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Abstract

:

Idunella spinifera (Dauvin and Gentil, 1983) (Crustacea: Amphipoda: Liljeborgiidae) is reported for the first time after the original description that was based on one immature female. Specimens were collected in the Ría de Muros (NW Iberian Peninsula) during the course of a study on macrofauna diversity in shallow sublittoral biogenic sands along a one-year period. The male and the ovigerous female are fully described, and the data on ecology and temporal variation of abundance is provided as well.
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1. Introduction


The Order Amphipoda is the largest group within the superorder Peracarida (Crustacea: Malacostraca). Amphipods can inhabit terrestrial habitats, but they are mainly found on aquatic environments, on fully marine conditions (from intertidal to deep sea), transitional systems (e.g., estuaries and lagoons), and fresh water (e.g., rivers, pounds, and wells) [1]. However, 79% of the known amphipod species are found in marine environments, including soft bottoms, rocky shores, phytal, and pelagic habitats [2]. In marine habitats, amphipods can be one of the most important components of the macrobenthic assemblages, both in terms of abundance and diversity [3,4]. Moreover, amphipods play a key role in food webs by processing primary production and detritus, and establish a link in the transfer of energy to higher trophic levels [2]. Thus, amphipods are globally crucial in marine ecosystems by supporting and linking trophic levels [2,5]. Their ecological relevance is explained by the great functional diversity as they embrace different life styles (e.g., burrowing, bentho–pelagic, epibenthic, and pelagic) [6,7] and multiple feeding strategies (detritivores, filter-feeders, grazers, predators, and scavengers) [8,9]. In this way, amphipods can act as benthic–pelagic coupling facilitators [2]. Moreover, many amphipods (burrowers or tube-builders) are bioturbators that have a relevant role in structuring benthic assemblages [10,11]. Considering the great abundance and diversity of amphipods in benthic and pelagic communities, they also play an important role in disturbance events [12]. However, there are still many knowledge gaps in multiple issues of amphipod biology [13,14] and taxonomy; it is estimated that only one third of extant amphipod species have been described until now [15]. Thus, nowadays, their biological and ecological role is underestimated and understudied [12,15].



The cosmopolitan family Liljeborgiidae Stebbing, 1899, currently includes three valid genera and about 120 species [16,17]. During the first decade of this century, the collection of new material from different parts of Europe was allowed to review and clarify the identity of many species and genera of this family [16]. Among European species, Idunella spinifera (Dauvin and Gentil, 1983) had not been reported after the original description [18]. The only known specimen corresponds to an immature female collected in biogenic coarse sands at 15 m depth in Roscoff (France) [18]. Therefore, the description lacks information about ovigerous females and adult males, and whether the latter are similar to those of similar European species [16].



In the framework of a study aimed to characterise the benthic fauna in biogenic sands at the Ría de Muros (Galicia, NW Spain), several individuals of I. spinifera were collected; those included males and fully mature ovigerous females. Therefore, this work provides a detailed description of this new material to complement the original description as well as ecological information about habitat features and temporal variation in abundance of I. spinifera.




2. Materials and Methods


2.1. Study Area


Sampling was conducted in Ría de Muros, an extensive coastal embayment in Galicia (NW coast of Iberian Peninsula), characterised as a partially mixed estuary with a positive circulation according to thermohaline circulation and dynamics [19]; fresh water influence is mostly limited to the inner part. Ría de Muros is under the wind-driven coastal upwelling of the NW Africa upwelling system [20], thus showing high primary productivity. It also shows a variety of sedimentary habitats with a high benthos diversity [21].




2.2. Sampling and Sample Processing


Samples were collected from one site on the north margin of the Ría de Muros (42°46′16.23″ N; 8° 58′40.61″ W) at 16 m depth. The site was visited in March, June, September, and December 2016. At each date, thirteen sediment samples were collected using a Van Veen grab (sampling surface 0.05 m2). An additional grab was deployed to collect sediment destined to granulometry analysis and to measure environmental parameters. Samples that were destined to study macrobenthos were immediately washed on board over a 1 mm mesh sieve. The retained macrofauna was then preserved in 4% neutralised formaldehyde solution with Rose Bengal in labelled plastic bags until posterior sorting in the laboratory under a stereomicroscope. Samples used for sedimentary study were frozen. At each date, the surface water temperature, salinity, and redox potential (Eh) of sediment were measured in situ.



Structural features of the sediment (e.g., median grain size, sorting (QDΦ), and silt and clay content) were determined for each sample. The sediment grain size was analysed by using a mechanical shaker and then dry sieving through a tower of sieves (from 4 to 0.063 mm mesh) and classified according to the Wentworth scale. Total carbon (TC), inorganic carbon (IC), and total organic carbon (TOC) were measured after a previously dried and powdered portion of the sediment sample by means of a LECO CNS-2000 elemental macro analyser.



A total of 40 specimens of I. spinifera were examined, corresponding to 5 mature males, 6 ovigerous females, and 29 non-ovigerous females. Several males and ovigerous females were dissected, and their appendages were mounted on slides and examined under the microscope. Line drawings were conducted by means of a camera lucida connected to a compound microscope. Selected specimens are deposited at the Museo Nacional de Ciencias Naturales (MNCN, Madrid), and the remaining material is kept in the collection of the authors.





3. Results


3.1. Environmental Variables


Water temperature ranged from 12 °C in March to 16.2 °C in September. Salinity also showed some temporal variability with values that ranged from 31 psu in September to 34 psu in June. Sediment Eh values were always positive, and ranged from 340 mV in December to 10 mV in June. Sediment type was stable across all sampling periods, and corresponded to coarse sand. Sorting was always moderately sorted. The amount of TC ranged from 0.21 mg g−1 in September to 0.12 mg g−1 in March. Values of IC ranged from 0.12 mg g−1 in June to 0.08 mg g−1 in March. The amount of TOC ranged from 0.08 mg g−1 in June to 0.03 mg g−1 in March.




3.2. Abundance and Sizes of I. spinifera


The abundance of I. spinifera was variable in time, with low values in March that increased to achieve the maximum value of abundance in September to decrease again in December (Figure 1A). Females were present at each of the studied dates. However, males and ovigerous females were only found in June and September (Figure 1B).



Specimens longer than 4 mm (total body length, BL) comprised 77.7% of the total (n = 36 complete specimens) (Figure 1C). However, smaller and juvenile specimens were likely to be washed away through the 1 mm sieve used in the field, and therefore their presence might be underestimated. Larger specimens (>6 mm BL) mostly corresponded to ovigerous females and males.




3.3. Taxonomy


Family Liljeborgiidae Stebbing, 1899.



Subfamily Idunellinae d’Udekem d’Acoz, 2010.



Genus Idunella G.O. Sars, 1894.



Idunella spinifera (Dauvin and Gentil, 1983).



Listriella spinifera Dauvin and Gentil, 1983. Cah. Biol. Mar., 24: 436–440, Figures 3 and 4.




3.4. Description of Male


Five males examined (one broken at pleosome-urosome level), 6.0–7.1 mm BL (n = 4).



Head (Figure 2 and Figure 3A): 1.8 times as long as pereonite 1 and 8% of body length. Eyes well developed, ommatidia covering most of eye, strong dark pigmentation; rostrum short; ventral margin produced anteriorly and rounded.



Antenna 1 (Figure 3B): peduncle article 1 1.6 times as long as wide, with several simple short setae on external surface, plumose setae on distal half of posterior margin, cluster of setae on anterodistal margin; article 2 0.8 times as long as article 1, with one spine on posterodistal margin and clusters of setae on anterior and distal margins, one plumose seta on anterodistal corner; article 3 0.46 times as long as article 2, with setae on distal margin. Flagellum with twelve to seventeen articles, each provided with two clusters of setae and one aesthetasc on anterodistal margin; accessory flagellum with five to six articles, with several setae mostly on distal margin or minute distal article; ratio accessory flagellum/flagellum: 0.3; ratio flagellum/peduncle article 1: 2.0.



Antenna 2 (Figure 3C): subequal in length to antenna 1. Peduncle article 3 with one to two posterodistal spines; article 4 about three times as long as wide, with a row of five spines on anterior margin each associated with simple and plumose setae; two spines on anterodistal margin, and three spines on posterodistal margin, plus several associated setae; article 5 3.5 times as long as wide, with several clusters of setae on anterior margin and external face on distal third, one spine on anterodistal corner, and several terminal plumose and simple setae. Flagellum about 0.6 times as long as peduncle, with ten to twelve articles, each with two clusters of setae on distal margin.



Mandible (Figure 3D,E): distolateral corner not forming a definite tooth; left lacinia mobilis with six triangular teeth; right lacinia mobilis with anterior margin with sharp small teeth (>10) and two larger acute teeth; incisor process with five triangular teeth, one much longer than others, six to seven raker robust setae with many setules, with several shorter setae in between; molar process distinct, with two distally acute setae. Left and right mandibular palp similar; palp article 1 about 1.6 times as long as wide and 0.4 times as long as article 2, lacking setae; article 2 4.3 times as long as wide, with a row of medial and subdistal setae; article 3 curved, widest at mid-length, 0.7 times as long as article 2, with posterior row of D3-setae not increasing in length and with a parallel row of short, very thin B3-setae grouped in clusters of four or five, one long subdistal B3-seta, and two to three E3-setae.



Maxilla 1 (Figure 3F): palp article 1 about 0.25 times as long as article 2; article 2 with eight stout setae of increasing thickness on mesial and apical margins, facial setae including six long setae and numerous thinner and shorter setae. Outer plate with seven distal simple and serrate stout setae, one much shorter than others, and numerous shorter setae on surface of distal half.



Maxilla 2 (Figure 3G): inner plate slightly wider than outer plate; both plates with long setae on distal part, most plumose; inner plate with several facial setae near anterior margin, and numerous shorter setae along surfaces of both plates.



Maxilliped (Figure 4A–C): palp length ratio of article 1–4 about 1:3:1.8:1.7; article 1 with one seta; article 2 with long medial setae, and cluster of setae on distolateral corner; article 3 with medial setae on distal half and cluster of setae on distolateral corner; article four slender, slightly curved, unguis about 0.25 times as long as dactylus, with two basal setae. Outer plate reaching proximal third of palp article 2, with five to seven lateral setae and five distal spines of growing thickness. Inner plate small, with four simple setae, one spine, and two plumose setae on margin of distal half, posterodistal margin with one to two longer setae.



Gnathopod 1 (Figure 3A and Figure 4D,E): larger than gnathopod 2. Coxa broad, 1.2 times as long as wide, with a posterodistal tooth, anterior margin rounded. Length ratio of articles from basis to dactylus about 5.4:1:1.5:1.5:6.6:7.2. Basis with row of setae on anterior (second third) and posterior margin (proximal third). Ischium with one small posterodistal seta. Merus with a posterodistal cluster of setae, lacking distal tooth. Carpus with a posterodistal cluster of setae. Propodus roughly triangular in shape, 1.7 times as long as wide, length ratio of anterior, posterior and palmar margins about 2.25:1:1.6; with four clusters of setae along posterior margin; palm defined by two spines of different length associated with several setae, palm margin almost straight with two processes on distal third near to dactylus, one lateral row of simple, shorter setae and medial row of longer setae with several spinules, posterodistal palmar margin with one simple seta and one pappose seta, inner face of palm proximal half with several rows of simple setae; two anterodistal small setae near dactylus. Dactylus strongly curved, dactylar teeth as small indentations on second quarter; anterior margin with one proximal seta.



Gnathopod 2 (Figure 3A and Figure 4F): coxa 1.6 times as long as wide, anterior margin slightly convex and posterior margin nearly straight, with a posterodistal small tooth and one seta. Length ratio of articles from basis to dactylus about 3.6:1:1.2:1.5:3.6:2.5. Basis with two setae on posterior margin, anterior margin with one acute process on distal third. Ischium with one posterior subdistal seta. Merus posterodistal corner with conspicuous triangular tooth and several setae of different length. Carpus with three clusters of setae along posterior margin. Propodus with anterior and posterior border nearly straight, 1.4 times as long as wide, length ratio of anterior, posterior and palmar margins about 1.4:1:0.9; posterior margin border crested, with seven clusters of setae on posterior margin, each cluster arising from one crest; palm defined by two spines of different length, palm border smooth, with four lateral setae widely spaced, two medial rows of about twenty-five (outer row) and ten to twelve (inner) hooked stout setae regularly spaced and medial row of setae with spinules, inner face with several setae; six anterodistal setae near dactylus. Dactylus lacking teeth; anterior margin with one proximal seta.



Pereopod 3 (Figure 5A): coxa nearly rectangular, 2.3 times as long as wide, with several setae on posterior margin and small tooth with one seta on posterodistal corner. Length ratio of articles from basis to dactylus about 4.7:1:2.4:1.7:2.7:1.4. Basis with several setae on distal third of anterior margin. Merus and carpus with several anterodistal and posterodistal setae, carpus also with two setae on posterior margin. Propodus with one anterodistal seta and six setae on posterior margin. Dactylus slender, slightly curved along distal half, without setae.



Pereopod 4 (Figure 5B): coxa broad, 1.25 times as long as wide, anterior and posterior margins parallel, with notch on anterodistal corner. Length ratio of articles from basis to dactylus about 4.7:1:2.3:2.1:3.1:1.7. Basis with two setae on distal third of anterior margin. Merus with one anterodistal seta. Carpus with one anterodistal seta and two posterodistal setae. Propodus with one anterodistal seta and several setae along posterior margin. Dactylus slender, slightly curved along distal half, without setae.



Pereopod 5 (Figure 5C,D): coxa 0.7 times as long as wide; anterior and posterior margins convex to slightly convex, lacking tooth. Length ratio of articles from basis to dactylus about 3.6:1:2.9:3:3.3:1.4. Basis broad, 1.35 times as long as wide, anterior margin strongly convex, posterior margin regularly convex, anterior margin with seven conical stout spines along distal half and three distal setae, posterior margin with seven to eight serrations along ¾ of distal half, each serration usually with one seta, distal corner rounded and produced into a lobe. Ischium with three anterodistal setae and one small spine. Merus 3.2 times as long as broad, with two to three pairs of setae on anterior margin, two spines on posterior margin on second third, three anterodistal setae, posterodistal corner with two setae and one spine about 0.25 times as long as merus. Carpus anterior margin with two setae on second third, anterodistal and posterodistal setae similar to merus. Propodus with 6 setae on anterior margin, propodal apical tuft with five anterodistal setae (two clearly longer than dactylus). Dactylus slender, slightly curved along distal half, with subterminal short seta.



Pereopod 6 (Figure 5E): broken in all specimens at carpus-merus level. Coxa 0.65 times as long as wide; anterior margin almost straight, posterior border convex, lacking tooth. Length ratio of articles from basis to merus about 4.9:1:4.5. Basis broad, 1.35 times as long as wide, anterior and posterior margins slightly and regularly convex, anterior margin with five spines along distal half and two distal setae, ten serrations all along posterior margin, each serration usually with one seta, distal corner rounded and produced into a small lobe. Ischium with three anterodistal setae, without spine. Merus 3.4 times as long as broad, with two pairs of setae on anterior margin, three spines on posterior margin on proximal ⅔, four anterodistal, and four posterodistal setae.



Pereopod 7 (Figure 5F): broken in all specimens at carpus-merus level. Coxa 0.6 times as long as wide; anterior margin almost straight, posterior margin slightly convex, lacking tooth. Length ratio of articles from basis to merus about 4.3:1:4.7. Basis broad, 1.5 times as long as wide, anterior and posterior margins almost parallel, anterior margin with five spines and one distal longer seta, posterior margin with 11 serrations, some accompanied by one small seta. Ischium with two anterodistal setae, without spine. Merus 3.4 times as long as broad, with two pairs of setae on anterior margin, four spines on posterior margin on proximal ⅔, three anterodistal, and three posterodistal setae.



Pleonites (Figure 6A): all pleonites lacking posterodistal teeth. Pleonite 1 posterior margin weakly convex, posteroventral corner slightly acute. Pleonite 2 posterior margin slightly convex, posteroventral corner with small tooth. Pleonite 3 posterior margin clearly convex on inferior half, posteroventral corner produced into a well-developed tooth.



Urosomites (Figure 6B): all lacking posterodorsal tooth; urosomite 1 with posteroventral acute tooth.



Uropod 1 (Figure 6C): peduncle 1.2 times as long as rami, five dorsolateral spines and a pair of distal spines consisting of a small one and a long spine pointing backwards, dorsomedial border with a row of sixteen to twenty-three spines and a pair distal of spines similar to dorsolateral ones; outer ramus with four outer and three medial spines, two spines on tip (one much longer); inner ramus with two outer spines and four medial longer and thicker spines, tip with large spine.



Uropod 2 (Figure 6D): peduncle subequal to rami, one distal dorsolateral spine and one distal dorsomedial spine; outer ramus with three outer and two medial spines, two spines on tip (one much longer); inner ramus with one outer and three medial spines, tip with three spines (central much longer).



Uropod 3 (Figure 6E): peduncle 0.7 times as long as rami, one dorsolateral and two dorsomedial spines, one anterodistal spine; outer and inner ramus subequal, outer ramus 2-articulated, article 2 0.4 times as long as article 1, article 1 with three pairs of spines on outer side; inner ramus with two outer and four medial spines on medial border, and one subdistal seta.



Telson (Figure 6B,F): medial cleft 0.9 times as long as telson total length; medial tooth of each lobe about twice as long as outer tooth; each lobe with two spines, medial the longest and about 2–2.2 times as long as outer spine, each pair accompanied by plumose seta; pair of short seta with two to threeapical setules on each lobe dorsal face at distal third.




3.5. Description of Ovigerous Female


Six ovigerous females examined, 6.75–8.75 mm BL (n = 6).



Head: 1.85 times as long as pereonite 1, and 8.5% of body length. Eyes well developed, similar to male.



Antenna 1 (Figure 7A): peduncle article 1 1.7 times as long as wide; article 2 0.65 times as long as article 1; article 3 0.5 times as long as article 2. Flagellum with 13–18 articles; accessory flagellum with 5–7 articles, minute distal article; ratio accessory flagellum/flagellum: 0.3; ratio flagellum/peduncle article 1: 2.0.



Antenna 2 (Figure 7B): subequal in length to antenna 1. Peduncle article 3 with one long spine; article 4 2.8 times as long as wide, with two spines on inner face near anterior margin proximal third, two spines on the anterodistal margin, and two spines on the posterodistal margin; article 5 3.6 times as long as wide, one spine on anterodistal corner. Flagellum about 0.6 times as long as peduncle, with 9–12 articles.



Mandible (Figure 7C,D): distolateral corner not forming a definite tooth; mandible (laciniae, processes) similar to male. Similar left and right mandibular palp; palp article 1 about 1.6 times as long as wide and 0.35 times as long as article 2, lacking setae; article 2 4.35 times as long as wide; article 3 strongly curved at distal half, widest at mid-length, 0.7 times as long as article 2.



Maxilla 1 (Figure 7E): palp article 1 about 0.23 times as long as article 2. Outer plate similar to male.



Maxilla 2 (Figure 7F): similar to male.



Maxilliped (Figure 8A,B): palp length ratio of article 1–4 about 1:2.5:1.1:1.2; article 1 with two setae; article 3 setae similar to male, also including three facial setae; article 4 slender, slightly curved, unguis 0.25 times as long as dactylus, with one basal seta. Outer plate reaching proximal third of palp article 2, five distal spines of growing thickness. Inner plate small, including three plumose setae, posterodistal margin with four to five setae.



Gnathopod 1 (Figure 8C): different to male gnathopod 1. Coxa broad, about as long as wide, with a posterodistal tooth (sometimes indistinct) and one seta, anterior margin rounded. Length ratio of articles from basis to dactylus about 4.3:1:1.2:1.2:3.6:3.4. Basis with row of setae on second third anterior margin, and two setae on proximal third posterior margin. Ischium with one small posterodistal seta. Merus with a posterodistal cluster of setae, lacking distal tooth. Carpus with a posterodistal cluster of setae. Propodus oval in shape, 1.6 times as long as wide; length ratio of anterior, posterior, and palmar margins about 2:1:1.15, with five clusters of setae along posterior margin; palm defined by two spines of different length associated with several setae, palm margin with two medial rows of hooked stout setae (>30), and medial row of setae with several spinules; three anterodistal simple setae near dactylus; inner face with several setae. Dactylus gently curved along its length, lacking teeth; anterior margin with one proximal seta.



Gnathopod 2 (Figure 8D,E): similar to gnathopod 1. Coxa oval, wider at base, 1.5 times as long as wide, margins nearly straight, with a posterodistal small tooth and anteroventral notch each with one seta, several setae on inner face near posterodistolateral margin; oostegite well developed 1.5 times as long as coxa, with long setae on anterior and posterior margins. Length ratio of articles from basis to dactylus about 2.9:1:1.1:1.25:2.75:2.3. Merus posterodistal corner with conspicuous triangular tooth. Propodus posterior margin border with small crests, with eight clusters of setae. Palm defined by two spines of different length, palm border smooth, setae and spines similar to gnathopod 1. Dactylus gently curved along length, lacking teeth.



Pereopod 3 (Figure 9A): coxa nearly rectangular, 2.1 times as long as wide, with a posterodistal small tooth and anteroventral notch each with one seta, several setae on inner face near posterodistolateral margin; oostegite well developed, 1.4 times as long as coxa, with long setae on anterior and posterior margins. Length ratio of articles from basis to dactylus about 4.6:1:2:1.6:3:1.5. Dactylus slender, almost straight, without setae.



Pereopod 4 (Figure 9B): coxa broad, 1.3 times as long as wide, anterior and posterior margins almost straight; oostegite well developed 1.25 times as long as coxa, with long setae on anterior and posterior margins. Length ratio of articles from basis to dactylus about 4.5:1:2.25:1.75:2.75:1.5. Basis with two setae on distal third of anterior margin and one posterodistal seta. Dactylus slender, almost straight, without setae.



Pereopod 5 (Figure 9C): coxa 0.8 times as long as wide; anterior and posterior margins convex to slightly convex, lacking tooth; oostegite well developed, 1.8 times as long as coxa, with long setae on anterior and posterior margins. Length ratio of articles from basis to dactylus about 5:1:3.75:3.1:4.1:1.5. Basis broad, 1.5 times as long as wide, anterior margin convex, posterior margin slightly convex, anterior margin with four conical stout spines along distal half and two distal setae, posterior margin with five to six serrations all along distal half, each serration usually with one seta, distal corner rounded and produced into a small lobe. Merus 3.2 times as long as broad, with two to three pairs of setae on anterior margin, three spines on posterior margin, two anterodistal setae, posterodistal corner with two setae and one spine about 0.25 times as long as merus. Propodus with four setae on anterior margin, propodal apical tuft with five anterodistal setae (two clearly longer than dactylus). Dactylus slender, slightly curved along distal half.



Pereopod 6 (Figure 9D): broken in all specimens at carpus-merus level. Coxa 0.95 times as long as wide; anterior margin almost straight, posterior border convex, lacking tooth. Length ratio of articles from basis to merus about 4.8:1:4.5. Basis broad, 1.35 times as long as wide, anterior and posterior margins slightly and regularly convex, anterior margin with five spines along distal half and two distal setae, ten serrations all along posterior margin, each serration usually with one seta, distal corner rounded and produced into a small lobe. Ischium with three anterodistal setae, without spine. Merus 3.4 times as long as broad, with two pairs of setae on anterior margin, three spines on posterior margin on proximal two thirds, four anterodistal and four posterodistal setae.



Pereopod 7 (Figure 9E): broken in all specimens at carpus-merus level. Coxa 0.7 times as long as wide; anterior margin almost straight, posterior margin convex, lacking tooth. Length ratio of articles from basis to merus about 4.5:1:4.9. Basis broad, 1.35 times as long as wide, anterior and posterior margins convex, anterior margin with five spines and two distal setae, posterior margin with nine serrations, some accompanied by one small seta. Merus 3.3 times as long as broad, with two to three pairs of setae on anterior margin, five spines on posterior margin on proximal ⅔, five anterodistal and five posterodistal setae.



Pleonites (Figure 10A): all pleonites lacking posterodistal teeth. Pleonite 1 posterior margin almost straight, posteroventral corner rounded to slightly pointed. Pleonite 2 posterior margin straight, posteroventral corner with small tooth. Pleonite 3 posterior margin clearly convex on inferior half, posteroventral corner produced into a well-developed tooth.



Urosomites: similar to male.



Uropod 1 (Figure 10B): peduncle 1.1 times as long as rami, six dorsolateral spines and a pair of distal spines consisting of a small one and a long spine pointing backwards, dorsomedial border with a row of nineteen to twenty-five spines and one distal spine; outer ramus with five outer and four medial spines, three spines on tip (one much longer); inner ramus with two outer spines and four medial longer and thicker spines, tip with three spines similar to outer ramus.



Uropod 2 (Figure 10C): peduncle subequal to rami, one distal dorsolateral spine and one distal dorsomedial spine; outer ramus with four outer and two medial spines, two spines on tip (one much longer); inner ramus with two outer and three medial spines, tip with three spines (central much longer).



Uropod 3 (Figure 10D): peduncle 0.7 times as long as rami, one anterodistal and two dorsomedial spines; outer and inner ramus subequal, outer ramus 2-articulated, article 2 0.35 times as long as article 1, article 1 with one spine and three pairs of spines on outer side; inner ramus with two outer and four medial spines on medial border.



Telson (Figure 10E): medial cleft 0.85 times as long as telson length; tooth and setae similar to male.




3.6. Variability of Selected Characters in Non-Ovigerous Females


Specimens measured 2.9–6.1 mm BL (n = 27). Accessory flagellum had 3–5 articles; antenna 1 flagellum had 7–13 articles. Antenna 2 flagellum had 4–10 articles. Dorsomedial border of uropod 1 peduncle had 10–21 spines. Telson, in most specimens, had two pairs of distal spines (n = 11), some with one pair (n = 2) (Figure 10F), often broken (Figure 10G).





4. Discussion


This second record of I. spinifera at the Ría de Muros increases its range of distribution 6° to the south into the NW Iberian Peninsula. Specimens were found in moderately sorted fully marine shallow sublittoral coarse biogenic sand, a habitat that is similar to that of the type locality [18]. The presence of males and ovigerous females between June and September suggest that the reproductive period of this species ranges from late spring to early autumn. Other liljeborgiids reported from the same geographic area are Idunella picta (Norman, 1899), Idunella nana (Schiecke, 1973), Liljeborgia pallida (Bate, 1857), and Sextonia longirostris Chevreux, 1820, mostly in medium and fine sands at shallow depths [22,23,24].



I. spinifera was described after one immature female [18], and was characterised by having an accessory antenna 1 flagellum with four articles, about twenty spines on the dorsomedial border of the uropod 1 peduncle, the outer ramus of uropod three being composed of two articles, and the telson bearing only one pair of distal spines. Examination of the Iberian specimens revealed that the number of accessory flagellum articles ranges from 3 in females, about 2.9–3.6 mm BL to 7 in larger ovigerous females, and 6 in males. Similarly, the number of dorsomedial spines in the uropod 1 peduncle increases from 10–11 in the smallest specimens to up to 23–25 in mature males and females. In contrast with original description, most specimens bear a telson that is provided with two pairs of distal spines instead of one; however, it seems that these spines are easily broken, and a few specimens bore only one pair.



The keys provided by [18,25] for European Atlantic and Mediterranean species separate I. spinifera, I. aeqvicornis G.O. Sars, 1877, and I. pirata Krapp-Schickel, 1975, regarding the presence of more than 10 dorsomedial spines on the uropod 1 peduncle, a short article 1 on the mandibular palp, a palp article 2 of maxilliped that bears dorsolateral setae, and urosomite 1 that lacks a posterodorsal tooth. I. spinifera differs from these species in the number of dorsomedial spines (up to 20–25) and in its lack of distolateral teeth in all its pleonites.



The male of I. spinifera is described here for the first time, and presents the diagnostic characters of the species. The most remarkable feature is the different appearance and size of gnathopod 1 when compared to gnathopod 2, the latter being similar to gnathopods 1–2 of the females. Males of I. aeqvicornis and I. pirata also bear a gnathopod 1 that is larger than gnathopod 2; however, in I. aeqvicornis and I. spinifera, gnathopod 1 has a triangular shape, whereas in I. pirata, gnathopod 1 and 2 are similar in shape to each other, with a palm that is regularly convex. Males of I. aeqvicornis mainly differ from those of I. spinifera in that the palm is regularly concave and is defined proximally by a large triangular process, and the dactylus lacks teeth.
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Figure 1. Mean abundance (+SE; n = 13) of I. spinifera (A) per month; % of males, females, and ovigerous females at each month (B); size distribution (total body length, mm) of males, females, and ovigerous females (C). 
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Figure 2. Idunella spinifera (Dauvin and Gentil, 1983). Male, Ría de Muros (NW Spain), lateral view. 
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Figure 3. Idunella spinifera (Dauvin and Gentil, 1983). Male, Ría de Muros (NW Spain). (A) head and anterior thoracic segments, lateral view. (B) antenna 1. (C) antenna 2. (D) left mandible (palp upturned) and detail of rows of D3 (inferior) and B3-setae (superior; only some clusters of setae illustrated). (E) right mandible, distomedial part. (F) right maxilla 1. (G) left maxilla 2. (B,C,F,G) same scale. 
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Figure 4. Idunella spinifera (Dauvin and Gentil, 1983). Male, Ría de Muros (NW Spain). (A) right maxilliped (palp upturned). (B) right maxilliped, proximal part (opposite face). (C) left maxilliped (palp upturned; opposite face). (D) gnathopod 1. (E) gnathopod 1 propodus, palm inner face. (F) gnathopod 2. (A–C) same scale. (C) palp setae not illustrated. 
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Figure 5. Idunella spinifera (Dauvin and Gentil, 1983). Male, Ría de Muros (NW Spain). Pereopods and coxae. (A) right pereopod 3, inner face. (B) right pereopod 4, inner face. (C) left pereopod 5, outer face. (D) right pereopod 5, proximal part, inner face. (E) right pereopod 6, outer face. (F) right pereopod 7, outer face. (A–F) same scale bar. (E,F) broken at the carpus-merus level. 
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Figure 6. Idunella spinifera (Dauvin and Gentil, 1983). Male, Ría de Muros (NW Spain). (A) pleonites, right side, lateral view. (B) urosomites, uropods, and telson, right side, lateral view. (C) right uropod 1, laterodorsal view. (D) right uropod 2, laterodorsal view. (E) right uropod 3, lateral view. (F) telson, dorsal view. (C–E) same scale. (B) only some setae illustrated. 
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Figure 7. Idunella spinifera (Dauvin and Gentil, 1983). Ovigerous female, Ría de Muros (NW Spain). (A) antenna 1. (B) antenna 2. (C) right mandible. (D) right mandible, distomedial part, inner face. (E) right maxilla 1. (F) right maxilla 2. (E,F) same scale. (A,B,E,F) only some setae illustrated. 
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Figure 8. Idunella spinifera (Dauvin and Gentil, 1983). Ovigerous female, Ría de Muros (NW Spain). (A) left maxilliped. (B) right maxilliped. (C) gnathopod 1. (D) gnathopod 2 coxa, gill, and oostegite, inner face. (E) gnathopod 2. (B) palp setae, not illustrated. (E) only some setae illustrated. (A,B,C,E) same scale. 
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Figure 9. Idunella spinifera (Dauvin and Gentil, 1983). Ovigerous female, Ría de Muros (NW Spain). Pereopods and coxae. (A) right pereopod 3, inner face. (B) right pereopod 4, inner face. (C) left pereopod 5, inner face. (D) right pereopod 6, outer face. (E) right pereopod 7, outer face. (A–E) same scale bar. (D,E) broken at the carpus-merus level. 
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