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Abstract 1 

Oceanic squids of the family Ommastrephidae are an important fishing resource worldwide. 2 

Although cumulative knowledge exists on their subadult and adult forms, little is known about 3 

their young stages. Their hatchlings are among the smaller cephalopod paralarvae. They are 4 

characterized by the fusion of their tentacles into a proboscis and are very difficult to identify to 5 

species level, especially in areas where more than one species coexist. Seven species are found 6 

in the NE Atlantic. In this study, mature oocytes of Illex coindetii, Todarodes sagittatus and 7 

Todaropsis eblanae were fertilized in vitro to obtain and describe hatchlings. Full descriptions 8 

based on morphometric characters, chromatophore patterns, skin sculpture, and the structure of 9 

proboscis suckers are provided based on live specimens. This information was combined with 10 

previous descriptions of paralarvae, not necessarily based on DNA or known parentage, from 11 

four other ommastrephid species distributed in the same area and a dichotomous key was 12 

developed for the identification of paralarvae of the NE Atlantic. The most useful taxonomic 13 

characters were: the relative size of the lateral and medial suckers of the proboscis, the 14 

presence/absence of photophores, and the arrangement of pegs on the proboscis suckers. This 15 

key was successfully used to identify wild collected rhynchoteuthion paralarvae from the NE 16 

Atlantic. Reliable identification of wild paralarvae can foster a better understanding of the 17 

population dynamics and life cycles of ommastrephid squids. 18 

 19 

Keywords: Morphology, NE Atlantic, Mediterranean Sea, marine taxonomy, in vitro 20 

fertilization, Scanning Electron Microscopy.  21 
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Introduction 36 

Ommastrephid squids are distributed in all the world´s oceans and their rapid growth and 37 

abundance make them the most important cephalopod fishery resource (Arkhipkin et al., 2015). 38 

Knowledge of early life stages is essential for understanding ecology and life cycles as well as 39 

for assessment of fisheries. These oceanic squids are important prey and predators, occupying a 40 

wide range of trophic levels in marine pelagic food webs (Coll et al., 2013). They are also 41 

dominant prey in the diet of many top fish predators (Logan et al., 2013) as well as seabirds and 42 

marine mammals (Boyle & Rodhouse, 2005). Despite the cumulative knowledge on the biology 43 

of subadult and adult forms of several species of this family, present knowledge of early life 44 

stages is fragmentary and limited. Hatchlings of this family are among the smaller of the 45 

cephalopods and show a characteristic morphology with tentacles fused into a proboscis. These 46 

paralarvae are known as rhynchoteuthion. Identification of the early stages of several species is 47 

considerably difficult (Nesis, 1979; Sweeney et al., 1992), especially in areas where more than 48 

one species coexists (Gilly et al., 2006; Ramos-Castillejos et al., 2010). Based on wild-collected 49 

ommastrephid planktonic stages from around the world, Nesis (1979) stated that it is possible to 50 

identify rhynchoteuthion paralarvae to genus, but not species level. Nine of the 22 accepted 51 

ommastrephid species (Jereb & Roper, 2010) occur in the N Atlantic Ocean. In the NE Atlantic 52 

Ocean, seven ommastrephid species can be found: Illex coindetii (Verany, 1839), Todaropsis 53 

eblanae (Ball, 1841), Todarodes sagittatus (Lamarck, 1798), Ommastrephes bartramii 54 

(Lesueur, 1821), Sthenoteuthis pteropus (Steenstrup, 1855), Hyaloteuthis pelagica (Bosc, 1802) 55 

and Ornithoteuthis antillarum Adam, 1957. Besides these, I. illecebrosus (Lesueur, 1821) and I. 56 

oxygonius Roper, Lu & Mangold, 1969 occur in the NW Atlantic. Previous works have dealt 57 

with the morphology of the paralarvae of I. illecebrosus (e. g. Roper & Lu, 1979; O´Dor et al., 58 

1982). However, the taxonomic status of the NW Atlantic Illex spp. populations and the extent 59 

of their distribution range are not resolved. Even adult individuals are difficult to identify by 60 

morphological characters when more than one species occurs (Carlini, Kunkle & Vecchione, 61 

2006). Thus, NW I. illecebrosus and I. oxygonius were not included in this work. 62 

The rhynchoteuthion paralarvae of O. bartramii (Young & Hirota, 1990; Watanabe et al., 1996; 63 

Vijai, Sakai & Sakurai (2015) and I. coindetii (Boletzky, Rowe & Aroles, 1973; Villanueva et 64 

al., 2011) have been studied from hatchlings obtained during laboratory experiments. The 65 

morphology of O. bartramii paralarvae from the NW Pacific was studied from in vitro 66 

fertilizations (Watanabe et al., 1996; Vijai et al., 2015) and the morphology of some paralarvae 67 

collected in the wild assigned to this species (Young & Hirota, 1990) is consistent with the 68 

chromatophore pattern reported in both types of studies. Only descriptions of H. pelagica, O. 69 

antillarum and S. pteropus paralarvae collected in the wild are available (Harman & Young, 70 

1985; Sweeney et al., 1992). Nesis (1979) provided a description of wild-collected individuals 71 

of T. sagittatus, T. angolensis Adam, 1962 and T. pacificus (Steenstrup, 1880). However, he 72 

merged the characters of the three species into a single generic description and the specific 73 

characters of T. sagittatus are not available. For I. coindetii, complete descriptions of the 74 

morphology and chromatophore pattern of the paralarvae are lacking. Moreover, the hatchlings 75 

of T. eblanae are undescribed. The current situation makes species identification of wild 76 

rhynchoteuthion paralarvae from the NE Atlantic nearly impossible using morphological 77 

characters (e. g. Zaragoza et al., 2015). This strongly limits the study of the ecology and biology 78 

of rhynchoteuthions from the NE Atlantic (e.g. Moreno et al., 2009). 79 

In order to address this problem, we used in vitro fertilization methods to obtain live paralarvae 80 

of the three most fished NE Atlantic ommastrephid species (I. coindetii, T. sagittatus and T. 81 
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eblanae) and provide detailed descriptions of their morphology and chromatophore pattern. The 82 

available knowledge on the morphology of rhynchoteuthions of the other four NE Atlantic 83 

species (O. bartramii, S. pteropus, H. pelagica and O. antillarum) was reviewed from the 84 

literature. Moreover, a key for the identification of the ommastrephid paralarvae from the NE 85 

Atlantic is also provided, aiming to offer a tool for the study of the biology and population 86 

dynamics of paralarval stages of ommastrephid squids. 87 

Material and methods 88 

Obtaining paralarvae through in vitro fertilizations 89 

Adult squids of I. coindetii, T. sagittatus and T. eblanae were captured by local bottom trawlers 90 

from Barcelona and Vilanova i la Geltrú, NW Mediterranean Sea, between May 2010 and April 91 

2015. Illex coindetii and T. eblanae were captured from 120 to 350 m depth, and T. sagittatus 92 

from 300 and 400 m depth. Special care was taken in selecting the freshest squids captured 93 

during the latest trawl of the day. Selected individuals were placed on crushed ice covered by a 94 

plastic film and transported to the laboratory. Mature females with oocytes in oviducts (stage V-95 

VI according to Brunetti, 1990) were selected for in vitro fertilizations following the general 96 

methodology described by Villanueva et al. (2012) with minor modifications. In short, for I. 97 

coindetti, the sperm source used was the bulbs of spermatangia attached to the internal mantle of 98 

the female; for T. eblanae spermatophores of the Needham´s sac and the vas deferens from male 99 

individuals were used; for T. sagittatus, sperm from spermatophores or seminal receptacles and 100 

spermatangia was used depending on availability. The oviducal glands used to make the 101 

oviducal jelly were obtained from mature females of the same species collected previously. 102 

Freeze-dried oviducal gland powder was stored at -80ºC until use. The fertilization percentage 103 

of each female used during the experiments was estimated one day after fertilization, by 104 

counting the number of fertilized eggs from a sample of 400-500 eggs (Table S1). When more 105 

than one female was used in an experiment, the mean fertilization rate of the experiment was 106 

calculated and is indicated in Table S1. Sterile 60-mm diameter polystyrene Petri dishes each 107 

containing 20-50 fertilized eggs were maintained in the dark at 15, 17 or 21 ºC using incubators 108 

(see Table S1). Since vertical distribution of egg masses of the species studied is unknown, 109 

temperature conditions during natural embryonic development remain uncertain. Therefore, the 110 

temperatures chosen for egg incubation in the present study were based on the temperature 111 

ranges of mid-water layers in the Mediterranean Sea (Brasseur et al., 1996), where the egg 112 

masses are expected to occur. Throughout the experiment, 25 mg l-1 of two antibiotics, 113 

ampicillin and streptomycin, were added to the filtered seawater (FSW) (Staaf et al., 2008). The 114 

FSW with antibiotics was replaced daily using a binocular microscope and sterile plastic 115 

pipettes. Dead embryos and those with abnormalities were removed and counted daily to 116 

determine the survival rates until the hatchling stage.  117 

In all the experiments, the paralarvae were cared for and euthanized with the ethical methods in 118 

accordance with the European Union Directive 2010/63/EU. Paralarvae were anaesthetized 119 

adding drops of 70% ethanol to Petri dishes containing approximately 12 ml of FSW and 120 

overdoses of anaesthesia were used to euthanize them. The initial stages of anaesthesia started 121 

very gradually, adding only a few drops of ethanol to the Petri dish containing the paralarvae 122 

over a period of 15-30 min, aiming to avoid signals of irritation such as body contractions or ink 123 

ejection. 124 

Observations of live paralarvae 125 
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For accurate classification of embryonic stages, the scheme and definitions published for Illex 126 

argentinus (Castellanos, 1960) (Sakai et al., 1998) and Todarodes pacificus (Watanabe et al., 127 

1996) were directly applied to I. coindetii and T. sagittatus, respectively. The T. pacificus scale 128 

was also adapted for T. eblanae. To avoid confusion between supposedly premature hatched 129 

individuals and the expected normal hatching, hatchlings are defined here as individuals with a 130 

well-developed ink sac, extensible proboscis and functional fins with a fin width nearly equal to 131 

the head width. These developmental criteria can be found at stage XXX for the genus Illex 132 

(Sakai et al., 1998; Villanueva et al., 2011) and stage XXXII for Todarodes and Todaropsis (see 133 

Discussion). The descriptions were based on individuals of these stages.  134 

The morphological description was based on measurements of several morphometric characters. 135 

These measures were defined according to Roper & Voss (1983) as the ventral mantle length 136 

(VML), the dorsal mantle length (DML), the total length (TL), the head length (HL), the head 137 

width (HW), the eye diameter (ED), the funnel length (FuL), and the length of the second pair 138 

of arms (AIIL). Two other characters were added to the morphometric descriptions. Since the 139 

proboscis length was observed to change according to its contraction state, the total length 140 

without the proboscis (TL w P) was also measured and was defined as the length of the 141 

paralarva from the posterior tip of the mantle to the tip of the arm I. The proboscis width at the 142 

base (PW) was defined as the maximum width of the proboscis at its base. The proboscis length 143 

has been used as a taxonomic character (e. g. Diekmann, Piatkowski & Schneider, 2002). 144 

However, this character varies highly with contraction state (Nesis, 1979; Sweeney et al., 1992; 145 

Staaf et al., 2008) and usually changes throughout the ontogeny (Shea, 2005). Harman & Young 146 

(1985) provided the proboscis length and the proboscis index of Nototodarus hawaiiensis 147 

(Berry, 1912), H. pelagica and Sthenoteuthis oualaniensis (Lesson, 1830-1831). Although they 148 

considered N. hawaiiensis to have a “typically short” proboscis and S. oualaniensis often with a 149 

“very elongate” proboscis, both the proboscis length (Harman & Young, 1985: Fig. 2) and their 150 

proboscis index overlap. Both characters also overlap with H. pelagica, as confirmed in other 151 

posterior references (Sweeney et al., 1992; Diekmann et al., 2002). Thus, this character is not 152 

very instructive and was not considered in our study. When resting on the Petri dishes, the 153 

majority of the embryos or paralarvae lay on the dorsal surface of the body; thus, it was not 154 

possible to measure the DML in many specimens. For this reason, the ratio between each 155 

morphometric parameter and body size was obtained using the VML instead of the DML. The 156 

terminology used for discriminating rhynchoteuthion types was: Type A, the ratio of sucker 157 

sizes is greater than 2:1 (lateral suckers 200% or greater in size than the medial suckers), Type 158 

B, this ratio is between 1.1:1 and 1.9:1 (lateral suckers larger than the medial suckers but below 159 

200%) and Type C, this ratio is 1:1 (there is no size difference among the proboscis suckers). 160 

These three categories are consistent with the proboscis sucker proportions of ommastrephid 161 

paralarvae A, B, and C treated in Roper & Lu (1979). 162 

For the description of the chromatophore pattern, the dorsal and ventral surfaces were depicted 163 

in a schematic drawing of a rhynchoteuthion. Lateral views were only considered for the 164 

description when hatchling chromatophores were visible only from the side view.  For I. 165 

coindetii and T. sagittatus, the lateral view was not included, since the lateral chromatophore 166 

pattern is the sum of the dorsolateral and ventrolateral chromatophores. However, T. eblanae 167 

has true lateral chromatophores in the midline of the lateral surface of the mantle, which are not 168 

visible from dorsal or ventral views. The chromatophores of the head and mantle were assigned 169 

to rows in an anteroposterior axis. For example, for the ventral mantle, the pattern 4 + 2 + 3 + 4 170 

+ 1 + 2 means: 4 chromatophores in the anterior margin of the mantle, 2 in the second row, 3 in 171 
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the third row, 4 in the fourth row, 1 in the fifth row and 2 near the posterior tip of the mantle. 172 

The mode of the pattern of each row was considered the most representative of the species and a 173 

schematic drawing depicting this pattern is provided for each species. 174 

Observations under scanning electron microscopy (SEM) 175 

Paralarvae were euthanized with an overdose of anaesthesia prior to fixation. To avoid body 176 

contraction of the paralarvae it is important to add the anaesthetic gradually before killing them, 177 

starting anaesthesia with a few drops of ethanol. Once the three hearts stopped beating, the 178 

individuals were fixed in 2.5% glutaraldehyde in seawater for 24-48 h, washed in seawater 179 

followed by dehydration in an increasing concentration of ethanol (20, 30 and 50%) and stored 180 

in 70% ethanol in the dark at 4 °C. At the beginning of SEM preparation, the samples were 181 

again dehydrated in an increasing concentration of ethanol (80, 90, and 96%) until they were 182 

saturated in absolute ethanol. Each ethanol bath lasted 10 min. After complete dehydration in 183 

the ethanol series, the samples were dried to a critical point using CO2 as the transition liquid. 184 

After the drying stage, samples were mounted on stubs with double-sided conductive sticky tape 185 

to place them in the preferred position. The mounted samples were sputter coated with gold–186 

palladium. Finally, the samples were observed using a scanning electron microscope.  187 

The general morphology and the number and arrangement of pegs in the proboscis and arm 188 

suckers were examined. Nomenclature of proboscis suckers was as follows. The suckers were 189 

named from 1 to 4 of each hemiproboscis tip, with 1 the most dorsal and 4 the most ventral. 190 

Each side of the proboscis tip was named as R (right) or L (left), according to its position on the 191 

anteroposterior axis of the body. For example: proboscis sucker R1 is the most dorsal sucker 192 

from the right part of the proboscis tip. Suckers 2 corresponded to lateral suckers and suckers 1, 193 

3 and 4 were medial suckers. Newly hatched rhynchoteuthion paralarvae only have one sucker 194 

on arms I and II. Thus, no special nomenclature was necessary to designate each sucker.  195 

Characters from both SEM and observations of live paralarvae were used to develop a 196 

dichotomous key to facilitate the identification of the seven NE Atlantic rhynchoteuthion 197 

paralarvae species. Morphological characters of O. bartramii, H. pelagica, S. pteropus and O. 198 

antillarum were obtained from the literature (Harman & Young, 1985; Sweeney et al., 1992; 199 

Young & Hirota, 1990; Sakurai et al., 1995; Diekmann et al., 2002; Vijai et al., 2015). It should 200 

be noted that descriptions of the paralarvae of H. pelagica, S. pteropus and O. antillarum were 201 

not confirmed by DNA or known parentage in these works. 202 

Wild rhynchoteuthion paralarvae samples 203 

Wild rhynchoteuthion paralarvae (n = 16) from the study area were collected using zooplankton 204 

tows during the oceanic cruise LLUÇ3 (Palomera, Olivar & Morales-Nin, 2005) in the summer 205 

of 1999, NW Mediterranean; four oceanographic cruises conducted in the summers of 2003 and 206 

2004 under the CACO research project (Sabatés et al., 2009), NW Mediterranean; and another 207 

cruise near the Canary Islands in the spring of 2015 under the MAFIA research project using the 208 

fishing net described by Meillat (2012). An additional paralarva collected during the project 209 

FishJelly with a Bongo net with a 40 cm diameter opening and a mesh size of 300 µm in the 210 

autumn of 2014 was also analysed from the NW Mediterranean. These zooplankton samples 211 

were fixed in 5% formaldehyde buffered with sodium tetraborate. Ommastrephid paralarvae 212 

were distinguished from the other cephalopod paralarvae by the presence of the proboscis. The 213 

general morphology of the fixed specimens (chromatophores, size, number of arms, etc.) was 214 

examined under the stereomicroscope prior to observation under SEM as described previously. 215 
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The specimen from the MAFIA cruise was frozen and measurements were taken after 216 

defrosting. All of these paralarvae were identified using the dichotomous key developed in the 217 

present study.  218 

Results 219 

Morphological description of the rhynchoteuthion hatchlings from the NE Atlantic. 220 

Morphology of rhynchoteuthion paralarvae is very similar among species: hatchlings usually 221 

have only one sucker on both pairs of arms I and II, pair IV is a protuberance without suckers 222 

and pair III is totally undeveloped. Morphometric measurements and indices for each species 223 

are shown in Table 1. Morphometric comparisons between species were performed based on the 224 

indices, rather than on the raw measures. A full description of the chromatophore pattern of 225 

each species is provided in Table 2. The rhynchoteuthion species Type in relation to ratio of 226 

proboscis sucker size and the description of the proboscis and arm sucker pegs is summarized in 227 

Table 3.  228 

Illex coindetii hatchlings 229 

The general morphology of the hatchling (Fig. 1a-d, 3a-c) of this species does not diverge from 230 

that described for the congeneric I. argentinus (Sakai et al., 1998). The mean VML is 1.41 ± 231 

0.15 mm. On the head, there are 2 ventral chromatophores, one below each eye, and dorsally 232 

there are two rows of chromatophores, the first formed by a single chromatophore anterior to the 233 

eyes and the second formed by 3 chromatophores at the base of the head. In some individuals, 234 

small dark brown pigmented dots appear on the tips of the arms and proboscis (Figs. 1b, d and 235 

3b). Although uncommon, some individuals showed head chromatophores arranged 236 

asymmetrically, generally placed on the lateral sides of the head. On the mantle, there are up to 237 

6 rows ventrally, distributed as follows: 4 + 2 + 4 + 3+ 3+ 2; dorsally, there are up to 5 rows: 2 238 

+ 3 + 3 + 0 + 1. The 8 suckers are of similar size (35.1 ± 3.9 µm) (Type C rhynchoteuthion, Fig. 239 

2a) and have only one row of pegs (12.9 ± 1.4) (Table 3, Fig. 2c), but additional asymmetrically 240 

distributed pegs can be found outside of this row. The arm suckers measure 40.2 ± 2.3 µm in 241 

diameter and bear two rows of pegs (Fig. 2b), the internal one with 12.1 ± 1.0 pegs, the external 242 

one with 12.2 ± 1.4. A few pegs can appear externally to the external row (Fig. 2b). The skin is 243 

smooth and does not have any special sculpture (Fig. 2d). When compared with the other 244 

paralarvae described here (Table 1), the FuLI and PWI are larger, which indicates that the 245 

funnel is comparatively larger than in the other two species (although the range of this index 246 

overlaps with that of T. eblanae); and the proboscis is wider, although some overlap exists. 247 

Remarks: Moreno (2008: Fig. 4.18) tentatively identified rhynchoteuthion paralarvae based on 248 

the drawings of Salman, Katagan & Benli (2003, see below for more details) and among these, 249 

some were identified as Illex specimens. Her pictures clearly show a Type C rhynchoteuthion 250 

without ocular or intestinal photophores. Thus, these specimens were either I. coindetii or T. 251 

eblanae. However, the identification of these specimens could not be confirmed from the 252 

available description and pictures. 253 

Roura (2013) succeeded in molecularly identifying one I. coindetii paralarva out of the 15 254 

barcoded from Cape Silleiro (north-western coast of the Iberian Peninsula). However, he did not 255 

provide any morphological description of these paralarvae. 256 

Todarodes sagittatus hatchlings 257 
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The general morphology of this hatchling (Fig. 1e-h, 3d-f) is similar to the congeneric T. 258 

pacificus (Watanabe et al., 1996; Puneeta et al., 2015). The mean VML is 1.64 ± 0.12 mm. On 259 

the head, there are no ventral chromatophores. Dorsally there are two rows of chromatophores, 260 

the first formed by a single chromatophore anterior to the eyes and the second formed by 3 261 

chromatophores at the base of the head. On the mantle, there are up to 4 rows ventrally, 262 

distributed as follows: 2 + 6 + 5 + 2; dorsally, there are up to 5 rows, with the following 263 

configuration: 3 + 1 + 4 + 0 + 0. The lateral proboscis suckers are larger in size (41.2 ± 8.0 µm) 264 

than the medial suckers (35.0 ± 6.7 µm) (Type B rhynchoteuthion, Fig. 2e). The ratio between 265 

the size of the sucker diameter of the lateral suckers and the medial suckers is 1.2:1. Two rows 266 

of pegs are found (Fig. 2g), the internal row with 18.0 ± 3 and the external with 17.0 ± 3 pegs. 267 

There are no differences in the number or arrangement of the sucker pegs between lateral and 268 

medial suckers. All pegs belonged to either of these two rows. The skin of this species shows a 269 

hexagon-like structure under the stereomicroscope (Fig. 2h). The FuLI (Table 1) is 270 

comparatively smaller than in I. coindetii and T. eblanae, showing a shorter funnel. 271 

Remarks: Salman et al. (2003: Fig. 7) identified 2 rhynchoteuthions from the Aegean Sea as I. 272 

coindetii. However, the drawing of the proboscis tip clearly shows a type B rhynchoteuthion 273 

paralarva. The value of the ratio of sucker sizes is 1.4:1. No photophores were drawn and H. 274 

pelagica and O. antillarum have never been found in Mediterranean waters (Jereb & Roper, 275 

2010), excluding the other Type B paralarva from the NE Atlantic area. Although the ratio of 276 

sucker sizes does not fit accurately with the value obtained here for T. sagittatus (1.2:1), we 277 

considered these two paralarvae as members of this species, rather than I. coindetii. Possible 278 

sources of this variation could be: a) differences related to the developmental state, since those 279 

drawn for Salman et al. (2003) show more than one sucker on each arm and are of a larger size 280 

(2.5-3.5 mm ML); b) intraspecific or regional variation; c) differences related to the fixation 281 

procedure, since plankton samples usually are not anaesthetized before fixation and some 282 

contraction is expected to occur; d) lower levels of accuracy in the measurements from the 283 

drawings. 284 

Moreno (2008) described a rhynchoteuthion paralarva with lateral suckers larger than the medial 285 

ones in Atlantic Iberian waters. It is not possible to take measurements from the pictures 286 

(Moreno, 2008: Fig. 4.22c) due to the orientation of the animal. No evidence of eye photophores 287 

is found based on the pictures. However, the chromatophore pattern of both dorsal and ventral 288 

views of the head and mantle is visible. The chromatophore pattern of the ventral surface of the 289 

mantle is 4 + 4 + 4 + 1 + 1 and for the dorsal surface 3 + 4 + 3 + 2. The dorsal chromatophore 290 

pattern of the head is not fully visible, but in the ventral view no chromatophores appear. The 291 

chromatophore pattern of this individual is consistent with that described for T. sagittatus in this 292 

work, especially regarding the absence of ventral chromatophores on the head in the hatchlings 293 

of this species, which is of high taxonomic significance. 294 

An 18 mm TL juvenile individual assigned to T. sagittatus sampled in Sicily (Central 295 

Mediterranean Sea) has been documented (Piatkowski et al., 2015: Fig. 16.4). The absence of 296 

chromatophores on the ventral surface of the head is remarkable. Although this observation is 297 

based only on one specimen and more observations are necessary, this fact stresses this 298 

character as highly diagnostic for this species, possibly throughout its life as a rhynchoteuthion.  299 

The rhynchoteuthion paralarvae of the congeneric species T. pacificus differ from T. sagitattus 300 

in their smaller size (up to 1.4 mm ML, Puneeta et al., 2015: Fig. 9), the chromatophore pattern 301 
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(see Discussion) and the proboscis suckers, which are of equal size in T. pacificus (Puneeta et 302 

al., 2015: Fig. 8). Therefore, this constitutes a Type C rhynchoteuthion.  303 

Todaropsis eblanae hatchlings 304 

This species is the largest rhynchoteuthion hatchling (Table 1) described to date and exhibits 305 

more advanced development at the time of hatching than other previously described species 306 

(Fig. 1i-l, 2I, 3g-I). In addition to the arm pairs I, II and IV, the pair III arm primordia are 307 

present as well (Fig. 2i). While arm pairs I and II possess one sucker, pairs III and IV have no 308 

suckers. The mean VML is 2.16 ± 0.11 mm. On the head, there are 2 chromatophores ventrally, 309 

one below each eye; dorsally there are three rows of chromatophores, the first formed by a 310 

single chromatophore anterior to the eyes, the second formed by two chromatophores at the 311 

level of the eyes and the third formed by 3 chromatophores at the base of the head. On the 312 

mantle, there are up to 6 rows ventrally, distributed as follows: 7 + 5 + 0 + 0 + 5 + 2; dorsally, 313 

there are up to 5 rows: 3 + 0 + 5 + 0 + 2. Between 1 and 4 true lateral chromatophores are 314 

present on the mantle (Fig. 3i, Table 2). The 8 proboscis suckers are of similar size  (54.3 ± 5.0 315 

µm) (Type C rhynchoteuthion) and have two rows of pegs, the internal one with 18.1 ± 1.0 and 316 

the external one with 22.0 ± 2.2 pegs (Fig. 3k), with up to 3 additional pegs asymmetrically 317 

distributed outside of the external row. The arm suckers measure 63.0 ± 5.5 µm and bear two 318 

rows of pegs (Fig. 2b), the internal one formed by 17.0 ± 0.8 and the external by 20.6 ± 1.5 319 

pegs. Between 0 and 8 pegs arranged externally to the external row can be found 320 

asymmetrically scattered. The skin of the species shows a hexagon-like structure under the 321 

stereomicroscope (Fig. 2l). DMLI is smaller than in the other two species, which indicates a 322 

similar length between DML and VML. Although there is some overlap with the other two 323 

species, HWI is smaller, and thus the head is narrower. The AIILI shows a larger pair of arms II 324 

than I. coindetii and T. sagittatus. 325 

Remarks: Roura (2013) sequenced two wild rhynchoteuthion paralarvae which did not produce 326 

a species-level match with any previously sequenced ommastrephid. He hypothesized that those 327 

collected in the oceanic realm should be assigned to Todarodes sagitattus and those from the 328 

shelf should be assigned to Todaropsis eblanae. The recent work of Gebhardt & Knebelsberger 329 

(2015) provided available barcodes for these two species, which could be used to positively 330 

identify wild rhynchoteuthions by DNA barcoding (Hebert et al., 2003). A BLAST (Altschul et 331 

al., 1990) search shows that the sequence with the GenBank accession number LN614712, 332 

uploaded and identified as T. eblanae by Roura, does represent an individual of this species.  333 

Ommastrephes bartramii paralarvae (Fig. 3j-k) 334 

The following description is based on Sweeney et al. (1992), Young & Hirota (1990) Sakurai et 335 

al. (1995) and Vijai et al. (2015). The hatchling bears the pairs of arms I, II and IV, the latter 336 

devoid of suckers. On the head, there is a row of two ventral chromatophores; dorsally, there are 337 

two rows formed by 1 and 2 chromatophores, respectively. On the mantle, the ventral surface 338 

has up to 3 rows with the following formula: (3-4) + (0-1) + 1; dorsally there are up to 2 rows: 339 

(4-5) + (0-1). Later (~3 mm DML), two ventrally centred chromatophores appear on the edge of 340 

the mantle. The dorsal pattern becomes scattered-like at size ~4 mm mantle length and ventrally 341 

at ~6 mm mantle length. The ratio between the lateral and medial proboscis suckers is 2:1 (Type 342 

A rhynchoteuthion). There are two rows of pegs on the proboscis suckers. There are more pegs 343 

on the lateral suckers (~20 internal, ~27 external) than on the medial ones (~11 internal, ~14 344 
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external). The skin shows a hexagon-like structure under the stereomicroscope (Vijai et al., 345 

2015: Fig 7j-m). 346 

Sthenoteuthis pteropus paralarvae (Fig. 3n) 347 

The following descriptions are based on Sweeney et al. (1992). This species is characterized by 348 

the presence of two equally-sized intestinal photophores and another single photophore on the 349 

ventral surface of each eye. The chromatophore pattern has not been described for this species. 350 

There are no size differences among the proboscis suckers (Type C rhynchoteuthion). The pegs 351 

of the proboscis suckers are unknown. 352 

Hyaloteuthis pelagica paralarvae (Fig. 3l-m) 353 

The following descriptions are based on Harman & Young (1985), Sweeney et al. (1992) and 354 

Diekmann et al. (2002). This paralarva bears one central intestinal photophore and another on 355 

the ventral surface of each eye. According to Diekmann et al. (2002: Table 5), the intestinal 356 

photophore is visible in individuals of 1.5 mm ML or larger. The chromatophore pattern is 357 

formed by highly scattered units on both the mantle and head. On the head, one chromatophore 358 

is located on the ventral surface of each eye and another one is located on the dorsal surface of 359 

the eye. On the head, dorsally there are four rows of chromatophores (excluding the ocular 360 

chromatophores): 1 + 2 + 1. Individuals smaller than 2 mm of DML lack chromatophores on the 361 

ventral surface of the mantle; later a single row of chromatophores on the anterior edge and four 362 

chromatophores forming a diamond-shape pattern between the fins appear. Dorsally on the 363 

mantle, a single large chromatophore is present on the first third of the mantle surface during 364 

most of its life as a rhynchoteuthion. The ratio of the proboscis suckers is between 1.25:1 and 365 

1.5:1 (Type B rhynchoteuthion). There are two rows of pegs on the proboscis suckers. There are 366 

more pegs on the lateral suckers (14-16 internal, 18-19 external) than on the medial ones (8-11 367 

internal, 8-15 external). 368 

Ornithoteuthis antillarum paralarvae (Fig. 3o) 369 

The following description is based on Sweeney et al. (1992) and Diekmann et al. (2002). This 370 

paralarva has single and round ventral photophores on the ventral surface of each eye and two 371 

unequally-sized intestinal photophores: the anterior one appears first (Sweeney et al., 1992), but 372 

the posterior one grows larger (Diekmann et al., 2002: Table 5). The chromatophore pattern is 373 

not known. The ratio of the proboscis suckers is up to 1.5:1 (Type B rhynchoteuthion). The pegs 374 

of the proboscis suckers are not known. 375 

Key for the NE Atlantic rhynchoteuthion paralarvae 376 

The primary characters of this key are the size of the proboscis suckers, the presence/absence of 377 

photophores and the arrangement of the proboscis sucker pegs. Although the first two characters 378 

are observable under a standard stereomicroscope, the proboscis pegs should be observed by 379 

specialized microscopy methods, such as SEM. Since the number and arrangement of the 380 

chromatophores are variable during the ontogeny of the rhynchoteuthions, we only use these 381 

characters when they are taxonomically significant (key step 3a). 382 

1a. Ratio of sucker sizes of 2:1 (Type A rhynchoteuthion), two rows of pegs in proboscis 383 

suckers. More pegs in the lateral proboscis suckers (~20 internal, ~27 external) than in the 384 

medial ones (~11 internal, ~14 external). Photophores absent.    385 
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                                                                                                         Ommastrephes bartramii 386 

1b. Ratio of sucker sizes lower than 2:1                                                                           2 387 

2a. Ratio of sucker sizes between 1.1:1 and 1.9:1 (Type B rhynchoteuthion)                   3 388 

2b. Ratio of sucker sizes of 1:1 (Type C rhynchoteuthion)                                              5 389 

3a. Absence of intestinal or ocular photophores, two rows of pegs in proboscis suckers (12-24 390 

internal, 12-22 external), no differences in the number of pegs between lateral and medial 391 

proboscis suckers. No ventral head chromatophores.                                                                392 

                                                                                                            Todarodes sagittatus 393 

3b. With ocular and intestinal photophores.                                                                     4 394 

4a. Presence of one central intestinal photophore. More pegs in the lateral proboscis suckers 395 

(14-16 internal, 18-19 external) than in the medial ones (8-11 internal, 8-15 external).  396 

                                                                                                          Hyaloteuthis pelagica 397 

4b. Presence of two unequal intestinal photophores, the posterior one larger than the first one, 398 

proboscis sucker pegs unknown. 399 

                                                                                                        Ornithoteuthis antillarum 400 

5a. Presence of two equally-sized intestinal photophores and another single photophore on the 401 

ventral surface of each eye, proboscis sucker pegs unknown.  402 

                                                                                                         Sthenoteuthis pteropus  403 

5b. Without intestinal or ocular photophores                                                                     6 404 

6a. Only one row of pegs on the proboscis suckers (10-14, 1-12 free ones), skin without a 405 

hexagon-like pattern.  406 

                                                                                                               Illex coindetii 407 

6b. Two rows of pegs (16-24 internal, 17-27 external plus 0-3 free ones) on the proboscis 408 

suckers, presence of the 3rd pair of arms at the time of hatching, skin with a hexagon-like 409 

pattern.  410 

                                                                                                           Todaropsis eblanae 411 

Test of the dichotomous key using wild rhynchoteuthion paralarvae 412 

Fourteen of the 16 rhynchoteuthions examined were successfully identified with the aid of the 413 

key: 9 belonged to I. coindetii, 4 to T. sagittatus and 1 to S. pteropus (Table 4, Fig. 4). Among 414 

those not identified to the species level with the key there is a Type C paralarva with 2 rows of 415 

dorsal head chromatophores (Fig. 4b), compatible with the pattern of I. coindetii and not with T. 416 

eblanae. Thus, this emphasizes the utility of the chromatophore pattern for the identification of 417 

hatchlings when other characters are not available. The second unidentified rhynchoteuthion is a 418 

Type C paralarva without photophores. It was not possible to determine whether it was I. 419 

coindetii or T. eblanae. Fifteen of the specimens were obtained in the Mediterranean Sea: this is 420 
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the first time that identification of Mediterranean ommastrephid paralarvae from formalin-421 

preserved plankton samples is possible with certainty. In general, the most useful characters for 422 

the identification of the paralarvae are: 1) the size of the proboscis suckers, 2) the 423 

presence/absence of ocular or intestinal photophores and 3) the proboscis pegs.   424 

Discussion 425 

Previous studies have stressed the difficulties of identifying ommastrephid paralarvae from 426 

plankton samples (Collins et al., 2002; Gilly et al., 2006; Moreno, 2008; Moreno et al., 2009; 427 

Roura, 2013; Zaragoza et al., 2015). Morphological clusters could sometimes be identified 428 

based only on the paralarvae morphology, but it was not possible to confirm the species (e. g. 429 

Roper & Lu, 1979; Vecchione et al., 2001; Moreno, 2008). Other times, species have been 430 

identified based on the adult characters that could be seen in the paralarvae, such as photophores 431 

(e. g. Sweeney et al., 1992). Three different sources of paralarval species confirmation could be 432 

used, namely: a) aquarium spawning, b) in vitro fertilization and c) molecular methods. The first 433 

method is limited by the difficulties in catching, housing and maintaining broodstock and 434 

inducing spawning (Durward et al., 1980; Bower & Sakurai, 1996). The last method is 435 

constrained by the need for previous molecular data obtained from properly identified adults, 436 

which may not exist for some species (Roura, 2013). Thus, the main advantage of using in vitro 437 

fertilization is that the species identification of the paralarvae produced is ensured. Here, this 438 

method was successfully used to describe the paralarvae morphology of three ommastrephid 439 

species. 440 

Towards the reliable morphological identification of rhynchoteuthion paralarvae: which are the 441 

most useful characters? 442 

The morphological description of I. coindetii, T. sagittatus and T. eblanae revealed new 443 

taxonomic characters that permit the identification of rhynchoteuthion paralarvae collected in 444 

plankton samples from the NE Atlantic. In the case of I. coindetii, when alive, they can be easily 445 

identified by the absence of any special skin sculpture (Fig. 2d), a character shared with the 446 

congeneric I. argentinus (Sakai et al., 1998: Fig. 4). Skin sculpture is present in fresh T. 447 

sagittatus and T. eblanae (Fig. 2h, l, respectively), T. pacificus (Watanabe et al., 1996: Fig. 7; 448 

Puneeta et al., 2015: Fig. 8), O. bartramii (Vijai et al., 2015: Fig 7j-m) and Dosidicus gigas 449 

(d’Orbigny, 1835: 50 [in 1834–1847]) (D. Staaf, pers. comm.). This skin sculpture is an optical 450 

effect created by light that crosses vertical expansions of the basal membrane of the outer 451 

epithelium between the mucous cells (F. Á. Fernández-Álvarez, unpubl. observation). Thus, the 452 

absence of this skin sculpture in hatchlings seems to be a synapomorphy of the genus Illex. 453 

When dealing with fixed specimens, the presence of only one row of pegs in the proboscis 454 

suckers allows I. coindetti to be differentiated from other sympatric rhynchoteuthions described 455 

to date.  456 

Todarodes sagittatus has a type B paralarva, a condition that differentiates this species from 457 

sympatric ommastrephids, except for H. pelagica and O. antillarum, which bear ocular and 458 

intestinal photophores, with the former bearing a peculiar chromatophore pattern. When we 459 

compare T. sagittatus hatchlings with the congeneric species T. pacificus (Watanabe et al., 460 

1996), the main difference is the absence of ventral head chromatophores in T. sagittatus. Based 461 

on the chromatophore pattern depicted by Watanabe et al. (1996: Fig. 8), T. pacificus bears 5 462 

rows on the ventral surface of the mantle, whereas T. sagittatus hatchlings have 3-4 (Table 2). 463 

The specimens of T. pacificus depicted by Puneeta et al. (2015) are Type C rhynchoteuthions, 464 
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however more accurate information on the structure of the proboscis suckers, such as the 465 

arrangement of pegs of the suckers, is lacking for comparison against T. sagittatus. 466 

Todaropsis eblanae is the largest rhynchoteuthion hatchling described so far and the presence of 467 

the third arm buds at hatching is a diagnostic character that differs from other described 468 

rhynchoteuthion hatchlings. It can be easily differentiated from S. pteropus (also Type C 469 

rhynchoteuthion) because it has no photophores. It can also be differentiated from I. coindetii 470 

because T. eblanae has two rows of pegs in the proboscis suckers and a hexagon-like skin 471 

sculpture. The morphological descriptions provided here for I. coindetii, T. sagittatus and T. 472 

eblanae paralarvae were based on hatchlings and some characters are known to change during 473 

their development (see below), such as morphometrics (Table 1) and the chromatophore pattern 474 

(Table 2). However, the structure of the eight proboscis suckers (Table 3) is unlikely to change 475 

during the rhynchoteuthion phase (see below).  476 

Ommastrephes bartramii is unlikely to be confused with other rhynchoteuthions present in the 477 

NE Atlantic, as it is the only Type A rhynchoteuthion in these waters. However, in other areas 478 

of its known distribution, this species overlaps with other species with this type of paralarva, 479 

such as one of the species of the genus Ornithoteuthis Okada, 1927 (Wakabayashi et al., 2002): 480 

Ornithoteuthis volatilis (Sasaki, 1915). This species is sympatric with O. bartramii in both the 481 

Pacific and Indian Oceans, but its rhynchoteuthion has fewer pegs on the lateral proboscis 482 

suckers (Wakabayashi et al., 2002: Table 6). Moreover, Ornithoteuthis rhynchoteuthions have 483 

two intestinal photophores (Sweeney et al., 1992; Diekmann et al., 2002: Table 5). It is not clear 484 

if Nototodarus Pfeffer, 1912 species are Type B or A rhynchoteuthions or both (Sweeney et al., 485 

1992). Since these species also lack photophores, they are the only species that may be 486 

misidentified as O. bartramii in areas where their distribution overlaps. More research is needed 487 

to clarify the morphology of Nototodarus paralarvae.  488 

The presence of two intestinal photophores in S. pteropus can easily differentiate this species 489 

from H. pelagica (which has a single round intestinal photophore) in the NE Atlantic, in 490 

addition to the proboscis suckers (Type C in the first species, Type B in the second one). 491 

Ornithoteuthis antillarum also has two intestinal photophores, however the presence of large 492 

lateral suckers and the unequal size of the intestinal photophores in O. antillarum distinguishes 493 

the two species.  494 

The presence of a single intestinal photophore differentiates H. pelagica from the other 495 

rhynchoteuthions from the NE Atlantic. The proboscis sucker pegs of H. pelagica were studied 496 

by Harman & Young (1985), showing a pattern with ~14 internal, ~17 external pegs in the 497 

lateral suckers and ~9 internal, ~10 external in the medial ones. However, another type B 498 

species with a single intestinal photophore, Eucleoteuthis luminosa (Sasaki, 1915), is sympatric 499 

throughout the distribution area of H. pelagica with the exception of the entire North Atlantic. 500 

For both species, the proboscis sucker pegs have been described (Harman & Young, 1985 for H. 501 

pelagica and Wakabayashi et al., 2002 and Granados-Amores et al., 2013 for E. luminosa), and 502 

the number of pegs in the proboscis suckers seems to be higher than in H. pelagica, although 503 

some overlap exists (Wakabayashi et al., 2002: Table 4). Wakabayashi et al. (2006) and 504 

Granados-Amores et al. (2013) molecularly identified paralarvae of E. luminosa, validating its 505 

description. 506 

Ornithoteuthis antillarum can be easily differentiated from other Type B rhynchoteuthions by 507 

its two unequally-sized photophores. This character also differentiates this species from E. 508 
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luminosa in the S Atlantic. The congeneric O. volatilis is a Type A rhynchoteuthion 509 

(Wakabayashi et al., 2002), while O. antillarum is a Type B rhynchoteuthion (Diekmann et al, 510 

2002).  511 

Based on the information presented above, it is possible to evaluate the reliability of 512 

identifications of rhynchoteuthions based on each taxonomic character. Although the 513 

chromatophore pattern led to the correct identification of a T. sagittatus specimen from the 514 

literature and an I. coindetii specimen from our wild collected paralarvae (see above and Table 515 

4, Fig. 4b-c), it should be noted that this pattern changes during the ontogeny (e.g. Young & 516 

Hirota, 1990). The same occurs with morphometrics: the shape of the body of rhynchoteuthion 517 

paralarvae changes with the size of the animal (e.g. Young & Hirota, 1990, Vidal, 1994 or Gilly 518 

et al., 2006) and the different morphometric indices change during ontogeny (Ramos-Castillejos 519 

et al., 2010). Although differences between the number of pegs on arm suckers do exist between 520 

species (Table 3), comparisons are only possible between paralarvae of similar sizes (in the case 521 

of the three rhynchoteuthion species described here, hatchlings and the immediately following 522 

stages). Moreover, while the paralarva grows, more suckers are added to the arms, making it 523 

difficult to identify each single sucker. As can be seen in Ramos-Castillejos et al. (2010) and 524 

Wakabayashi et al. (2002), the number of pegs per row on arm suckers increases while the 525 

paralarva grows. Thus, we do not recommend relying only on chromatophore pattern, 526 

morphometrics and arm sucker pegs, without the support of others characters for identification 527 

purposes. A combination of both proboscis suckers and photophores seems to be the most 528 

reliable combination. Photophores are easy to find under the stereomicroscope, both in fresh and 529 

fixed specimens. However, no member of the subfamilies Illicinae Posselt, 1891 or Todarodinae 530 

Adam, 1960 is known to possess photophores. Together these subfamilies represent 64% of the 531 

species biodiversity among the Ommastrephidae. Moreover, this character should be considered 532 

with caution since it is not known when photophores appear in some species (Sweeney et al., 533 

1992; Diekmann et al., 2002) and at least in D. gigas some variation for photophore appearance 534 

during ontogenetic development is suspected (Gilly et al., 2006 found paralarvae of this species 535 

with the typical photophores present in the juvenile). Again, by using a binocular microscope it 536 

is easy to differentiate between rhynchoteuthion Types A, B and C. When species of the same 537 

Type coexist (I. coindetii and T. eblanae in NE Atlantic), the best approach is to study the 538 

proboscis pegs by SEM (Table 4, Fig. 4a). While an individual is a rhynchoteuthion, they have 539 

the same 8 proboscis suckers until the proboscis splits and the animal becomes a juvenile (Shea, 540 

2005; Wakabayashi et al., 2002). As Ramos-Castillejos et al. (2010: Fig. 9) have shown for D. 541 

gigas, the number of internal and external pegs in the 8 proboscis suckers remains the same 542 

throughout the rhynchoteuthion stage.  543 

The search for the hatchling stage in ommastrephids 544 

An unresolved discussion remains regarding which of the embryological stages described for 545 

ommastrephid squids represents the actual hatchling. This question was raised by Watanabe et 546 

al. (1996), who observed a two-stage delay between hatching from aquaria-spawning eggs and 547 

those from in vitro fertilization in T. pacificus. They hypothesize that the hatching stage should 548 

be addressed between stages XXV and XXVII, because Hoyle´s organ was visible during these 549 

stages. A similar observation was reported by Staaf et al. (2008) for D. gigas. Recently, Puneeta 550 

et al. (2015) observed hatchlings of stage XXXI from aquarium-spawned T. pacificus. In short, 551 

although several experiments with eggs obtained by in vitro fertilization and by aquaria-552 

spawning in ommastrephids have been performed, the question is unresolved.  553 
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In naturally-hatched individuals the development of the characteristics that allow them to swim 554 

and avoid predators is expected. However, individuals at stages XXIX or younger never have a 555 

fully developed ink sac, fins or statoliths. Thus, correct swimming is not possible at this time 556 

and these individuals can only perform horizontal movements on the bottom of the Petri dish, 557 

probably by using cilia on the skin (R. Villanueva, unpubl. observation). Additionally, in the 558 

case of T. pacificus (Watanabe et al., 1996), T. sagittatus and T. eblanae, fins are not fully 559 

developed until stage XXXII. In the present study, the criteria to select a stage as hatchling was 560 

a paralarva capable of swimming, with a fully developed ink sac, statoliths and fins as wide as 561 

the head. This definition corresponds to stages beyond XXX (sensu Sakai et al., 1998) for Illex 562 

and XXXII (sensu Watanabe et al., 1996) for Todarodes and Todaropsis. Taking into account 563 

these criteria, any stage below XXXII should not be addressed as the hatchling for O. bartramii, 564 

based on the description by Vijai et al. (2015). In addition to these arguments, individuals less 565 

developed than those considered here are never reported from plankton samples (for instance, a 566 

paralarva without fins). The presence of these prematurely hatched individuals, in our opinion, 567 

does not indicate the natural hatchling stage and is a probable consequence of suboptimal 568 

artificial conditions in the laboratory (Villanueva et al., 2011). Better culture conditions would 569 

likely produce hatchlings that are morphologically more similar to those produced in the wild as 570 

the results reported by Puneeta et al. (2015) suggest. 571 

Conclusions 572 

Comprehensive knowledge on the life cycle of ommastrephid squids is hindered by the fact that 573 

many aspects of the first stages of their life cycle remain a mystery, especially regarding the 574 

paralarvae. For instance, we still do not know the main diet of early rhynchoteuthions as their 575 

stomachs are usually empty or contain unrecognized food (e.g. Uchikawa et al., 2009; 576 

Camarillo-Coop et al., 2013). Vidal & Haimovici, (1998) have found microorganisms (ciliates, 577 

flagellates and bacteria) with mucus inside the digestive tract of early rhynchoteuthions and 578 

copepod appendages on the digestive tracts of paralarvae > 3.7 mm ML; together these 579 

observations indicate that ommastrephid paralarvae certainly adopt different feeding strategies 580 

as they grow (Uchikawa et al., 2009; Shea, 2005). This lack of knowledge inevitably leads to a 581 

total failure when any culture experiment is attempted (e. g. Yatsu, Tafur & Maravi, 1999; Staaf 582 

et al., 2008). Thus, the little knowledge available on paralarvae beyond yolk consumption 583 

proceeds from paralarvae collected in the wild, including the morphology of post-hatchlings (e. 584 

g. Young & Hirota, 1990), the bathymetric layers suitable for their development (e. g. Roper & 585 

Lu, 1979), their distribution (e.g. Staaf et al., 2013) and the tentative length of the paralarval 586 

period (e. g. Uchikawa et al., 2009). Clearly, if our knowledge in all these matters relies on wild 587 

collected paralarvae, a well-established taxonomic knowledge of each species for reliable 588 

identification is necessary. Here, we fill a gap in the knowledge of NE Atlantic 589 

rhynchoteuthions by describing the morphology of three of the seven species and used this new 590 

knowledge in conjunction with the literature to develop the first dichotomous key covering all 591 

the ommastrephid squid paralarvae present in a wide area. Moreover, this methodology was 592 

applied to identify 16 plankton sampled ommastrephid paralarvae and, for the first time, data on 593 

properly identified paralarvae was provided for the Mediterranean Sea. This key will permit the 594 

identification of rhynchoteuthions from plankton samples collected in the NE Atlantic, thus 595 

providing a useful tool for future studies on the planktonic life and population dynamics of 596 

ommastrephid squids. 597 
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 810 

Figure captions 811 

Figure 1. (a-d) Illex coindetii. a) Ventral view, aged 354 h and incubated at 17 ºC. b) Dorsal 812 

view, aged 427 h and incubated at 17 ºC. c) Lateral view, aged 262 h and incubated at 21 ºC. d) 813 

Ventral view of an individual with expanded chromatophores, aged 236 h and incubated at 17 814 

ºC. (e-h) Todarodes sagittatus. e) Ventral view, aged 364 h and incubated at 15 ºC. f) Dorsal 815 

view, aged 358 h and incubated at 17 ºC. g) Lateral view, aged 360 h and incubated at 17 ºC. h) 816 

Ventral view of an individual with expanded chromatophores, aged 336 h and incubated at 17 817 

ºC. (i-l) Todaropsis eblanae. i) Ventral view, aged 475 h and incubated at 17 ºC. j) Dorsal view, 818 

aged 500 h and incubated at 15 ºC. k) Lateral view, aged 498 h and incubated at 15 ºC.  l) 819 

Ventral view of an individual with expanded chromatophores, aged 649 h and incubated at 15 820 

ºC. a-c, e-g, i-k, specimens anaesthetized with ethanol, which potentially causes chromatophore 821 

contraction. d, h, l, individuals without anaesthesia. Scale bars: 1 mm. 822 

 823 

Figure 2. (a-d) Illex coindetii. a) SEM image of the ventral view of the head, aged 270 h and 824 

incubated at 17 ºC. b) SEM image of the arm I sucker, aged 270 h and incubated at 17 ºC. c) 825 

SEM image of a proboscis sucker, aged 454 h and incubated at 17 ºC. d) Detail of the ventral 826 

skin of an anaesthetized specimen, aged 329 h and incubated at 21 ºC. (e-h) Todarodes 827 

sagittatus. e) SEM image of proboscis tip, showing the differences between the lateral and 828 

medial suckers, aged 361 h and incubated at 15 ºC. f) SEM image of the left arm I sucker, aged 829 
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361 h and incubated at 15 ºC. g) SEM image of a proboscis sucker, aged 361 h and incubated at 830 

15 ºC. h) Detail of the ventral skin of an anaesthetized specimen, aged 383 h and incubated at 15 831 

ºC. (i-l) Todaropsis eblanae. i) SEM image of the ventrolateral view of the head of a paralarva, 832 

aged 477 h and incubated at 15 ºC, the III and IV pairs of arm stumps are visible. j) SEM image 833 

of the sucker of the left arm I, aged 475 h and incubated at 15 ºC. k) SEM image of a proboscis 834 

sucker, aged 477 h and incubated at 15 ºC. l) Detail of the ventral skin of an anaesthetized 835 

specimen, aged 498 h and incubated at 15 ºC. Scale bars: a, e, i, 100 µm; b, c, f, g, k, 20 µm; j, 836 

50 µm; d, h, l, 0.5 mm. 837 

 838 

Figure 3. Schematic drawing of the chromatophore and photophore pattern of the seven North-839 

eastern Atlantic rhynchoteuthions. (a-c) Illex coindetii. a) Ventral view. b) Dorsal view. c) 840 

Lateral view. (d-f) Todarodes sagittatus. d) Ventral view. e) Dorsal view. f) Lateral view. (g-i) 841 

Todaropsis eblanae. g) Ventral view. h) Dorsal view. i) Lateral view. (j-k) Ommastrephes 842 

bartramii. j) Ventral view. k) Dorsal view. (l-m) Hyaloteuthis pelagica. l) Ventral view. m) 843 

Dorsal view. n) Sthenoteuthis pteropus, ventral view. o) Ornithoteuthis antillarum, ventral 844 

view. Grey chromatophores of a-f depict those seen in both dorsal and ventral views. Concentric 845 

black and white circles on l-n depict ocular and intestinal photophores. Chromatophore pattern 846 

of a-f is based on the mode of the chromatophore pattern (see table 2); j-k based on Sweeney et 847 

al. (1992), Young & Hirota, (1990), Sakurai et al. (1995) and Vijai et al. (2015). Photophore and 848 

chromatophore pattern of l-m based on Harman & Young (1985) and Sweeney et al. (1992). 849 

Photophore pattern of n based on Sweeney et al. (1992), of o based on Sweeney et al (1992) and 850 

Diekmann et al. (2002). The chromatophore pattern of S. pteropus (n) and O. antillarum (o) are 851 

not known. 852 

Figure 4. Main taxonomic characters used to identify wild-collected rhynchoteuthions by the 853 

dichotomous key provided here. (a-c) lllex coindetii. a) 2.4 mm DML. SEM image of the 854 

proboscis suckers, showing a single row of pegs. b-c) 1.03 mm DML. b) Dorsal view of the 855 

head showing the chromatophore pattern 1 + 3. c) Ventral view of the head showing one row of 856 

two chromatophores. (d) Todarodes sagittatus, 2.20 mm DML. SEM image of the proboscis 857 

suckers showing lateral suckers larger than the medial sucker. (e-g) Sthenoteuthis pteropus, 7.71 858 

mm DML. e) Dorsal view of the specimen. f) Ventral view of the head showing the ocular 859 

photophores. g) Ventral view of the specimen with the mantle opened to show the two equally-860 

sized intestinal photophores. Scale bars: a, d: 0.1 mm; b-c: 0.5 mm; e-g: 1 mm. 861 

 862 

Tables 863 
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Table 1. Morphometric parameters measured (mm) and morphometric parameter ratios in relation to the VML (%). Abbreviations: VML: ventral mantle 
length, DML: dorsal mantle length, TL: total length, TL w P: total length without the proboscis, HL: head length, HW: head width, ED: eye diameter, FuL: 
funnel length, PW: proboscis width at the base, AIIL: Arm II length, DMLI: dorsal mantle length index, TLI: total length index, TL w PI: total length without 
the proboscis index, HLI: head length index, HWI: head width index, EDI: eye diameter index, FuLI: funnel length index, PWI: proboscis width at the base 
index, AIILI: Arm II Length Index. 
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Species  VML DML TL TL w P HL HW ED FuL PW AIIL n 

Measures             

Illex coindetii Average 1.41 1.52 2.45 2.24 0.52 0.70 0.22 0.73 0.16 0.18 52 
SD 0.15 0.10 0.21 0.20 0.06 0.06 0.03 0.07 0.02 0.06 

Range 1.09-1.82 1.40-1.71 1.93-2.93 1.65-2.65 0.39-0.67 0.59-0.87 0.16-0.28 0.55-0.91 0.13-0.19 0.10-0.30 

Todarodes 

sagittatus 

Average 1.64 1.80 2.63 2.44 0.61 0.79 0.24 0.47 0.16 0.20 29 
SD 0.12 0.14 0.20 0.19 0.08 0.07 0.03 0.04 0.01 0.04 

Range 1.25-1.81 1.44-1.96 2.03-2.95 1.90-2.73 0.44-0.75 0.64-0.92 0.16-0.30 0.39-0.55 0.14-0.18 0.11-0.26 
Todaropsis 

eblanae Average 2.16 2.19 3.60 3.26 0.83 1.00 0.34 0.98 0.21 0.41 36 
SD 0.11 0.14 0.24 0.17 0.05 0.06 0.03 0.10 0.01 0.05 

Range 1.93-2.43 1.92-2.48 3.03-4.12 2.89-3.55 0.71-0.92 0.89-1.10 0.28-0.41 0.74-1.15 0.19-0.25 0.32-0.52 
 Ratios  DMLI TLI TL w PI HLI HWI EDI FuLI PWI AIILI 

Illex coindetii Average  107.43 175.53 161.10 37.56 50.46 15.73 53.17 11.75 12.41 42 
SD  6.69 18.68 16.39 5.88 5.77 2.32 6.61 1.57 3.44 

Range 

 95.33-
116.43 

143.86-
243.38 

131.25-
219.05 

27.89-
55.22 

40.36-
64.18 11.29-21.20 38.02-65.82 9.21-16.19 6.98-22.60 

Todarodes 

sagittatus 

Average  107.93 162.50 149.93 36.90 49.05 15.16 28.45 9.67 12.38 15 
SD  6.98 8.67 7.01 4.55 4.86 2.12 2.90 0.98 2.52 

Range 

 95.94-
123.27 

147.15-
182.38 

136.93-
163.52 

28.82-
45.73 

41.18-
61.12 9.41-19.50 23.35-33.54 8.14-11.64 6.47-17.12 

Todaropsis 

eblanae Average 

 
101.97 168.28 151.72 38.50 46.49 16.08 45.84 9.77 19.00 31 

SD  6.28 10.51 8.40 3.09 3.33 1.42 4.85 0.81 2.50 

Range 

 89.78-
118.93 

142.86-
183.58 

128.44-
166.67 

33.78-
46.11 

39.18-
52.24 13.78-19.69 35.48-53.33 8.26-11.65 14.75-24.17 
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Table 2. Schematic chromatophore pattern of I. coindetii, T. sagittatus and T. eblanae. Numbers indicate rows of chromatophores in an anteroposterior axis 
(see Material and Methods for further details). N/A, not applicable. Abbreviations: Ven, Ventral; Dor, Dorsal; Lat, Latera; AI, Arm I; AII, Arm II; Prob, 
Proboscis. 

Head Arm Crown Mantle 

n 

  

 Species Ven Dor Lat AI AII  Prob 
  

Ven 

 

Dor 

 

Lat 

  1 1 2 3 N/A N/A N/A N/A 1 2 3 4 5 6 1 2 3 4 5 1 2 3 

Illex 

coindetii Average 1.9 1.0 3.0 N/A 0.2 1.8 0.2 3.4 4.3 2.4 3.7 3.2 1.8 2.0 1.0 2.6 2.4 0.9 1.0 3.1 N/A 3.8 52 

SD 0.4 0.1 0.3 N/A 0.5 2.5 0.4 3.7 0.8 1.4 1.2 1.3 1.3 0.1 1.0 1.1 0.9 1.3 0.0 0.5 N/A 0.7   

Range 0-2 1.0 2-4 N/A 0-2 0-10 0-1 0-16 3-6 0-6 0-6 0-5 0-4 1-2 0-3 0-5 1-4 0-4 1 2-4 N/A 3-5   

Mode 2 1 3 N/A 0 3 0 2 4 2 4 3 3 2 2 3 3 0 1 3 N/A 4   
Todarodes 

sagittatus Average 0 1.0 3.0 N/A 0.0 0.0 0.0 0.0 2.6 5.1 3.9 1.8 N/A N/A 3.1 1.0 3.1 0.2 0.0 1.9 N/A 2.5 29 

SD 0 0.2 0.5 N/A 0.0 0.0 0.0 0.0 0.8 1.1 1.1 0.6 N/A N/A 0.9 0.9 1.0 0.5 0.2 0.2 N/A 0.6   

 
Range 0 0-1 1-4 N/A 0 0 0 0 2-5 3-6 2-5 0-3 N/A N/A 2-5 0-4 2-5 0-2 0-1 1-2 N/A 1-3   

 
Mode 0 1 3 N/A 0 0 0 0 2 6 5 2 N/A N/A 3 1 4 0 0 2 N/A 3   

Todaropsis 

eblanae Average 1.8 1.0 1.9 2.7 0.0 0.0 0.0 0.0 6.6 4.5 1.3 0.8 4.2 0.8 3.6 1.7 2.7 2.3 1.9 3.0 2.3 3.2 43 

 
SD 0.5 0.0 0.5 0.7 0.0 0.0 0.0 0.0 0.8 1.4 1.5 1.4 1.4 0.5 1.2 1.5 1.7 1.7 0.6 0.5 0.8 0.7   

Range 0-2 1 0-2 0-3 0 0 0 0 5-9 1-6 0-5 0-5 0-6 0-2 1-5 0-5 0-5 0-5 1-3 2-4 1-4 2-4   

Mode 2 1 2 3 0 0 0 0 7 5 0 0 5 2 3 0 5 0 2 3 2 3   
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Table 3. Rhynchoteuthion paralarvae species according to the ratio of sucker sizes, number and arrangement of pegs of the proboscis and arm suckers. The 
ratio of sucker sizes is indicated only when greater than 1.  

  
Species 

 

 
Paralarval 

type Ratio 

Proboscis suckers Arm suckers 

 
n 

Internal 

pegs 

External 

pegs 

Free 

pegs 

Internal 

pegs 

External 

pegs 

Free 

pegs 

Illex coindetii Average C - 12.9 N/A 6.4 12.1 12.2 0.5 11 
SD 1.4 N/A 2.8 1.0 1.4 0.5 

Range 10-14 N/A 1-12 10-14 10-14 0-1 
Mode 14 N/A 8 12 11 0 

Todarodes 

sagittatus 

Average B 1.2:1 18.0 17.0 0.0 16.2 14.0 0.0 7 
SD 3.0 3.0 0.0 1.7 2.1 0.0 

Range 12-24 12-22 0 14-19 9-17 0 
Mode 18 14 0 16 14 0 

Todaropsis eblanae Average C - 18.2 22.0 0.5 17 20.6 1.6 11 
SD 1.0 2.2 1.0 0.8 1.5 2.3 

Range 16-24 17-27 0-3 15-18 18-23 0-8 
Mode 18 22 0 17 20 0 
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Table 4. Wild rhynchoteuthion from the NE Atlantic (most from the NW Mediterranean) identified to the species level using the identification key described 
here. The collecting information and the specific diagnostic characters used in the identification are shown. The measurements were performed on preserved 
paralarvae, so an undetermined shrinkage is expected in relation to live paralarvae. * Measurements taken from a defrosted specimen. 

Species 

Cruise, station 

and geographic 

coordinates 

Depth 

(m) 

Seafloor 

depth 

(m) 

Date and 

hour n 

DML 

(mm)  

VML 

(mm)
 
 Diagnostic characters 

Illex coindetii 

 

CACO 1, st. 9, 
40.42 º N 1.05 E 

0-81 
 

88 
 

7-19-2003, 
12:31 

1 
 

No 
data 

0.97 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers. 

Illex coindetii 

 

CACO 2, st. 5, 
40.23º N 1.16º E 

0-120 
 

125 
 

9-12-2003, 
2:35 

1 
 

2.43 
 

2.18 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers (Fig. 4a). 

Illex coindetii 

 

CACO 2, st. 9, 
40.43º N 1.06º E 

0-80 
 

88 
 

9-12-2003, 
13:10 

1 
 

2.15 
 

2.13 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers. 

Illex coindetii 

 

CACO 3, st. 4, 
40.27º N 1.02º E 

0-85 
 

95 
 

6-24-2004, 
0:47 

1 
 

1.29 
 

1.21 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers. 

Illex coindetii 

 

CACO 3, st. 8, 
40.38º N 1.21º E 

0-100 
 

107 
 

6-24-2004, 
12:03 

2 
 

1.06, 
1.16 

1.02, no 
data 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers. 

Illex coindetii 

 

CACO 3, st. 23, 
40.95º N, 1.12º E 

0-65 
 

75 
 

6-26-2004, 
00:48 

1 
 

2.02 
 

2.06 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers. 

Illex coindetii 

 

CACO 3, st. 24, 
40.90º N 1.26º E 

0-100 
 

110 
 

6-26-2004, 
05:38 

1 
 

1.33 
 

1.24 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers 

Todarodes 

sagittatus 

CACO 3, st. 43, 
41.49º N, 2.70º E 

0-125 
 

135 
 

6-28-2004, 
03:40 

2 
 

1.68, 
2.20 

1.60, 
2.09 

Type B rhynchoteuthion, no photophores, two rows of pegs in proboscis 
suckers (Fig. 4d). 

Illex coindetii 

 

CACO 3, st. 55, 
41.75º N 3.50º E 

0-200 
 

765 
 

6-29-2004, 
13:47 

1 
 

2.84 
 

3.06 
 

Type C rhynchoteuthion, no photophores, only one row of pegs in proboscis 
suckers. 

Todarodes 

sagittatus 

CACO 4, st. 34, 
41.11º N 2.20º E 

0-200 
 

625 
 

7-25-2004 
 

2 
 

0.77, 
1.03 

0.94, 
0.93 

Type B rhynchoteuthion, no photophores, two rows of pegs in proboscis 
suckers. 

Illex coindetii or 
Todaropsis 

eblanae 

LLUÇ3, 4.3, 41.00 
°N  1.42° E 

0-186 
 

No data 
 

4-06-1999, 
21:00 

1 
 

No 
data 

1.97 
 

Type C rhynchoteuthion, no photophores, proboscis suckers not visible. 
 

Illex coindetii 

 

FishJelly, 41.38´ N 
2.21´ E 

0-10 
 

No data 
 

10-21-2014, 
11:00 

1 
 

1.03 
 

0.94 
 

Type C rhynchoteuthion, no photophores. Chromatophore pattern visible in this 
specimen and compatible with I. coindetii and not with T. eblanae (Fig. 4b-c). 

Stenoteuthis 

pteropus 

MAFIA, PEL07, 
7.15 ºN 23.97 ºW 

0-100 
 

4245 
 

4-17-2015, 
23:28 

1 
 

7.71* 
 

7.11* 
 

Type C rhynchoteuthion, two equal-sized intestinal photophores (Fig. 4g) and 
an ocular photophore in each eye (Fig. 4f). 
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Figure 1. (a-d) Illex coindetii. a) Ventral view, aged 354 h and incubated at 17 ºC. b) Dorsal view, aged 427 
h and incubated at 17 ºC. c) Lateral view, aged 262 h and incubated at 21 ºC. d) Ventral view of an 

individual with expanded chromatophores, aged 236 h and incubated at 17 ºC. (e-h) Todarodes sagittatus. 

e) Ventral view, aged 364 h and incubated at 15 ºC. f) Dorsal view, aged 358 h and incubated at 17 ºC. g) 
Lateral view, aged 360 h and incubated at 17 ºC. h) Ventral view of an individual with expanded 

chromatophores, aged 336 h and incubated at 17 ºC. (i-l) Todaropsis eblanae. i) Ventral view, aged 475 h 
and incubated at 17 ºC. j) Dorsal view, aged 500 h and incubated at 15 ºC. k) Lateral view, aged 498 h and 

incubated at 15 ºC.  l) Ventral view of an individual with expanded chromatophores, aged 649 h and 
incubated at 15 ºC. a-c, e-g, i-k, specimens anaesthetized with ethanol, which potentially causes 

chromatophore contraction. d, h, l, individuals without anaesthesia. Scale bars: 1 mm.  
 

173x197mm (300 x 300 DPI)  
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Figure 2. (a-d) Illex coindetii. a) SEM image of the ventral view of the head, aged 270 h and incubated at 17 
ºC. b) SEM image of the arm I sucker, aged 270 h and incubated at 17 ºC. c) SEM image of a proboscis 

sucker, aged 454 h and incubated at 17 ºC. d) Detail of the ventral skin of an anaesthetized specimen, aged 
329 h and incubated at 21 ºC. (e-h) Todarodes sagittatus. e) SEM image of proboscis tip, showing the 

differences between the lateral and medial suckers, aged 361 h and incubated at 15 ºC. f) SEM image of the 
left arm I sucker, aged 361 h and incubated at 15 ºC. g) SEM image of a proboscis sucker, aged 361 h and 
incubated at 15 ºC. h) Detail of the ventral skin of an anaesthetized specimen, aged 383 h and incubated at 
15 ºC. (i-l) Todaropsis eblanae. i) SEM image of the ventrolateral view of the head of a paralarva, aged 477 

h and incubated at 15 ºC, the III and IV pairs of arm stumps are visible. j) SEM image of the sucker of the 
left arm I, aged 475 h and incubated at 15 ºC. k) SEM image of a proboscis sucker, aged 477 h and 

incubated at 15 ºC. l) Detail of the ventral skin of an anaesthetized specimen, aged 498 h and incubated at 
15 ºC. Scale bars: a, e, i, 100 µm; b, c, f, g, k, 20 µm; j, 50 µm; d, h, l, 0.5 mm.  

 
193x143mm (300 x 300 DPI)  
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Figure 3. Schematic drawing of the chromatophore and photophore pattern of the seven North-eastern 
Atlantic rhynchoteuthions. (a-c) Illex coindetii. a) Ventral view. b) Dorsal view. c) Lateral view. (d-f) 

Todarodes sagittatus. d) Ventral view. e) Dorsal view. f) Lateral view. (g-i) Todaropsis eblanae. g) Ventral 
view. h) Dorsal view. i) Lateral view. (j-k) Ommastrephes bartramii. j) Ventral view. k) Dorsal view. (l-m) 

Hyaloteuthis pelagica. l) Ventral view. m) Dorsal view. n) Sthenoteuthis pteropus, ventral view. o) 
Ornithoteuthis antillarum, ventral view. Grey chromatophores of a-f depict those seen in both dorsal and 

ventral views. Concentric black and white circles on l-n depict ocular and intestinal photophores. 
Chromatophore pattern of a-f is based on the mode of the chromatophore pattern (see table 2); j-k based 

on Sweeney et al. (1992), Young & Hirota, (1990), Sakurai et al. (1995) and Vijai et al. (2015). Photophore 
and chromatophore pattern of l-m based on Harman & Young (1985) and Sweeney et al. (1992). 

Photophore pattern of n based on Sweeney et al. (1992), of o based on Sweeney et al (1992) and Diekmann 
et al. (2002). The chromatophore pattern of S. pteropus (n) and O. antillarum (o) are not known.  

 

 

Page 30 of 31Zoological Journal of the Linnean Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

  

 

 

Figure 4. Main taxonomic characters used to identify wild-collected rhynchoteuthions by the dichotomous 
key provided here. (a-c) lllex coindetii. a) 2.4 mm DML. SEM image of the proboscis suckers, showing a 

single row of pegs. b-c) 1.03 mm DML. b) Dorsal view of the head showing the chromatophore pattern 1 + 

3. c) Ventral view of the head showing one row of two chromatophores. (d) Todarodes sagittatus, 2.20 mm 
DML. SEM image of the proboscis suckers showing lateral suckers larger than the medial sucker. (e-g) 

Sthenoteuthis pteropus, 7.71 mm DML. e) Dorsal view of the specimen. f) Ventral view of the head showing 
the ocular photophores. g) Ventral view of the specimen with the mantle opened to show the two equally-

sized intestinal photophores. Scale bars: a, d: 0.1 mm; b-c: 0.5 mm; e-g: 1 mm.  
 

190x220mm (300 x 300 DPI)  
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