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Abstract 29 

We analysed the trophic ecology of the early ontogenetic stages of six mesopelagic fish 30 

species (Bathylagoides argyrogaster, Argyropelecus sladeni, Sternoptyx diaphana, 31 

Diaphus vanhoeffeni, Hygophum macrochir, and Myctophum affine), which have 32 

different morphologies, vertical distributions and taxonomic affiliations. The larvae and 33 

transforming stages of the sternoptychids fed both during the day and at night. 34 

However, larvae of the other species fed during the day, as they apparently rely on light 35 

for prey capture. The transforming stages of myctophids showed a similar daylight 36 

feeding pattern to their larvae, but in D. vanhoeffeni both day and night feeding was 37 

evident, thereby indicating the progressive change towards the adult nocturnal feeding 38 

pattern. The number of prey and their maximum sizes were linked to predator gut 39 

morphology and gape size. Although the maximum prey size increased with predator 40 

development, postflexion larvae and transforming stages also preyed on small items, so 41 

that the trophic niche breath did not show evidence of specialization. In all the species, 42 

copepods dominated the larval diet, but the transforming stages were characterized by 43 

increasing diet diversity. Despite the poor development of these early stages, Chesson’s 44 

selectivity index calculated for larvae and transforming stages showed positive selection 45 

for particular prey.   46 

 47 

Key words: Diet, selectivity, fish larvae, transforming stages, bathylagids, 48 

hatchetfishes, myctophids. 49 

 50 
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Introduction 52 

The mesopelagic zone is generally considered to lie between 200 and 1000 m depth in 53 

the water column, although these values may vary slightly in different parts of the 54 

World Ocean (Reygondeau et al., 2017), and is characterized by low light conditions. 55 

Mesopelagic fishes are one of the most common components in open ocean samples 56 

(Gjøsaeter and Kawaguchi, 1980; McGinnis, 1982). Their larvae have also been 57 

reported as being the most abundant in ichthyoplankton samples (Moser and Ahlstrom, 58 

1970, 1996). The fishes inhabiting this zone belong to taxa from the Orders 59 

Myctophiformes, Stomiiformes, Anguilliformes, Argentiniformes, Aulopiformes, 60 

Lophiiformes and Stephanoberyciformes (Weitzman, 1997). Although all these groups 61 

may co-exist at a particular depth in the water column during the day, differential diel 62 

vertical migratory behaviours have been reported for most myctophid species, and for 63 

certain stomiiforms (families Phosichthyidae and Stomiidae) (Merrett and Roe, 1974; 64 

Baird, 1971; Hulley, 1984; Olivar et al., 2017). The migratory fishes follow the nightly 65 

zooplankton migration, ascending into the epipelagic layers to feed, and descending to 66 

mesopelagic layers during the day to avoid predators and to digest their food (Baird et 67 

al., 1975; Hopkins and Baird, 1985; Gartner et al., 1997; Mehner and Kasprzak, 2011; 68 

Sutton, 2013; Bernal et al., 2013, 2015). While the adult fishes may have wide ranges in 69 

their vertical distributions, their larval stages demonstrate a more limited vertical depth 70 

range, mainly between the surface and 200 m. They only perform very restricted 71 

vertical displacements, and therefore feed mainly in the upper water layers (Loeb, 1979; 72 

Sabatés, 2004; Sassa and Kawaguchi, 2004, Sassa et al., 2007; Olivar et al., 2014, 73 

2018).  74 

Feeding ecology and the diets of mesopelagic fishes, based on stomach content 75 

analyses, have been mainly investigated for the adult stages, and particularly in 76 

myctophids (Clarke, 1980; Kinzer and Schulz, 1985; Hopkins and Gartner, 1992; Rissik 77 

and Suthers, 2000; Watanabe et al., 2002; Bernal et al., 2013, 2015; McClain-Count et 78 

al., 2017) and in stomiiform species (Sutton and Hopkins, 1996; Champalbert et al., 79 

2008; Carmo et al., 2015; McClain-Counts et al., 2017). These fishes are mostly 80 

opportunistic zooplankton feeders, but the diets of some species also include particulate 81 

organic matter and small fish (Palma, 1990; Hopkins and Gartner, 1992; Watanabe and 82 

Kawaguchi, 2003; Bernal et al., 2015). Knowledge of larval feeding is limited to fewer 83 

species (e.g., Sabatés and Saiz, 2000; Conley and Hopkins, 2004; Sassa and Kawaguchi, 84 
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2004; Bernal et al., 2013; Contreras et al., 2015, for myctophids; and Palma, 1990; 85 

Landaeta et al., 2011 for stomiiforms). Information on feeding in transforming stages is 86 

even more scarce (Contreras et al., 2015). These studies have reported that the larvae of 87 

mesopelagic fishes appear to feed on small zooplankton items, and that their diets are 88 

related both to availability of prey and to larval development. While prey size is one of 89 

the most important factors influencing prey capture, other factors can influence prey 90 

capture, such as prey abundance, prey colour and the swimming behaviour of prey, so 91 

indicating that fish larvae might not feed at random but may have selective capacity 92 

(Hunter, 1981; Govoni et al., 1986; Llopiz, 2013; Robert et al., 2014). Among those 93 

larval features related to feeding, the main constraints are gape size, swimming skill and 94 

the development of sensory organs, in addition to larval behaviour itself (Hubbs and 95 

Blaxter, 1986; Browman and O'Brien, 1992). The main environmental factor 96 

influencing larval feeding is the light condition, because most fish larvae are visual 97 

feeders (Blaxter, 1986; Huse, 1994).  98 

Information on the distribution and abundance of mesopelagic fishes in the equatorial 99 

and tropical Atlantic is relatively common (Hulley, 1981; Hulley and Krefft, 1985; 100 

Hulley and Paxton, 2016a, b; Olivar et al., 2017). Investigations on their larval stages 101 

have been focused in regions close to the continents (e.g., Badcock and Merrett, 1976; 102 

Moyano et al., 2014; Olivar et al., 2016; de Castro et al., 2010; Bonecker et al., 2012; 103 

Namiki et al., 2017), but recent research by Olivar et al., (2018) has analysed the overall 104 

distribution and abundance patterns across the Atlantic, showing that larvae of 105 

mesopelagic fishes dominate the first 100 m of the water column everywhere.  106 

For the present investigation, we analysed the trophic ecology of larval and 107 

transforming stages in six mesopelagic species with different larval morphologies, and 108 

different vertical distributions: Bathylagoides argyrogaster (Bathylagidae), 109 

Argyropelecus sladeni and Sternoptyx diaphana (Sternoptychidae), Diaphus cf. 110 

vanhoeffeni, Hygophum macrochir and Myctophum affine (Myctophidae). Knowledge 111 

of the feeding behaviour of the larvae of these species is lacking, and only feeding data 112 

on the juvenile stages of A. sladeni and S diaphana have been published (Hopkins and 113 

Baird, 1973). The present study compares feeding incidence, size spectra, trophic niche 114 

breadth and diet composition, to determine if the larvae and transforming stages of the 115 

six species have specific feeding patterns which can be correlated with their ontogenetic 116 

development, vertical distribution and morphology. 117 



5 
 

Materials and methods 118 

Sampling 119 

In order to characterize the mesopelagic fauna and its environment, a survey comprising 120 

a transect of 12 stations was undertaken during April 2015 across the tropical and 121 

equatorial Atlantic on board Research Vessel Hesperides (82 m x 15 m). The cruise 122 

extended from near the Brazilian coast to south of the Canary Islands, regions where 123 

bottom depths range from 3000 to 5200 m (Figure 1) (Olivar et al., 2017, 2018). Fish 124 

larvae were collected at 11 stations from 8 to 28 of April. Both day and night plankton 125 

samples were obtained at each station within a 24-hour period. At each station, oblique 126 

tows were undertaken using a MOCNESS-1 net (mouth opening of 1 m
2
), fitted with 8 127 

nets of 200 μm mesh-size. Samples were taken in the following depth strata: 800-600 m, 128 

600-500 m, 500-400 m, 400-300 m, 300-200 m, the lower thermocline layer (ca 200-129 

100 m), thermocline (ca. 50-100), and the upper mixed layer (ca. 50-0 m). During 130 

trawling, the ship’s speed was maintained at 1.5-2.5 knots, and the winch retrieval rate 131 

was 20 m/min. The total duration of each haul ranged from 5 to 10 min, except for the 132 

deepest layer in which the mean duration was 24 min. The mean volume of water 133 

sampled per layer was 470.8 m
3
 (SD 236.6), ranging between ca. 300 m

3
 (the shallowest 134 

layer) to 870 m
3 

(the deepest and broadest layer), and with fairly similar volume vs time 135 

ratios between layers (mean 50.7; SD 6.7 m
3
/min). 136 

In addition to the mesozooplankton samples obtained with the MOCNESS-1 net, 137 

microzooplankton samples were collected by vertical hauls with a Calvet net (0.25 m 138 

diameter and 0.53 μm mesh-size), between 200 m and the surface. Zooplankton samples 139 

were preserved in 5 % buffered formalin and kept in the dark until later investigation at 140 

the laboratory.  141 

Laboratory analysis 142 

All fishes were sorted and identified to the lowest possible taxon. Larval identifications 143 

follow Olivar and Fortuño (1991); Moser and Ahlstrom (1996); Richards (2006); and 144 

Fahay (2007). Some 1134 specimens comprising the families Bathylagidae, 145 

Sternoptychidae and Myctophidae were analysed for gut content determination: 93 146 

Bathylagidae (B. argyrogaster), 344 Sternoptychidae (S. diaphana and A. sladeni), and 147 

697 Myctophidae (M. affine, H. macrochir and Diaphus cf. vanhoeffeni). Due to the low 148 

abundance of specimens found below 200 m, data from the region were combined and 149 
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analysed as two strata: 200 - 500 and 500 - 800 m. Previous papers dealing with the 150 

main biological and environmental features during the survey (Olivar et al., 2017; 2018) 151 

had differentiated four broad zones across the transect: western sector (from station #2 152 

to station #6); central sector (from station #7 to station #10), upwelling station (#11) and 153 

station #12, south of the Canary Islands (Figure 1). Although the actual number of 154 

specimens with content in their guts does not allow for detailed comparisons between 155 

stations, layers, species, and stages, the overall diets of larvae and transforming stages 156 

of the different species, in each of the above zones, were examined through multivariate 157 

analysis. 158 

Species were grouped according to their developmental stage: larvae (preflexion, 159 

flexion and postflexion, according to the degree of notochordal flexion) and 160 

transforming stage (body becomes thicker and the photophores appear, but the 161 

squamation has not yet been developed) (Table 1). Specimens were measured using a 162 

microscope equipped with an ocular micrometer to an accuracy of 0.1 mm. Before gut 163 

dissection, the following measurements were recorded: standard length (SL); lower jaw 164 

length (LJL) - measured from the tip of the snout to the junction with the maxilla; upper 165 

jaw length (UJL) - measured from the tip of the snout to the posterior end of the 166 

maxilla; and mouth width (MW) - measured ventrally as the widest distance between 167 

the posterior edges of the maxillae.  168 

The entire gut of each specimen was removed for further investigation. For 169 

transforming stages, only the stomach contents were considered for analysis, and prey 170 

present in the oesophagus were discarded. Prey items were extracted using a fine 171 

needle, placed in a drop of 50% solution of glycerine-distilled water on a glass slide, 172 

and were teased out for identification, enumeration and measurement. The maximum 173 

cross section of each prey item was measured to a precision of 0.001 mm under a 174 

stereomicroscope (Leica MZ12, reaching 100x magnification) using a micrometric eye-175 

piece. Identifications were made to coarse taxonomic groups, except for copepods in 176 

which identification was to genus level where possible. The identification guides 177 

employed were Vives and Shmeleva (2007, 2010) and Rose and Tregouboff (1957). 178 

Data analysis 179 



7 
 

Allometric relationships between mouth size and body size were determined by fitting a 180 

power function, with the slope of the function representing the allometric coefficient, 181 

and confidence intervals of the slope were calculated at the 95% level. 182 

The feeding incidence (FI) was estimated as the percentage of examined specimens 183 

containing at least one prey item in the stomach (Arthur, 1976) and was differentiated 184 

by day and by night. 185 

For each species the trophic niche breadth was analysed according to Pearre (1986) as 186 

the standard deviation (SD) of the log10 transformed maximum prey width, plotted 187 

against the SL. The larvae were grouped into 0.12 mm size intervals to produce the 188 

maximum number of size classes containing at least three or more prey items. 189 

The contribution of the different food categories in the diet of larvae and transforming 190 

stages was estimated as their percentage frequency of occurrence (%F) and in terms of 191 

their numerical abundance (%N), calculated as the proportion of prey items of a given 192 

category to the total number of diet items examined in those larvae with food in their 193 

gut. The product of these two values was taken as the percentage index of relative 194 

importance of each diet item (%IRI) following Govoni et al. (1986). 195 

To assess whether species show selectivity for a particular prey, data from the gut 196 

content of individuals collected at station #8 (where all the species occur) were analysed 197 

in relation to the abundance of zooplankton (micro- and mesozooplankton, defined as < 198 

53 and < 200 µm, respectively) obtained at the same station.  Selectivity by the larvae 199 

was calculated for the two most abundant microzooplankton components, namely 200 

nauplii and copepodites of <0.2 mm (4489 and 1560 individuals/m
3
, respectively). For 201 

transforming stages, the most common mesozooplankton prey items in each species 202 

were considered, and their abundances in the same MOCNESS-1 layers where the 203 

larvae were collected were used.  204 

Selectivity was estimated by applying Chesson’s selectivity index (Chesson, 1978) as 205 

𝛼𝑖 = (𝑟𝑖/𝑝𝑖)(∑ (𝑟𝑖/𝑝𝑖)
𝑚
𝑖=1 )−1 (𝑖 = 1, … , 𝑚), where ri and pi are the respective 206 

frequencies of a prey item in the diet and zooplankton collected in the same layer as the 207 

fish, and m is the number of zooplankton prey categories considered. Neutral selection 208 

would result in a constant α = 1/m.  209 

The diets of the 6 species were analysed through hierarchical agglomerative and 210 

unweighted arithmetic average clustering (CLUSTER procedure; Clarke and Gorley, 211 
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2006) of the calculated Bray–Curtis similarity indices. For each fish species caught in 212 

each of the four sectors, the average prey abundances per gut were calculated, for both 213 

larvae and transforming stages. Only those prey items that appeared at least twice, and 214 

only those species-stages occurring twice per sector, were included in the analysis. Data 215 

were log-transformed to reduce the influence of very abundant items, and the Bray-216 

Curtis indices were calculated to produce similarity matrices. The significant groups in 217 

the cluster dendrogram were determined using the SIMPROF procedure (with 1000 218 

permutations) (Clarke and Gorley, 2006). A SIMPER routine was then followed to 219 

identify those prey items that characterise each of the groups.  220 

Relevant information on species distribution and ontogenetic changes in 221 

morphology related to feeding  222 

A brief synopsis of the relevant information on ontogenetic changes in morphology 223 

related to feeding, and a summary of their vertical distribution is given in Table 2 and 224 

Figures 2 and 3. Although A. sladeni larvae and transforming stages have been 225 

described by Watson (1996), the larval morphological features in preflexion and flexion 226 

stages were identical to those of A. hemigymnus, which is also common in the region. 227 

Therefore, in this work, the larval stages may include both species, but transformation 228 

specimens could be identified as A. sladeni. Similarly, Diaphus cf. vanhoeffeni larvae 229 

had the general morphology and pigmentation as described by Moser and Ahlstrom 230 

(1974) for Diaphus species, while transforming specimens could be confidently 231 

identified as D. vanhoeffeni through adult keys (Hulley and Paxton, 2016b). The six 232 

species occurred throughout the study region but presented higher abundances and 233 

higher frequencies of occurrence in the central sector. However, S. diaphana was more 234 

abundant in western stations (Figure 3). In general, larvae showed shallower 235 

distributions than transforming stages (Table 2 and Figure 3). 236 

 237 

Results 238 

Feeding incidence 239 

B. argyrogaster larvae had an exclusively daylight feeding pattern. Feeding incidence 240 

decreased with development from 80% in preflexion to 20% in postflexion stages. No 241 

transforming stages specimens were available (Table 1). 242 
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Both larvae of Argyropelecus spp. and transforming stages of A. sladeni fed throughout 243 

the day. Preflexion larvae showed a FI of 25% during daylight hours and 42.9% at night 244 

(no prey items were found in the guts of flexion and postflexion larvae). Transforming 245 

stages showed a higher FI during the day than at night (87.5% and 60%, respectively: 246 

Table 1). 247 

S. diaphana showed a similar feeding pattern, with larvae and transforming stages 248 

feeding both day and night. An increase in FI was observed with development, from 249 

27.3% in preflexion to 78.6% in transforming stages (Table 1). 250 

Larvae of the 3 myctophids displayed an exclusively daylight feeding pattern. The FI 251 

was relatively higher in preflexion than in postflexion stages. M. affine showed the 252 

highest FI through its development from 54.5% (preflexion) to 30% (postflexion), 253 

followed by H. macrochir with 28.6% (preflexion) to 3.6% (postflexion) and Diaphus 254 

cf. vanhoeffeni with 11.1% (preflexion) to 3.5% (postflexion).  FI in the transforming 255 

stages of M. affine and Diaphus cf. vanhoeffeni was higher than in their larval stages. 256 

They showed feeding activity during daylight, although nocturnal feeding was also 257 

observed for Diaphus cf. vanhoeffeni, with a night FI of 92.1% (Table 1).  258 

Morphometric relationships 259 

The species with a large mouth width in the early stages (i.e. >0.4 mm at 5 mm SL) was 260 

M. affine (0.54 mm), followed by Diaphus cf. vanhoeffeni (0.42 mm). B. argyrogaster 261 

has the smallest mouth (0.3 mm). Mouth width (MW), length of upper (UJL) and lower 262 

jaws (LJL) showed significantly positive allometric relationships in relation to standard 263 

length in all the studied species, except for MW in B. argyrogaster, which was 264 

isometric (allometric coefficient range from 0.877 to 1.099) (Table 3). The species with 265 

a relatively fast gape development were S. diaphana, A. sladeni and Diaphus cf. 266 

vanhoeffeni and to a lesser extent H. macrochir and M. affine (Figure 4; Table 3).  267 

Predator-prey relationships: Numbers of prey per gut 268 

In B. argyrogaster larvae, an increase in the ingested prey number was observed, 269 

mainly between preflexion and flexion, while the number of prey was lower in 270 

postflexion stages (Figure 5a). Unfortunately, the restricted vertical distribution (50 – 271 

100 m) of larvae with prey items in the gut, does not allow for the study of differences 272 

in the mean prey number as a function of depth (Figure 5b). 273 
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Preflexion larvae of Argyropelecus spp. (≤7.5 mm) had from 2 to 4 prey items, while 274 

transforming stages of A. sladeni showed a slight increase in number with size, reaching 275 

10 prey items in specimens of 11.6 mm (Figure 5a). Argyropelecus spp. larvae with 276 

prey in their guts came from hauls carried out both day and night between 100 and 200 277 

m in depth, where the mean prey number was from 2 to 4. In transforming stages of A. 278 

sladeni prey ingestion was higher during the day, with maxima of 10 prey items 279 

between 100 and 200 m depth, and 2.5 prey items at night between 200 and 500 m 280 

depth (Figure 5b). 281 

The number of prey ingested also showed an increase with development in S. diaphana, 282 

from a maximum of 2 items in preflexion, to 4 in flexion, and to 11 in postflexion 283 

larvae. In transforming stages, the number of prey also increased with size, reaching 25 284 

prey items in specimens of 13 mm (Figure 5a). An increase in the mean prey number 285 

with depth and developmental stage was observed. Prey item maxima were observed in 286 

postflexion larvae, from between 200 and 500 m during the day (between 2.3 and 5.7 287 

prey items). In transforming stages, the maxima were observed during the day between 288 

100 and 200 m (13 prey items) and at night between 500 and 800 m (9.1 prey items) 289 

(Figure 5b)  290 

The number of prey ingested by the three myctophids was generally lower than for the 291 

above species. In Diaphus cf. vanhoeffeni the number of prey ingested decreased 292 

between preflexion (maximum of 4 prey) and flexion and postflexion stages (3 and 1 293 

prey items, respectively). In transforming stages, the number of prey was variable, 294 

although it showed an increase with a maximum of 14 prey items in specimens of 13 295 

mm (Figure 6a). The maximum mean number of prey (3.7 prey items per gut) was 296 

observed in preflexion larvae caught in the uppermost (0 and 50 m) layers, while 297 

postflexion larvae in this layer showed a mean of only 1 prey item per gut. 298 

Transforming stages showed a broad vertical distribution in the water column, but 299 

specimens from the first 100 m presented the maximum values (ca. 4 prey items), both 300 

day and night (Figure 6b). 301 

There were no changes in the number of prey (1-2 items) ingested by H. macrochir 302 

larvae either in relation to development, or with depth of occurrence. The highest 303 

number of prey (11 items) appeared in one transforming specimen of 17.8 mm (Figures 304 

6a and 6b). 305 
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M. affine larvae showed no clear correlation in the number of prey ingested with 306 

development, although preflexion larvae had a maximum of 4 prey items per gut and 307 

postflexion and transforming 3 and 2 prey items, respectively (Figure 6a). The mean 308 

number of prey was similar in the different layers of the water column and different 309 

development stages (1 and 2 preys per gut) (Figure 6b). 310 

Predator-prey relationships: Prey size and trophic niche breadth 311 

B. argyrogaster ate prey of a similar small size (100 to 300 µm) throughout its larval 312 

development (Figure 7a). Thus, trophic niche breadth did not reveal any tendency of 313 

prey size specialization with development (Figure 7b). Because the larvae of this 314 

species were all caught at the same depths (between 50 and 100 m), no differences in 315 

the sizes of the prey with depth were evident (Figure 7c). 316 

Preflexion and flexion larvae of Argyropelecus spp. fed on small prey, between 60 and 317 

250 µm. Transforming stages of A. sladeni ingested prey of a wider range of sizes (from 318 

80 to 800 µm) and showed an increase of maximum prey size with predator size (Figure 319 

7a). Trophic niche breadth did not show any relationship to SL (Figure 7b). Further, no 320 

relationship between larval location in the water column and the size of the prey 321 

ingested could be established due to the limited vertical distribution of the larvae with 322 

prey items in their guts. A similar mean prey size from different layers of the water 323 

column was observed for transforming stages: ca. 400 µm both during the day (from 324 

100 to 500 m) and at night (from 200 to 500 m) (Figure 7c). 325 

In S. diaphana maximum prey width showed an increasing trend with development. 326 

Larvae ingested prey between 78 and 500 µm; and transforming stages between 100 and 327 

1700 µm (Figure 7a). The trophic niche breadth did not vary with SL (Figure 7b). There 328 

was a slight increase in mean prey width with depth within each development stage 329 

(Figure 7c). 330 

Diaphus cf. vanhoeffeni larvae showed an increase in prey size with development stage 331 

and fed on prey between 100 to 340 µm. Transforming stages preyed on a wider range 332 

of sizes, from 160 µm to 800 µm (Figure 8a). Therefore, trophic niche breadth appeared 333 

to be independent of the SL (Figure 8b). The main differences in prey sizes from 334 

different layers of the water column correlated more to developmental stage than to 335 

depth. The most noticeable result was the larger size of prey ingested by transforming 336 
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stages at night in the upper layers (from surface to 100 m) compared to the prey size 337 

during day feeding, both in this layer and in greater depths (Figure 8c).  338 

H. macrochir showed no relationship of prey size to development, with prey widths 339 

between 50 and 250 µm in the larval stages. Prey items reached a slightly larger size in 340 

transforming stages with a maximum of 850 µm in a 14.5 mm specimen (Figure 8a). 341 

However, the trophic niche breadth did not show a relationship with SL (Figure 8b). 342 

Differences in prey sizes in relation to depth within larval stages were also not observed 343 

(Figure 8c). 344 

In M affine larvae, prey sizes increased between 60 and 400 µm from preflexion to 345 

postflexion larvae, with a subsequent increase in transforming stages, from 230 to 520 346 

µm (Figure 8a). The relation between trophic niche breadth and SL did not show any 347 

significant trend (Figure 8b). There is a general increase in prey size with depth, 348 

reflecting the deeper locating of older developmental stages (Figure 8c). 349 

Diet 350 

The diet of B. argyrogaster larvae was mostly composed of copepods, and was 351 

dominated by copepodite stages in preflexion larvae (IRI 91.7%). In flexion larvae 352 

unidentified copepodites and adults of the genus Oncaea were the main diet items (IRI 353 

52.15 and 47.1%, respectively). Larger copepods of the genus Paracalanus were the 354 

only prey represented in postflexion larvae (Table 4).  355 

Preflexion larvae of Argyropelecus spp. fed almost exclusively on copepodites, while in 356 

transforming stages of A. sladeni, ostracods and copepodites constitute the main food 357 

(IRI 45.4% and 26.6%, respectively) (Table 4).  358 

In S. diaphana, copepods were the most important prey throughout larval development, 359 

both in preflexion and flexion stages (IRI>90%). Postflexion and transforming stages 360 

exhibited a more diverse diet, although copepods of genus Oncaea were the most 361 

common prey (IRI> 60%) (Table 4).  In addition to this, ostracods and chaetognaths 362 

acquired certain relevance (IRI 10 and 7%, respectively) in the diets of transforming 363 

stages. 364 

Preflexion and flexion Diaphus cf. vanhoeffeni larvae feed mainly on copepod nauplii 365 

(IRI>70%); while in postflexion larvae, copepods of genus Paracalanus and Oncaea, 366 

and ostracods were also consumed. Transforming stages of D. cf. vanhoeffeni possessed 367 
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a more diverse diet composition, with copepods of genus Oncaea being the dominant 368 

prey (IRI 89.3%) (Table 4). 369 

In all larval stages, the diet H. macrochir consisted of early copepod stages (eggs, 370 

nauplii and copepodites). In transforming stages, copepods of the genus Oncaea were 371 

their main prey (IRI>90%) (Table 4). 372 

The diet of M. affine larvae was more diverse than in the other myctophids. Molluscs 373 

and copepodites were the more important prey items in preflexion larvae (IRI 51% and 374 

32.8%). In flexion larvae, the diet was a mixture of copepods of genus Microsetella (IRI 375 

45.7%), molluscs (IRI 25.7%) and ostracods (IRI 25.7%). In postflexion larvae 376 

ostracods were the most important prey (IRI 64.3%) followed by copepodites (IRI 377 

28.4%). The diet of transforming stages consisted of small-sized copepods of the genus 378 

Oncaea (IRI 57.1%), or larger specimens of the genera Calanus, Centropages and 379 

Oithona (IRI 14%) (Table 4). 380 

Larval selectivity was calculated for specimens collected at station #8. Chesson’s 381 

selectivity index for the two main microzooplankton components, nauplii and 382 

copepodites <0.2 mm, showed significant positive selection for copepodites and 383 

negative for nauplii in B. argyrogaster (preflexion and flexion), S. diaphana 384 

(preflexion, flexion and postflexion), and H. macrochir (flexion). The only positive 385 

selection for nauplii was found in preflexion larvae of D. cf. vanhoeffeni but flexion 386 

stages showed neutral selection for both prey types, as preflexion larvae of M. affine 387 

(Table 5). In transforming stages selectivity for mesozooplankton components could be 388 

estimated for A. sladeni, S. diaphana and D. vanhoeffeni. A significantly positive 389 

selection was detected in A. sladeni for copepodites >0.2 mm; and in S. diaphana for 390 

the copepod Corycaeus spp. Transforming stages of D. vanhoeffeni showed positive 391 

selection for the copepod Oncaea spp. (Table 5), while the selective index was negative 392 

for Paracalanus spp. and Ostracoda.  393 

Ontogenetic and spatial variations in diet 394 

Cluster analysis performed on the mean prey numbers per species, per stage, and per 395 

sector, identified two significant clusters: Group A (with 42.2% similarity) includes the 396 

transforming stages of all the species and regions; and Group B (with 36.0% similarity) 397 

includes the larval stages of all the species and regions, together with transforming A. 398 

sladeni from the central region (Figure 9). In terms of the relative prey contributions 399 
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within each group, Oncaea spp. (60.5%), calanoids (17.7%) and Paracalanus spp. 400 

(6.6%) are the main indicators for the transforming group, while unidentified 401 

copepodites (71.3%), and nauplii (9%) are those for the larval group. Within the larval 402 

group, the main difference between the first subgroup (composed by myctophid larvae) 403 

and the second subgroup (sternoptychids and B. argyrogaster) was the higher 404 

contribution of nauplii in the diet of the myctophid subgroup. 405 

 406 

Discussion 407 

Daily feeding pattern 408 

Our analyses showed that larval feeding of B. argyrogaster, Diaphus cf. vanhoeffeni, H. 409 

macrochir and M. affine occurred only during daylight hours, thereby confirming that 410 

they are visual feeders, as are the majority of fish larvae (Blaxter, 1963; Arthur, 1976; 411 

Hunter, 1981; Young and Davis, 1990; Sánchez-Velasco et al., 1999; Sabatés and Saiz, 412 

2000; Morote et al., 2008a, b, 2010). Light does not seem to be an important factor for 413 

larval feeding in sternoptychids (Argyropelecus spp. and S. diaphana) since prey items 414 

were present both during the day and at night in all the early developmental stages 415 

analysed. Similarly, juvenile and adults of S. diaphana may feed both day and night 416 

(Hopkins and Baird, 1973), as has also been reported for other sternoptychids (Merrett 417 

and Roe, 1974; Hopkins and Baird, 1985). 418 

While nocturnal feeding is well known in adult myctophids, when fish migrate from the 419 

mesopelagic layers to the near-surface to feed on migrating zooplankton (Sutton, 2013), 420 

feeding patterns for transforming stages are not clearly established due to the lack of 421 

studies devoted to these stages (Sassa and Kawaguchi, 2004; Contreras et al., 2015). In 422 

the western Mediterranean Sea, Contreras et al. (2015) reported that transforming stages 423 

of Benthosema glaciale, Ceratoscopelus maderensis, Hygophum benoiti (Myctophidae) 424 

and A. hemigymnus (Sternoptychidae) do not show a well-defined feeding pattern in 425 

terms of the light conditions, with prey items in a similar digested condition both from 426 

day and night samples. Like-wise in the present study transforming stages of D. cf. 427 

vanhoeffeni fed both during the day and at night, while those of H. macrochir fed during 428 

the day. Transforming stages represent the transitional phase from a larval daylight 429 

feeding pattern to an adult nocturnal feeding pattern. In M. asperum, the transition from 430 
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a day to a crepuscular / nocturnal feeding pattern has been reported to occur just before 431 

the final transformation to the juvenile stage (Sassa and Kawaguchi, 2004). 432 

Feeding incidence 433 

Larval feeding incidence and the number of prey items in the gut tend to be related to 434 

gut morphology and prey digestibility, notwithstanding the influence that fishing 435 

procedures (duration and speed of hauls) may have in the gut’s prey retention (Pepin et 436 

al., 2014). Because the results presented here come from the same survey, and follow 437 

the same protocols at all the stations, differences in the frequency of empty guts are 438 

likely related to regurgitation or evacuation processes associated with gut morphology. 439 

There is a large body of literature which has reported lower incidences for straight guts 440 

(i.e. those that tend to evacuate gut content during collection) as compared to coiled guts 441 

or prominent guts (i.e. those with greater retention capacity) (Govoni et al., 1983; 442 

Coombs et al., 1992; Canino and Bailey, 1995; Sassa and Kawaguchi, 2004; Morote et 443 

al., 2008a, b, 2010; Landaeta et al., 2011). This has also been observed in the present 444 

study for the larval stages of sternoptychids, and of the myctophids D. cf. vanhoeffeni 445 

and H. macrochir.  446 

M. affine larvae, which have a large and saccular gut, had a high feeding incidence. B. 447 

argyrogaster larvae, with a straight but long gut, was the species showing the highest 448 

feeding incidence in preflexion and flexion stages. Other investigators have also 449 

reported high feeding incidences in larvae with straight and long guts, such as 450 

Sardinella aurita (Kurtz and Matsuura, 2001; Morote et al., 2008b). The higher FI in M. 451 

affine and B. argyrogaster when compared to D. cf. vanhoeffeni and H. macrochir, 452 

which were all collected in the same layers, points to gut morphology as the reason for 453 

these differences. In the case of D. cf. vanhoeffeni, with straight and short gut, it is 454 

likely that both regurgitation and evacuation occur. However, in the case of H. 455 

macrochir, with its very narrow foregut, evacuation could be more prevalent than 456 

regurgitation. 457 

The conspicuous change in gut morphology from larvae to transforming stages in A. 458 

sladeni and S. diaphana, i.e. from a short and relatively straight gut to a more compact 459 

and balloon-like gut, can be related to the higher prey retention in transforming than in 460 

larval stages.  461 
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In the present study, prey numbers only showed an increase with larval size in B. 462 

argyrogaster, S. diaphana and M. affine. However, in transforming stages prey numbers 463 

increased notably in A. sladeni, S. diaphana and D. vanhoeffeni, but not in M. affine. 464 

The general increase in feeding incidence and prey number with larval size can be 465 

attributed to an increasing efficiency in prey capture, brought about by the greater 466 

swimming and sensory capacities acquired during development (Hunter, 1981; Ozawa, 467 

1986; Sassa and Kawaguchi, 2004; Morote et al., 2010; Robert et al., 2014; Moteki et 468 

al., 2017). In our study, this tendency was observed between larvae and transforming 469 

stages of the three myctophids. However, within larval stages, a higher incidence was 470 

observed in preflexion than in postflexion larvae. This can probably be related to 471 

difficulties in prey capture when switching from very small prey items (nauplii and 472 

small copepodites) to larger prey, which may involve a learning period (Hunter, 1981). 473 

Predator-prey relationships 474 

As with the larvae of many other fish species, those studied here showed a faster growth 475 

rate for the mouth size than for body length (Sabatés and Saiz, 2000; Rodríguez-Graña 476 

et al., 2005; Morote et al., 2008a, b; Conley and Hopkins 2004). As gape size increases, 477 

larvae can ingest larger prey (Arthur, 1976; Anderson, 1994; Conway et al., 1994; Voss 478 

et al., 2003; Dickmann et al., 2007). Maximum prey size tended to increase with body 479 

length in all the studied species, except for larvae of B. argyrogaster. In this species the 480 

prey size is constant, a fact which is probably related to the small gape size throughout 481 

all larval stages. The analysis of trophic niche breath did not show any relationship to 482 

standard length. This indicates that there is no trophic specialization in relation to prey 483 

size throughout early development because, as previously reported in other species, 484 

larvae continue ingesting small prey items in addition to the larger ones (Pearre, 1986; 485 

Sabatés and Saiz, 2000; Morote, 2008a, b; Llopiz, 2013; Bernal et al., 2013; Vera-486 

Duarte and Landaeta, 2016).  487 

At comparable body lengths, S. diaphana was the species ingesting a higher number of 488 

prey and of larger sizes. This contrasts with the published results on juvenile and adult 489 

feeding behaviour reported for this species.  They indicate that S. diaphana is an 490 

inefficient predator with limited searching and catching capacity (MacArthur and 491 

Pianka, 1966; Schoener, 1969).  492 

Diet  493 
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The overall diet composition in the different species and stages did not show geographic 494 

differences, suggesting that developmental stage is more important than geographical 495 

zone. However, the low degree of taxonomic resolution for prey identification that 496 

could be reached in these early stages may account for the apparent lack of differences 497 

between the zones. 498 

The most common and abundant component of the zooplankton samples throughout the 499 

study region were copepods (M.L. Fernández de Puelles, pers. observations) and these 500 

emerged as the most common prey items in the early development of all the studied 501 

species. During the larval stages, diet was mainly composed of nauplii and of 502 

copepodites < 0.2 mm, while the greater development in the transforming stages was 503 

reflected in their more diverse diet, which was dominated by adults of several copepods. 504 

It has been pointed out that fish larvae may exhibit species-specific selectivity for their 505 

prey even from their first-feeding stage (Robert et al., 2008). Our selectivity estimations 506 

for larval stages are constrained by the limited microplankton data available (nauplii and 507 

copepodites <0.2 mm), and are not presented here as the actual selectivity for the 508 

overall plankton populations. However results showed that despite the scarce 509 

development during preflexion and flexion stages, some species showed positive 510 

selection for small copepodites (B. argyrogaster, S. diaphana and H. macrochir) instead 511 

of nauplii, which were more abundant.  512 

According to the literature, the diets of juveniles and adults of A. sladeni in the 513 

equatorial Atlantic, consists of similar proportions of copepods and euphausiids, 514 

followed by ostracods (Kinzer and Schulz, 1988). However, in our study the diet 515 

changed from copepodites < 0.2 mm in larvae, to a more diverse diet dominated by 516 

several stages of copepods and ostracods in the transforming stages. It is likely that 517 

euphausiids, almost absent in the guts of our specimens, swim too fast to be captured by 518 

these early developmental stages.  519 

The diet of S. diaphana was more diverse than in the other species, although copepods 520 

constituted their main preys. Previous investigations on juvenile and adults have also 521 

reported that this species feeds on a variety of prey items, which includes larger 522 

zooplankton prey (amphipods and euphausiids) (Hopkins and Baird, 1973; 1985; Kinzer 523 

and Schulz, 1988; Carmo et al., 2015). In the present study the largest prey found was 524 

the copepod Corycaeus spp., for which a positive selection was observed. 525 
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Myctophid larvae have been reported to feed mostly on several stages of copepods, with 526 

some species also including ostracods in their diets (Conley and Hopkins, 2004; Sabatés 527 

et al., 2003; Sassa and Kawaguchi, 2004; Bernal et al., 2013; Tanaka et al., 2013; 528 

Contreras et al., 2015). Similarly, in the present study, copepods also emerge as the 529 

primary component in the diets of both larvae and transforming stages. Preflexion to 530 

postflexion larvae of M. affine showed a more diverse diet than D. cf. vanhoeffeni and 531 

H. macrochir, which must be related to the wider MW and greater gut volume, in the 532 

former species. The presence of prey of large size, such as copepods of genera 533 

Paracalanus and Corycaeus, and of ostracods, was observed only in postflexion and 534 

transforming stages.  535 

To summarise, in the present investigation we approached the study of the trophic 536 

ecology of early life stages of mesopelagic fishes through gut content analysis of larvae 537 

and transforming stages of six of the most common and abundant mesopelagic species 538 

in our samples. The main difference in feeding patterns among the studied species was 539 

that bathylagid and myctophid larvae feed during daylight hours, while sternoptychid 540 

larvae are able to feed under low light intensity conditions (i.e. at night, and/or in 541 

mesopelagic layers), as do their transforming and adult stages. Unlike their adults, the 542 

transitional stages of the myctophids did not show a nocturnally defined feeding pattern. 543 

Although all the species examined showed an increase in gape size with development, 544 

specialization towards larger prey in transforming stages was not observed. They fed 545 

both on small and large prey items. As is generally recorded, gape size constrains the 546 

maximum prey size. Larvae with the smallest mouth (B. argyrogaster) fed on smaller 547 

prey, while species at similar developmental stages with wider mouths (M. affine or S. 548 

diaphana) ingest larger prey. The diets of the different species and stages were 549 

dominated by several stages of copepods, suggesting that feeding is dependent on the 550 

most abundant and most easily attainable zooplankton items, although the positive 551 

selection for particular copepod taxa points to a certain capacity to choose between 552 

available preys. The coarse identification reached through gut content analyses points to 553 

an important diet overlap among species whose early life stages inhabit the upper 100 m 554 

of the water column. To assess this diet overlap, data on the actual prey species 555 

constituting the diets would be necessary. Therefore, other types of analyses such as 556 

DNA metabar-coding of gut contents (Albaina et al., 2016) may be of great support. 557 

 558 
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Figure legends 863 

Figure 1. Stations sampled with the MOCNESS-1 net (day sample = circle; night 864 
sample = cross). 865 

Figure 2. Schematic drawings of the larval morphology of the studied species (Note:  866 
pigmentation not included). a) Bathylagoides argyrogaster (4.8 mm SL; modified from 867 
Hermes and Olivar,1987); b) Argyropelecus spp. (9 mm SL; modified from Olivar and 868 
Fortuño, 1991), c)  A. sladeni (transforming specimen of 8.2 mm SL; modified from 869 
Watson, 1996), d) Sternoptyx diaphana (9.4 mm SL; modified from Belyanina, 1984), 870 
e) Diaphus cf. vanhoeffeni (4.3 mm SL; present investigation), f) Hygophum macrochir 871 
(7.5 mm SL; modified from Olivar and Fortuño, 1991), and g) Myctophum affine (5.1 872 
mm SL; modified from Moser and Watson, 2006).  873 

Figure 3. Vertical distributions of larval and transforming stages of the species collected 874 
with the MOCNESS-1 net. Small black dots denote the centre of each haul. Open 875 
symbols indicate day samples and solid symbols night samples. Circles refer to larvae 876 
and triangles to transforming stages abundances. 877 

Figure 4. Relationship between standard length and mouth width for Bathylagoides 878 
argyrogaster, Argyropelecus sladeni (larval stages: Argyropelecus spp.), Sternoptyx 879 
diaphana, Diaphus vanhoeffeni (larval stages D. cf. vanhoeffeni), Hygophum macrochir 880 
and Myctophum affine (fitting parameters given in Table 3). 881 

Figure 5. Bathylagoides argyrogaster, Argyropelecus sladeni (larval stages: 882 
Argyropelecus spp.) and Sternoptyx diaphana: variation in the number of prey ingested 883 
per larva by size classes (a), and mean and standard deviation of the number of prey 884 
items ingested during the night and the day, in relation to developmental stage  and 885 
position in the water column (b). In (a) solid symbols correspond to the transforming 886 
stages and open symbols correspond to larval stages. 887 

Figure 6. Diaphus vanhoeffeni (larval stages D. cf. vanhoeffeni), Hygophum macrochir 888 
and Myctophum affine: variation in the number of prey ingested per larva by size classes 889 
(a), and mean and standard deviation of the number of prey items ingested during the 890 
night and the day, in relation to developmental stage and position in the water column 891 
(b). In (a) solid symbols correspond to the transforming stages and open symbols 892 
correspond to larval stages. 893 

Figure 7. Bathylagoides argyrogaster, Argyropelecus sladeni (larval stages: 894 
Argyropelecus spp.) and Sternoptyx diaphana: variation in prey width (a) and trophic 895 
niche breadth by size classes (b). Mean and standard deviation of prey width ingested 896 
during the night and the day in relation to developmental stage and position in the water 897 
column (c). In (a) solid symbols correspond to the transforming stages and open 898 
symbols correspond to larval stages. 899 

Figure 8. Diaphus vanhoeffeni (larval stages D. cf. vanhoeffeni), Hygophum macrochir 900 
and Myctophum affine: variation in prey width (a) and trophic niche breadth by size 901 
classes (b). Mean and standard deviation of prey width ingested during the night and the 902 
day in relation to developmental stage and position in the water column (c). In (a) solid 903 
symbols correspond to the transforming stages and open symbols correspond to larval 904 
stages. 905 

Figure 9. Dendrogram obtained after cluster analysis applied on the Bray-Curtis 906 
similarity matrix of abundance of the main prey in diets of the six studied species. 907 
Significant (p < 0.05) groups were defined by the SIMPROF procedure. Key symbols 908 
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indicate the zone where samples were obtained: Western, from station #2 to station #6; 909 
Central, from station #7 to station #10; and Station #12. Species names abbreviated as 910 
the first letter of genus and species. Stages abbreviations: L for larvae and T for 911 
transforming stages.  912 
 913 

 914 
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Table 1. Day and night feeding incidence (FI%) by developmental stage for the six studied species. Bathylagoides argyrogaster, Argyropelecus sladeni (larval 915 
stages: Argyropelecus spp.), Sternoptyx diaphana, Diaphus vanhoeffeni (larval stages D. cf. vanhoeffeni), Hygophum macrochir and Myctophum affine. 916 
Numbers in parenthesis indicate the total number of analysed specimens (a), and the number of specimens with gut content (b). N/D =  No data. 917 
 918 

  Preflexion Larvae Flexion Larvae Postflexion Larvae Transformation 

Species  %FI Day     % FI Night %FI Day     % FI Night %FI Day     % FI Night %FI Day     % FI Night 

B. argyrogaster Standard length:  <6.1 mm Standard length: 6.1-8.1 mm Standard length: 8.2-12.0 mm N/D 

  80 0 66.7 0 20 0 N/D N/D 

  (a15; 
b12) (a14; 

b0) (a18; 
b12) (a10; 

b0) (a5; 
b1) (a6; 

b0)     

A. sladeni. Standard length:  <7.5 mm Standard length: 7.5-9.4 mm Standard length: 9.5-12.0 mm Standard length: 7.9-13.0 mm 

  25 42.9 0 0 0 0 87.5 60 

  (a4; 
b1) (a7; 

b3) (a1; 
b0) (a8; 

b0) (a1; 
b0) (a2; 

b0) (a8; 
b7) (a15; 

b9) 

S. diaphana Standard length:  <6.0 mm Standard length: 6.0-9.7 mm Standard length: 6.3-8.7 mm Standard length: 6.0-14.0 mm 

  27.3 26.3 42.9 40.9 67.6 20 78.6 86.4 

  (a11; 
b3) (a19; 

b5) (a14; 
b6) (a22; 

b9) (a37; 
b25) (a30; 

b6) (a28; 
b22) (a22; 

b19) 

D.  vanhoeffeni Standard length:  ≤4.0 mm Standard length: 4.1-5.0 mm Standard length: 5.1-9.9 mm Standard length: 10.0-14.0 mm 

  11.1 0 11.1 0 3.5 0 87.2 92.1 

  (a27; 
b3) (a2; 

b0) (a81; 
b9) (a5; 

b0) (a85; 
b3) (a11; 

b0) (a39; 
b34) (a35; 

b38) 

H. macrochir Standard length:  <5.0 mm Standard length: 5.0-6.0 mm Standard length: 6.0-11.0 mm Standard length:11.1-18.2 mm 

  28.6 0 21.2 0 3.6 0 14.3 0 

  (a49; 
b14) (a21; 

b0) (a19; 
b4) (a9; 

b0) (a28; 
b1) (a11; 

b0) (a35; 
b5) (a11; 

b0) 

M. affine Standard length:  <4.2 mm Standard length: 4.2-6.0 mm Standard length: 6.1-11.4 mm Standard length: 11.5-15.5 mm 

  54.5 0 25 0 30 0 100 N/D 

  (a22; 
b12) (a10; 

b0) (a28; 
b7) (a13; 

b0) (a10; 
b3) (a7; 

b0) (a3; 
b3)   

 919 

920 
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Table 2. Summary of morphological features and vertical distributions of larvae and transforming stages of the studied taxa, and the sources for their 921 

descriptions and vertical distributions. 922 

 923 

Species Body Gut Eyes Mouth Vertical 

distribution  

References 

B. argyrogaster Slender. Straight and long 

(>80% of SL). 

Slightly oval. Small. Larvae: 50 to 200m, 

with mean vertical 

depth 75 m. 

 

(Hermes and Olivar, 

1987; Olivar and 

Fortuño, 1991; Olivar 

et al., 2018 ). 

A. sladeni Very elongate before 

flexion. Deep head 

and trunk region in 

later stages. 

Relatively short and 

straight before 

flexion. Short and 

balloon like in later 

stages (<40% SL). 

Vertically elongate 

and narrow before 

flexion. Oval in later 

stages. 

Relatively large. Larvae: 100 to 500 m, 

with main vertical 

depths from 200 to 

300 m. Transforming: 

200 to 500 m. 

(Watson, 1996; Olivar 

et al., 2018). 

S. diaphana Head and gut region 

deep. 

Shorter than 30% 

before flexion. Short 

and balloon like in 

later stages (<40% 

SL).  

Slightly oval in early 

stages, becoming 

round with 

development. 

Relatively small. Larvae: 50 to 800 m. 

Transforming: 200 to 

800 m. 

(Belyanina, 1984; 

Watson, 1996; Olivar 

et al., 2018). 

D. cf. vanhoeffeni Moderately deep. Relatively straight 

and short (reaching 

ca. 60% of SL). 

Slightly round in 

larvae and round in 

transforming stages. 

Relatively large. Larvae: 0 to 50 m. 

Transforming: 50 m 

to 400 m. 

(Olivar et al., 2018). 

H. macrochir Moderately deep. Gut thick in the 

middle section, but 

with a very narrow 

foregut (reaching ca. 

60% of SL). 

Elliptical in larvae 

and round in 

transforming stages. 

Mouth larger than in 

Diaphus cf. 

vanhoeffeni and 

shorter than in M. 

affine of similar sizes. 

Larvae: 0 to 100 m. 

Transforming: 300 to 

600 m. 

(Moser and Ahlstrom, 

1974; Olivar and 

Fortuño, 1991; Olivar 

et al., 2018). 

M. affine Body stout, deepest 

anteriorly, with head 

very large and wide. 

Gut large and saccular 

(reaching ca. 60% of 

SL). 

Elliptical in larvae 

and round in 

transforming stages. 

Large. Larvae: 50 to 100 m. 

Transforming: bellow 

400 m. 

(Moser and Watson, 

2006; Olivar et al., 

2018). 
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Table 3. Parameters of the allometric relationships between mouth width (MW), upper jaw 924 

length (UJL), lower jaw length (LJL) and standard body length (SL) for the studied species. 925 

Number of specimens (n), coefficient of determination (r
2
), intercept (a), allometric coefficient 926 

(b), confidence interval of the allometric coefficient (CIb).  927 

 

Species  n r
2
 a b 95% CIb 

B. argyrogaster      

 MW 68 0.827 0.065 0.988 0.111 

 UJL 68 0.824 0.072 1.216 0.138 

 LJL 68 0.868 0.081 1.219 0.117 

A. sladeni      

 MW 44 0.706 0.024 1.573 0.316 

 UJL 45 0.675 0.034 1.666 0.356 

 LJL 45 0.707 0.042 1.630 0.323 

S. diaphana      

 MW 183 0.679 0.021 1.724 0.174 

 UJL 183 0.681 0.033 1.787 0.179 

 LJL 183 0.674 0.042 1.719 0.175 

D. vanhoeffeni      

 MW 288 0.978 0.044 1.420 0.025 

 UJL 288 0.970 0.060 1.546 0.030 

 LJL 288 0.977 0.079 1.464 0.026 

H. macrochir      

 MW 183 0.973 0.043 1.311 0.033 

 UJL 183 0.970 0.065 1.384 0.036 

 LJL 183 0.974 0.083 1.322 0.032 

M. affine      

 MW 93 0.898 0.075 1.231 0.086 

 UJL 93 0.873 0.113 1.324 0.105 

 LJL 93 0.886 0.141 1.266 0.095 928 
929 
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Table 4. Diets of Bathylagoides argyrogaster, Argyropelecus sladeni (larval stages: Argyropelecus spp.), Sternoptyx diaphana, Diaphus vanhoeffeni (larval stages: D. cf. 930 
vanhoeffeni), H. macrochir and M. affine.  Index of relative importance (%IRI) determined for each developmental stage (Pre: Preflexion;

 
Flex: Flexion; Post: Postflexion; 931 

Trans: Transforming).  932 
 933 

 
B. argyrogaster A. sladeni  S. diaphana D. vanhoeffeni       H. macrochir M. affine 

 
Pre Flex Post Pre Trans Pre Flex Post Trans Pre Flex Post Trans Pre Flex Post Trans Pre Flex Post Trans 

Copepod eggs 
  

  0.90 0.20   
  

    
  

  11.70 16.70 
 

          

Copepod nauplii 0.20 0.10       7.60 
  

0.01 100.00 73.50 
 

0.01 26.30 16.70 100.00   12.80 
  

  

Copepodites 91.70 52.20   99.00 26.60 92.50 97.60 21.70 0.01   26.50 
 

0.20 59.10 66.60 
 

0.90 32.80 
 

28.40   

Calanoida: 
  

        
  

    
  

    
  

    
  

  

Acartia 0.16 0.10     3.90   
 

0.04     
  

    
  

0.90   
  

  

Calanus 
 

0.10     7.70   
 

2.60 1.50   
  

7.40   
  

    
  

14.30 

Centropages 
  

        
  

0.10   
  

    
  

    
  

14.30 

Paracalanus 
 

0.10 100.00   5.60   1.50 0.70 5.00   
 

33.30 1.10   
  

    
  

  

Pleuromamma 
  

        
  

0.10   
  

    
  

    
  

  

Cyclopoida: 
  

        
  

    
  

    
  

    
  

  

Oithona 
  

        
 

0.04 2.20   
  

0.02   
  

0.90   
  

14.30 

Harpacticoida: 
  

        
  

    
  

    
  

    
  

  

Microsetella 
 

0.10         
  

    
  

0.01   
  

0.90 2.10 45.70 
 

  

Poecilostomatoida: 3.90 
 

        
  

    
  

    
  

    
  

  

Oncaea  3.90 47.10     7.70   
 

69.10 61.00   
 

33.30 89.30   
  

91.70   
 

7.14 57.10 

Corycaeus 
  

        
 

0.70 11.00   
  

0.04   
  

    
  

  

Sapphirina 
  

        
  

0.10   
  

    
  

    
  

  

Unidentified 

Copepods   
    2.50   

 
0.04 0.30   

  
0.01   

  
    

  
  

Chaetognaths 
  

        
  

7.10   
  

    
  

    
  

  

Hyperiids 
  

        
  

0.80   
  

0.20   
  

    
  

  

Polychaetes 
  

        
  

0.60   
  

    
  

    
  

  

Molluscs 
 

0.10     0.20   0.20 
 

    
  

    
  

0.90 51.00 25.70 
 

  

Euphausiids 
  

        
 

0.20 0.10   
  

0.30   
  

    
  

  

Ostracods 
  

    45.40   0.70 5.00 9.90   
 

33.30 1.30 2.90 
  

  0.51 25.70 64.30   

Appendicularians 
  

        
  

0.01   
  

0.10   
  

    
  

  

Unidentified prey 
  

    0.20   
  

0.03   
  

    
  

3.70 0.51 2.90 
 

  

934 
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Table 5. Mean Chesson’s selectivity index α (±95% confidence interval) for the most common prey items of larvae and transforming stages of Bathylagoides argyrogaster, 935 
Argyropelecus sladeni, Sternoptyx diaphana, Diaphus vanhoeffeni, Hygopum macrochir and Myctophum affine from station #8. N = Number of individuals used to 936 
estimate the index. 1/m = indicates neutral selectivity (m, number of prey).  * = significant positive selection. 937 
 938 

 

N 1/m 
Nauplii 

Copepodites 

<0.2 mm 

Copepodites 

>0.2 mm 
Calanoida Paracalanus Oithona Oncaea Corycaeus Chaetognatha Ostracoda 

Preflexion larvae 

            B. argyrogaster 8 0.5 0.125 (0.245) 0.875 (0.245)* 

 
       

S. diaphana 3 0.5 0 1.000 (0.000)* 
        

D. vanhoeffeni 3 0.5 1.000 (0.000)* 0 
        

H. macrochir 11 0.5 0.343 (0.258) 0.657 (0.258) 

 
       

M. affine 7 0.5 0.429 (0.396) 0.571 (0.396) 

 
       

Flexion larvae 

  
          

B. argyrogaster 8 0.5 0.032 (0.063) 0.968 (0.063)* 

 
       

S. diaphana 6 0.5 0.167 (0.327) 0.833 (0.327)* 
        

D. vanhoeffeni 9 0.5 0.461 (0.336) 0.539 (0.336) 

 
       

H. macrochir 2 0.5 0.016 (0.032) 0.984 (0.032)* 

 
       

Postflexion 

  
          

S. diaphana 9 0.5 0 1.000 (0.000)* 

        H. macrochir 1 0.5 0.063 0.937 

        M. affine 1 0.5 0 1.000 

        Transforming 

            A. sladeni 15 0.2 

  

0.515 (0.253)* 0.139 (0.177) 0.125 (0.150) 
 

0.004 (0.007) 
  

0.216 (0.196) 

S. diaphana 39 0.2 

  

0.205 (0.112) 
   

0.198 (0.115) 0.332 (0.143)* 0.097 (0.071) 0.167 (0.098) 

D. vanhoeffeni 111 0.3 

 
  

0.151 (0.063) 0.093 (0.051) 
 

0.657 (0.084)* 
  

0.098 (0.054) 

 939 
940 
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941 
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 942 
 943 
Fig 1. Stations sampled with the MOCNESS-1 net (day sample = circle; night sample = cross). 944 

945 
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 946 
 947 
Figure 2. Schematic drawings of the larval morphology of the studied species (Note:  pigmentation not 948 
included). a) Bathylagoides argyrogaster (4.8 mm SL; modified from Hermes and Olivar,1987); b) 949 
Argyropelecus spp. (9 mm SL; modified from Olivar and Fortuño, 1991), c)  A. sladeni (transforming specimen 950 
of 8.2 mm SL; modified from Watson, 1996), d) Sternoptyx diaphana (9.4 mm SL; modified from Belyanina, 951 
1984), e) Diaphus cf. vanhoeffeni (4.3 mm SL; present investigation), f) Hygophum macrochir (7.5 mm SL; 952 
modified from Olivar and Fortuño, 1991), and g) Myctophum affine (5.1 mm SL; modified from Moser and 953 
Watson, 2006).  954 

955 
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956 
Figure 3. Vertical distributions of larval and transforming stages of the species collected with the MOCNESS-1 957 
net. Small black dots denote the centre of each haul. Open symbols indicate day samples and solid symbols 958 
night samples. Circles refer to larvae and triangles to transforming stages abundances. 959 

 960 
961 
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 962 
Figure 4. Relationship between standard length and mouth width for Bathylagoides argyrogaster, 963 
Argyropelecus sladeni (larval stages: Argyropelecus spp.), Sternoptyx diaphana, Diaphus vanhoeffeni (larval 964 
stages D. cf. vanhoeffeni), Hygophum macrochir and Myctophum affine (fitting parameters given in Table 3). 965 

 966 
967 
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 968 
Figure 5. Bathylagoides argyrogaster, Argyropelecus sladeni (larval stages: Argyropelecus spp.) and 969 
Sternoptyx diaphana: variation in the number of prey ingested per larva by size classes (a), and mean and 970 
standard deviation of the number of prey items ingested during the night and the day, in relation to 971 
developmental stage  and position in the water column (b). In (a) solid symbols correspond to the transforming 972 
stages and open symbols correspond to larval stages. 973 

974 
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 975 
Figure 6. Diaphus vanhoeffeni (larval stages D. cf. vanhoeffeni), Hygophum macrochir and Myctophum affine: 976 
variation in the number of prey ingested per larva by size classes (a), and mean and standard deviation of the 977 
number of prey items ingested during the night and the day, in relation to developmental stage and position in 978 
the water column (b). In (a) solid symbols correspond to the transforming stages and open symbols correspond 979 
to larval stages. 980 

981 
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 982 
Figure 7. Bathylagoides argyrogaster, Argyropelecus sladeni (larval stages: Argyropelecus spp.) and Sternoptyx 983 
diaphana: variation in prey width (a) and trophic niche breadth by size classes (b). Mean and standard deviation 984 
of prey width ingested during the night and the day in relation to developmental stage and position in the water 985 
column (c). In (a) solid symbols correspond to the transforming stages and open symbols correspond to larval 986 
stages. 987 

988 
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 989 
Figure 8. Diaphus vanhoeffeni (larval stages D. cf. vanhoeffeni), Hygophum macrochir and Myctophum affine: 990 
variation in prey width (a) and trophic niche breadth by size classes (b). Mean and standard deviation of prey 991 
width ingested during the night and the day in relation to developmental stage and position in the water column 992 
(c). In (a) solid symbols correspond to the transforming stages and open symbols correspond to larval stages. 993 

994 
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 995 
 996 
Figure 9. Dendrogram obtained after cluster analysis applied on the Bray-Curtis similarity matrix of abundance 997 
of the main prey in diets of the six studied species. Significant (p < 0.05) groups were defined by the SIMPROF 998 
procedure. Key symbols indicate the zone where samples were obtained: Western, from station #2 to station #6; 999 
Central, from station #7 to station #10; and Station #12. Species names abbreviated as the first letter of genus 1000 
and species. Stages abbreviations: L for larvae and T for transforming stages.  1001 
 1002 
 1003 


