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ABSTRACT: 16 

Adult myctophids feed at night in the epipelagic zone and are more disperse in the 17 

mesopelagic region during the day. Contrasting, larval stages are restricted to the 18 

upper 200 m, both day and night. Transforming stages show a less defined diel vertical 19 

and feeding pattern, while juveniles behave like adults. In this study we analysed the 20 

trophic ecology of transforming and juvenile stages of four myctophids that reach the 21 

neustonic layers in their migrations: Myctophum affine, M. asperum, M. nitidulum and 22 

Gonichthys cocco. Day and night neuston samples were collected across the equatorial 23 

and tropical Atlantic in April 2015. Transforming and juvenile stages occurred at night 24 

in in the neuston, where they fed, and were absent from this layer during the day. The 25 

highest prey ingestion was observed between 1-4 am. Feeding incidence and the 26 

number of prey ingested increased from transformation to juvenile stages. Although 27 

the maximum size of prey increases with fish size there was not any trend in mean 28 

prey sizes, but a great variability through development. Diet of the four species was 29 

mainly composed by a variety of genus of copepods, generally dominated by Oncaea 30 



2 

species, and there is no evidence of resource partitioning among them. Estimations of 1 

daily feeding rations, based on the relationship between carbon content per gut and 2 

per body, through all the feeding period, showed that these species ingested from 0.43 3 

to 2.89% of its body carbon weight each day. 4 

Key words: Myctophidae, early life stages, surface migration, stomach content, daily 5 

ration 6 
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1. INTRODUCTION 1 

Lanternfish of the family Myctophidae are one of the most abundant fish in the open 2 

ocean, and their larvae dominate ichthyoplankton samples of oceanic regions (Moser 3 

& Watson 2006, Priede 2017). Members of this family are a very diverse component of 4 

mesopelagic fauna of all oceanic regions of the world. Adult and juvenile stages are 5 

characterized by performing diel vertical migrations through the water column, while 6 

larvae are restricted to the upper epipelagic layers both day and night (Röpke 1993; 7 

Sassa et al. 2002, Olivar et al. 2014, 2018) Night vertical migration is associated to 8 

feeding (Gartner et al. 1997, Moku et al. 2000, Suntsov & Brodeur 2008, Duhamel et al. 9 

2014, Bernal et al. 2013, 2015), while day descent to the mesopelagic zone seem more 10 

related to protection against predation (Robison 2003, Mehner & Kasprzak 2011, 11 

Sutton 2013). Vertical migration patterns for these species are quite homogeneous 12 

from different oceans of the world.  13 

The characteristics of larvae and adults of these species are related to the environment 14 

they inhabit, i.e. the epipelagic and mesopelagic realms for larvae and adults, 15 

respectively. Briefly, larvae can be characterized by its transparency and scant 16 

sensorial and structural development, and adults are dark, have photophores and well 17 

developed musculature and skeleton (Moser 1981, Moser & Watson 2006). The 18 

transition from larvae to adult stages is referred as the transformation stage, which in 19 

addition to strong changes in morphology, pigmentation and development of 20 

photophores bears changes in habitat. Starvation mortality has been cited as the main 21 

mortality factor in early life history of teleostean fish, directly influencing the year class 22 

strength (Lasker 1975, Cushing 1990). Therefore, success in recruitment is related both 23 

to the availability of prey and to the fish foraging capabilities. The majority of 24 

myctophids live in the pelagic environment through the entire life cycle (epi and 25 

mesopelagic) and forage on zooplankton populations, being the connexion between 26 

secondary producers and upper trophic levels (Cherel et al. 2008, Valls et al. 2011, 27 

2014, Battaglia et al. 2013, 2016, McClain-Counts et al. 2017, Navarro et al. 2017).  28 

One reason for the high abundances of these species is related to their capacity to 29 

efficiently exploit lower trophic levels. Quantify trophic connections in the marine 30 

environment requires the study of fish food habits, which can be achieved from a 31 
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variety of analyses from stomach content analysis (up to recent years the most 1 

common type of analyses) (Hopkins et al. 1996, Sassa & Kawaguchi 2005, Sassa 2010) 2 

to isotopes or molecular DNA studies (Valls et al. 2014, Olivar et al. 2019, McClain-3 

Counts et al. 2017). There is relatively extensive literature on diets of adults 4 

myctophids, but the high myctophid diversity and the broad distributions of these 5 

species, entails a lack of information for a large number of species and regions (Clarke 6 

1978, Hopkins & Gartner 1992, Hopkins & Sutton 1998, Bernal et al. 2015). 7 

Investigations are more scarce when refereeing to the early stages (Sabatés & Saiz 8 

2000, Rodríguez-Graña et al. 2005, Sassa 2010, Bernal et al. 2013, Contreras et al. 9 

2015, 2019).  10 

Daily migratory patterns of larvae, transforming and adult stages of myctophids in the 11 

equatorial and tropical Atlantic have been recently investigated based on stratified 12 

hauls trough the water column (Olivar et al. 2017, 2018), and showed that adults of 13 

subfamily Myctophinae had a shallower migration pattern that those of 14 

Lampanyctinae. The target species of the present study, Myctophum affine, M. 15 

asperum, M. nitidulum and G. cocco (all of them of the SF Myctophinae), did not 16 

account as the most abundant in the near-surface hauls of the previous study, but 17 

were the most common and abundant in neustonic hauls, carried out in the same 18 

stations. Similar reports have been given for species of the Pacific (Hopkins & Gartner 19 

1992, Watanabe et al. 1999, 2002, Watanabe & Kawaguchi 2003; Olivar et al. 2016). 20 

The trophic ecology of the most common mesopelagic species from the former 21 

equatorial and tropical Atlantic study have been investigated based on isotope 22 

analyses for adults (Olivar et al. 2019), and from stomach content analyses for larvae 23 

and transforming stages (Contreras et al. 2019). The aim of the present work is to 24 

study the trophic ecology of transforming and juvenile stages of this particular group 25 

of myctophids that reach the neustonic layers in their night migration: M. affine, M. 26 

asperum, M. nitidulum and Gonichthys cocco. We analyse diet, predator-prey 27 

relationships, feeding chronology and daily ration.  28 
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2. MATERIALS & METHODS 1 

2.1. Study region, sampling and target species 2 

Samples were obtained in a cruise carried out in the equatorial and tropical Atlantic in 3 

April 2015, across a transect of stations from off the Brazilian coast to south of the 4 

Canary Islands, on board RV Hesperides (Fig. 1). Sampling at each station was repeated 5 

several times through the day, covering day and night hours. Hauls were performed in 6 

the neustonic layer with a neuston net with a mouth aperture of 1x0.5 m and mesh 7 

size of 0.2 mm. The ship speed was 2–3 knots (1–1.5 m s-1), and the net was hauled 8 

from 10 to 15 min. Plankton samples were preserved in 5% buffered formalin for 9 

posterior sorting in the laboratory. Juvenile and transforming stages of myctophids 10 

were sorted out and identified using Hulley 1981, 1984, Hulley and Paxton 2016a, b). 11 

Total number of fishes collected were standardised to number of individuals per 10-3m-12 
3. 13 

This investigation is centered in postlarval stages (transforming and juvenile) of the 14 

four most abundant species appearing in the neuston layers, the myctophids 15 

Myctophum affine and M. asperum (represented by transforming and juveniles 16 

stages), and M. nitidulum and Gonichthys cocco (represented by juveniles). 17 

2.2. Stomach content analysis 18 

Previous to dissecting specimens for stomach content analysis the standard length, SL, 19 

(± 1 mm) and mouth width (MW) were measured. Allometric relationships between 20 

each measure and SL were analysed by fitting a power function with the slope of the 21 

function representing the allometric coefficient. Stomachs were removed by cutting at 22 

the beginning of the oesophagus, using a fine scalpel and placing the contents on a 23 

glass slide with a drop of glycerine 50% and distilled water. Prey were counted, 24 

identified and measured. Maximum prey length and width were taken with a precision 25 

0.001 mm precision in a Leica MZ12 stereoscopic microscope. Preys were identified 26 

using Vives and Shmeleva (2007, 2010) and Rose and Tregouboff (1957).    27 
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2.3. Data analysis 1 

Feeding incidence was calculated for each species and stage as the percentage of 2 

individuals with at least one prey in the stomach (Arthur 1976, Vera-Duarte & 3 

Landaeta 2016). 4 

The relationships between prey size and fish size were analysed by grouping fishes, 5 

containing three or more prey, into size intervals of at less 1 mm. The trophic niche 6 

breath was analysed according to Pearre (Pearre 1986) as the standard deviation (SD) 7 

of the log 10 transformed prey width for each of these size intervals.  8 

In order to characterize the diet and so as to assess the importance of each prey type 9 

the index of relative importance (%IRI) of each prey type for each species and stage 10 

was calculated as the product of frequency of occurrence (%F) in the specimens with 11 

food in the stomach and its relative abundance in relation to the total number of diet 12 

items examined (%N) (Sassa & Kawaguchi, 2004). In addition, the index of relative 13 

importance in carbon units %IRIC was also calculated as %IRIC= (%N+%C)%F (Pinkas et 14 

al. 1971); where %C is the relative contribution of each prey in carbon units, obtained 15 

from estimations of total carbon of each prey item in relation to total C per stomach. 16 

2.3.1. Carbon estimations 17 

For fishes carbon was estimated by applying a conversion factor between dried-weight 18 

DW and organic carbon content. The conversion factor between dried-weight and 19 

organic carbon was set in 40% for all the species, except for M. nitidulum, for which a 20 

factor of 39.2% obtained for specimens of the same cruise, was available (Olivar et al. 21 

2018).  22 

Wet and dried-weights (WW and DW) were measured for some of the M. affine used 23 

for gut content analyses. Estimations of DW for all the specimens were obtained from 24 

the following power equation:25 

Conversion from SL (mm) to DW (g) for M.nitidulum were obtained from specimens 26 

collected in the same stations that those studied here, but caught at subsurface layers 27 

with a mesopelagic net (López-Pérez et al. personal communication). The used 28 

relationship was: . 29 
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Specimens of M. asperum and G. cocco obtained in a previous cruise, and fixed in 5% 1 

buffered formalin, were used to determine the relationships between eDW (g) and SL 2 

(mm). The fitted equation for M. asperum was: eDW=1e-7SL3.7567. For G. cocco the 3 

relationships was: DW=6e-7SL3.4276.4 

The estimations of prey carbon contents were derived from their measures (on 5 

maximum width or length, or prosomic length) and species-specific length–weight 6 

relationships obtained from the literature, and assuming when necessary a carbon 7 

content equal to 40% of dry weight (Deibel, 1986, James 1987, Gorsky et al. 1988; Van 8 

der Lingen, 2002). 9 

2.3.2. Feeding chronology 10 

Feeding chronology was analysed as the mean number of prey per hours, by pooling 11 

data from all the stomach in the same time interval.  12 

The relative Stomach Carbon Content Index (%SCCI) was also calculated for each time 13 

interval, as %SSCI=SC/BC, where SC is the total carbon content per stomach obtained 14 

as the sum of carbon per prey, and BC is fish body carbon content. This index was used 15 

to estimate daily feeding ratios (DFR) following Eggers (1977): DFR=%SCCI*FH/T, where 16 

%SCCIis the average Stomach Carbon Content Index per day, FH are the number of 17 

feeding hours and T is the gut passage time in hours. 18 

3. RESULTS 19 

Transforming and juvenile stages of myctophids only occurred in night hauls, being 20 

more abundant in the stations south of Cape Verde Islands (Fig. 1), where the study of 21 

the trophic patterns was concentrated, although for Gonichthys cocco specimens from 22 

the station south of Canary Islands were also included in order to have a greater 23 

number of individuals. The stomachs of a total of 411 specimens were analysed, 258 of 24 

M. affine, 45 of M. asperum, 45 of M. nitidulum and 45 of G. cocco.25 

3.1. Feeding incidence 26 

Feeding incidence in the transforming stages of M. affine and M. asperum (<65%) was 27 

lower than in juveniles. Juveniles of the four species showed high feeding incidences 28 

(from 66-100%) (Table 1). 29 
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3.2. Number of preys and carbon content per gut 1 

The highest number of ingested prey (Fig. 2) was observed in de G. cocco, with a 2 

maximum of 38 preys in juveniles of 31 mm SL. In M. affine the highest number, 32, 3 

was found in a transforming of 15.5 mm SL. In M. asperum, 20 preys were found in 4 

juveniles from 21 to 24 mm SL, and in M. nitidulum 15 preys in juveniles of 18 mm SL. 5 

Both in transforming and juvenile stages, the number of preys was quite variable, 6 

although in M. affine was detected an increment in the mean number from 7 

transforming stages to early juveniles, with a maximum of 4 preys at 14.5 mm SL and 8 

9.5 at 19.5 mm SL. Instead in M. asperum there was a decrease with development 9 

within transforming specimens (9.5 preys at 14 mm SL and only 5 preys at 15.5 mm 10 

SL). Nevertheless, the overall mean number of prey increased from transforming to 11 

juvenile stages. In juveniles of M. nitidulum and G. cocco there was any tendency in the 12 

number of prey with increasing fish size  13 

Gut fullness in terms of carbon (Fig. 2) also showed important variability within species 14 

along their development. Species comparisons showed that G. cocco presented the 15 

highest carbon content per gut, 166 µg in one specimen of 31 mm SL, while in M. 16 

affine was 84 µg in one of 14.8 mm SL, in M. asperum 31.9 µg in one of 21.3 mm SL 17 

and in M. nitidulum 107.6 µg in one specimen of 19.6 mm SL. In M. affine and M. 18 

asperum the mean carbon per gut increased from transformation to juvenile stages, 19 

with individual maxima of  15.7 and 18.7 µg in transformation and 49 and 23.9 µg in 20 

juveniles, respectively. 21 

3.3. Trends in prey size and trophic niche breadth 22 

Growth of mouth widths showed an isometric growth in relation to SL for M. nitidulum23 

(b=1.06, CI95%=0.11). Significantly negative allometric mouth growth was observed for 24 

the rest of species (b=0.71, CI95%=0.02 for M. affine, b=0.81, CI95%=0.04 for M. affine25 

and b=0.59, CI95%=0.05 for G. cocco). The four species ingested a wide size range of 26 

prey throughout their transforming and juvenile stages; from 160-1600 µm in M. 27 

affine, 220-800 µm in M. asperum, 230-1900 µm in M. nitidulum and 240-1500 µm in 28 

G. cocco. Mean prey size did not show any tendency in relation to fish size (Fig. 3) and 29 

similar variability in preys sizes occur through development. Niche trophic breath did 30 
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not reveal any tendency towards specialization to particular prey sizes in any of the 4 1 

studied species (Fig. 3) 2 

3.4. Diet composition 3 

The four myctophids have a diet mainly composed by copepods (Tables 2 and 3), of 4 

which the genus Oncaea was the most important with %IRI ranging from 69 to 83% in 5 

transformation stages, and 57 to 91% in juveniles, or %IRI_C of 48-75% and 26-82%, 6 

respectively. In particular, the diet M. asperum is exclusively composed by copepods. 7 

Prey as euphausiids, ostracods and siphonophore were only represented in the diet of 8 

transforming and juveniles of M. affine, but with very low importance (<1% both in 9 

terms of %IRI and %IRI_C). The hyperiids that were present in the diet of the four 10 

species, were particularly important prey in juvenile M. nitidulum (23.6% as %IRI, and 11 

29.3% as %IRI_C). In terms of %IRI_C their contribution to the diet of M. affine12 

becomes also significant (24% of %IRI_C for transforming stages). It is also interesting 13 

to note that appendicularians were only observed in the diet of G. cocco juveniles, 14 

representing 7.6% in terms of %IRI and 21.4% as %IRI_C. 15 

3.5. Feeding chronology and Stomach Carbon Content Index (%SCCI) 16 

Feeding activity, associated to the presence in the neustonic layer, occurs only at night 17 

in the four species, extending from 20:00 to 4:00 h. The lowest number of preys was 18 

always found at the beginning and at the end of this period. The species that showed a 19 

more clear pattern was M. affine, with an increasing trend in number of preys eaten 20 

up to 24 h, followed by a decrease thereafter (Fig. 4). The majority of prey showed low 21 

digestion stage through the night. However, stomachs with some prey in advanced 22 

digestion stage were always present (Fig. 4).  23 

The greater %SCCI were observed for M. asperum (mean of 1.16%, ranging from 0.08% 24 

to 3.19%), with maximum values at midnight 23:00 h, 1.9% (Fig. 5). In M. affine, mean 25 

value was 0.40%, ranging from 0.02% to 2.04%, with maximum at the end of the 26 

period ca. 05:00 h. In G. cocco mean values were 0.26%, ranging from 0.004% to 27 

0.85%, with any pattern through the night. The lowest %SCCI was calculated for M. 28 
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nitidulum, 0.17%, ranging from 0.006% to 0.44%, and with the highest values at 1 

midnight, from 22 to 24 h. 2 

In the estimations of daily feeding ratios from our specimens we used as feeding 3 

period the 10 h of occurrence in the neuston, and 4 hours of excretion period 4 

(assumed as in Push et al. 2004). DFR obtained were 0.99% for M. affine, 2.89% for M. 5 

asperum, 0.43% for M. nitidulum and 0.65% for G. cocco. 6 

4. DISCUSSION 7 

4.1. Feeding patterns  8 

Results of the present study show that transforming and juvenile of the lanternfish 9 

Myctophum affine, M. asperum, M. nitidulum and Gonichthys cocco occur in the 10 

neustonic layer only at night, as observed for these species and other Myctophinae on 11 

the Atlantic, Indian and Pacific oceans (Olivar et al. 2016). According to gut content 12 

analysis this presence can be associated to feeding. The conspicuous change from an 13 

exclusively epipelagic habitat and daily feeding pattern, in larval stages (Sabatés & Saiz 14 

200, Sassa & Kawaguchi 2004, Contreras et al. 2015, Bernal et al. 2015), to a daylight 15 

mesopelagic habitat and night feeding migration to near surface layers, in juvenile and 16 

adults (Clarke 1973, Baird et al. 1975, Hopkings & Gartner 1992, Watanabe et al. 2002, 17 

Bernal et al. 2015), must require some learning period. This is probably the explanation 18 

of the apparent contradictory results on feeding patterns in transformation stages. For 19 

instance, both day and night feeding has been reported for transforming stages of 20 

Benthosema glaciale and Ceratoscopelus maderensis when found in the mesopelagic 21 

layers (Contreras et al. 2015), or feeding during the day in the mesopelagic layers in 22 

transforming stages of Diaphus vanhoeffeni, Hygophum benoiti, H. macrochir and M. 23 

affine (Contreras et al. 2019).  24 

Several investigations indicated that feeding activity in vertical migrating myctophids 25 

reach its main point when prey density is at its highest (Clarke 1978, Roe & Badcock 26 

1984, Kinzer & Schulz 1985), which must have a direct impact on feeding chronology. 27 

However interpretation on feeding activity through the night must be also affected by 28 

gut fullness (Watanabe et al. 2002), which must influence satiation or capacity to 29 

increase the gut content. Our results indicate that as soon as the fish reach the 30 
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neuston they start feeding, although the number of preys increased in the following 1 

hours. The fact that through the night the majority of prey are in low digestion stage, 2 

but there were always some stomachs in advanced digestion stage suggests that the 3 

migrating population remains in the neuston, continuously or discontinuously feeding, 4 

through the night. A similar result was observed for Myctophun nitidulum in the 5 

Kuroshio (Hattori 1964).  6 

4.2. Feeding incidence and development 7 

As a consequence of the improvements in predation skills associated to a higher 8 

development, feeding incidence increases with ontogeny (Sassa & Kawaguchi 2004), as 9 

observed here with the FI% increase from transforming to juvenile stages in M. affine10 

and M. asperum. The comparison with larval stages also evidences a higher feeding 11 

success in transforming than in larval stages. For instance FI% for M. affine larvae, from 12 

the same region and period, were <55% (Contreras et al. 2019), in front of always 13 

>60% in transforming stages (Contreras et al. 2019, and present study).  14 

4.3. Diet  15 

There was not an ontogenetic shift in the composition of the diet from transforming to 16 

juvenile stages. In agreement with most of the literature on diet of juvenile and adults 17 

of myctophids, the diet of the transforming and juveniles of these 4 species in the 18 

neuston relies mainly copepods (Sassa & Kawaguchi 2004, 2005, Sassa 2001, Takagi et 19 

al. 2009), with dominance of genus Oncaea as for other species of the genus Diaphus, 20 

Hygophum, Gymnoscolepus and Myctophum (Pakhomov et al. 1996, Rissik & Suthers 21 

2000, Contreras et al. 2019). Nevertheless, large prey such as decapods, euphausiids 22 

and amphipods are absent or really scarce in these stages. This points to an important 23 

diet overlap among species, although as discussed by Takagi et al. (2009) the higher 24 

concentration of vertically migrating copepods in the surface layer during night than in 25 

midwater during the day made them more effectively available to myctophids that 26 

ascend to this layer. 27 

Other prey such as ostracods, euphausiids, amphipods or appendicularians have been 28 

reported in the diets of juveniles of M. asperum and M. nitidulum (Watanabe et al. 29 
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2002, 2003, Sassa & Kawaguchi 2004, Van Noord et al. 2013), and although these prey 1 

occurred in the present study they don’t constitute a relevant item, except hyperiids 2 

(amphipods) in juveniles of M. nitidulum. The species that showed a more diverse diet 3 

was M. affine. Interestingly prey such as appendicularianss, reported as common in M. 4 

asperum from neustonic layers in regions (Watanabe et al. 2002) did not appear in the 5 

stomach of our specimens, but occurred G. cocco. As far as we know, there are no 6 

previous studies on diet of this species, but diet of the Pacific Gonichthys tenuiculus 7 

(Van Noord et al. 2013) is mainly composed of ostracods (not present in our 8 

specimens) and amphipods (in low proportion). 9 

4.4. Predator- prey relationships 10 

From larval to transforming stages there is always a positive allometric mouth growth 11 

(Contreras et al. 2019), denoting the importance of mouth size as a constraining 12 

feeding factor. However, in the subsequent stages this tendency halted, which fits well 13 

with the observed diet in this stages, mostly zooplankton <2 mm, indicating that once 14 

mouth reaches a size enough to swallow zooplankton prey there is no need of further 15 

increase.  16 

In all the species both transforming and juvenile ingest preys of a wide range of sizes; 17 

consequently trophic niche breadth did not show any tendency to specialization 18 

between these stages. Therefore diet cannot be explained entirely by predator length 19 

and other aspects as food availability must play an important role (Pusch et al. 2004).  20 

Although there is no tendency for preying upon larger prey items through this 21 

ontogenetic period, the higher energetic demands of larger fish are compensated by 22 

higher prey consumption (increase in number of ingested prey, accompanied by an 23 

increase in total carbon content per stomach in juveniles than in earlier stages). 24 

4.5. The Stomach Carbon Content Index %SCCI 25 

In the present study we calculated the stomach carbon content index for the four 26 

species in a similar way than in Gorelova (1983) for tropical Pacific myctophids, and 27 

Pakhomov et al. (1996) and Push et al. (2004) for southern ocean myctophids, 28 

although they used wet and dried weights, respectively. The results for juveniles of M. 29 



13 

asperum, M. spinosum and Hygophum proximum of tropical Pacific ocean, indicated 1 

that gut content wet weight represents from 10% to 20% of body wet weight 2 

(Gorelova 1983). Our results based in carbon units render lower values, (0.4-3%). 3 

However, when comparing with estimations of southern ocean myctophids based on 4 

dry weight, results are similar (0.28-3.3%) (Push et al. 2004). The different water 5 

content from gut content and body may account for the differences with Gorelova 6 

(1983) results. Daily ration for southern ocean species, assuming 10 h feeding period, 7 

ranged from 0.5% for Gymnoscopelus braueri to 2.5% for Protomyctophum bolini8 

(Pakhomov et al. 1996, Push et al. 2004). Estimations of daily feeding ratio from our 9 

specimens considering 10 h feeding period (as observed) and 4 hours of excretion 10 

period (assumed as in Push et al. 2004) render similar values than for the former 11 

species, 0.99% for M. affine, 2.89% for M. asperum, 0.43% for M. nitidulum and 0.65% 12 

for G. cocco. 13 

In summary, the present investigation evidences that the night migration of the early 14 

stages of these four Mctophinae species that reach the neustonic layers is related to 15 

feeding behaviour. Diet of the four species is fairly similar to that of transforming 16 

stages of the same and other myctophids feeding in the near-surface water at night, 17 

which points to the importance of space segregation so as to share similar feeding 18 

resources among species of such a diverse family. Information on trophic ecology and 19 

feeding chronology in fishes is fundamental to feed ecologic models and to interpret 20 

individual and community processes of food web interaction. This type of information 21 

is relevant to assess the role of this very abundant group of fishes, whose actual 22 

biomass is still under discussion, and which play a paramount role in the active carbon 23 

flux in the ocean.  24 
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Figure legends 1 

Figure 1. Distribution of the four Myctophidae across the equatorial and tropical 2 

Atlantic. Abundances in number of individuals 10-3 m-3. Concentric circles indicated 3 

abundances from the repeated hauls at different hours. 4 

Figure 2. A) Mean number of prey items per stomach (±SD) plotted against  fish 5 

standard length.  B)  Mean carbon content per stomach (±SD) plotted against fish 6 

standard length. Dots row data. T: Transformation and J: Juvenile 7 

Figure 3.  A) Mean prey width (±SD) in relation to fish standard length. B) Niche 8 

breadth, expressed as SD log of prey width, plotted against fish standard length. Red 9 

dots row data. T: Transformation and J: Juvenile. 10 

Figure 4. Mean number of prey per stomach (±SD) and digestion stage as a function of 11 

time. 12 

Fig 5. Mean Stomach Carbon Content Index (%SCCI=SC/BC*100) (±SD) as a function of 13 

time. SC: total carbon per stomach. BC: fish body carbon content. 14 

15 
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Figure 1 Distribution of the four Myctophidae across the equatorial and tropical 4 

Atlantic. Abundances in number of individuals 10-3 m-3. Concentric circles indicated 5 

6 
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2 

Figure 2 A) Mean number of prey items per stomach (±SD) plotted against  fish 3 

standard length.  B)  Mean carbon content per stomach (±SD) plotted against fish 4 

standard length. Dots row data. T: Transformation and J: Juvenile 5 

6 
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3 

Fugure 3 A) Mean prey width (±SD) in relation to fish standard length. B) Niche 4 

breadth, expressed as SD log of prey width, plotted against fish standard length. Red 5 

dots row data. T: Transformation and J: Juvenile. 6 

7 
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2 

Figure 4 Mean number of prey per stomach (±SD) and digestion stage as a function of 3 

time. 4 

5 



27 

1 

2 

Figure 5 Mean Stomach Carbon Content Index (%SCCI=SC/BC*100) (±SD) as a function 3 

of time. SC: total carbon per stomach. BC: fish body carbon content. 4 

5 
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Table 1. Feeding incidence, %FI, of four species of myctophids; Myctophum affine, M. 1 
asperum, M. nitidulum and Gonichthys cocco. Numbers in parenthesis indicate the total number 2 
of analysed specimens. Size range of the analysed specimens in (a) transformation and (b) 3 
juvenile stages. ---: no data4 

 5 

  Transformation  Juvenile 
Species Size range (mm) %FI  %FI 
M. affine a12- 15.5;  b15.6- 43  63.7 (193)    66.2 (65) 
M. asperum a13.6- 16;  b17- 24         61.5 (39)    100 (6) 
M nitidulum b16.3- 23.2 ---  74.4 (43) 
G. cocco b19.5- 44             ---     73 (45) 

 6 

 7 

8 
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Table. 2. Index of relative importance (%IRI), determined as %F*%N, for Myctophum 1 

affine, M. asperum, M. nitidulum and Gonichthys cocco. T: Tansforming, J: Juvenile, ----2 

: No data. %F: Frequency of occurrence. %N: relative abundance. 3 

4 

%IRI 
Food items M. affine M. asperum M. nitidulum G. cocco

T J T J J J 
Copepodites 1.428 0.632 ---- ---- ---- ---- 
Calanoida 
     Acartia 0.030 ---- ---- 0.195 0.043 0.024 
     Calanus 3.079 0.443 0.826 ---- 0.171 3.112 
     Calanoida sp. 4.581 1.409 1.033 ---- 11.121 9.502 
     Centropages 0.112 ---- ---- ---- ---- 0.024 
     Eucalanus 0.067 0.036 ---- ---- ---- 0.212 
     Paracalanus 4.841 1.626 10.739 18.483 5.004 22.636 
     Temora 0.967 0.081 ---- 0.195 ---- 0.354 
Cyclopoida 
     Corycaeus 9.451 2.584 2.891 11.673 1.069 10.634 
     Oithona  0.007 0.036 0.041 0.195 ---- ---- 
     Oncaea 69.424 91.924 83.271 68.483 57.399 40.769 
Harpacticoida 
     M. efferata 0.260 ---- 0.826 0.778 1.198 ---- 
     Clyteemnstra ---- 0.009 ---- ---- 0.385 3.301 
Euphausiacea 0.119 0.018 ---- ---- ---- ---- 
Hyperiida 5.302 1.174 0.330 ---- 23.567 1.651 
Ostracoda 0.030 0.009 ---- ---- ---- ---- 
Mollusca 0.119 0.009 0.041 ---- 0.043 0.141 
Siphonophora 0.186 0.009 ---- ---- ---- ---- 
Appendicularia ---- ---- ---- ---- ---- 7.640 

5 

 6 

7 
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Table. 3. Index of relative importance (%IRIC), determined as (%N+%C)*%F, for 1 

Myctophum affine, M. asperum, M. nitidulum and Gonichthys cocco. T: Tansforming, J: 2 

Juvenile, ----: No data. %F: Frequency of occurrence. %N: relative abundance. %C: 3 

relative contribution of each prey in carbón units 4 

5 

%IRIC 
Food items M. affine M. asperum M. nitidulum G. cocco

T J T J J J 
Copepodites 0.916 0.594 ---- ---- ---- ---- 
Calanoida 
     Acartia 0.029 ---- ---- 0.491 0.043 0.023 
     Calanus 6.466 0.720 3.119 ---- 0.173 3.460 
     Calanoida sp. 4.928 3.447 2.519 ---- 11.084 14.892 
     Centropages 0.321 ----- ---- ---- ---- 0.018 
     Eucalanus 0.161 0.101 ---- ---- ---- 0.430 
     Paracalanus 5.395 3.310 13.347 26.538 4.623 17.093 
     Temora 1.780 0.155 ---- 0.808 ---- 0.301 
Cyclopoida 
     Corycaeus 6.458 2.073 2.847 11.039 0.979 8.635 
     Oithona  0.006 0.039 0.109 1.244 ---- ---- 
     Oncaea 48.383 82.788 74.789 57.104 52.276 26.495 
Harpacticoida 
     M. efferata 0.452 ---- 2.052 2.776 1.170 ----- 
     Clyteemnstra ---- 0.008 ---- ---- 0.356 2.609 
Euphausiacea 0.318 0.019 ---- ---- ---- ----- 
Hyperiida 23.939 6.717 1.167 ---- 29.257 4.501 
Ostracoda 0.028 0.008 ---- ---- ---- ----- 
Mollusca 0.222 0.008 0.050 ---- 0.039 0.103 
Siphonophora 0.198 0.013 ---- ---- ---- ---- 
Appendicularia ---- ---- ---- ---- ---- 21.441 


