). Pereopod coxa present in all pereopods; pereopod 1 with medium-long dactylus; dactylus and unguis of pereopods 4–6 claw-like but not fused. Pleopods well-developed, with long setae bundled together in a pointed process sticking out under the pleon. Uropodal rami asymmetric; endopod with three or more articles, exopod with two articles. Female. As in males with the following exceptions. Antennule with four to five articles. Cheliped not robust; fixed finger and dactylus not widely separated at base, without forming a distinct gap between them (i.e., not forcipate). Marsupium with four pairs of oostegites (in Alavatanais Vonk & Schram, 2007).

Remarks. Alavatanaid females are shorter than males, contrary to what usually occurs in Paratanaoidea (Larsen & Wilson 2002; Bird & Larsen, 2009). Note also that whereas some paratanaoid females have pleopods reduced to vestigial pairs (Larsen & Wilson 2002), alavatanaid females have pleopods well developed. As the shape of the pereopod dactylus is systematically important at familial level within Tanaidomorpha (Larsen & Wilson 2002; Blazewicz-Paszkowycz 2007b), it has been included in the emended diagnosis above. The sclerotized apical structure of pereopods, called unguis, is derived from the dactylus, to which it can be fused into a single ‘claw-like’ article. A claw-shaped combination of dactylus/unguis is found on pereopods 4–6 from several tanaid taxa (e.g., Nototanaidae). This character often requires careful assessment as a transverse row of minute setulae or a retained fusion line can often be misinterpreted as lack of fusion (Bird & Larsen, 2009). On the contrary, a dactylus and unguis not fused to a claw, which allegedly is the plesiomorphic state, is diagnostic for alavatanaids. This character is clearly distinguishable in Alavatanais carabe Vonk & Schram, 2007, Alavatanais margulisi sp. nov., and Electrotanais monolithus gen. et sp. nov., but difficult to discern in Eurotanais terminator gen. et sp. nov. due to preservation. Lastly, there are no reasons to exclude that the cheliped is not attached to the cephalothorax via a lateral sclerite in Alavatanaidae, as occurs in Paratanaoidea.
Genus Alavatanais Vonk & Schram, 2007

Type species. Alavatanais carabe Vonk & Schram, 2007

Emended diagnosis. Male. Cephalothorax sub-triangular when viewed from above. Antennule with seven articles. Cheliped robust, fixed finger and dactylus subequally developed. Uropodal rami moderately asymmetric; endopod with three articles and exopod with two articles. Female. As in males with the two following exceptions: antennule with four to five articles and cheliped not robust. Marsupium with four pairs of oostegites.
Alavatanais carabe Vonk & Schram, 2007

(Figs 1–5)
2000 Crustacea, Amphipoda Alonso et al.: 170, fig. 9.7

2007 Crustacea, Tanaidacea Delclòs et al.: 142, fig. 3c

2007 Alavatanais carabe Vonk & Schram: 1503, figs 1.1, 1.2, 1.5, 1.7; 1504, fig. 2

2007 Proleptochelia euskadiensis Vonk & Schram: 1503, figs 1.3, 1.8; 1506, fig. 4

2007 Proleptochelia tenuissima Vonk & Schram: 1505, fig. 3.4

2012 Crustacea, Tanaidaceae Pérez-de la Fuente: 76, fig. 34d

Emended diagnosis. Male. Cephalothorax with a lateral constriction beyond its midlength when viewed from above. Pereon rather short (about 0.4 times the body length). Antennule with seven articles, distalmost article minute. Pereopods 1–3 with dactylus very long (about 0.9 times the length of propodus); pereopods 4–6 heavily armed with stronger spines than in Alavatanais margulisi, with dactylus much shorter and stouter than in pereopods 1–3. Female. As in males but antennule with five articles.
Material. Original type material described by Vonk & Schram (2007): Holotype MCNA 9537 (♂, length 1.49 mm, nearly complete, with an internal fracture in lateral view that renders the cheliped and first pereopods difficult to observe; cephalothorax outline clearly visible in dorsal view; showing details of pleopodal setation not visible in any other Alavatanais carabe; abundant minute bubbles are in contact with the uropodal setae) and paratype MCNA 9088 (♂, length 1.63 mm, nearly complete, missing distal part of the pleotelson and showing details of setation pattern in pereopods 4–6). Both specimens are partly covered by small bubbles or debris, difficulting observation. Holotype and paratype show some body areas that are blackened and altered due to fossilization, or hidden and poorly visible due to the fossilization position (mostly antennae, mouthparts, and pereopods). Vonk & Schram (2007) reported a copepod-like individual preserved at the tip of the holotype’s antennule, but that is actually an artefact.
Other material examined (including the type series of the junior synonym Proleptochelia euskadiensis): MCNA 8637 (♀, length 1.37 mm, complete, with blackened cuticle somewhat altered due to fossilization; mouthparts and antennae not visible); MCNA 9201a (sex unknown, highly degraded except for the uropods; missing cephalothorax, chelipeds, anterior part of the pereon and first pereopods; preserved together with MCNA 9201b); MCNA 9449 (♀, length 1.38 mm, almost complete but preserved in brittle amber with multiple internal fractures that hinder examination; abundant minute bubbles surround the uropodal setae and those pereopods in close contact); and MCNA 9846a, selected as the holotype of P. euskadiensis by Vonk & Schram (2007) (♂, length 1.65 mm, almost complete, only missing uropods, with blackened cuticle; preserved together with the holotype of Proleptochelia tenuissima, separated from it by <1.00 mm; specimen included in a piece partially clouded by minute bubbles or debris). MCNA 9201a and MCNA 9201b match the diagnosis of Alavatanais carabe for some characters, but as both specimens are very incomplete, we cannot attribute them to this species with full confidence.

New material studied: MCNA 9201b (probably ♀; missing cephalothorax, chelipeds, and uropods; highly degraded except for the posterior pereopods and lateral pleonal setae); MCNA 10226 (♀, length 1.31 mm, almost complete but with an amber fracture crossing the cephalothorax); MCNA 13888 (♂, length 1.51 mm, complete, with cleared cuticle, especially in the distal part of all legs which are almost faded; several bubbles are present inside some antennular articles and pereopods; clearing of cephalothorax and cheliped cuticle allowed observation of the maxilliped palp and proximal antennal articles); MCNA 13890 (ovigerous ♀, partially preserved, missing cephalothorax and with blackened cuticle); MCNA 14031a/b (♂, two tanaids superbly preserved in a dark-orange colored piece of transparent amber strongly obscured by organic debris); MCNA 14478 (♂, length 1.49 mm, almost complete, with blackened cuticle somewhat altered due to fossilization and uropods obscured by fungal growing); and CES 380 (♂, length 1.95 mm, complete with the exception of posterior pereopods, which are cut beyond the carpus; cuticle cleared in most of the specimen, body appears laterally crushed most likely due to taphonomic pressure; included in a clear, light yellow amber piece containing abundant minute bubbles). Specimens MCNA 12104 and MCNA 12105 possibly belong to Alavatanais carabe as well.
Occurrence. Peñacerrada I (= Moraza) outcrop (Burgos), and El Soplao outcrop (Cantabria), both from the early Albian of Spain.

Revised description. Body (Figs 1A, G; 2A; 3A, D, E; 4A, B, D) medium-sized, total length around 1.5–2.0 mm in males and nearly 1.5 mm in females; elongated, about 5.9 times as long as wide; subcylindrical, slightly flattened dorsoventrally. All observed setae simple.

Cephalothorax (Figs 1F; 5D) subtriangular when viewed from above, narrowing anteriorly, with a lateral constriction beyond its midlength, 1.4 times longer than its maximum width (measured in the holotype, MCNA 9537); about 0.3 of total body length, longer than combined length of pereonites 1–3; posterior margin rounded, laterally swollen. Rostrum slightly rounded, not extending over proximal antennular articles (Fig. 5D). Eyes (Figs 1F; 2B; 5D) well-developed, large, diameter 0.2 times the cephalothorax length, slightly bulging, antero-laterally placed on cephalothorax.

Pereon (Fig. 1A) rather short, about 0.4 of total body length. All pereonites wider than long, with fairly convex lateral margins when viewed from above, rectangular when viewed laterally; pereonite 1 slightly shorter than pereonite 2; pereonite 2 shorter than pereonite 3, 1.1 and 1.3 times as long as pereonite 1, respectively; pereonites 4–6 the longest, subequal in length, 1.8 times the length of pereonite 1.
Pleon (Fig. 1A) nearly 0.3 of total body length, with five free subequal pleonites bearing pairs of pleopods; pleonites as wide as pereonites but strongly shorter (each about 0.4 times the length of each pereonite 4–6), about 4 times wider than long, with one lateral seta on each side (only visible in specimens MCNA 8637, MCNA 9201b, and MCNA 13890) (Figs 5A, B). Pleotelson subequal in length to that of two pleonites together, gradually tapering distally, with broadly rounded posterior margin.

Antennule (Figs 1F, H; 2B; 3B) seven-articled, slender, tapering distally, slightly longer than cephalothorax; article 1 about 0.4 times the length of antennule, reaching the length of articles 2 and 3 combined, about 4.7 times as long as thick, slightly expanded laterally at cephalothorax insertion, with one long outer seta distally; article 2 about half the length of article 1, about twice as long as thick, with two long outer and one inner setae distally; article 3 about 0.7 times the length of article 2, with one inner and one outer setae distally; articles 4–6 slightly decreasing gradually in length and thickness towards the apex, naked; terminal article (article 7) minute, half the length of preceding article and thinner, bearing at least four long and unequal setae apically.

Antenna (Figs 1B; 3B) six-articled, approximately 0.6 times the length of antennule and much thinner; articles 1–4 subequal in length, slightly longer than thick, combined length about half the length of antenna, naked; article 5 about 1.7 the length of preceding article, with one long seta distally more than 2 times the article length; terminal article (article 6) the thinnest, as long as preceding article, bearing three long unequal and a short setae apically.

Maxilliped (Figs 1A, D; 4C) endites and basis poorly visible. Endites rounded distally, apparently naked. Basis elongated. Maxilliped palp four-articled; article 1 apparently naked; article 2 with two thin inner setae distally; article 3 the longest, apparently naked; article 4 minute, 0.6 times the length of preceding article, with two thin inner setae distally. Setation not completely preserved in any of the specimens.

Cheliped (Figs 1C, I; 2F) greatly developed, massive; sclerite (basal structure articulating with cephalothorax sensu Larsen, 2003) not visible; basis fairly robust, as long as thick about 0.8 times the length of carpus, naked; merus subtriangular; carpus widening distally, twice as long as thick, slightly longer than propodus including fixed finger, with two long ventral setae medially and one long ventral seta distally; propodus robust, more massive than carpus, with one seta near the insertion of dactylus; fixed finger and dactylus subequal in length, forcipate; fixed finger with three inner setae subdistally arising from a faint bulge and one ventral seta subdistally, terminating in unguis; dactylus with cutting edge curved, terminating in unguis.

Pereopods 1–3 (Fig. 2E) with coxa present, bearing one seta; basis fairly slender, cylindrical, 2.8 times as long as thick, longer than combined length of merus and carpus, with a medioventral seta; ischium short; merus and carpus subequal in length, not widening distally, with up to two thin spines distally; propodus longer than carpus, tapering distally, with up to four thin spines distally; dactylus curved and long, together with unguis about 0.9 times the length of propodus.

Pereopods 4–6 (Figs 1J; 2C, D; 5C, E) similar in length to pereopods 1–3 but sturdier; coxa present but not easily visible (distinct in MCNA 13888), naked; basis fairly robust, more inflated than in pereopods 1–3, 2.6 times longer than thick, about as long as merus and carpus combined, naked; ischium short; merus and carpus subequal in size, widening distally, with 1) two and four heavy stubby spines distally, respectively, showing basal protuberances (clearly visible in the paratype MCNA 9088, and the specimens MCNA 9846a and MCNA 13888) (Figs 2D; 5C) or 2) not stubby, almost straight spines (visible in MCNA 8637); propodus longer than carpus, slightly shorter than in pereopods 1–3, tapering distally, with two heavy stubby spines (a thin seta may be also present distally) (visible in MCNA 9846a and MCNA 13888) or with a dorsal tuft of three to five spines distally (visible in MCNA 8637, MCNA 9088, and MCNA 10226) (Fig. 5E); dactylus and unguis not fused, claw-like, strongly curved, together strongly shorter and stouter than in pereopods 1–3 (about 0.6 times the combined length of dactylus and unguis 1–3), combined length 0.7 times the length of propodus (Figs 2C; 5E).
Marsupium (Figs 4D, E) composed of four pairs of oostegites originated at pereopods 1–4 (visible in MCNA 13890).

Pleopods all alike, basal article rounded; with long setae (Vonk & Schram 2007, fig. 1.7) bundled together in a pointed process sticking out under the pleon.

Uropod (Figs 1E; 3C; 5F) with rami asymmetric; basal article fairly stout, about 1.8 times as long as thick, widening distally, about as long as exopod, with one outer seta distally; endopod elongated, with three subequal articles (article 3 reduced in MCNA 8637 and MCNA 13890, Fig. 4D), article 1 with one outer long seta distally, article 2 with one inner and one outer long setae distally, article 3 ending with five long setae; exopod reaching the distal end of endopod article 1, with two subequal articles, slightly thinner than endopod, article 1 with one outer seta distally, article 2 ending with three long setae.
Remarks. The formal synonymy of Proleptochelia euskadiensis with Alavatanais carabe and its reasons are provided in the Discussion. The specimens MCNA 9846a (originally described as the holotype of P. euskadiensis by Vonk & Schram 2007), MCNA 8637 (originally described as a paratype of P. euskadiensis by Vonk & Schram 2007), MCNA 10226, and MCNA 13888 have been the ones chiefly used to revise the description of the present species.

Vonk & Schram (2007) noted that the uropodal conformation displayed remarkable variation within Alavatanaidae. Proleptochelia euskadiensis, the junior synonym of Alavatanais carabe described by Vonk & Schram (2007) based on four specimens, had uropods either biramous or uniramous and endopods two- or three-segmented depending on the specimen. One individual (MCNA 8637) was described having one exopod with one segment and the other one with two segments (Vonk & Schram 2007, figs 4.1, 4.2). However, examination of all this material after its repreparation, as well as the rest included within A. carabe in this paper, revealed that the uropod configuration is stable, always biramous, with a two-articled exopod and a three-articled endopod (Figs 1E; 3C; 5F).

It is important to note that several new specimens attributed to Alavatanais carabe appear to lack strong spines on merus and carpus of pereopods 4‒6, but this is considered to be preservational. Even though the exact spination pattern can be difficult to discern in alavatanaids, the mere presence/absence of conspicuous spines can help to distinguish between taxa.

Alavatanais margulisi Sánchez-García, Peñalver & Delclòs sp. nov.

(Figs 6, 13, 14E)
Diagnosis. Male. Unknown. Female. Cephalothorax without a lateral constriction when viewed from above. Pereon elongated (about 0.6 times the body length). Antennule with four articles. Pereopods 1–3 with dactylus relatively long (about half the length of propodus); pereopods 4–6 armed with weaker spines than in Alavatanais carabe, with dactylus only slightly shorter and stouter than in pereopods 1–3.
Derivation of name. Named in memory of Prof. Lynn Margulis (1938-2011), for her outstanding contributions to Evolution and other fields in the biological sciences.

Type material. Holotype MCNA 9583a (ovigerous ♀, length 1.33 mm, superbly preserved and lateroventrally exposed, although body proportions cannot be easily measured since the dorsal view is oblique to the amber surface; pereopods are slightly spread away from the body, allowing clear observation of the oostegites in pereopods 1–4) and paratype MCNA 9583b (♀, length 0.96 mm, laterally exposed, dorsoventrally depressed perhaps due to preservation; an internal amber fracture runs along the specimen). Both type specimens preserved as syninclusions in a thick dark-orange piece of transparent amber, greatest length 1.4 cm, faceted on some surfaces and slightly clouded by organic debris. Syninclusions include a Diptera Dolichopodidae (Microphorites sp.) and a hindleg of Orthoptera Elcanidae.

Other material examined: MCNA 9924 (♀, length 0.91 mm, preserved in a thick dark-orange piece of transparent amber with high taphonomic value (syninclusions are detailed in Table 3); specimen almost complete but with cuticle somewhat altered by taphonomic processes and blackened, obscuring several important characters); MCNA 12703 (♀, partially preserved in yellowish transparent amber; only dorsal and ventral views are available; distal part of the pereon, pleon, and pleotelson are missing; mouthparts visible but obscured by chelipeds, pereopods not visible; specimen surrounded by abundant arthropod and plant remains and with two fern spores as syninclusions); and MCNA 12749 (♀, almost complete, missing distal part of the pleon and pleotelson, with pereopods not clearly visible; preserved in yellowish transparent amber with a psychodid fly as syninclusion).

Occurrence. Peñacerrada I (= Moraza) outcrop, Burgos, Spain, early Albian.

Description. Body (Figs 6A, B; 14E) small- to medium-sized, total length from about 1.0 to almost 1.4 mm; very elongated, about 8 times as long as wide (exact ratio not measurable due to fossilization position); subcylindrical, slightly flattened dorsoventrally. All observed setae simple.

Cephalothorax subtriangular when viewed from above, gradually narrowing anteriorly (i.e., without a lateral constriction), width not measurable; about 0.2 of total body length, shorter than combined length of pereonites 1–3; lateral margins slightly convex, posterior margin rounded, laterally swollen. Rostrum absent. Eyes well-developed, large, diameter 0.2 times the cephalothorax length, slightly bulging, antero-laterally placed on cephalothorax.
Pereon (Fig. 6B) elongated, about 0.6 of total body length. All pereonites wider than long, with fairly convex lateral margins when viewed from above, rectangular when viewed laterally; pereonite 1 slightly shorter than pereonite 2, 4.5 times wider than basis of pereopod 1; pereonite 2 shorter than pereonite 3, 1.1 and 1.4 times as long as pereonite 1, respectively; pereonites 4–6 the longest, subequal in length, 1.5 times the length of pereonite 1.

Pleon (Fig. 6B) about 0.2 of total body length, with five free subequal pleonites bearing pairs of pleopods; pleonites as wide as pereonites but strongly shorter (each about 0.2 times the length of each pereonite 4–6), width not measurable, without lateral setae. Pleotelson longer than two pleonites together, gradually tapering distally, with broadly rounded posterior margin.

Antennule (Figs 6B, C) four-articled, fairly slender, tapering distally, relatively short, 0.6 times the length of cephalothorax; article 1 about 0.4 times the length of antennule, not reaching the length of articles 2 and 3 combined, nearly twice as long as thick, slightly expanded laterally at cephalothorax insertion, with one inner and one outer setae distally; article 2 about 0.6 times the length of article 1, with two outer setae distally; article 3 slightly longer than thick, nearly half the length of article 1, with one inner and one outer setae distally; terminal article (article 4) not minute, about as long as preceding article but thinner, bearing two long and thick setae plus three short setae apically.

Antenna (Fig. 6C) at least three-articled (proximal area badly visible), approximately 0.7 times the length of antennule and much thinner; visible article 1 concealed by cheliped, showing a secondary constriction subdistally where a long seta emerges that could indicate an additional article; visible article 2 about 3.2 times as long as thick, about as long as preceding article but thinner, with one long and one minute seta distally; terminal article (visible article 3) the thinnest and shortest, 0.8 times the length of preceding article, bearing five unequal setae apically.

Maxilliped (Figs 6B, C) endites not visible. Basis poorly visible, with long seta near articulation with palp. Maxilliped palp four-articled; articles 1–3 subequal in size, about 1.7 times as long as thick, apparently naked; article 4 minute, 0.6 times the length of preceding article, apparently naked.

Cheliped (Fig. 6E) not greatly developed; sclerite (basal structure articulating with cephalothorax sensu Larsen, 2003) not visible; basis not measurable in thickness, about 0.6 times the length of carpus; merus subtriangular, with one long ventral seta; carpus fairly elongated and slender, length 2.8 times the greatest thickness, about 1.2 times the length of propodus including fixed finger, with two long ventral setae subdistally; propodus delicate, 2.2 times longer than wide; fixed finger and dactylus subequal in length, not forcipate; fixed finger with four setae arising from a ridge and two ventral setae, terminating in unguis; dactylus with cutting edge slightly curved, naked except for one inner seta near articulation with propodus, unguis not visible.

Pereopods 1–3 (Fig. 6B) with coxa present but not easily visible; basis fairly slender, cylindrical, about 3 times as long as thick, longer than combined length of merus and carpus; ischium short, with long seta; merus and carpus subequal in length, not widening distally, with up to two thin spines distally; propodus longer than carpus, tapering distally, with up to two thin spines distally; dactylus curved and relatively long, together with unguis slightly longer than half the length of propodus.

Pereopods 4–6 (Fig. 6B) similar in length to pereopods 1–3 but sturdier; coxa present but not easily visible; basis fairly robust, more inflated than in pereopods 1–3, 2.5 times longer than thick, about as long as merus and carpus combined; ischium short, naked; merus and carpus subequal in size, widening distally, with up to two stubby spines; propodus longer than carpus, slightly shorter than in pereopods 1–3, tapering distally, with a dorsal tuft of at least three spines distally; dactylus and unguis not fused, claw-like, curved, together slightly shorter and stouter than in pereopods 1–3, combined length about half the length of propodus.

Marsupium (Fig. 6D) composed of four pairs of oostegites originated at pereopods 1–4 (visible in the holotype).

Pleopods (Fig. 6F) all alike, basal article rounded; with long setae bundled together in a pointed process sticking out under the pleon.

Uropod (Fig. 6F) with rami asymmetric; basal article elongated, about twice as long as thick, shorter than exopod, naked; endopod elongated, with three subequal articles, article 1 apparently naked, article 2 with one long outer seta distally, article 3 ending with four long setae; exopod reaching midlength of endopod article 2, with two subequal articles, thinner than endopod, article 1 apparently naked, article 2 ending with two long setae.
Genus Eurotanais Sánchez-García, Peñalver & Delclòs gen. nov.

Type species. Eurotanais terminator Sánchez-García, Peñalver & Delclòs sp. nov. from Peñacerrada I (= Moraza) outcrop, Burgos, Spain.
Diagnosis. Male. Cephalothorax oval when viewed from above. Antennule with eight articles. Cheliped robust, twisted about 90-degrees with dactylus situated inwards; fixed finger with a blunt tooth; dactylus strongly developed and extending beyond fixed finger. Female. Unknown.
Derivation of name. The generic name is a combination of Euro- (after Europe, where the type locality occurs) and Tanais, a common genus used for deriving names in Tanaidomorpha.
Eurotanais terminator Sánchez-García, Peñalver & Delclòs sp. nov.

(Figs 7, 8)
Diagnosis. As for the genus with the following additions. Male. Antenna with two distalmost articles very elongated, visible articles 1‒4 squared. Blunt tooth of cheliped fixed finger bearing two distinctive setae. Female. Unknown.
Derivation of name. The specific epithet is an adjective derived from the latin verb terminare, meaning ‘one who finishes’, referring to the menacing appearance of the species due to its cheliped morphology.
Type material. Holotype and only known specimen MCNA 13285, ♂. Incomplete; the pleon is cut diagonally, with the distal portion not preserved (including pleopods, pleotelson, and uropods). A large bubble obscures the pleon and the last pereonite laterally. In dorsal view, the cuticle is cleared beyond the third pleonite (only four proximal pleonites preserved). A bubble occurs inside both proximal antennular articles, and several others are present inside some pereopod segments. Pereopods 4–6, except the right pereopod 4, are missing or badly preserved beyond the ischium. Mouthparts are concealed by the chelipeds.

Occurrence. Peñacerrada I (= Moraza) outcrop, Burgos, Spain, early Albian.

Description. Body (Figs 7A; 8) medium-sized, estimated total length 1.3 mm; elongated, about 5.1 times as long as wide; subcylindrical, slightly flattened dorsoventrally. All observed setae simple.

Cephalothorax (Fig. 7B) oval when viewed from above, gradually narrowing anteriorly (i.e., without a lateral constriction), 1.6 times longer than its maximum width; about 0.3 of total body length, slightly longer than combined length of pereonites 1–4; posterior margin rounded, laterally swollen. Rostrum absent. Eyes (Fig. 7B) well-developed, large, diameter 0.2 times cephalothorax length, slightly bulging, antero-laterally placed on cephalothorax.

Pereon (Fig. 8) about 0.5 of total body length. All pereonites wider than long, with fairly convex lateral margins when viewed from above, rectangular when viewed laterally; pereonite 1 slightly shorter than pereonite 2, 3.7 times wider than long; pereonite 2 subequal in length to pereonite 3, 1.3 times the length of pereonite 1, about 3 times wider than long; pereonites 4–6 the longest, subequal in length, 1.9 times the length of pereonite 1, twice as wide as long.

Pleon (Fig. 8) about 0.2 of body length as estimated, with free subequal pleonites; pleonites as wide as pereonites but strongly shorter (each about 0.4 times the length of each pereonite 4–6), about 4 times wider than long. Pleotelson not preserved.

Antennule (Fig. 7B) eight-articled, slender, tapering distally, 1.4 times the length of cephalothorax; article 1 about 0.3 times the length of antennule, reaching the length of articles 2 and 3 combined, about 4 times as long as thick, slightly expanded laterally at cephalothorax insertion, with at least one outer seta distally and one short outer seta slightly beyond its midlength; article 2 about 0.6 the length of article 1, about 3 times longer than thick, with one outer seta distally; article 3 about half the length of article 2, about 2.3 times longer than thick, with one outer and two inner setae distally; articles 4–7 slightly decreasing gradually in length and thickness towards the apex, naked; terminal article (article 8) minute, 0.6 times the length of preceding article but slightly thinner, bearing four unequal setae apically.

Antenna (Fig. 8) at least six-articled (proximal area badly visible), approximately 0.6 times the length of antennule and much thinner; visible articles 1–4 subequal in size, squared (ratio length/width close to 1), the shortest, combined length 0.4 times the length of antenna, apparently naked; visible article 5 the longest, slightly longer than combined length of visible articles 1–4, about 7 times as long as thick, with two to three setae distally; terminal article (visible article 6) the thinnest, 0.7 times the length of preceding article, bearing three short and three long setae apically.

Maxilliped not visible.

Cheliped (Figs 7D, E) greatly developed, massive; sclerite (basal structure articulating with cephalothorax sensu Larsen, 2003) not visible; basis fairly robust, widening distally, nearly twice as long as thick, about as long as carpus; merus subtriangular, with one long ventral seta; carpus rectangular, 1.5 times as long as thick, about as long as propodus including fixed finger, with one seta ventrally; propodus robust, twisted about 90-degrees with dactylus situated inwards; fixed finger and dactylus unequal in length, forcipate; fixed finger directed ventrally, with two inner setae subdistally arising from a blunt tooth and one ventral seta subdistally (Fig. 7D), unguis not visible; dactylus strongly developed, extending beyond fixed finger, 1.6 times the length of fixed finger, gradually curving, with rounded end (Fig. 7E), unguis not visible.

Pereopods 1–3 (Figs 7C; 8) with coxa present but not easily visible; basis fairly slender, cylindrical, 4.3 times as long as thick, longer than combined length of merus and carpus; ischium short; merus and carpus subequal in length, not widening distally, with up to two distal spines weak as preserved; propodus longer than carpus, tapering distally, with three long spines distally on pereopod 1 and two minute spines distally on pereopods 2 and 3; dactylus curved and long on pereopod 1 (together with unguis 0.9 times the length of propodus) to shorter and stouter on pereopods 2 and 3 (combined length about half the length of dactylus and unguis 1), combined length 0.4 times the length of propodus.

Pereopods 4–6 (Figs 7C; 8) similar in length to pereopods 2–3 but sturdier; coxa present but not easily visible; basis fairly robust, more inflated than in pereopods 1–3, 2.8 times longer than thick, about as long as merus and carpus combined; ischium short; merus and carpus subequal in size, without visible spines; propodus longer than carpus, tapering distally, with only one small spine visible distally; dactylus and unguis not fused, claw-like (only visible at right pereopod 4), as in pereopods 1–3.

Pleopods not preserved. Uropods not preserved.
Remarks. The specimen has been included in the family Alavatanaidae despite the posterior region of the body is not preserved. The cheliped clearly separates Eurotanais terminator gen. et sp. nov. from the other species classified within Alavatanaidae. Both its shape, with unequal and widely separated fingers forming a distinct gap, and its fixed finger with a prominent bulge bearing two conspicuous inner subdistal setae (Figs 7D, E) are highly diagnostic of this species. Also, unlike any other male alavatanaid, E. terminator has a highly articled antennule (eight-articled vs. seven-articled in Alavatanais carabe) (Fig. 7B).

Genus Electrotanais Sánchez-García, Peñalver & Delclòs gen. nov.

Type species. Electrotanais monolithus Sánchez-García, Peñalver & Delclòs sp. nov. from Peñacerrada I (= Moraza) outcrop, Burgos, Spain.
Diagnosis. Male. Unknown. Female. Cephalothorax subsquared when viewed from above. Antennule with five articles. Cheliped not robust, fixed finger and dactylus subequally developed. Uropodal rami highly asymmetric; endopod with five articles and exopod with two articles.
Derivation of name. The generic name is a combination of the Greek word used for amber, élektron, first used to refer to amber’s electrostatic properties when rubbed, and Tanais, a common genus used for deriving names in Tanaidomorpha.
Electrotanais monolithus Sánchez-García, Peñalver & Delclòs sp. nov.

(Figs 9, 10)
Diagnosis. As for the genus with the following additions. Male. Unknown. Female. Pereonite 1 strongly short compared to its width (ca. two times wider than basis of pereopod 1). Antennular article 1 laterally expanded when viewed dorsally. Maxilliped article 2 with prominent inner distal corner. Pereopod 1 much longer than following pereopods; pereopods 4–6 with stubby spines on merus and carpus and with a distal tuft on propodus. Uropodal exopod minute, not exceeding length of the proximal endopod segment.
Derivation of name. The specific epithet is the Latin term monolithus, meaning ‘one’ or ‘single’ and ‘stone’. The name refers to the compact and massive outline (in abstraction) of the body when viewed dorsally.
Type material. Holotype and only known specimen MCNA 12530, ♀. Specimen very well preserved.

Occurrence. Peñacerrada I (= Moraza) outcrop, Burgos, Spain, early Albian.

Description. Body (Figs 9A; 10) small-sized, total length 0.9 mm; rather compact and relatively broad, 4.6 times longer than its maximum width; subcylindrical, slightly flattened dorsoventrally. All observed setae simple.
Cephalothorax (Fig. 9B) subsquared when viewed from above, gradually narrowing anteriorly (i.e., without a lateral constriction), near as long as wide; about 0.2 of total body length, slightly longer than combined length of pereonites 1–3; lateral margins convex, posterior margin rounded. Rostrum absent. Eyes (Fig. 9B) well-developed, large, diameter 0.2 times the cephalothorax length, slightly bulging, antero-laterally placed on cephalothorax.

Pereon (Figs 9A; 10) about 0.5 of total body length. All pereonites wider than long (4.7, 3.2, 2.6, 1.4, 1.4, and 1.5 times, respectively), with weakly convex lateral margins when viewed from above, rectangular when viewed laterally; pereonite 1 much shorter than pereonite 2, reduced to a band twice as wide as basis of pereopod 1; pereonite 2 shorter than pereonite 3, 1.5 and 1.7 times as long as pereonite 1, respectively; pereonites 4–6 the longest, subequal in length, 2.7 times the length of pereonite 1.

Pleon (Figs 9F; 10) about 0.2 of total body length, with five free subequal pleonites bearing pairs of pleopods; pleonites as wide as pereonites but strongly shorter (each about 0.3 times the length of each pereonite 4–6), about 5 times wider than long. Pleotelson subequal in length to that of two pleonites together, gradually tapering distally, with broadly rounded posterior margin.

Antennule (Figs 9B; 10) five-articled, fairly stout at base, tapering distally, relatively short, 0.8 times the length of cephalothorax; article 1 about 0.6 times the length of antennule, not reaching the length of articles 2 and 3 combined, nearly twice as long as thick, expanded dorsally, with one long dorsal seta; article 2 about half the length of article 1, slightly longer than thick, with one long outer and one short inner setae distally; article 3 slightly shorter than article 2 but thinner, as long as broad, with one short inner seta distally; articles 4 and 5 subequal in length, decreasing in thickness towards the apex, together 0.6 times the length of article 1; terminal article (article 5) not minute, bearing four very long setae apically.

Antenna (Fig. 10) at least four-articled (proximal area badly visible), approximately 0.7 times the length of antennule and much thinner; visible articles 1–3 subequal in length, combined length about 0.8 times the length of antenna; visible article 2 with one inner and one outer short setae distally, article 3 with one short inner seta distally; terminal article (visible article 4) the thinnest and shortest, 0.6 times the length of preceding article, bearing three long setae apically.

Maxilliped (Figs 9D; 10) endites and basis poorly visible. Maxilliped palp four-articled; article 1 apparently naked; article 2 with prominent inner distal corner, apparently naked; article 3 with inner row of four thick setae; article 4 slender, with three thick setae on distal margin.

Cheliped (Fig. 9C) not greatly developed; sclerite (basal structure articulating with cephalothorax sensu Larsen, 2003) not visible; basis as long as thick, about 0.6 times the length of carpus; merus subtriangular, with one ventral seta; carpus widening distally to accommodate propodus, length 2.3 times the greatest width, slightly shorter than propodus including fixed finger; propodus slender and rather short; fixed finger and dactylus subequal in length, not forcipate; fixed finger with at least three inner setae, unguis not visible; dactylus delicate, with cutting edge slightly curved, unguis not visible.

Pereopod 1 (Fig. 10) much longer than following pereopods; coxa obscure; basis slightly bent, elongated and slender, cylindrical, 3 times as long as thick, longer than combined length of merus and carpus; ischium short; merus and carpus subequal in length, not widening distally; carpus with two minute spines distally; propodus elongated, longer than carpus, tapering distally, with two spines distally; dactylus curved and long, together with unguis as long as propodus. Pereopods 2–3 (Figs 9G; 10) as pereopod 1 but shorter: basis 0.8 times the length of basis 1, 2.3 times longer than wide; propodus 0.9 times the length of propodus 1; dactylus together with unguis 0.7 times the combined length of dactylus and unguis 1.
Pereopods 4–6 (Figs 9G; 10) similar in length to pereopods 2–3 but sturdier; coxa obscure; basis fairly robust, more inflated than pereopods 1–3, 2 times longer than thick, about as long as merus and carpus combined; ischium short; merus and carpus subequal in size, widening distally, with two and three small stubby spines distally, respectively; propodus longer than carpus, with two stubby spines subdistally and a dorsal tuft of three to five spines distally (Fig. 9E); dactylus and unguis not fused, claw-like, curved, together shorter and stouter than in pereopods 1–3 (about 0.6 times the combined length of dactylus and unguis 1), combined length about half the length of propodus. (Fig. 9G).
Pleopods (Fig. 9F) all alike, basal article rounded; with long setae bundled together in a pointed process sticking out under the pleon.

Uropod (Fig. 9H) with rami highly asymmetric; basal article elongated, about twice as long as thick, longer than exopod, naked; endopod strongly elongated, as long as pleon, with five subequal articles, each article with one seta distally except the last one ending with three long setae; exopod very short, reaching slightly beyond midlength of endopod article 1, with two subequal articles, thinner than endopod, article 1 with one short seta distally, article 2 ending with two long setae.
Remarks. Electrotanais monolithus gen. et sp. nov. is mainly recognized by its subsquared cephalothorax when viewed from above and having a long, highly segmented uropodal endopod (five segments vs. three in Alavatanais Vonk & Schram, 2007). 

Family Indet.
Genus Proleptochelia Vonk & Schram, 2007

Type species. Proleptochelia tenuissima Vonk & Schram, 2007 from Peñacerrada I (= Moraza) outcrop, Burgos, Spain.
Emended diagnosis. Male. Unknown. Female. Cephalothorax subtriangular when viewed from above. Eyes not bulging. Antennule with four articles. Cheliped not robust, fixed finger and dactylus subequally developed. Cheliped fixed finger and dactylus not widely separated at base but forming a distinct gap between them. First pereopod with long dactylus. All pereopods with coxa. Uropodal rami symmetric; endopod and exopod with two articles.
Proleptochelia tenuissima Vonk & Schram, 2007

(Figs 11, 12)
2007 Proleptochelia tenuissima Vonk & Schram: 1503, figs 1.4, 1.6; 1505, figs 3.1–3.3, 3.5
Emended diagnosis. As for the genus with the following additions. Male. Unknown. Female. Cheliped dactylus with proximal and medial tooth-like processes on cutting edge. Uropod basal article as long as uropod rami.
Type material. The holotype is the only known specimen (MCNA 9846b, ♀). Specimen almost complete, with some parts hidden or poorly visible. The distal article of right antennule is missing and antennae and mouthparts are obscured by chelipeds and antennulae. The cuticle is somewhat altered and blackened due to fossilization. Most pereopods are badly preserved or hidden, and the setation pattern is difficult to discern in the pereopods, so it can be easily overlooked. The specimen MCNA 9846a, classified within Alavatanais carabe, is preserved as a syninclusion. Measurements of articles from the pereopods are difficult to take due to preservation.
Occurrence. Peñacerrada I (= Moraza) outcrop, Burgos, Spain, early Albian.

Revised description. Body (Figs 11A; 12A) medium-sized, total length 2.0 mm; elongated, about 6.5 times as long as wide; subcylindrical, fairly flattened dorsoventrally. All observed setae simple.
Cephalothorax (Fig. 12D) subtriangular when viewed from above, gradually narrowing anteriorly (i.e., without a lateral constriction) to halve the maximum width, 1.6 times longer than its maximum width; about 0.2 of total body length, slightly shorter than combined length of pereonites 1–3; lateral margins slightly convex, posterior margin rounded, laterally swollen. Rostrum absent. Eyes (Figs 11B; 12D) well-developed, large, diameter 0.2 times the cephalothorax length, not bulging, antero-laterally placed on cephalothorax.

Pereon (Fig. 12A) about 0.5 of total body length. All pereonites wider than long, with fairly convex lateral margins when viewed from above, rectangular when viewed laterally; pereonite 1 subequal in length to pereonite 2; pereonite 2 subequal in length to pereonite 3; pereonites 1–3 twice as wide as long; pereonites 4–6 the longest, subequal in length, 1.6 times the length of pereonite 1, about 1.3 times wider than long.

Pleon (Fig. 12A) about 0.2 of total body length, with five free subequal pleonites bearing pairs of pleopods; pleonites as wide as pereonites but strongly shorter (each about 0.4 times the length of each pereonite 4–6), about 3.5 times wider than long. Pleotelson at least as long as a pleonite (probably longer), gradually tapering distally, with broadly rounded posterior margin.

Antennule (Figs 11B; 12D) four-articled, fairly slender, tapering distally, 0.9 times the length of cephalothorax; article 1 slightly less than half the antennule length, not reaching the length of articles 2 and 3 combined, about 3.3 times as long as thick, slightly expanded laterally at cephalothorax insertion, with one long dorsal seta distally; articles 2 and 3 subequal in length, less than 0.3 times the length of article 1, apparently naked (probably due to preservation); terminal article (article 4) not minute, about as long as preceding article but slightly thinner, bearing five very long and unequal setae apically.

Antenna (Fig. 12A) at least six-articled (proximal area badly visible), slightly shorter than antennule, relatively stout; visible article 1 about 0.3 times the length of antenna; visible articles 2–5 decreasing in length and width towards the apex, combined length half the length of antenna, apparently naked; terminal article (visible article 6) the thinnest and shortest, 0.8 times the length of preceding article, bearing four long setae apically.

Maxilliped (Figs 11B; 12A) mostly obscured by chelipeds; distal article of maxilliped palp with rounded tip, bearing six long setae apically.

Cheliped (Figs 11C; 12C) not greatly developed; sclerite (basal structure articulating with cephalothorax sensu Larsen, 2003) not visible; basis nearly twice as long as wide, about 0.8 times the length of carpus, naked; merus not visible; carpus fairly elongated and slender, 2.9 times longer than thick, about 1.5 times the length of propodus including fixed finger, naked; propodus forcipate, robust, with one short seta near dactylus insertion; fixed finger and dactylus subequal in length, not widely separated at base but forming a distinct gap between them; fixed finger robust, straight, with three long setae subdistally arising from an inner ridge and two ventral setae subdistally, terminating in unguis; dactylus narrower than fixed finger, with cutting edge slightly curved having proximal and medial tooth-like processes, terminating in unguis.
Pereopods 1–3 (Fig. 11D) with coxa present but not easily visible; basis fairly slender, cylindrical, about 4.5 times longer than wide, as long as merus and carpus combined; ischium short; merus, carpus, and propodus proportions not measurable, without visible setae most probably due to preservation; propodus tapering distally; dactylus curved and long in pereopod 1 (slightly longer than propodus) to slightly shorter in pereopods 2–3.
Pereopods 4–6 (Fig. 12A) badly preserved, similar in length to pereopods 2–3 but sturdier; coxa present but not easily visible; basis fairly robust, more inflated than in pereopods 1–3, about 2.5 times longer than thick, naked; ischium short; merus, carpus, and propodus proportions not measurable, the first two bearing small stubby spines although pattern not discernible; dactylus and unguis not clearly visible but apparently together shorter than in pereopods 1–3.

Pleopods (Fig. 12A) all alike, basal article rounded; with long setae bundled together in a pointed process sticking out under the pleon.

Uropod (Figs 11E; 12B) with rami symmetric except for setation; basal article fairly elongated and slender, about 3 times as long as thick, as long as uropod rami, with one inner seta subdistally; endopod rather short, with two subequal articles, article 1 with one seta distally, article 2 ending with three long and three short setae; exopod as endopod but ending in two long setae.
Remarks. The symmetric uropod, with both exopod and endopod two-articled (Figs 11E; 12B), immediately distinguishes Proleptochelia tenuissima Vonk & Schram, 2007 from the rest of the taxa described in this paper and actually any other paratanaoid known. This feature is important enough as to prevent inclusion of this taxon within Alavatanaidae, in which the uropod is asymmetric, with the endopod having three or more articles and the exopod having two articles. Indeed, although the uropod structure was shown to have some degree of ontogenetic variability in some taxa (e.g., see Larsen 2001), it is still very informative in tanaid systematics. For instance, the presence of three or more articles in the endopod of the uropod is one of the most reliable characters for distinguishing leptocheliids from other paratanaoids (Bird & Larsen 2009). Therefore, we prefer to leave P. tenuissima without familial assignation within Paratanaoidea for now. P. tenuissima will likely be affiliated with some of the more derived taxa currently classified in Recent families due to its potentially apomorphic two-articled endopod.
The presence of eyes in Proleptochelia tenuissima was considered dubious by Vonk & Schram (2007). Indeed, eyes were difficult to discern in this species due to preservation, and these authors assumed a concealed position in a deep notch of the cephalothorax, from where mandibles usually protrude. However, well-developed eyes that are anterolaterally placed in the cephalothorax have been recognized in the reprepared holotype of P. tenuissima (Fig. 11B).
Vonk & Schram (2007) correctly recognized the characteristic morphology of Proleptochelia tenuissima’s uropod. Other structures of this species, however, were not shown (e.g. antenna, cheliped, ischium, and pereopod setation) or were misinterpreted. In this regard, the antennule illustrated by these authors (Vonk & Schram 2007, fig. 3.4) belongs to Alavatanais carabe, not to P. tenuissima, and must have been drawn from the specimen MCNA 9846a, which is embedded into the same amber piece. Also, the dactylus of this species was described as short when in fact it is as long as the propodus.
Key to Species of Alavatanaidae

Characters showing sexual dimorphism in alavatanaids (see discussion) have been excluded from the following key.

1. Cephalothorax not oval when viewed from above; antenna with basal articles not squared and two distalmost articles subequal in length than the preceding ones ... ………………………………………………………………………………….. 2

· Cephalothorax oval when viewed from above; antenna with basal articles squared and two distalmost articles several times longer than the preceding ones………………………………………………………. Eurotanais terminator
2. Cephalothorax sub-triangular when viewed from above; uropodal rami moderately asymmetric, endopod with three articles ………………………….. 3

· Cephalothorax sub-squared when viewed from above; uropodal rami highly asymmetric, endopod with five articles ………………. Electrotanais monolithus

3. Cephalothorax with a lateral constriction beyond its midlength when viewed from above; pereon rather short (about 0.4 times the body length); pereopods 1–3 with dactylus very long (about 0.9 times the length of propodus); pereopods 4–6 armed with strong spines, with dactylus much shorter and stouter than in pereopods 1–3
 ……………………………………………. Alavatanais carabe
4. Cephalothorax without a lateral constriction when viewed from above; pereon elongated (about 0.6 times the body length); pereopods 1–3 with dactylus relatively long (about half the length of propodus); pereopods 4–6 armed with weaker spines, with dactylus only slightly shorter and stouter than in pereopods 1–3…………………………………………………………Alavatanais margulisi
Discussion
Affinities of the family Alavatanaidae

The presence of ischium in pereopods 1 and its absence in subsequent pereopods, a character not found in any other extinct or extant tanaid group (Larsen & Wilson 2002; Bird & Larsen 2009), was interpreted as the most diagnostic feature of alavatanaids and used as evidence for considering them ‘an intermediate stage between the split-off of the superfamily Tanaoidea from the superfamily Paratanaoidea’ (Vonk & Schram, 2007). This scenario is no longer supported, however, due to the actual existence of an ischium (albeit small) in all pereopods from the taxa (re)described herein (Figs 2C, E; 7C; 9G). The lack of a pereopod ischium is a defining apomorphy of Tanaoidea, and the ischial remnant (usually described as absent) is often visible as a non-articulated terminal portion of the basis with a concomitant setal group (Larsen & Wilson 2002; Bird & Larsen 2009). Otherwise, the presence of an articulated ischium is distinctive of Paratanaoidea and, although uninformative for in-group relationships, its presence in Alavatanaidae constitutes a strong evidence to consider it a paratanaoid group. Further characters supporting this classification are: pleon never with the two last pleonites fused/reduced and always with pleopods in males (although these may be reduced), antennule with five or less articles in females and often with more than five articles in males, antenna with seven or less articles, and marsupium formed by one or four pairs of oostegites (Larsen & Wilson 2002).

Within Paratanaoidea, Alavatanaidae is more closely related to Leptocheliidae Lang, 1973 than to any other group due to the following shared characters: (1) Pereonites 1–3 not reduced, (2) pleon with five free pleonites, as wide as pereon, (3) lack of articulated plumose setae on lateral margin of pleonites, (4) antennule with three to four principal articles in females (minute terminal article often present in addition), and more than four articles in males, (5) antenna with six articles, (6) cheliped robust in males, (7) marsupium with four pairs of oostegites, (8) pleopods well-developed, and (9) uropodal endopod with three to six articles and exopod with two articles. Well-developed eyes are also present in both families, although the leptocheliid Recent genus Mesotanais Dollfus, 1897 lacks them (Bird & Larsen 2009). Regarding the antennule, whereas alavatanaid females have four to five articles, leptocheliid females have three to five articles, but the last one is reduced to a minute size. Although both families have male antennule with more than four articles, aesthetascs have not been found in Alavatanaidae; however, it is important to note that observation of these structures is very difficult even in fresh material, as aesthetascs are easily lost or masked by setae. Moreover, he concealed position of the antenna hinders its observation and, even though six articles have been discerned in some of the specimens (re)described herein, a lower number cannot be ruled out. On the other hand, Alavatanaidae can be separated from Leptocheliidae by having functional mouthparts in both sexes (male mouthparts reduced in leptocheliids), dactylus and unguis of pereopods 4–6 not fused but claw-like, and pereopods 4–6 having coxa. Leptocheliids are a very diverse shallow-water group, with a few occasional deep-water secondary colonizers, and can be abundant in benthic assemblages, showing tropical and temperate distributions (Blazewicz-Paszkowycz et al. 2012).

Rediagnosis of the family Alavatanaidae and its genera

The original diagnosis of Alavatanaidae provided by Vonk & Schram (2007) has been emended after the new evidence reported in this paper, including repreparation of type specimens and access to new material. When these authors erected the family to accommodate the species Alavatanais carabe, Proleptochelia euskadiensis, and Proleptochelia tenuissima, the following combination of characters was used: (1) Small tanaids (up to 2.5 mm), (2) eyes present, not prominent, (3) ischium present in the first pereopod but lacking in the subsequent pereopods, (4) pleotelson from short and rounded to elongated and ending abruptly, and (5) uropods of variable segmentation, from one to two segmented exopods and two to three segmented endopods, to three segmented uniramous uropods.

The actual presence of ischium in all pereopods (character 3) has been discussed in the former section. The presence of eyes (character 2), although highly characteristic of some paratanaoidean families (but absent in some groups such as Agathotanaididae, Anarthruridae, and Leptognathiidae), may be homoplastic and thus unreliable for systematic endeavors. Nevertheless, as this character can help discriminating between certain groups and might even aid in tracking shallow- or deep-water evolutionary patterns (Larsen & Wilson 2002; Bird & Larsen 2009), it has been kept in the diagnosis for Alavatanaidae. It is presumed that the presence of eyes is the plesiomorphic condition (Blazewicz-Paszkowycz et al. 2012). 

Characters 4 and 5 are no longer valid after examining the reprepared types and the new material available. The pattern of uropodal segmentation (character 5) has proven stable in Alavatanaidae, i.e., always biramous and asymmetric, with a two-articled exopod and, at least, a three-articled endopod (Figs 3C; 5F) (see Alavatanais carabe remarks), whereas the pleotelson length (character 4) is never especially short but always slightly elongated. Only this last character was used by Vonk & Schram (2007) to distinguish between the genera Alavatanais and Proleptochelia, but the pleotelson of the former was misinterpreted as short due to the awkward angle of preservation of the types of A. carabe showed prior to repreparation. Nevertheless, as significant differences exist between the types of A. carabe and Proleptochelia tenuissima, we have maintained the two genera from which they are type species but establishing new diagnoses for them. Furthermore, by examining the reprepared types, we have determined that characters that were used as diagnostic for Proleptochelia euskadiensis were invalid (pattern of uropodal segmentation, see above) or also present in A. carabe, i.e., short, strong spines on merus and carpus of pereopods 4–6 (see remarks of A. carabe for more information). In consequence, here we consider Proleptochelia euskadiensis a junior synonym of Alavatanais carabe.

Finally, and as a general practice, body size (character 1) should be refrained from being used as diagnostic, especially for high-rank taxa, due to its high plasticity and hence weak phylogenetic value. Body size becomes even more problematic when dealing with extant organisms due to the incompleteness of the fossil record; in our case, the amber record is biased towards the preservation of small organisms (Martínez-Delclòs et al., 2004). Although alavatanaids range from medium-sized (2.0 mm in Alavatanais carabe) to small (0.9 mm in Electrotanais monolithus gen. et sp. nov.), note that members of Tanaidomorpha are the smallest tanaids, characterized by many setal reductions and segment fusions (Larsen & Wilson 2002; Bird & Larsen 2009).

Sexual dimorphism
Tanaids present high intraspecific variability depending on the gender and developmental stage of the individual, rendering the species-level identification challenging (Hamers & Franke 2000). Additionally, hermaphroditism occurs in some species (Wolf 1956). Extant paratanaoids are often sexually dimorphic in body size (usually shorter in males), eye size, number of antennular and antennal articles, presence of aesthetascs in antennule, and development of mouthparts, chelipeds, and pleopods (Bird & Larsen 2009). Concerning the last feature, all known paratanaoid males have pleopods, even in taxa where the female does not; however, male pleopods range from rudimentary and non-functional to extremely well-developed. Although sexual dimorphism has a phylogenetic significance within Paratanaoidea (Larsen & Wilson 2002), males are often unknown, and hence the characters used for phylogenetic studies are commonly based on female (or neuter) morphotypes (Bird & Larsen 2009).

Direct sexual determination has been possible in two specimens that preserve pairs of oostegites at the coxal plates of the pereopods 1–4 (Figs 4D, E; 6B, D), which eventually form the marsupium during the copulatory stage. In Recent tanaids, during the preparatory stages, each oostegite grows up and the embryonic development takes place within pairs of these structures (marsupium) (Hamers & Franke 2000). The two readily recognizable females showing oostegites, the Alavatanais carabe specimen MCNA 13890 and the holotype of Alavatanais margulisi (MCNA 9583a), are complete enough as to assess morphological variability due to sexual dimorphism in the genus Alavatanais, which we make tentatively extensive to the rest of alavatanaids. The degree of male/female polymorphism in A. carabe, the best known alavatanaid species with several males and females identified (see Table 1), has been considered low as both morphs do not show differences in size of eyes, antennal segments, or pleopod development, contrary to what usually occurs in paratanaoidean taxa. Moreover, males do not have reduced mouthparts, even though these structures are often difficult to observe in the specimens. On the contrary, morphological variability due to sex dimorphism in A. carabe, and hence that inferred for alavatanaids, does represent differences in size, number of antennular articles, and robustness of the cheliped. Females are slightly shorter than males, contrary to what usually occurs in Paratanaoidea. Also, females have a four- or five-articled antennule (vs. seven-articled in males) somewhat thicker and shorter. Tanaidomorphan females typically have three or four antennular articles (Guerrero-Kommritz & Brandt 2005), but in some genera, e.g. Collettea Lang, 1973, they have five, although the last one is only recognizable by SEM (Larsen 2000). Lastly, the cheliped is clearly less robust in females than in males, without a distinct gap between fingers. Additionally, we noted the presence of simple lateral setae on the pleon of some females, although males could also possess them but obscured by preservation. 
Palaeobiology

The rich tanaid assemblage described from the Cretaceous amber of Spain suggests that this group was relatively common in or in the proximity of the resin-producing forests. The finding of 26 specimens of these crustaceans in Spanish amber (Table 1), which had been previously regarded as aquatic and marine, requires a reappraisal. Vonk & Schram (2007), in their original study of a small collection of tanaid specimens in Álava amber, posed the question (p. 1502): ‘how can a common looking, marine, subtidal tanaid end up in a 100-120 my piece of amber from a sedimentary environment in northern Spain? And how does it relate to the numerous insects and plant pollen enclosed in other pieces of amber from the same site?’ These authors applied taxonomic uniformitarianism, i.e., the idea that an extinct organism lived in a similar way and in a similar range of environmental conditions than their closest living relatives. Thus, they assumed that all these Cretaceous tanaids lived in saline, aquatic environments, which, according to the limited tanaid record they studied, it seemed, indeed, the most parsimonious. However, it is necessary to be cautious when extending ecological parameters back deep in time from extant groups to extinct relatives (Nel 1997). Vonk & Schram (2007) suggested that tanaids were embedded in resin in the deltaic environment where the resin burial took place, assuming that resiniferous forests were located very close to the stagnated, saline waters of a delta. Some data support this scenario. Both, Álava and El Soplao ambers, in which tanaids are found, have been considered as originated in forests that grew nearby the sea during the Early Cretaceous (Alonso et al. 2000; Barrón et al. 2001; Najarro et al. 2010). Resiniferous gymnosperm plants found in these Spanish amber deposits as pollen grains and also as macroremains, most likely cheirolepidiaceans and araucariaceans, could have grown in areas of the deltaic environment (Gomez et al. 2000; Peñalver & Delclòs 2010). In addition, Schmidt & Dilcher (2007), based on actuotaphonomic studies in a swamp forest, described the process by which gymnospermous resin has the ability to embed aquatic organisms. Despite these supporting data, taphonomy indicates that amberiferous outcrops from Spain formed under parautochthonous conditions, in which the resin suffered some degree of transport from the resiniferous forests to the deltaic environment of sedimentation and burial. In addition, and most importantly, general taphonomy of amber inclusions indicates how the Spanish amber tanaids were most likely included in resin in a forest soil context. The location of resin production determines the trapping of insects, and those that live around resin-producing trees (chiefly in wet soil, bark, and canopy habitats) are most prone to entombment (Martínez-Delclòs et al. 2004). 

The taphonomic evidence against the marine ecology hypothesis for all tanaids preserved in Spanish amber is: (1) tanaids are not found together with any other potential marine organism as syninclusion, as it does occur in French amber in a few instances (Sánchez-García et al. 2013; Sánchez-García et al. in prep.); in fact, no other Spanish amber bioinclusion found to date  iscan be primarily related to the marine aquatic environment (Martínez-Delclòs et al. 2004); (2) some amber pieces contain an assorted arthropod fauna typical of the forest litter along with tanaid inclusions; (3) tanaids are relatively abundant in Spanish amber, more than several arthropod groups typical of forested habitats represented by one or a few specimens (e.g., Pseudoscorpionida, Isopoda, Archaeognatha, Isoptera); (4) some amber pieces contain two tanaids separated by a few millimeters, which is unexpected due to the low stickiness of resin under water and the scarcity of the Cretaceous resin (Peñalver & Delclòs 2010); and (5) all tanaid specimens are regarded as body fossils and hence were trapped in resin alive, i.e., they not represent exuviae, which could be easily wind transported when dried from coastlines to resiniferous forests (Martínez-Delclòs et al. 2004). The two first exposed points of evidence are expanded next.

As noted above, marine bioinclusions are unknown from Spanish amber. From the extensive Álava amber collection – currently comprising about 2300 specimens – only four specimens are riparian or limnic, i.e., three hemipterans and one adult beetle (Peris et al. submitted). In general terms, aquatic insects are scarce in ambers. Grimaldi et al. (2000) indicated that 14% of all inclusions from New Jersey Upper Cretaceous amber were related to freshwater enviroments; however, all of them are non-aquatic adults of which the immature stages are aquatic. Wichard & Weitschat (2002) and Wichard et al. (2009) reported only a few specimens with a freshwater lifestyle from the extensive Baltic amber record. García-Gimeno & Peñalver (2007) reported diverse taxa that could be related to tank bromeliads in Dominican amber; these peculiar aquatic microhabitats that formed in the tree branches and trunks explain the relatively high occurrence of aquatic animal specimens in this amber. Furthermore, marine arthropods, other than putatively tanaids, are remarkably scarce or practically absent in amber. The only reliable record was provided by Grimaldi (1996), who reported a crab from Miocene amber of Chiapas (Mexico) that most likely lived in a mangrove environment. Also, Perrichot et al. (2005) described three gerromorphan bugs in Late Albian amber from south-west France that could have been marine surface skaters. Both Spanish and French ambers preserve adult insects with aquatic immature stages, the two most representative of which are trichopterans and chironomid dipterans. This indicates that running and standing waters occurred near or in the resiniferous forests. As chironomids live today in continental waters with a broad range of salinity, some standing waters from the palaeoenvironment could have been brackish. Adult chironomids are relatively abundant in amber: they often contacted with the fresh resin during dispersion and swarming flights. The absence of their aquatic, immature stages in the Spanish amber, however, indicates that the taphonomic process described by Schmidt & Dilcher (2007) did not occurred or was very scarce in, at least, some resiniferous forests from the Cretaceous.
The most important evidence mentioned above rendering the aquatic marine ecology of Spanish amber tanaids as highly unlikely is that some of them, classified in the genus Alavatanais, are preserved together with diverse organisms that are typical litter inhabitants (Table 3). The best example is an amber piece (MCNA 9924; Figs 13; 14) including body-fossils of seven arthropod orders, as well as some undetermined specimens from fragmentary remains and tubular coprolites attributed to termites due their general shape (Figs 14G, K, M). The presence of a bdellid mite (Fig. 14C) is particularly significant, as Recent bdellids are predaceous and relatively large epedaphic organisms that usually live in wet litter or over rocks. Different types of decayed plant debris, including small fibers, epidermal cuticular remains, and fusainized wood fragments difficult to determine, are also present in this amber piece (Figs 14L, M). ‘Stellate-hairs’ or trichomes probably belonging to ferns or conifers (Figs 14G, H), which are similar to those described from the other Spanish Cretaceous amber of San Just (Peñalver et al. 2007), have been found as well in the same piece. Apart from these inclusions, this amber piece also contains debris with associated fungal growths identical to those from Cretaceous French ambers that were identified as aerial hyphae of sooty moulds of the genus Metacapnodium (Metacapnodiaceae) (see Girard et al. 2009, 2011), indicating decomposition processes that typically take place in litter (Fig. 14I). Moreover, another amber piece (MCNA 9583) contains both the holotype and paratype of Alavatanais margulisi sp. nov., a Microphorites fly, and a posterior leg from an elcanid orthopteran. Additionally, the studied tanaids are often preserved together with copious fungal hyphae, fragments of litter showing different degradation degrees (decayed plant and arthropod remains), and general debris interpreted as inorganic and organic soil components. Several fern spores belonging to the families Osmundaceae (most probably Biretisporites sp.) and Schizaeaceae (Cicatricosisporites sp.) have also been identified (MCNA 12703). Recent Osmundaceae, a non-arborescent group often distinguished by the striking aspect of the ripe sporangia born apically on short fronds, typically live in flooded areas, while Recent Schizaeaceae are arborescent (or epiphytic) ferns inhabiting the undergrowth of moist habitats. These taxa could indicate the humidity of the litter, contrary to the arid conditions inferred by Perrichot (2004) for the forest environments in which the French ambers originated. This author introduced the term ‘litter amber’ for the highly fossiliferous pieces containing diverse litter-dwelling arthopods and other soil elements caught by resin flowing directly onto the ground, once secreted by the branches and/or the trunk from the source tree. Pieces of ‘litter amber’ in Spanish outcrops, including Álava outcrops, are very scarce compared to ‘aerial amber’ pieces. Even so, the taphocoenoses preserved in Spanish amber show influence of litter habitats, and the diverse assemblage of soil and litter organisms agrees with data from the arthropod fauna of Archingeay-Les Nouillers amber (Perrichot 2004; Perrichot et al. 2007). Among the sampled fauna of Archingeay-Les Nouillers amber, representing 21 arthropod orders, numerous arthropods were reported as representatives of litter inhabiting biota, e.g., isopods, mole crickets, scorpions, and springtails (Perrichot 2004). Although not as fossiliferous and diverse as those described by Perrichot (2004), the Spanish amber pieces containing tanaids show a similar taxa composition adding the order Archaeognatha, which is infrequently encountered in amber (Table 3).

All the former is treated as evidence for considering that some tanaids could have lived in wet or moist soil litter during the Cretaceous. No physiological reasons based on modern tanaids exclude this lifestyle. This inference is stronger for those species that have been found together with litter-dwelling syninclusions, i.e., Alavatanais carabe and Alavatanais margulisi sp. nov. However, it is also possible that some Cretaceous tanaids lived in standing waters present in the forests, possessing the ability to stay out of the water in the wet litter for some periods of time, either by digging burrows in moist sediments, by constructing tubes, or just interstitially. The elongated pereopod dactyli present in alavatanaids, especially those found in the pereopods 1‒3 of Alavatanais carabe, would have most likely been an adaptation for tube dwelling, similarly to what occurs in some Recent tanaidomorphans (Larsen & Wilson 2002).

On a different note, although the tanaid fauna from the Cretaceous amber of France is also diverse and includes alavatanaids (Sánchez-García et al. 2013), it has particular characteristics that will be provided elsewhere (Sánchez-García et al. in prep.). As tanaids lack an obligate dispersive phase in their lifecycle so that cosmopolitan distributions are considered to be unlikely or perhaps non-existent (Blazewicz-Paszkowycz et al. 2012), it seems possible that alavatanaids had a restricted palaeodistribution and hence are exclusive to the Cretaceous Spanish and French ambers.

Conclusions
A set of characters, the most significant of which is the presence of articulated ischium in all pereopods, supports the placement of the family Alavatanaidae within the superfamily Paratanaoidea (Suborder Tanaidomorpha). Alavatanaids highly resemble leptocheliids but show some distinguishing characters that could be plesiomorphic; indeed, in this context, alavatanaids seem basal or sister to other lineages within Leptocheliidae. However, we prefer to keep alavatanaids in a separate family herein pending for additional data that might provide the definitive evidence to unite these families in the future.

The observation of oostegites in two specimens classified within the genus Alavatanais and the high number of specimens available for study have allowed to determine the morphological variability due to sexual dimorphism in the paratanaoids studied herein. Such dimorphism, when compared to that present in Paratanaoidea, is low in Alavatanais carabe, the best represented species.

With the taxa described herein, the Spanish amber holds the greatest diversity of fossil tanaids worldwide. Moreover, the rich Peñacerrada I amber assemblage suggests that this group was relatively common in or around the ancient resin-producing forests.

Our study supports the scenario that tanaids were more ecologically diverse during the Cretaceous than nowadays. According to taphonomic and palaeobiological data, Spanish amber tanaidomorphans predominantly lived in wet or moist soils, where they would have fed on organic detritus. This inference is better supported for the specimens classified within the genus Alavatanais, as some of them are preserved together with litter-dwelling inclusions. These tanaids were captured by resin that reached the forest floor. An edaphic habitat had not been previously reported in tanaids based on fossil data and is unknown in extant representatives, which are aquatic and chiefly marine.
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FIGURES

Figure 1. Camera lucida drawings of Alavatanais carabe males. A, MCNA 13888, lateral habitus; B, detail of antennae in ventral view; C, detail of cheliped; D, detail of maxilliped palps in ventral view; E, detail of uropods in ventral view; F, detail of cephalothorax in dorsal view; G, MCNA 9846a, lateral habitus; H, detail of antennulae in dorsal view; I, detail of cheliped; J, detail of a posterior pereopod in ventral view. ant= antenna, antu= antennule, b= basis, c= carpus, cx= coxa, d= dactylus, e= eye, end= endopod, ex= exopod, ff= fixed finger, i= ischium, m= merus, mxp= palp of maxilliped, p= propodus, pl= pleopod, plt= pleotelson, u= unguis. Scale bars: A, C, F, G, I = 0.2 mm; B, D, E, H, J = 0.1 mm.

Figure 2. Alavatanais carabe (MCNA 9846a), male. A, lateral habitus; B, dorsal view of antennulae, and anterior part of the cephalothorax showing left eye (arrow); C, right 4–6 pereopods; note the ischia (asterisks), and meral and carpal spines (arrows indicate the fourth carpal spine); D, detail of a posterior pereopod showing basal protuberances on meral and carpal spines (arrows); E, lateral view of right 1–3 pereopods showing ischia (asterisks); F, lateral view of right cheliped with asterisks indicating setae. Scale bars: A = 0.2 mm; B, C, E, F = 0.1 mm; D = 0.05 mm.

Figure 3. Alavatanais carabe, males. A, MCNA 13888, lateral habitus; B, lateral view of antennulae and antennae; note the four proximal antennal articles (arrows); C, dorsal view of the uropods; note the three endopodal articles (arrows); D, CES 380, lateral habitus; note the laterally crushed appearance, likely a preservational artefact; E, MCNA 14478, dorsal habitus. Scale bars: A, D, E = 0.2 mm; B, C = 0.1 mm.

Figure 4. Alavatanais carabe, females. A, MCNA 10226, dorsal and lateral habitus; B, camera lucida drawing of lateral habitus; C, detail of maxilliped palps in ventral view; D, MCNA 13890, lateral habitus; note the four right oostegites (asterisks); E, detail of the fourth right oostegite. p1= pereopod 1. Scale bars: A, B, D = 0.2 mm; C = 0.05 mm; E = 0.1 mm.

Figure 5. Alavatanais carabe. A, MCNA 9201b, probably a female, distal part of body in ventral view; B, detail of lateral pleonal setae (asterisks) in A; C, MCNA 9088 (paratype), male, detail of posterior pereopods showing meral and carpal spines; D, MCNA 9537 (holotype), male, dorsal view of the cephalothorax showing the rounded rostrum (top arrow) and the antero-lateral constriction (bottom arrows); E, MCNA 9088 (paratype), male, detail of a posterior pereopod; note the setae tuft and absence of fusion between dactylus and unguis (arrow points to the separation between dactylus and unguis); F, MCNA 9449, female, lateral view of uropods with arrow indicating uropodal exopod. Scale bars: A, D = 0.2 mm; B, C, E, F = 0.1 mm.

Figure 6. Alavatanais margulisi sp. nov., MCNA 9583a (holotype), female. A, ventro-lateral habitus; B, camera lucida drawing in ventro-lateral habitus (note the oostegites and palp of maxilliped in grey); C, detail of anterior part of cephalothorax showing antennulae, antennae, and maxilliped palp (arrow); D, detail of the four right oostegites (asterisks); E, lateral view of the right cheliped; F, detail of uropod; note the three endopodal articles (top arrows) and the two exopodal articles (bottom arrows). p1= pereopod 1. Scale bars: A, B = 0.3 mm; C–F = 0.1 mm.

Figure 7. Eurotanais terminator gen. et sp. nov., MCNA 13285 (holotype), male. A, lateral and dorsal habitus; B, dorsal view of the cephalothorax and antennulae; C, left pereopods 2–5 showing ischia (asterisks); D, lateral view of the cheliped; note the two conspicuous setae (arrows) arising from a blunt tooth on the the fixed finger, magnified in the inset; E, ventral view of the cheliped; note the dactylus extending beyond the fixed finger (arrow). Scale bars: A = 0.5 mm; B = 0.2 mm; C–E = 0.1 mm.

Figure 8. Camera lucida drawings of Eurotanais terminator gen. et sp. nov., MCNA 13285 (holotype), male, in dorsal, lateral, and ventral habitus. e= eye, p1= pereopod 1. Scale bar: 0.5 mm.

Figure 9. Electrotanais monolithus gen. et sp. nov., MCNA 12530 (holotype), female. A, dorsal, lateral and ventral habitus; B, dorsal view of the cephalothorax and antennulae; C, lateral view of the left cheliped; D, ventral view of the mouthparts; E, propodus of pereopod 6 showing its dorsodistal setal tuft; F, lateral view of the pleon showing pleopods; note the pointed process made of long setae bundled together (arrow); G, right 3–6 pereopods; note the ischia (asterisks), and the absence of fusion between dactylus and unguis (arrows), magnified in the inset; H, right uropod. Scale bars: A, B = 0.2 mm; C, F–H = 0.1 mm; D, E = 0.05 mm.

Figure 10. Camera lucida drawings of Electrotanais monolithus gen. et sp. nov., MCNA 12530 (holotype), female, in dorsal, lateral, and ventral habitus; left pereopods have been omitted in lateral view for improved visibility. e= eye, mxp= palp of maxilliped, p1= pereopod 1. Scale bar: 0.2 mm.

Figure 11. Proleptochelia tenuissima, MCNA 9846b (holotype), female. A, lateral habitus; B, lateral view of the cephalothorax, antennule, antenna, and cheliped; note the eye (top arrow) and the distal article of the maxilliped palp sticking out under the cheliped (bottom arrow); C, detail of right cheliped; note the three long inner subdistal setae on fixed finger (asterisks), and the proximal and medial tooth-like processes on dactylus (arrows); D, right pereopods 1–2; note the ischia (asterisks); E, uropods. Scale bars: A = 0.4 mm; B = 0.2 mm; C = 0.05 mm; D, E = 0.1 mm.

Figure 12. Camera lucida drawings of Proleptochelia tenuissima, MCNA 9846b (holotype), female. A, lateral habitus; B, detail of right uropod; C, detail of right cheliped; D, dorsal view of the cephalothorax. e= eye, mxp= palp of maxilliped, p1= pereopod 1. Scale bars: A = 0.2 mm; B–D = 0.1 mm.

Figure 13. Litter amber piece, MCNA 9924. A, photograph of the entire piece; B, camera lucida drawing mapping the inclusions preserved in the amber piece: 1= Alavatanais margulisi sp. nov. (white arrow), 2= Isopoda: Oniscidea, 3= Acariformes: Bdellidae, 4= Archaeognatha, morphotype I, 5= Archaeognatha, morphotype II, 6= disarticulated Blattodea, family indet., 7= Diptera: Dolichopodidae: Microphorites sp. (two specimens), 8= Diptera: Ceratopogonidae: Archiaustroconops sp. or Protoculicoides sp., 9= Diptera: Phoridae, 10= Diptera: Psychodidae: Eophlebotomus sp. (two specimens), 11= ‘stellate-hair’ (trichome), 12= fusainized plant fibers. Other elements depicted: plant remains (in grey), arthropod remains (in white), coprolites (in black), fungal hyphae (black arrows). Scale bar: 3 mm.

Figure 14. Inclusions from the litter amber piece shown in Fig. 13, MCNA 9924. A, Isopoda: Oniscidea; B, Archaeognatha, morphotype II; C, Acariformes: Bdellidae; D, Archaeognatha, morphotype I; E, Alavatanais margulisi sp. nov.; F, Diptera: Dolichopodidae: Microphorites sp.; G, a ‘stellate-hair’ (trichome), possibly originated from a fern or conifer, and a coprolite; H, another ‘stellate-hair’ (trichome); I, debris having fungal specimens identical to those found in Cretaceous French ambers which were identified as aerial hyphae of sooty moulds of the genus Metacapnodium (Metacapnodiaceae) (see Girard et al. 2009, 2011); J, fungal hyphae; K, two coprolites; L; fusainized plant fibers; M, some plant remains and a coprolite (arrow). Scale bars: A, M = 1 mm; B, D, F, K = 0.5 mm; C, I, L = 0.2 mm; E, G, H, J = 0.1 mm.
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