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Preface 
 

This phD thesis represents the culmination of my work and learning during the 

last 6 years (2007-2013). I have participated in three Flemish Cap surveys (from 2008 

to 2010) to get samples. Mediterranean samples came from a collaborative work with 

the Instituto de Ciencias del Mar (ICM-CSIC) of Barcelona. Samples used for the 

development of this thesis have been mostly analysed in the laboratory of Fisheries 

Ecology Group in Vigo (IIM-CSIC). I have also carried out  some laboratory tasks and 

data analysis in collaboration with other colleagues during short stays in several 

research institutes, such as the Instituto Español de Oceanografía (IEO) of Palma de 

Mallorca, the Institute of Marine Research (IMR) of Bergen, and the Instituto Português 

do Mar e da Atmosfera (IPMA) of Lisbon. This thesis is divided in 7 chapters: four main 

chapters presenting analysis of data plus a general introduction, a general discussion 

and general conclusions.  Versions of the main chapters of this thesis have been 

published or submitted in peer-reviewed international journals. I have conducted the 

majority of the research and I have written most of the manuscripts. However, the co-

authors have made significant scientific contributions improving the manuscripts 

considerably. 

 

Papers already published and submitted are: 

 

García-Seoane, E.; Dalpadado, P.  and Vázquez, A. (2013) Feeding ecology of 

the glacier lanternfish Benthosema glaciale (Actinopterygii, Myctophidae) in the 

Flemish Cap (North Atlantic Ocean). Hydrobiologia 717: 133–146. doi: 

10.1007/s10750-013-1579-5. 

 

García-Seoane, E.; Bernal, A. and Saborido-Rey, F. (submitted) Reproductive 

ecology of the glacier lanternfish Benthosema glaciale. 

 

García-Seoane, E.; Meneses, I.  and Silva, A. (submitted) Microincrements in 

glacier lanternfish Benthosema glaciale otoliths: can they be used to age the fish? 

 

García-Seoane, E.; Fabeiro, M.; Silva, A. and Meneses, I. (submitted) Age-based 

demography of the glacier lanternfish Benthosema glaciale (Reinhardt 1837) in 

the Flemish Cap. 





 

Summary 
 

Many problems facing the world’s living marine resources stem in part from the 

failure to adopt a holistic “ecosystem approach”-fisheries management and species 

conservation (Murawski, 2000). Ecosystem-based fishery management is a new 

direction for fishery management, based on the need to assess fishery effects on the 

ecosystem, i.e. on the predators, competitors, and prey of the exploited species, as 

well as on by-catch species and the essential habitat (Pikitch et al., 2004). Mesopelagic 

fishes are generally not exploited by fisheries but they are an important prey item to a 

number of commercial species, as well as to marine mammals and seabirds (Lam & 

Pauly, 2005). The family Myctophidae is one of the most representatives of the 

mesopelagic fishes (Gjøsaeter & Kawaguchi, 1980; Sassa et al., 2002). Myctophids 

play a key role in the transfer of energy in pelagic ecosystems (Bertrand et al., 2002; 

Ohizumi et al., 2003; Pusch et al., 2004; Parry, 2006; Cherel et al., 2010; Pérez-

Rodríguez, 2012; Van Noord, 2013). The glacier lanternfish Benthosema glaciale 

(Reinhardt, 1837) is the most abundant myctophid in the Atlantic Ocean north of 35 ºN 

(Gjösæter, 1973a) and it is the dominant mesopelagic fish in the Flemish Cap 

(Albikovskaya, 1988). The general objective of this thesis was to improve our 

knowledge on life history traits and feeding ecology of the myctophid B. glaciale 

focusing in the Flemish Cap. These data are relevant to understand the population 

dynamics of myctophids and their role in the ecosystem, and may contribute to develop 

a more effective and ecosystem based management strategies. 

 

The feeding dynamics of B. glaciale were studied during the summer of 2010 in 

the Flemish Cap (Chapter 2). The objectives of this chapter were (1) to investigate the 

feeding habits of B. glaciale relative to the small-scale variability of the Flemish Cap 

habitat, and (2) to analyse the ontogenetic variation in the diet of B. glaciale. Published 

information on B. glaciale diets from the Flemish Cap under the influence of the 

oceanic cold conditions of the mid-1980s is reviewed and compared with the findings 

this chapter. Benthosema glaciale constituted the majority of the deep scattering layer 

(DSL), which was located between 300 and 650 m during daylight hours; at night, a 

part of the DSL migrated to the surface. Benthosema glaciale is a zooplanktivore, 

feeding primarily on copepods (Calanus hyperboreus, Pareuchaeta norvegica, Metridia 

longa and Calanus finmarchicus), followed by amphipods (Themisto compressa) and 

krill (primarily Nematoscelis spp.). Although crustaceans dominated the diet, other 

invertebrates, such as chaetognaths, gastropods, polychaetes, ostracods and 
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appendicularians, also contributed. The geographical differences in the composition of 

the diet resulted from the association of prey with distinct water masses. Arctic species 

represented a higher proportion of the diet in the colder water at the north of the bank, 

but this situation was reversed in areas influenced by the warmer water from the south. 

Benthosema glaciale fed more intensively towards the centre of the Flemish Cap, 

possibly related to the better light conditions and/or the more availability of food in this 

region. The diet of B. glaciale shifted ontogenetically, showing increasing prey size and 

prey diversity with increasing predator size.  

 

Reproductive traits of B. glaciale were studied in the North Atlantic and 

Mediterranean in Chapter 3. The objectives of this chapter were (1) to examine oocyte 

development, using histological techniques, to define the reproductive strategy of B. 

glaciale, (2) to obtain adequate estimates of fecundity parameters, and (3) to evaluate 

the effectiveness of different staining protocols to assess ripening and spawning 

markers. We also (4) investigated regional variation in reproductive traits (length at 

maturation and spawning pattern) between these populations at the limits of their 

distribution: the Flemish Cap and off the Balearic Islands waters. This chapter was 

based on 292 females collected in the Flemish Cap during early summer 2009 and 

2011, and off the Balearic Islands during late autumn 2009 and early summer 2010. 

The spawning season was different in the two areas. Size at 50% maturity in the 

Flemish Cap was 47.6 and 49.1 mm in 2009 and 2011 respectively, but significantly 

smaller, 24.5 mm, in the Balearic Sea. Benthosema glaciale is a batch spawner with 

asynchronous ovarian development organization and indeterminate fecundity. At least 

in the Flemish Cap, this species had an iteroparous reproductive strategy. Batch 

fecundity showed significant relationships with female length and weight, although 

average relative batch fecundity was low, i.e. 1031 ± 396 oocytes per gram of female.  

Larger B. glaciale females released more eggs in each batch and they had prepared 

more potential batches, therefore they had a higher total egg production and a higher 

capacity to obtain energy than smaller ones. Two staining techniques were used and 

compared in this study: Hematoxylin-eosin and PAS-hematoxylin-metanil yellow. The 

metanil yellow yielded better results being particularly useful to detect early mature 

females and spawning indicators on regressing and regenerating females. 

 

Studies on the age and growth of marine fishes provide essential information for 

ecosystem management (Chapter 4). Main purposes were (1) to estimate the age 

based-demographic parameters of B. glaciale in the Flemish Cap, (2) to compare 

growth parameters with other geographical areas, and (3) to analyse the consistency of 
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the ageing criteria. This chapter was based on 1213 individuals collected in the Flemish 

Cap during June-July 2008 and 2010. Ages were estimated from counts of annuli in the 

whole otolith. A strong relationship was found between both diameters of the otolith 

and fish length and between otolith weight and increment number. Otolith analysis 

showed the regularity of increment formation. The length-weight relationship in B. 

glaciale was near the cube law. Males predominated in 2008 (37.6% were females) 

whereas no differences from the expected sex ratio 1:1 were observed in 2010. The 

somatic growth of B. glaciale is quite fast during the first 3 years and it decreases 

during the last years of life. The von Bertalanffy growth curves revealed inter-annual 

differences in growth and no sexual dimorphism in growth. Estimates of mortality were 

for the overall population 0.65 year-1 whereas for the different age classes were Mage1= 

1.09 year -1, Mage2= 0.79 year -1, Mage3 = 0.60 year -1, Mage4= 0.49 year -1, Mage5= 0.44 

year -1 and Mage6= 0.39 year -1. Our results were compared with age-based 

demographic parameters from previous studies in the Flemish Cap and in other 

localities. The maximum age found in this study was 7 years, which is the maximum 

age recorded the Flemish Cap although is between the range reported for this species 

in other areas. 

 

Validating a method of age determination is important in fisheries biology 

(Beamish & McFarlane, 1983). A total of 44 individuals (ranged from 28 to 49 mm of 

standard length and <2 years old) were selected (1) to analyse the otolith 

microstructure using light microscopy and (2) to assess the reliability of use 

microincrements to infer true age of B. glaciale (Chapter 4).  For this study, B. glaciale 

individuals were collected in the Flemish Cap during June-July 2010.  Three distinct 

zones were observed in the otoliths: the larval zone, the post-larval zone and the post-

metamorphic zone. The otolith core was 8 ± 0.7 μm on average. The mean 

microincrement number in the larval zone was 42 ± 7.5 within a radius of 0.095 ± 0.010 

mm whereas in the post-larval zone was 25 ± 3.0 within a segment of 0.104 ± 0.015 

mm. Scanning Electron Microscope examinations in a sub-sample of otoliths showed 

that the resolution power of the light microscope was enough for this study, at least for 

the larval and post-larval zones. Back-calculation from the time of capture suggests a 

hatching period from mid-June to mid-December with a peak in September. The 

spawning time and daily deposition of the microincrements in B. glaciale were 

discussed. Daily increment deposition of B. glaciale in the Flemish Cap is probably 

ceased during the cold season, when growth decreases. Thus, microincrement count 

should not be directly used in the identification of the first annulus. 
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The general discussion (Chapter 6) integrates the whole results. The ecological 

role of myctophids in the ecosystem of Flemish Cap was described and also the 

implications for management. Myctophids had a broad distribution and a large biomass 

(Poletaev, 1991). Acoustic abundance estimates are more consistent that net based 

estimates (Kaartvedt et al., 2012). Calculation of the mesopelagic fish abundance was 

not possible in this study, however, the acoustics techniques turned out to be very 

useful to detect the objective species and also to study their distribution and behaviour. 

Benthosema glaciale is important from an ecological perspective. They are an 

important link to higher trophic levels because they constitute a large part of the mid-

waters biomass, and they are able to utilize prey of different trophic levels. This species 

is apparently a capital breeder and an opportunistic strategist. Myctophids are an 

important component in the Flemish Cap food web, as major predator and also a key 

prey item for higher trophic levels, thus their dynamics should be integrated into 

fisheries management of Flemish Cap within an ecosystem approach. Monitoring 

myctophids dynamics becomes an important management issue. 

 

General conclusions are presented in Chapter 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Chapter 1 
General introduction 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





General introduction 

1.1 Ecosystem approach 
According to many scientists, marine environments worldwide are in serious 

decline (Fig. 1), primarily as a result of over-harvesting, pollution, and the direct and 

indirect impacts of climate change (Hughes et al., 2005). Over the last decade, 

concerns have increased rapidly over the growing problem of overfishing of marine 

ecosystems, and the associated threat to global food security, biodiversity preservation 

and general ecosystem functions (Russ & Zeller, 2003). Commercial fisheries have led 

to changes in marine food webs by direct removal of key food web components 

(Crowder et al., 2008). If a harvested species is pushed to commercial extinction, it 

may not recover when fishing stops (Robinson et al., 2010). Food web alterations can 

result in trophic cascades, regime shifts, or, in the worst case, ecosystem collapse 

(Crowder et al., 2008).  As the populations of top predators have declined, fishing effort 

has shifted to species at lower trophic levels; this process is termed fishing down 

marine webs (Pauly et al., 1998; Pauly & Palomares, 2005).  

 

 

 
Fig. 1- Three examples of alternate states in marine ecosystems. (a) Tropical coral reefs, (i) assemblages 

dominated by corals Acropora palmata and A. cervicornis in the Caribbean in 1979, and (ii) the same reef, 

degraded and smothered by fleshy seaweed Dictyota spp. two decades later; (b) temperate and boreal 

rocky reefs, (i) kelp-dominated systems (Alaria fistulosa) in the Aleutian Islands, and (ii) over-grazed sea 

urchin Strongylocentrotus polycanthus barrens; (c) temperate coastal pelagic systems, (i) predatory fishes 

Scombrus scombrus, and (ii) overfished, depleted food chains, dominated by planktonic jellyfishes Aurelia 

aurita. By definition, phase shifts among alternate states constitute profound and often sudden changes in 

species composition, with major economic and social consequences (Hughes et al., 2005). 
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It is often suggested that many problems facing the world’s living marine 

resources stem in part from the failure to adopt a holistic ‘‘ecosystem approach’’ – 

fisheries management and species conservation (Murawski, 2000). Ecosystem-based 

fishery management (EBFM) is a new direction for fishery management, essentially 

reversing the order of management priorities to start with the ecosystem rather than the 

target species (Pikitch et al., 2004). The important and diverse ecological role of fishes 

and other target species in the dynamic of ecosystems has been recognized (Graham 

et al., 2003; Johnson et al., 2004; Lafferty, 2004). The EBFM is based on the need to 

assess fishery effects on the ecosystem, i.e. on the predators, competitors, and prey of 

the exploited species, as well as on by-catch species and the essential habitat (Pikitch 

et al., 2004). Interaction webs are a critical nexus to understand linkages, to model 

ecosystem change, and to apply management directives (Crowder et al., 2008). In the 

absence of data on ecosystem features of interest, a more precautionary approach to 

management is necessary (Gislason et al., 2000; Pikitch et al., 2004). The international 

fishery for krill (Euphausia superba) in Antarctic waters was the first to be managed 

based explicitly on ecosystem-based principles, which aim to conserve the various 

marine mammals and seabirds that feed on this species, as well as the krill itself 

(Hewitt & Low, 2000; Constable, 2004) 

 

Moving from the population to the ecosystem level increases complexity 

(Gislason et al., 2000). Thus, new analytical models and management tools will be 

needed (Pikitch et al., 2004). In addition, technical management measures that have 

benefits to both target and non-target species and that may enhance ecosystem 

functions, such as broader use of marine protected areas (Allison et al., 1998; 

Murawski, 2000; Russ & Zeller, 2003). The application of robust models to improve 

ecosystem-based management of commercial fisheries will require investment in the 

collection of sufficient biological and environmental data as well as extensive model 

validation exercises (Crowder et al., 2008).  

 

Zhou et al. (2010) proposed that a key step toward EBFM would be to critically 

rethink, and where appropriate revise, management regulations that have an adverse 

impact on biodiversity and a sustainable fishery in the long term. The majority of 

research papers and management arrangements encourage more selective fishing 

(Zhou et al., 2010). However, several studies suggest that selective fishing may result 

in negative impact both on fisheries and marine ecosystems (Orensanz et al., 1998; 

Zhou, 2008) Therefore, a balanced exploitation approach (Fig. 2) might alleviate many 

of the ecological effect of fishing by avoiding intensive removal of particular component 
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of the ecosystem, while still supporting sustainable fisheries (Zhou et al., 2010). This 

concept means the proportional removal of all utilizable species from an ecosystem, 

except vulnerable ones, is the ideal action (Zhou et al., 2010). 

 

 

 
Fig. 2- Discriminated groups voice for balanced exploitation in EBFM (Zhou et al., 2010).  

 
 
 

1.2 Lanternfishes 
The mesopelagic zone is defined as the zone between 200 and 1000 m depth, 

where the light is too low for photosyntesis and the downwelling irradiance is sufficient 

for vision to be effective in capturing prey (Gjøsaeter & Kawaguchi, 1980; Robinson et 

al., 2010). Mesopelagic fishes are those species that live in the mesopelagic zone 

during daytime, and move to the surface at night (Gjøsaeter & Kawaguchi, 1980; Lam 

& Pauly, 2005). They contribute in this way to a vertical carbon flux by respiring carbon 

dioxide, releasing fecal pellets and dissolved organic matter below the euphotic zone, 

and falling victim to vertically structured carnivorous predators (Robinson et al., 2010). 

The global biomass of mesopelagic fish was estimated in 948x106 t by Gjøsaeter & 

Kawaguchi (1980) and was slightly revised to 999x106 by Lam & Pauly (2005). 

However, these numbers probably underestimate the biomass present (Gjøsaeter & 

Kawaguchi, 1980). Kaartvedt et al. (2012) recalculate this biomass to 1010 t on the 

basis that fish avoidance of net sampling may explain the pronounced discrepancies 

between trawl-based and acoustic abundance estimates of mesopelagic fish. Despite 

their abundance, mesopelagic fishes are generally not exploited by fisheries, but are an 

important prey item to a number of species targeted by fisheries, as well as to marine 

mammals and seabirds (Lam & Pauly, 2005). 
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The family Myctophidae is one of the most representatives of the mesopelagic 

fishes (Gjøsaeter & Kawaguchi, 1980; Sassa et al., 2002). This family includes around 

32 genera with at least 240 species with an adult size of 2-30 cm (Nelson, 2006; 

Santos & Figueirido, 2008). Their taxonomic classification following Nelson (2006) is:  

 

Phylum:     Chordata 

Subphylum:      Craniata 

Superclass:   Gnathostomata 

Subclass:   Neopterygii 

Class:     Actinopterygii 

Division:   Teleostei 

Division:   Euteleostei 

Superorder:   Scopelomorpha 

Order:    Myctophiformes 

Family:   Myctophidae             

 
Myctophids have a laterally compressed body, covered usually with deciduous 

cycloid scales (ctenoid in four species), with a single high dorsal fin, an adipose fin, an 

anal fin, paired fins (pectoral and pelvic) and a forked caudal fin. Mouth is large and 

terminal (subterminal in Loweina, Gonichthys and Centrobranchus) with bands of small 

teeth, and eyes well developed (Nafpaktitis et al., 1977; Scott & Scott, 1988; Nelson, 

2006; Santos & Figueirido, 2008; Catul et al., 2011). Their colour varies from blue-

green to silver in shallow dwelling species e.g. Diaphus spp., while deep water species 

are dark brown to black e.g. Lampanyctus spp. and Taaningichthys spp (Catul et al., 

2011). Most of myctophids have a swimbladder, which regresses with age in some 

species. The bladder becomes partially or wholly invested by oil-filled or fatty tissue in 

some species, and it is partially or almost entirely filled with a “cottony tissue” in others 

(Nafpaktitis et al., 1977; Santos & Figueirido, 2008). Many myctophid species can be 

detected with acoustic echosounders (Valinassab et al., 2007; Collins et al., 2008; 

Kaartvedt et al., 2008; Godø et al., 2009). They aggregate in compact layers being the 

main responsible for deep scattering layers (DSL). Myctophids selectively occurred in 

aggregations of other pelagic fauna, such as ctenophores, sergestids, amphipods, to 

reduce the probability of direct contact with predator and take advantage of aggregate 

search abilities for common prey taxa (Auster et al., 1992). 

 

 

 22 



General introduction 

This family has a variety of luminous organs (Fig. 3), whence their common 

name “lanternfish”. The most characteristic luminous organ is the photophore, although 

one species (Taaningichthys paurolychnus Davy, 1972) completely lacks them. The 

number and arrangement of the numerous photophores on head and body is an 

important taxonomic feature. The photophores are complex structures consisting of 

modified cup-like (lens) scales, containing photogenic tissue. These emit a weak to 

bright blue-green-yellow light by chemical reaction. Their function might be mislead 

predators and intraspecific communication (specifically in shoaling and courtship 

behaviour). Others type of luminous organs are the supracaudal and infracaudal glands 

found on the dorsal and ventral side of the caudal peduncle respectively (Fig. 3). These 

glands, which consist of a series of separate or overlapping luminous scale-like 

structures, can vary from small and simple to large and complex. Males have a 

supracaudal and the females an infracaudal gland, although male and females of 

several genera present both glands without any indication of sexual dimorphism (e.g. 

Lampanyctus spp.). In a few species only males have a supracaudal gland and 

females have none (e.g., Notoscopelus spp.), whereas these are entirely missing in the 

genus Diaphus. When one supracaudal gland appears in both sexes, it is larger and 

better developed in males than in females (e.g., Notolychnus spp.) (Nafpaktitis et al., 

1977; Scott & Scott, 1988; Nelson, 2006; Santos & Figueirido, 2008; Catul et al., 2011). 

 

 

 
Fig. 3- General distribution of luminous organs and their abbreviated terminology in the family 

Myctophidae (Nafpaktitis et al., 1977). 

  
 
Myctophids occur in all oceans, from Arctic to Antartic (Scott & Scott, 1988). 

Larvae of myctophids are known to form the bulk of oceanic ichthyoplankton in low 

latitudes (Evseenko, 2006). All myctophids spend their larval stages in the epipelagic 
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zone, within 200 m of the surface, and most of them do not undergo conspicuous diel 

vertical migration (Moku et al., 2005). Most myctophid species perform diurnal vertical 

migration in adult stage (Nafpaktitis et al., 1977; Gjøsaeter & Kawaguchi, 1980; Scott & 

Scott, 1988; Nelson, 2006) avoiding predators and also following zooplankton (their 

main prey), which is concentrated in upper layers (Balu & Menon, 2006; Catul et al., 

2011). Migrational patterns may also be dependent on sex, latitude, hydrography, 

topography and season (Catul et al., 2011). In the western North Pacific, Watanabe et 

al. (1999) found four kinds of them: (1) Migrants showing clear day-night habitat 

separation with peak abundance above 200 m at night: the bigfin lanternfish 

Symbolophorus californiensis (Eigenmann & Eigenmann, 1889), Tarletonbeania taylori 

Mead, 1953, the Japanese lanternfish Notoscopelus japonicus (Tanaka, 1908), 

California headlightfish Diaphus theta Eigenmann & Eigenmann, 1890, the warming's 

lantern fish Ceratoscopelus warmingii (Lütken, 1892), and Diaphus gigas Gilbert, 1913. 

(2) Semi-migrants, in which part of the population often remains in the daytime habitat 

at night. Distribution depths of migratory and non-migratory individuals do not overlap: 

the Northern lampfish Stenobrachius leucopsarus (Eigenmann & Eigenmann, 1890). 

(3) Passive-migrants, in which there is no separation of day-night habitats, but the 

upper limit of daytime distribution depth shifts to a shallower layer at night, probably as 

the fish follow migratory prey: the brokenline lanternfish Lampanyctus jordani Gilbert, 

1913. (4) Nonmigrants: the garnet lanternfish Stenobrachius nannochir (Gilbert, 1890), 

the pinpoint lampfish Nannobrachium regale (Gilbert, 1892) (>140 mm SL), and the 

bigeye lanternfish Protomyctophum thompsoni (Chapman, 1944).   

 

Myctophids play an important role in the transfer of energy linking zooplankton 

to intermediate and top predators (Bertrand et al., 2002; Ohizumi et al., 2003; Pusch et 

al., 2004; Parry, 2006; Cherel et al., 2010; Pérez-Rodríguez, 2012; Van Noord, 2013). 

In addition, they carry their gut contents to the depths where they are excreted 

(Pakhomov et al., 1996; Hidaka et al., 2001). Myctophids are characterized by rapid 

growth, early sexual maturity, life span short and high mortality rates. Females are 

oviparous and both sexes are non-guarding pelagic spawners. They release eggs and 

seminal fluid into the water, where fertilization takes place. All the lanternfishes have a 

low fecundity rate with females producing approx. 100–2,000 unfertilized eggs per 

spawn, depending on the species and age of the fish. A study of biology, ecology, 

distribution and systematics of dominant and endemic myctophid species in the various 

regions of occurrence will also help to understand the dynamics of these organisms 

(Catul et al., 2011). 
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There are only a few examples of commercial exploitation of lanternfishes. An 

industrial purse seine fishery for Hector's lanternfish Lampanyctodes hectoris (Günther, 

1876) in South African waters closed in the mid-1980s due to processing difficulties 

caused by the high oil content of the fish. A Soviet fishery for blue lantern fish Diaphus 

coeruleus  (Klunzinger, 1871) and Nichol's lanternfish Gymnoscopelus nicholsi (Gilbert, 

1911) (both species considered edible) was developed from 1977 until 1992 in the 

Southwest Indian Ocean and Southern Atlantic (FAO, 1997). Decreasing catches from 

the inshore waters of the world oceans and a decline in the traditional marine fisheries 

have made the myctophids a potential resource for exploitation (Balu & Menon, 2006). 

The possibility that lanternfishes could support globally significant fisheries has been 

known since the 1960s (FAO, 1997). Considering the large standing stocks of 

myctophids in some parts of the world ocean and its fishery potential, research is 

necessary to understand the role of myctophids in the oceanic food web (pelagic 

ecosystem) (Catul et al., 2011). 

 

 

1.3 The study species 
The glacier lanternfish Benthosema glaciale (Reinhardt, 1837) (Fig. 4) is the 

most abundant myctophid in the Atlantic Ocean north of 35 ºN (Gjösæter, 1973a) and it 

is the dominant mesopelagic fish in the Flemish Cap (NAFO Div. 3M, Fig. 5) 

(Albikovskaya, 1988). It is distributed from Cape Hatteras to Davis Strait in Northwest 

Atlantic, from Cape Verde Islands to Spizbergen and Jan Mayen in Northeast Atlantic 

and in the Mediterranean (Scott & Leim, 1966). It is abundant at temperatures of 4-16º 

C, but occurs in temperatures above 18º C and as low as 0º C (Scott & Scott, 1988).  

Older and larger fish are found deeper that young fish at night (Halliday, 1970). Sexes 

can be distinguished by the supracaudal gland in males and the infracaudal glands in 

females (Gjøsæter, 1981). There is no sexual dimorphism in growth (Halliday, 1970). 

 

Benthosema glaciale larvae have a deep body, a moderately short intestine and 

oval eyes (Serebryakov, 1982) (Fig. 6). In north-eastern Atlantic, B. glaciale larvae 

initiate a downward migration when the notochord flexion is completed (6.5-10.5 mm), 

and metamorphosis takes place below 500 m depth (Kawaguchi & Mauchline, 1982). 

Metamorphosis occurs at a length of 11-12 mm (Halliday, 1970; Fahay, 1983). 
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Fig. 4- Adult specimen of glacier lanternfish of  71 mm SL.  

 
 

 

 
Fig. 5- Map of part of the NAFO area, with the Flemish Cap.  
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Fig. 6- (A-F) Benthosema glaciale larvae, (G) B. glaciale fry (Fahay, 1983).  

 

 

The dominance of copepods in the diet of B. glaciale has been reported for 

Atlantic areas (Gjösæter, 1973b; Kinzer, 1977; Kawaguchi & Mauchline, 1982; Roe & 

Badcock, 1984; Albikovskaya, 1988; Giske et al., 1990; Podrazhanskaya, 1993). Apart 

from copepods, krill is an important prey in the north-eastern Atlantic (Gjösæter, 1973b; 

Roe & Badcock, 1984) and ostracods off northwest Africa (Kinzer, 1977).  

 

Geographical variations in the meristic and life history traits of B. glaciale have 

been reported (Badcock, 1981; Gjøsæter, 1981). The first spawning occurs at age 2 in 

Canadian and Norwegian waters, whereas at age 1 in the Mediterranean Sea (Tåning, 

1918; Halliday, 1970; Gjøsæter, 1981). A maximum age 4 and maximum length of 68 

mm of standard length have been reported off Nova Scotia (Halliday, 1970). The 

maximum size was 47 mm in the Mediterranean and the lifespan deduced from the 

length frequency distribution of age 1 (Tåning, 1918).  
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1.4 Objetives 
The general objective of this thesis was to improve our knowledge on life history 

traits and feeding ecology of the myctophid B. glaciale focusing in the Flemish Cap. 

These data are relevant to understand the population dynamics of myctophids and their 

role in the ecosystem, and may contribute to develop more effective and ecosystem-

based management strategies. 

 

Chapter 2 specific objectives of were (1) to investigate the feeding habits of B. 

glaciale relative to the small-scale variability of the Flemish Cap habitat, and (2) to 

analyse the ontogenetic variation in the diet of B. glaciale. Published information on B. 

glaciale diets from the Flemish Cap under the influence of the oceanic cold conditions 

of the mid-1980s is reviewed and compared with the findings of this chapter.  

 

Chapter 3 objectives were (1) to examine oocyte development, using 

histological techniques, to define the reproductive strategy of B. glaciale, (2) to obtain 

adequate estimates of fecundity parameters, and (3) to evaluate the effectiveness of 

different staining protocols to assess ripening and spawning markers. In this chapter 

we also (4) investigated regional variation in reproductive traits (length at maturation 

and spawning pattern) between these populations at the limits of their distribution: the 

Flemish Cap and off the Balearic Islands waters.  

 

Chapter 4 main purposes were (1) to estimate the age based-demographic 

parameters of B. glaciale in the Flemish Cap, (2) to compare growth parameters with 

other geographical areas, and (3) to analyse the consistency of the ageing criteria. 

 

Chapter 5 purposes were (1) to describe the microstucture of the B. glaciale 

otoliths, and (2) to assess the reliability of using microincrements to infer true age of 

this species. 

 

The general discussion (Chapter 6) integrates the whole thesis and described 

the ecological role of myctophids in the ecosystem of Flemish Cap and the implications 

of this thesis for management. 

 

General conclusions are presented in Chapter 7. 



 
 
 

Chapter 2 
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2.1 Introduction 
Myctophids are one of the most abundant families of deep sea fauna. 

Commercial fisheries for this family are limited to South Africa, the sub-Antarctic region 

and the Gulf of Oman. The majority of the catches are used for producing animal meal 

and crop fertilisers rather than for direct human consumption (Catul et al., 2011). 

Myctophids feed on planktonic crustaceans and are consumed by a wide range of 

predators: fishes (Greer Walker & Nichols, 1993), squids (Parry, 2006), seabirds (Hedd 

et al., 2009) and marine mammals (Doksæter et al., 2008). Determining the feeding 

habits and trophic positions of myctophids is essential to better understand the 

functioning of the pelagic ecosystem (Cherel et al., 2010). Benthosema glaciale is the 

most abundant myctophid in the Atlantic Ocean north of 35 ºN (Gjösæter, 1973b). 

 

The Flemish Cap is an oceanic bank located at 47º N, 45º W. Its general 

circulation and water mass properties are dominated by two major current systems: the 

southwards-flowing Labrador Current (LC) (cold subpolar waters) and the northwards-

flowing North Atlantic Current (NAC) (warm temperate waters). The Flemish Cap is 

primarily influenced by the LC, with traces of the NAC to the south and the east flank. 

The oceanic circulation and the topography generate an anti-cyclonic gyre over the 

centre of the bank (particularly during summer), elevate the water temperatures and 

entrain NAC water masses rich in inorganic dissolved nutrients (Fig. 7) (Colbourne & 

Foote, 2000; Gil et al., 2004; Maillet et al., 2005).  

 

In the Flemish Cap, the myctophids B. glaciale, the Arctic telescope 

Protomyctophum arcticum (Lütken, 1892) and Notoscopelus elongatus (Costa, 1844) 

are associated with cold waters, whereas the spotted lanternfish Myctophum 

punctatum Rafinesque, 1810 and the Madeira lanternfish Ceratoscopelus maderensis 

(Lowe, 1839) are associated with warm waters. The biomass and the relative 

abundance of these species vary with the seasons (Poletaev, 1991; Podrazhanskaya, 

1993). Flemish Cap demersal species, such as the Atlantic cod Gadus morhua L., 

1758, the golden deep-water redfish Sebastes mentella Travin, 1951 and the 

Greenland halibut Reinhardtius hippoglossoides (Walbaum, 1792), prey on myctophids 

and compete with them for food (Konstantinov et al., 1985; Casas & Paz, 1996; Román 

et al., 2007). In the Flemish Cap, zooplankton, the main prey of myctophids, are 

dominated by copepods during most of the year. In early summer, C. finmarchicus 

dominates in terms of abundance and biomass. The zooplankton composition is 

consistent with the principal current systems of the bank: the copepods C. 
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finmarchicus, Pareuchaeta norvegica, Scolecithricella minor and euphausiids generally 

dominate North Atlantic waters, whereas the copepods Calanus hyperboreus, C. 

glacialis, Metridia longa and Pseudocalanus are associated with Arctic waters 

(Konstantinov et al., 1985; Anderson, 1990; Head et al., 2003). 

 

 

 
Fig. 7- Schematic presentation of the major circulation around the Flemish Cap (Colbourne and Foote, 

2000). 

 
 

Copepods play an important role in the diet of B. glaciale in the Flemish Cap 

(Albikovskaya, 1988; Podrazhanskaya, 1993) and in other Atlantic areas (Gjösæter, 

1973b; Kinzer, 1977; Kawaguchi & Mauchline, 1982; Roe & Badcock, 1984; Dypvik et 

al., 2012a). In addition to copepods, krill is an important prey in the northeast Atlantic 

(Gjösæter, 1973b; Roe & Badcock, 1984), as are ostracods off northwest Africa 

(Kinzer, 1977). Several studies on B. glaciale have shown that this species feeds most 

intensively at night, most likely due to their migratory behaviour, although they also 

feed during the day (Gjösæter, 1973b; Kinzer, 1977; Roe & Badcock, 1984; Sameoto, 

1988, 1989). In contrast, no diurnal feeding patterns were described in Norway 

(Bagøien et al., 2001), and no indication of daily vertical movements of the DSL, which 

is primarily composed of B. glaciale, had been observed in the Flemish Cap 

(Albikovskaya, 1988). 
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Although the diet of B. glaciale has been previously well studied, spatial 

variability in the diet is poorly understood for the majority of myctophid species. The 

purposes of this chapter were to investigate the feeding habits of B. glaciale relative to 

the small-scale variability of the Flemish Cap habitat and to analyse the ontogenetic 

variation in the diet of B. glaciale. Published information on B. glaciale diets from the 

Flemish Cap under the influence of the oceanic cold conditions of the mid-1980s is 

reviewed and compared with the findings of this study. Our investigations were 

conducted during a period when the region was subjected to warm climatic conditions 

(Maillet & Colbourne, 2007).  

 
 

2.2 Materials and methods 
2.2.1 Sampling 
Benthosema glaciale samples were taken during the European Union survey on 

the Flemish Cap with R/V Vizconde de Eza from 21 June to 22 July 2010. Two types of 

gear were deployed during the survey for bottom and pelagic fishing. A Lofoten bottom 

trawl gear was used to catch demersal fish following a stratified random sampling 

design. The net had a 3.5 m vertical opening with a 35 mm mesh size cod-end. An 

auxiliary square net of 36 cm size in each side and 6 mm mesh was attached to the 

central dorsal part of the cod-end. The gear was trawled for 30 minutes at 3.5 knots. An 

Isaacs-Kidd Midwater Trawl with a 2×2 m squared opening and 9 mm mesh cod-end 

was used for pelagic fishing. It was towed for 1 hour at 3 knots. Trawling depths were 

chosen based on the position of the DSL. Depth was controlled by a Simrad ITI 

distance sensor. Acoustic data were logged continuously during the survey by a 38 kHz 

SIMRAD EK60 split-beam echo sounder and were later analysed using Echoview 

(version 4.00, SonarData). Trawling for myctophids without the use of acoustic 

techniques was not successful in previous Flemish Cap surveys. Temperature and 

salinity profiles were obtained by a Seabird Electronic CTD (Model SBE25) at 62 

stations separated by 15 miles within the area investigated. 

 

A total of 186 tows was performed, and B. glaciale were caught in 82 of these 

tows (Fig. 8a). The sampling period was from 8:00 to 20:30 for bottom trawling and 

from 18:30 to 00:30 for the pelagic hauls. All samples of B. glaciale were frozen 

immediately for later analysis in the laboratory. For each individual, the standard length 

(SL) was recorded to the nearest mm and the weight to the nearest 0.01 g. Fish were 

thawed and placed on filter paper for 5 minutes to remove water before weighing. Sex 
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was primarily recognised by the position of the luminous organ on the caudal peduncle: 

in the dorsal position for males (supracaudal gland) and in the ventral position for 

females (infracaudal gland). Sex was determined by histological examination if these 

glands were not present or if they were difficult to differentiate. Sex could not be 

determined when gonads were too damaged and the structures of the gonad or 

gametes could not be identified. 

 

2.2.2 Analysis of stomach contents 
As a target, 15 individuals of B. glaciale were randomly selected from each haul 

and a total of 482 fish was analysed for feeding studies. The stomachs were removed 

(from the anterior end of the oesophagus to the pyloric valve) under a binocular 

microscope, and the stomach contents were carefully separated. The percentage of 

empty stomachs was not high, and no everted stomachs were detected. Only prey 

occurring inside the oesophagus and the stomach were analysed in this study. Items 

found in the mouth of the fish were discarded. Prey items were counted and identified 

to the species level or to the lowest possible taxonomic category. The dry weight of the 

prey group or species was taken to the nearest 10-5 g after drying at 60 ºC up to a 

maximum of 24 hours. Total length (TL) of amphipods and euphausiids (from the eye to 

the end of the telson) was measured to the nearest mm whenever possible. The 

development stage of copepods (copepodite CI-CVI) was determined using the 

prosome length and other morphological characteristics (Kwasniewski et al., 2003). 

Stage CVI copepodites in an early state of digestion were classified as males or 

females. When the digestion was advanced and did not permit segregation into the 

different stages of IV, V, and VI, the organism was grouped into the category CIV-VI. 

To investigate prey size preferences, the lengths of copepod stages were taken from 

the literature (Sars, 1903; Kwasniewski et al., 2003). Chaetognaths were rarely found 

intact in the stomachs. In such cases, their presence was deduced from identifiable 

parts, such as hooks. Thus, only their presence was noted. The state of digestion of 

the stomach contents was qualitatively classified using a scale from 1 (newly ingested 

items) to 5 (completely digested).  

 

To study the ontogenetic variation in the diet, the specimens were classified in 5 

size categories represented by successive size intervals of 10 mm. The length of the B. 

glaciale specimens collected by this study ranged from 30 to 80 mm SL. To study 

geographical differences, the Flemish Cap was divided into 4 regions (Fig. 8b).  
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Fig. 8- Flemish Cap. (a) Location of hauls during the EU survey in 2010. The red dots represent pelagic 

trawl stations, and the grey dots represent bottom trawl stations. (b) Division into 4 regions to analyse the 

geographical variation in the feeding of B. glaciale. Bathymetric lines are 144, 181, 254, 365, 547, 730, 

912, 1095, 1277 and 1460 m.  

 
 
2.2.3 Indices  
The relative importance of individual prey taxa was assessed with the following 

indices:  

%F – Frequency percentage of occurrence, i.e., the percentage of stomachs in 

which each prey species or prey group occurred in relation to the total number of 

stomachs examined (including empty stomachs). 
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• %W – Weight percentage of each food item in all stomachs sampled.  

 

• PFI – Partial Fullness Index (Bowering & Lilly, 1992), according to the equation:  

 

(1) 

 

 

where: 

Wij – weight of prey i in fish j 

Lj – length of fish j 

n – number of fish in the sample.  

PFI was estimated to compare the weight of prey found in stomachs in relation 

to predator size within and among geographic areas.  

 

Other indices used in this study were as follows: 
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• TFI – Total Fullness Index (Bowering & Lilly, 1992) was calculated as follows:  
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where m is the number of prey categories.  
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• S2 – Rogers and Tanimoto coefficient (Zuur et al., 2007), defined as follows: 

 

 

(3) 

 

 

where: 

a shows the joint presence 

d shows the joint absence 

b and c represent the presence in one of the two individuals.  

In this measure of similarity, zeros and non-zeros are treated in the same way. 

We calculated this coefficient for every pair of samples to produce the similarity 

matrix used in the subsequent multivariate analysis.   
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2.2.4 Statistical analysis 
A Generalized Additive Model (Hastie & Tibshirani, 1990) with a Tweedie 

distribution (Tweedie, 1984) (GAM-Tweedie model) was used to assess the influence 

of environmental and biological predictor variables (e.g., sex, size, region, type of trawl, 

bottom depth and time of day) on the response variable TFI. This distribution was 

applied because the response variable is continuous and an important number of zeros 

(22% of the observations), so no data transformation for normality was successful. The 

model was optimised using an ANOVA nested model comparison by progressively 

removing non-significant effects until all retained effects in the model were significant 

(P < 0.05). When the only predictor variable kept in the final model showed a linear 

effect, a Generalized Linear Model (McCullagh & Nelder, 1989) with a Tweedie 

distribution (GLM-Tweedie) was fitted.  

 

Two multinomial logit models (Agresti, 2002), including and excluding the time 

of day, were used to test the influence of the time of day on the degree of digestion. A 

likelihood ratio test was conducted to compare both multinomial logit models.  

 

The composition of the B. glaciale diet was investigated with a multivariate 

analysis of the PFI values (without transformation) using the PERMANOVA+ package 

for PRIMER v6 software (Anderson et al., 2008). Specimens with empty stomachs 

were not considered in this analysis. To determine the influence of size, region, sex 

and time on the diet composition (copepods, amphipods and krill), the results from the 

similarity matrix (based on the Rogers and Tanimoto coefficients) were examined with 

non-metric multidimensional scaling (MDS) (Clarke, 1993) and with PERMANOVA 

(Anderson et al., 2008). The PERMANOVA assumes independence and homogeneity 

of dispersions (Anderson et al., 2008). To test the homogeneity of multivariate 

dispersion, a PERMDISP routine was used. Both analyses (PERMANOVA and 

PERMDISP) comprised 9999 permutations.  

 

The plots and the model fitting were performed in R (R Development Core 

Team, 2011). The mgcv package was used to fit GAMs (Wood, 2011), the package 

was used to fit multinomial models (Venables & Ripley, 2002) and the tweedie package 

was used to estimate the variance power (Dunn, 2011). The maps were constructed 

with ESRI ArcMap version 9.3. 
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2.3 Results 
2.3.1 Hydrography 
Because the study area is under the influence of LC waters, with traces of the 

NAC to the south and the east, the southern regions (primarily Region 3) are most 

influenced by the warm temperate waters. During the 2010 survey, salinity increased 

with depth in all regions, from values of 33.6-33.9 at the surface to stable values of 

approximately 34.9 below ~250 m (Fig. 9). Additionally, the warmer waters were in the 

surface layer (0-50 m) in all regions. Below this layer, a cold and more saline layer 

extended to a depth of ~150 m. This intermediate layer reaches temperatures as low 

as 3.6 ºC in the northern Region 1. In contrast, the minimum temperature of this layer 

in the southwest area (Region 3) was 3.9 ºC. Temperature decreased gradually from 

4.2-4.4 ºC at a depth of ~200 m to 3.5 ºC at 1400 m. The water temperature between 

200-300 m was approximately 0.1 ºC warmer in the southern regions than in the 

northern area. Below approximately 500 m, the temperature was quasi-homogeneous 

for all regions. 

 

 
Fig. 9- Temperature and salinity vertical profiles mean from 21 June to 22 July 2010 for (a) Region 1, (b) 

Region 2, (c) Region 3, and (d) Region 4. Temperature is represented by the full line and salinity by the 

dotted line.  
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2.3.2 Distribution 
Acoustic observations during the study period (June-July) showed a DSL 

located between depths of 300 and 650 m during the day and night (Fig. 10a). The 

vertical extension of this DSL varied between approximately 100-200 m depending on 

the time of day. In the Flemish Cap, fishes and decapods, such as Sergestes arcticus 

and Sergia robusta, aggregate in the DSL. The results from 16 pelagic hauls confirm 

the presence of B. glaciale in the DSL and indicate that this species constituted the 

majority of the fish in this layer (70-100% by number in those catches for which the 

trawling depth was selected based on acoustic echograms, Fig. 11).  

 

 

 
Fig. 10- Selected echogram at 38 kHz (from the Echoview 4.00 program) (a) of daylight hours obtained on 

8 July 2010 and (b) for the upper 1000 m in the Flemish Cap from 20 July 2010 at 14:00 to 21 July 2010 at 

14:00. Sunset was at approximately 22:50, and sunrise was at approximately 7:40. The arrows mark the 

deep scattering layer, which consisted primarily of B. glaciale. Vertical lines indicate hours (time in GMT), 

and horizontal lines indicate depth. The bottom is represented as a thick red line.  
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Fig. 11- Distribution and catch composition (in number) of fish species taken using pelagic trawl during 

summer 2010. The green dots represent the pelagic trawl stations Hauls with equal or fewer than 10 fishes 

are not presented. Bathymetric lines are 144, 181, 254, 365, 547, 730, 912, 1095, 1277 and 1460 m 

 

 

The DSL separated into two layers at dusk. The lower DSL remained at the 

same depth as during daylight hours. The upper layer moved to the surface, reaching 

depths above 100 m at night, and it descended at dawn until it completely overlapped 

with the lower layer in the morning (Fig. 10b). No hauls were conducted to confirm the 

presence of B. glaciale in this upper layer at night.  

 

The absence of the DSL in the central part of the bank, i.e., at bottom depths 

lower than ~300 m, suggests that B. glaciale was absent from the Flemish Cap centre 

(Fig. 12). Nine pelagic hauls indicated the absence of this species and other 

myctophids from this area. 
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Fig. 12- Flemish Cap map showing the vessel trajectory covered during the 2010 survey. Green lines 

represent the presence and grey lines the absence of the DSL in the area sampled by acoustic 

techniques. The echograms show the presence (upper) and absence (lower). Bathymetric lines are 144, 

181, 254, 365, 547, 730, 912, 1095, 1277 and 1460 m. 
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2.3.3 Prey spectrum 
A total of 482 stomachs of B. glaciale, taken by both bottom and pelagic 

trawling, was examined. Standard length of the 482 sampled individuals ranged 

between 31 and 79 mm (Fig. 13). 

 

 

 
Fig. 13- Length frequency distribution of (a) females, (b) males and (c) indeterminate sex of B. glaciale 

processed for feeding studies. 
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The food spectrum of B. glaciale was very broad, and almost all groups of 

zooplankton generally abundant in the water mass, including copepods, euphausiids, 

amphipods, chaetognaths, gastropods, polychaetes, ostracods, and appendicularians, 

were present in the stomachs (Table 1).  

 

 
Table 1- Diet composition of B. glaciale sampled in the Flemish Cap. Results from the study by 

Albikovskaya (1988) are also presented for comparison. % F refers to the frequency of occurrence and % 

W to the dry weight percentage.   

%F %W
Food items Feb 1982 Apr 1984 Aug 1985 Oct  1984 Jun-Jul 2010 Jun-Jul 2010
Amphipoda (total) ─ 12.5 7.0 ─ 16.2 34.4

Themisto compressa 3.9 12.8
Themisto spp. 12.2 21.1

Euphausiacea (total) 5.3 12.5 2.3 ─ 6.0 10.1
Nematoscelis spp. 1.7 2.8
Thysanoessa longicaudata 0.2 0.2

Copepoda  (total) 10.5 25.0 13.9 24.0 53.9 34.8
Aetidae 0.2 0.0
Calanus finmarchicus ─ 25.0 2.3 4.0 3.7 1.5
Calanus glacialis 0.2 0.0
Calanus hyperboreus ─ 12.5 ─ ─ 9.5 12.5
Calanus spp. ─ 12.5 ─ 8.0 6.4 2.8
Gaidius tenuispinus 4.6 0.7
Metridia longa 14.1 1.8
Metridia lucens 1.9 0.2
Metridia spp. 5.3 ─ ─ ─ 9.5 0.9
Pareuchaeta norvegica ─ ─ ─ 16.0 2.9 3.2
Paraeuchaeta  spp. 5.3 ─ 4.6 4.0 9.8 4.6
Pleuromamma robusta 0.6 0.1
Pleuromamma spp. ─ ─ ─ 4.0 2.1 0.2
Pseudocalanus elongatus ─ ─ ─ 4.0 ─ ─
Pseudocalanus spp. 0.6 0.0
Scolecithricella spp. 0.2 0.0
Undeuchaeta spp. ─ 12.5 ─ 4.0 ─ ─
Unidopsis bradyi 0.4 0.0
Triconia borealis 0.2 0.0

Mysidacea ─ ─ ─ 4.0 ─ ─
Crustacea remains 14.1 6.2
Crustacean larvae 0.2 0.2
Gastropoda 0.2 0.0
Polychaeta (Tomopteris  spp.) 0.2 0.1
Ostracoda 5.3 ─ ─ ─ 2.5 0.1
Appendicularia ─ ─ 2.3 ─ 2.1 0.1
Chaetognatha ─ ─ 2.3 ─ 6.0 0.8
Indeterminated 2.1 0.3
Digested food 21.0 12.5 48.8 28.8 22.2 13.1
Total number of stomachs 19 8 43 25 482 482
Empty stomachs % 58 63 37 52 22
Source Albikovskaya Albikovskaya Albikovskaya Albikovskaya This study This study

(1988) (1988) (1988) (1988)

22
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Crustaceans dominated the diet. The most important groups were copepods 

(e.g., M. longa, Pareuchaeta spp., C. hyperboreus and Pareuchaeta norvegica), 

amphipods (Themisto compressa, including both forms, i.e., Themisto compressa f. 

compressa and Themisto compressa f. bispinosa) and euphausiids (Nematoscelis 

spp.; based on our identification, most likely Nematoscelis megalops and Thysanoessa 

longicaudata). 

 

Common prey, such as copepods of the genus Metridia, Gaidius tenuispinus 

and C. finmarchicus, occurred most frequently. Larger prey, such as euphausiids, 

occurred less frequently but were dominant by weight. Amphipods were almost equally 

as important as copepods by weight; they appeared in 16.2% of the stomachs and 

represented 34.4% of the weight of all prey present. 

 

2.3.4 Total Fullness Index (TFI) 
The distribution of mean TFI per haul indicates that the highest values were 

located towards the centre of the Flemish Cap, in the shallowest waters inhabited by 

myctophids (Fig. 14). Stomach fullness showed a negative relationship with bottom 

depth, i.e., feeding was more intense in shallow waters than in deep ones. The GLM-

Tweedie model results (Table 2) support this relationship, as the bottom depth 

explanatory variable was statistically significant (d.f.1= 1, d.f.2= 480, P < 0.05).  

 

The GAM-Tweedie model results did not detect any significant difference in 

feeding intensity between sexes, at different times of the day, among different length 

classes, among different types of trawl or among geographical areas. Furthermore, the 

results of the likelihood ratio test (d.f.1= 4, d.f.2= 1496, P > 0.05) showed that the time 

of day had no effect on the degree of digestion. Note that the temporal coverage of this 

study was restricted to the hours between 8:30 and 00:30. 

 

2.3.5 Partial Fullness Index (PFI) 
The spatial distribution of consumption by prey category, expressed as PFI, 

indicates that copepods and amphipods dominated the stomach contents of B. glaciale 

in most Flemish Cap areas (Fig. 15a). Euphausiids were an important prey at several 

stations.  
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Fig. 14- Distribution of the mean Total Fullness Index (TFI) per haul in B. glaciale stomachs from Flemish 

Cap. Hauls with fewer than 4 individuals of B. glaciale are not presented. Bathymetric lines are 144, 181, 

254, 365, 547, 730, 912, 1095, 1277 and 1460 m. 

 

 
Table 2- Results of the Generalized Linear Model with Tweedie distribution (GLM-Tweedie) testing the 

effects of the bottom depth on the Total Fullness Index (TFI). 

Estimate S.E. t p
-1.6903325 0.1819338 -9.291 < 2e-16
-0.0007874 0.0002191 -3.594 0.00036

Note: Bold font indicates significant variables (p <0.05).  S.E, stardard error.

Variable
(Intercept)
Bottom depth 

 
 

 
Benthosema glaciale feeds on similar prey in different geographical areas, but 

the importance of the items differs among Flemish Cap regions (Fig. 15b). Copepods 

were the principal prey in all sectors, reaching a maximum in the area most influenced 

by the NAC (Region 3, 45% as a percentage of PFI). Amphipods were comparatively 

more important than krill in the areas dominated by the cold LC (Regions 1 and 2). 

Amphipods contributed 33% in Region 1 and 27% in Region 2, whereas the 
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contribution of krill was 13% and 10%, respectively. Both prey contributed equally to 

the diet (17%) in Region 3, whereas in Region 4, which is also influenced by NAC, krill 

contributed slightly more (20% vs. 16%). However, a PERMANOVA pairwise 

comparison of the main prey was only significant for Region 4 and the north Regions 1 

and 2 (P < 0.05 for Region4/Region1 and for Region4/Region2). A PERMDISP test 

indicated the homogeneity of variances among the regions except for the pairwise 

comparison between Regions 2 and 3.  

 

 

 
Fig. 15- Distribution of the Partial Fullness Index (PFI) for dominant prey of B. glaciale from Flemish Cap 

waters grouped by (a) haul and (b) region. Hauls with fewer than 4 individuals of B. glaciale are not 

presented. 
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A PERMANOVA showed no significant differences in the diet composition (i.e., 

in the PFI of the principal prey) according to the sex of the fish (P > 0.05) or the time of 

day (P > 0.05). A PERMDISP test showed homogeneity of dispersions for both factors 

(P > 0.05).  

 

The genus Calanus was the dominant genus of copepods in all regions (15-

18% percentage PFI) except in Region 3 (Fig. 16a). In this region, the genus 

Pareuchaeta, most likely P. norvegica, constituted 24% of the total prey ingested, 

whereas Calanus constituted only 6%. However, the contribution of the different 

species of Calanus varied among these 3 regions. In the areas dominated by the cold 

water of the LC (Regions 1 and 2), the Arctic species C. hyperboreus represented 15% 

and 12% of the total diet weight, respectively, whereas in the southeastern part 

(Region 3), influenced by the NAC, C. hyperboreus only contributed 5%. In contrast, 

the North Atlantic species C. finmarchicus was comparatively more important in Region 

4, which is influenced by warm waters (4% of the total prey items), than in the north, 

where it contributed less than 1%. Furthermore, our results indicate geographical 

differences in the genus Metridia. In Region 3, the warmer region, the Arctic species M. 

longa represented the lowest contribution (1.9%) compared with the other geographical 

areas, whereas the maximum occurred for the temperate species M. lucens (0.5%).  

 

Only a few individuals of krill could be identified to the species level due to the 

advanced stage of digestion. The sub-Arctic species Thysanoessa longicaudata 

appeared in Region 1. The other individuals belonged to the genus Nemastocelis, most 

likely temperate species N. megalops. Only in Region 1 Nemastocelis spp. was not 

present in the stomachs (Fig. 16b). 

 

Most of the amphipods found in the stomach contents belonged to the genus 

Themisto (Fig. 16c). Those identified were T. compressa (including both forms, T. 

compressa f. compressa and T. compressa f. bispinosa).  

 

In the overall B. glaciale diet, the contribution of zooplankton species associated 

with temperate waters (T. compressa, C. finmarchicus, M. lucens, P. norvegica and P. 

robusta) was equal to that of the zooplankton species associated with cold waters (T. 

longicaudata, C. hyperboreus, C. glacialis and M. longa): 14% of PFI. A total of 71% of 

PFI corresponded to prey items not identified to the species level. 
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Fig. 16- Partial Fullness Index (PFI) percentage for (a) main copepods species, (b) krill and (c) amphipods 

in B. glaciale stomachs in the four regions of the Flemish Cap during June-July 2010. 
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2.3.6 Size spectrum and stage of development of the main prey 
The amphipod T. compressa ranged from 5 to 21 mm TL, with the majority of 

the individuals between 10 and 15 mm TL. The prey items identified as krill were from 

10 to 24 mm TL, and the majority of individuals ranged from 11 to 14 mm TL. 

Benthosema glaciale fed primarily on young individuals of krill (mainly Nematoscelis). 

One individual of Nematoscelis measured 22 mm TL; the rest ranged between 12 and 

15 mm TL. 

 

In the B. glaciale stomachs, Calanus stages CIV-VI of C. hyperboreus and C. 

finmarchicus were clearly dominant (Fig. 17). Only one individual (a female) of C. 

glacialis was identified. Adults CVI of M. longa, including males and females, were 

dominant in the stomachs, whereas the most abundant stages in M. lucens were 

females (CVI). No young stages (CI-III) of Calanus species or of the genus Metridia 

were recorded. 

 

 

 
Fig. 17- Stage of development of the genera Calanus and Metridia in the diet of B. glaciale from the 

Flemish Cap in summer 2010. Copepodite stage CVI was classified, whenever possible, as male or 

female. Identification of stages IV, V, and VI was not possible when the state of digestion was advanced 

and they were grouped into the category CIV-VI. 
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2.3.7 Ontogenetic differences in diet 
Largest prey, such as amphipods, increased with increasing predator length. 

Small items, such as copepods, were relatively less important in the largest predator 

size category than in fish smaller than 71 mm SL (Fig. 18). The PERMANOVA pairwise 

comparison for the 5 size categories found significant differences among the larger 

categories (61-70 and 71-80 mm SL) and the smaller categories (31-40, 41-50 and 51-

60 mm SL) (P < 0.05). However, no significant differences were found either in the 

pairwise comparison between both larger categories (P > 0.05) or among the smaller 

categories (P > 0.05). The PERMDISP showed no differences in dispersion between 

the size categories except in the pairwise comparisons between category 71-80 mm SL 

and the smaller categories (31-40, 41-50 and 51-60 mm SL). 

 

The differences in the lengths of the prey ingested by the different size classes 

of B. glaciale were analysed to study size dependency in prey selection (Fig. 19). Mean 

length of all dominant prey increased with increasing fish size. This trend was more 

pronounced in amphipods and krill (larger prey items) than in copepods (smaller prey 

items). 

 

 
Fig. 18- Comparison of main prey composition, expressed as Partial Fullness Index (PFI), among 5 size 

categories. Sample size is indicated as “n=”.  
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Fig. 19- Mean length of principal copepod species, amphipods, krill and all these items combined relative 

to the predator length classes. 

 
 

2.4. Discussion 
2.4.1 Distribution patterns 
The observations of the vertical distribution of B. glaciale during daylight hours 

are supported by previous studies in the northwest Atlantic (Albikovskaya, 1988; 

Sameoto, 1988, 1989). Benthosema glaciale aggregations have been found in 

shallower waters off northwest Africa, generally between 150-400 m depth (Kinzer, 

1977). The division of the DSL into two layers at dusk and the upwards movement of 

one layer suggests that a portion of the B. glaciale population migrates to the surface at 

night, most likely to feed. This observation is consistent with the results of several other 

studies (Sameoto, 1989; Kaartvedt et al., 2009) that have shown that a portion of the B. 

glaciale population migrates vertically at night, whereas the other portion remains at the 

daytime depth. However, no indication of daily vertical movements of the DSL was 

found in the Flemish Cap and eastern Grand Banks by Albikovskaya (1988). This 

author suggested that the vertical migration of B. glaciale could be limited by the sharp 

gradients in water temperature. The DSL (at 300-400 m and 3.5º C) was separated 

from the surface waters by a cold intermediate layer (<0º C) located at 30-200 m. Our 

findings indicate that the DSL migrates daily to the surface but that the temperature of 

this intermediate layer was higher (the minimum temperature recorded in this layer was 
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2.5 ºC) than indicated by Albikovskaya (1988). No hauls were made to confirm the 

presence of B. glaciale in the upper layer at night.  

 

In the Flemish Cap, the geographic distribution of B. glaciale is related to its 

vertical distribution. Its absence from the central part of the bank, previously noted by 

Bañón et al. (2011), could be explained by the bathymetry. No individuals were 

acoustically detected or collected by trawl at bottom depths lower than ~300 m.  

 

2.4.2 Food composition  
Our results on the diet composition of B. glaciale are consistent with previous 

studies in the area (Albikovskaya, 1988; Podrazhanskaya, 1993). Copepods were the 

dominant prey, followed by amphipods and krill. Although crustaceans dominated the 

diet, chaetognaths, gastropods, polychaetes, ostracods and appendicularians were 

also present. Several studies indicate that B. glaciale feeds primarily on copepods in 

western Norway and off northwest Ireland (Gjösæter, 1973b; Kawaguchi & Mauchline, 

1982; Dypvik et al., 2012a). Apart from copepods, euphausiids were the principal food 

in the northeast Atlantic, and ostracods were the principal food off northwest Africa 

(Kinzer, 1977; Roe & Badcock, 1984). Feeding studies on other Benthosema species 

have also suggested that they feed primarily on copepods (Clarke, 1978; Dalpadado & 

Gjøsæter, 1988).  

 

The results of the current study indicate that B. glaciale feeds on almost all 

available zooplankton species in the Flemish Cap, as previously noted by Anderson 

(1990). At the population level, the overall consumption of zooplankton species 

associated with temperate waters was equal to the consumption of zooplankton 

species associated with cold waters. However, geographical differences in the diet 

composition of B. glaciale can be explained by the association of its prey with water 

masses. The diet contribution of Arctic species, such as C. hyperboreus and M. longa, 

was higher in colder water from the northern part of the bank than in warmer water 

from the southern part; the opposite was true for temperate species such as C. 

finmarchicus and M. lucens. The length-frequency distribution of individuals sampled in 

regions 1, 2 and 4 had a normal distribution, but the individuals analysed in Region 3 

were skewed towards small length classes. Thus, the regional differences should be 

interpreted carefully because they could be due to an inadequate number of 

observations of different size groups. 
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Among the Calanus species identified in the samples, the developmental stages 

CIV-CVI were predominant over identifiable males and females, in agreement with 

previous studies (Anderson, 1990). Albikovskaya (1988) showed that the copepod C. 

finmarchicus is more frequent than C. hyperboreus in B. glaciale stomachs in the 

Flemish Cap and eastern Grand Banks. These findings are also supported by the 

observations of Anderson (1990), who states that C. finmarchicus dominates the bank 

in late June and July. B. glaciale, an opportunistic feeder, has been found to consume 

various organisms in direct relation to their abundance (Sameoto, 1988). Nevertheless, 

our results indicate that C. hyperboreus is more frequent than C. finmarchicus in B. 

glaciale stomachs, suggesting a possible shift in its diet and, likely, in the zooplankton 

community over the years. A recent study (Maillet et al., 2005) supports the importance 

of C. hyperboreus to the summer biomass in the Flemish Cap. The increase of this 

species in the late 1990s and early 2000s agrees with the variability in plankton 

abundance studies and their links with climatic changes (Maillet & Colbourne, 2007; 

Head & Pepin, 2010). The growing influx of Arctic waters was responsible for the 

increased abundance of two Arctic Calanus species (C. glacialis and C. hyperboreus) 

and for the decreased abundance of the temperate species C. finmarchicus.  

 

Although the cyclopoid copepod Oithona similis is abundant in the Flemish Cap 

(Anderson, 1990), it was not identified in our samples. This absence could be due to its 

size, because O. similis is smaller than most copepods consumed by B. glaciale, or 

due to negative selectivity against this species relative to other prey. Previous feeding 

studies indicate positive prey selectivity for calanoids, in contrast to negative selectivity 

for cyclopoids (Anderson, 1994; Pepin & Penney, 1997; Shreeve et al., 2009). Some 

investigations of B. glaciale have reported selectivity towards several other species 

(Roe & Badcock, 1984; Sameoto, 1988, 1989; Dypvik et al., 2012a). 

 

2.4.3 Ontogenetic variation in the diet 
The diet of B. glaciale shifted ontogenetically. In general, the larger fish tended 

to feed on larger prey and other larger organisms, such as amphipods. As a result, the 

larger fish showed an increase in prey size and prey diversity. Our observations also 

indicated that only B. glaciale ≥ 36 mm SL feed on amphipods and euphausiids, in 

agreement with previous studies (Kinzer, 1977; Dypvik et al., 2012a). In addition, larger 

fish feed relatively less frequently on smaller prey such as copepods. This result is 

supported by several studies (Gjösæter, 1973b; Kawaguchi & Mauchline, 1982) that 

have indicated that the smallest individuals eat relatively more copepods than the 

largest fish.  
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2.4.4 Feeding intensity  
Our results indicate that the feeding intensity of B. glaciale, measured by TFI, 

was highest in shallow waters (i.e., near the central part of the bank) than in deeper 

areas. The pattern of water circulation in the Flemish Cap depends on cyclonic storm 

activity; the stability of the anticyclonic gyre increases in summer because this period is 

characterised by more stable weather conditions. During June and July, when this 

study was performed, the anticyclonic gyre retains zooplankton and other organisms in 

shallow waters (Borovkov et al., 2006), and the availability of food in the centre of the 

Cap is higher than in deep waters. B. glaciale feed more intensively in shallow waters, 

most likely reflecting the occurrence of the highest density of zooplankton in the central 

area. 

 

The light level could also affect feeding intensity. Benthosema glaciale is most 

likely a visual predator, and better light conditions in shallow waters enhance feeding 

opportunities (Dypvik et al., 2012a). Our acoustic observations showed that the DSL 

(corresponding primarily to B. glaciale) extends to depths as low as 650 m. However, in 

the regions near the centre of the Flemish Cap, the sea bottom limits the vertical 

extension of the DSL. Thus, towards the centre of the bank, the lower limit of the 

vertical distribution of B. glaciale would be higher in shallower water than in the outer 

and deeper areas. 

 

2.4.5 Feeding chronology 
Our results do not show statistically significant diurnal patterns in stomach 

fullness or degree of digestion. This result may be due to inadequate sampling 

coverage because acoustic observations suggest a vertical migration of B. glaciale to 

the surface at night, most likely for feeding. Migratory myctophids, such as B. glaciale 

(Kinzer, 1977; Sameoto, 1988), feed actively in the epipelagic layer at night as well as 

in highly productive regions during the day (Moku et al., 2000).   
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3.1 Introduction 
The need to understand factors driving population productivity and the role that 

reproductive biology plays in this productivity is being increasingly recognized 

(Lowerre-Barbieri et al., 2011a). Ecosystem-based fishery management is a new 

approach for marine resources governance, essentially reversing the order of 

management priorities to start with the ecosystem rather than the target species 

(Pikitch et al., 2004). This holistic management approach requires sufficient knowledge 

of ecosystem processes to understand the likely consequences of human actions 

(Pikitch et al., 2004).  

 

The Myctophidae fish family is diverse and it is estimated to contain the greatest 

biomass of any vertebrate family in the world (Van Noord, 2013). Myctophids play an 

important role in the transfer of energy in pelagic ecosystems, linking planktonic 

organisms such as copepods, ostracods and larvaceans to top predators (Cherel et al., 

2010; Pérez-Rodríguez, 2012), including fishes (Greer Walker & Nichols, 1993) squids 

(Parry, 2006), seabirds (Hedd et al., 2009) and marine mammals (Ohizumi et al., 

2003). Quantitative studies of the reproductive traits of myctophids are essential to 

reveal the mechanisms that contribute to their high abundance in spite of heavy 

predation pressure (Lisovenko & Prut'ko, 1987). 

 

Several studies have provided information on the reproductive biology of 

myctophids (Lisovenko & Prut'ko, 1986, 1987; Dalpadado, 1988; Hussain, 1992; 

Gartner Jr., 1993). Most studies on the fecundity of myctophids (Gjøsæter, 1981; 

Kawaguchi & Mauchline, 1982; Hussain & Ali-Khan, 1987; Young et al., 1987; Prosch, 

1991) have not considered fecundity type or oocyte recruitment, i.e. determinate versus 

indeterminate (Hunter et al., 1992; Kjesbu, 2009). However, the correct identification of 

the reproductive strategy of a fish is a prerequisite for the estimation of the egg 

production of any species (Murua & Saborido-Rey, 2003), and the parameters to be 

estimated and adequate estimation methods depend on the specific reproductive 

strategy (Murua et al., 2003). In species with indeterminate fecundity, estimation of the 

standing stock of advanced oocytes in the ovary or potential annual fecundity is 

meaningless, because oocytes are continuously recruited to this stock (Lowerre-

Barbieri et al., 2011a). 

 

Benthosema glaciale is endemic to the Mediterranean and the North Atlantic 

and it is the most abundant myctophid in the Atlantic Ocean north of 35 °N (Gjösæter, 
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1973a; Hulley, 1984). Geographical variations in the meristic and life history traits of B. 

glaciale have been reported (Badcock, 1981; Gjøsæter, 1981; Kawaguchi & Mauchline, 

1982). B. glaciale spawns once a year releasing at least five batches of eggs during the 

spawning season (Mazhirina, 1988). The spawning period occurs during January to 

April in the Northwest Atlantic (Mazhirina, 1988), from June to July in the Northeast 

Atlantic (Gjøsæter, 1981) and probably throughout the whole of the year in the 

Mediterranean Sea (Tåning, 1918). The size at sexual maturity and the maximum size 

of B. glaciale (and other mesopelagic fishes) is smaller in semi-enclosed areas, such 

as the Mediterranean Sea, than in the open ocean (Gartner, 1991a). This phenomenon 

of smaller size could be caused by the hydrography of these partially enclosed seas, 

which may provide sufficient barriers to gene flow (Gartner, 1991a). In addition, lower 

temperature induces slower gonadal development in the Atlantic than in the 

Mediterranean Sea (Lowerre-Barbieri et al., 2011b).  

 

The water masses off Mallorca Island (western Mediterranean) are 

characterized by constant high deep-water temperatures (~13 °C). They are 

considered oligotrophic (Margalef, 1985) but also dynamic, because these waters 

alternate between periods of mixing during autumn-winter and of thermal stratification 

during summer, with a subsequent fall in nutrients in the surface layers (Estrada, 

1996). In contrast, the Flemish Cap (Northwest Atlantic) is a very productive area 

(Konstantinov et al., 1985) with a pronounced thermocline during summer-autumn and 

a permanent cold intermediate layer during all seasons. Deeper waters (below ~75 m) 

remain constant throughout the year (~3.5-4 °C) (Colbourne & Foote, 2000; Stein, 

2007).  

 

To our knowledge, the reproductive strategy of B. glaciale, in terms of ovarian 

organization and fecundity type, has not been described prior this study. In addition, 

although histological techniques are considered the most accurate means to assess 

gonadal development (Lowerre-Barbieri et al., 2011b), only a few histological studies 

have been conducted for this species (Gjøsæter, 1981; Mazhirina, 1988). An accurate 

assessment of population parameters related to fish reproduction is an essential 

component of effective management measures (Brown-Peterson et al., 2011). The 

assessment of reproductive timing in fishes and its effect on their reproductive success 

requires new and standardized methodologies (Lowerre-Barbieri et al., 2011b). The 

main objective of this study was to examine oocyte development, using histological 

techniques, to define the reproductive strategy of B. glaciale, obtain adequate 

estimates of fecundity parameters and evaluate the effectiveness of different staining 
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protocols to assess ripening and spawning markers, which should contribute for a 

future effective monitoring of the fish reproductive status. We also investigated regional 

variation in reproductive traits (length at maturation and spawning pattern) between 

these populations at the limits of their distribution: the Flemish Cap and off the Balearic 

Islands waters. These data are relevant to understand the population dynamics of 

myctophids and their role in the ecosystem, contributing to develop a more effective 

and ecosystem based management strategies. 

 

 

3.2 Material and methods 
3.2.1 Study area and sampling 
Samples were collected in two different areas: (1) the Flemish Cap (Northwest 

Atlantic) during early summer (June-July 2009 and June-August 2011) as part of the 

European Union surveys at the Flemish Cap and (2) off the Balearic Islands (western 

Mediterranean) in late autumn (December 2009) and early summer (July 2010) during 

IDEA-DOS surveys (Fig. 20). 

 

 

 
Fig. 20- Map of the North Atlantic, with Flemish Cap and the Balearic Sea. 
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At the Flemish Cap, sampling was conducted on board the R/V Vizconde de 

Eza using two types of gear for pelagic and bottom fishing in 2009, whereas in 2011 

only the bottom trawl was used. For pelagic fishing, an Isaacs-Kidd Midwater Trawl of 4 

m2 with a final mesh size of 6 mm was towed along oblique hauls at 3 knots and at 

various depth ranges between 0 and 600 m. For bottom fishing, a Lofoten trawl, with a 

vertical opening of 3.5 m and a 35 mm mesh size cod-end, was used to carry out 

stratified random sampling. This gear was trawled at 3.5 knots for 30 minutes. In the 

central-dorsal part of the cod-end, an auxiliary net square measuring 36 × 36 cm with a 

6 mm mesh was attached. 

 

At the Balearic Sea, sampling was conducted on board the RV Sarmiento de 

Gamboa on the shelf (200 m depth) and slope (600-900 m) off northwest and 

southeast of the Mallorca (Soller and Cabrera zones respectively). Hauls were carried 

out in the strongest and widest acoustic sound layers using a variety of nets: 

 

• A double-warp modified commercial mid-water trawl, with standard pelagic 

trawl doors and graded-mesh netting to the cod-end (10 mm) was used. The 

pelagic trawl was an estimated mouth area of 280 m2 in December whereas 

it was of 112 m2 in July. These gears were trawled at 4 knots for one hour. 

 

• An Isaacs-Kidd Midwater Trawl of 3 m2 with a final mesh size of 3 mm. The 

fishing speed was 3 knots and the effective tow duration 30 min. 

 

• Multiple nets of 1 m2 with 1.5 mm mesh size: a rectangular midwater trawl 

was used in December, and a Multiple Opening and Closing Net and 

Environmental Sampling System (MOCNESS) were used in July. The ship 

speed was 2.5-3 knots and the horizontal haul was performed for 15-30 min. 

 

Depth was controlled by means of a SCANMAR system, except for the 

MOCNESS, which used a depth sensor connected through the cable to the vessel. 

 

3.2.2 Histological analysis 
A total of 292 B. glaciale from both areas, ranging from 19 to 74 mm SL (Fig. 

21), were selected for reproductive biology studies. These fishes were fixed in 4-10% 

buffered formalin in seawater on board. Once in the laboratory, Flemish Cap samples 

were stored in a 70% ethanol solution. Each female was measured to the nearest mm 
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(SL) and weighed to the nearest 0.01 g (total weight [TW]). Ovaries were removed, 

weighed to the nearest 0.0001 g, dehydrated by immersion in progressively more 

concentrated alcohol solutions, treated with toluene, embedded in paraffin, sectioned 

twice at 3 μm, mounted on glass microscope slides and stained for microscopic 

examination. One section was stained with hematoxylin and eosin (H&E) and the other 

with periodic acid–Schiff’s hematoxylin, and then counterstained with metanil yellow 

(PAS-MY) (Quintero-Hunter et al., 1991). The H&E is a widely used stain for 

reproductive studies. Histological examination was performed with both stains to 

determine if PAS-MY improves the identification of cellular structures, such as 

postovulatory follicles (POFs) or cortical alveoli (CAs). 

 

 

 
Fig. 21- Length frequency distribution of B. glaciale individuals processed for reproductive studies 

collected: in the Flemish Cap during (a) June-July 2009 and (c) June-August 2011; and in the Balearic Sea 

during (b) December 2009 and (d) July 2010. 

 

 

Ovarian maturity stages were classified microscopically following the 

terminology described in Brown-Peterson et al. (2011). All females with ovaries in the 

following reproductive phases: developing, spawning capable, actively spawning, 

regressing or regenerating, were considered mature. 
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3.2.3 Data analysis 
All plots and model fits were done with R (R Development Core Team, 2011). 

The package MASS (Venables & Ripley, 2002) was used to fit the Generalized Linear 

Models (GLMs) (McCullagh & Nelder, 1989)  with a negative binomial distribution. 

 

 The relationship between female maturity and length was fitted to a logistic 

equation (Ashton, 1972): 
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and the logit transformation: 
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 being: 

P̂ - predicted proportion of mature 

a and b-estimated coefficients of the logistic curve 

L– SL in mm. 

 

Length at 50% maturity (L50) was defined as the SL at which 50 % of the female 

were mature, i.e. –a/b in Eq. (2). A GLM with binomial distribution was used to 

calculate the predicted values and coefficients. 

 

In the Flemish Cap, maturity ogives and L50 were estimated for the two periods 

(early summer 2009 and 2011) whereas in the Balearic Sea they were exclusively 

calculated for individuals collected during December 2009, because of the few small 

individuals sampled in July 2010 (only 7 measuring less than 33 mm of SL).  

 

 The GLMs, which fitted binomial error distributions with a binary response 

(immature/ mature), were used to: (1) determine the influence of different 

environmental conditions on the maturity ogives and (2) assess the interannual 

variation of the proportion of mature individuals by length in the Flemish Cap.  
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The gonadosomatic index (GSI) and the condition factor (K) were calculated as: 

 

(6)                        100×
−

=
GWTW

GWGSI  

 

 

(7)    1003 ×
−

=
L

GWTWK  

 

 where: 

 GW- gonad weight in g 

 TW- total weight in g 

 L -standard length in mm 

 

The GLM, with a Gaussian distribution was used to test the influence of season 

on the GSI for the Balearic Sea. The GSI was log-transformed prior to analysis to 

conform to parametric assumptions. 

 

3.2.4 Oocyte analysis and fecundity 
A total of 28 gonads from the Mediterranean specimens, covering all ovary 

reproductive phases, were selected for analysis of the oocyte-size-frequency 

distribution. Govocitos software (Rábade et al., 2010) was used to estimate the 

diameter of the different types of oocytes from histological section images using image 

analysis techniques. These diameters were calculated from the cell area, which was 

estimated by triangulation of the cell, i.e. approximating the cell contour with an 

irregular polygon, descomposing it in triangles, and calculating the area of each one.  

 

The number of developing oocytes (NDO) (defined as the total number of 

oocytes in CA and early vitellogenesis stages), and the batch fecundity (BF) of 33 

individuals from Mediterranean Sea, which comprised fish from both seasons and a 

range of sizes, were calculated by stereometry (Emerson et al., 1990) using Govocitos 

software. Relative batch fecundity was estimated by dividing BF by the gonad-free 

weight of the fish. The GLMs, with negative binomial distributions to account for 

overdispersion, were used to describe relationships between BF against length and 

weight; and also the relationships between relative batch fecundity against length and 

K. 
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3.3 Results 
3.3.1 Description of microscopic gonad stages 
B. glaciale ovarian development was described by five reproductive phases: 

 

1. Immature ovaries (Fig. 22a) were characterized by the presence of oogonia 

and primary growth oocytes (PG) and they presented scarce connective 

tissue between the follicles, little space among oocytes in the lamellae and a 

thin ovarian wall.  

 

2. The onset of ripening was marked by an early developing subphase (Fig. 

22b) within the developing phase, characterized by the presence of only PG 

and CA oocytes. Developing ovaries (Fig. 22c) were distinguished by the 

initial appearance of CA and the later appearance of primary and secondary 

vitellogenic oocytes (Vtg1 and Vtg2).  

 

3. In the spawning capable phase, B. glaciale had visible CA oocytes as well 

as early and advanced vitellogenic oocytes, indicating asynchronous 

development (Fig. 22d). POFs could also be observed in this phase, 

indicating a batch spawner strategy. The actively spawning subphase, 

within the spawning capable phase, was distinguished by the presence of 

late germinal vesicle migration (GVM), which is characteristic of the 

progression through oocyte maturation (Fig. 22e). No hydrated oocytes 

were found in the samples. 

 

4. Regressing phase: no samples were found in this phase.  

 

5. Regenerating ovaries were characterized by the presence of only oogonia 

and PG oocytes, similar to the immature phase. Some characteristics can 

be used to differentiate the regeneration from the immature phase: (1) the 

presence of old degenerated POFs (Fig. 22f), (2) a thicker ovarian wall and 

(3) presence of late alfa-atresia and/or beta-atresia.  

 

POFs may be dated based on their morphologic features. No previous studies 

on the dating of POFs are available for myctophids, and thus a subjective classification 

has been used to estimate POF aging: 
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Fig. 22- Photomicrographs of ovarian histology, illustrating the reproductive phases of B. glaciale: (a) 

immature phase, only PG is present, (b) early developing subphase of the developing reproductive phase, 

characterized by only PG oocytes and CA (c) developing phase, (d) spawning capable phase with oocytes 

in multiple stages of development and early POFs from previous release of ova (e) actively spawning 

subphase of the spawning capable reproductive phase with late GVM and vitellogenic oocytes and (f) 

regenerating phase (PG= primary growth oocyte; CA= cortical alveolar oocyte; Vtg1= primary vitellogenic 

oocyte; Vtg3= tertiary vitellogenic oocyte; GVM= germinal vesicle migration; POF = postovulatory follicle 

complex). Bar =150 μm. 

 

 

1. Newly collapsed POFs, which appeared very near the time of spawning, were 

not found in the samples. 

 

2. Early POF showed signs of degeneration. Some pattern in the arrangement of 

granulosa cells could be identified although their alignment could not be 

observed. The lumen was still visible (Fig. 23a). 

 

3. Late POF showed pronounced follicle degeneration. The walls of granulose 

cells were not distinguishable. The lumen was minimal or inexistent and 

vacuoles appeared (Fig. 23b). 

 

4. In later stages of POF degeneration, the cell size was considerably reduced by 

the decrease of granulosa and theca cells, the basal membrane was condensed 

and the lumen non-existent (Fig. 24a and Fig. 24b). It was difficult to 

differentiate them from the late stages of atresia. 
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POFs and CAs were more easily visualized with the PAS-MY stain than with the 

standard H&E (Fig. 24), and thus this stain was particularly useful for the detection of 

early developing females and spawning indicators. 

 

 

 
Fig. 23- Histological sections of ovaries showing postovulatory follicles (POFs) at various stages of 

resorption: (a) early POFs and (b) late POFs. Bar =150 μm. 

 

 

The PAS stain highlighted the basement membrane of the ovarian follicle, which 

is visible in all types of POFs, improving their identification (Fig. 24b). This was 

especially useful for the identification of old and degenerated POFs because they were 

difficult to differentiate from other structures. The old degenerating POFs were often 

and expectedly found in regenerating females. However, this type of POFs were also 

observed in some females from the Flemish Cap that were in the developing phase 

indicating that they had already spawned in the previous breeding season. Their 

presence indicated previous spawning activity and it was a key element for the 

distinction of immature from regenerating females.  

 

CAs are the small spherical vesicles located in the periphery of the cytoplasm 

close to the cell wall. They appeared as empty roundish spaces using the H&E staining 

protocol because they were not stained (Fig. 24c), and thus could be confused with 

lipid drops. In contrast, CAs were visible using the PAS-MY stain because they showed 

a PAS positive reaction (Fig. 24d). The correct detection of CAs in the cell is important 

because their presence helps to differentiate immature females from those in the onset 

of ripening. 
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Fig. 24- Histological sections stained (a, c) with hematoxylin eosin and (b, d) metanil yellow. The top 

pictures show postovulatory follicles (POFs) and pictures beneath cortical alveoli (CA) oocytes. The PAS 

stain highlights the basement membrane of POFs and the CA (marked with arrows). Bar =150 μm. 

 
 

3.3.2 Spawning season 
Microscopic examination showed that in the Flemish Cap, during early summer, 

the gonads of mature females contained traces of previous spawning activity (presence 

of old degenerating POFs), together with CA oocytes, which indicate the beginning of 

the next reproductive cycle. However, in the Balearic Sea during summer (July), 25% 

of the females were actively spawning and in late autumn, this increased to 37 % (Fig. 

25). The mean GSI also was higher in late autumn (3.25, n=60) than in early summer 

(2.57, n=15), although no significant differences in GSI were found between seasons 

(GLM, P > 0.1,Table 3). In the Flemish Cap cold waters, most females were at the 

beginning of the next reproductive cycle in summer, although post-ovulatory follicles 

were still observed in the ovaries. In the temperate waters off the Balearic Islands B. 

glaciale spawned as much in July as in December.  
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Fig. 25- Reproductive phase frequency of B. glaciale females during summer 2009 and 2011 in the 

Flemish Cap and winter 2009 and summer 2010 in the Balearic Sea.  

 

 
Table 3- Results of the Generalized Linear Model (GLM) testing the influence of season in the 

gonadosomatic index (GSI). 

Estimate S.E. t value p
1.00451 0.07816 12.853 <2e-16

SBYear10 -0.15078 0.17476 -0.863 0.391
Bold font indicates significant variables (p <0.05).  S.E= stardard error.

Variable
(Intercept)

 
 

 

3.3.3 Length at maturation (L50) 
The L50 of B. glaciale was 47.6 mm in the Flemish Cap in 2009 (n= 142) and 

49.1 mm in 2011 (n= 43, Fig. 26a). In the Balearic Sea, the L50 was 24.5 mm in 2009 

(n= 72, Fig. 26b). The B. glaciale maturity ogives indicated that the L50 estimated in the 

western Mediterranean Sea was clearly smaller (ca. 25 mm less) than the L50 in the 

Northwest Atlantic. Significant differences were detected between the maturity ogives 

estimated for the two areas (GLM, P < 0.001, Table 4), although interannual variations 

were not observed within the Flemish Cap area (GLM, P < 0.001, Table 5). 
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Fig. 26- Logistic regression for the estimated proportion of sexually mature females of B. glaciale (a) 

collected in the Flemish Cap during June-July 2009 and June-August 2011, and (b) collected in the 

Balearic Sea during December 2009 and July 2010, as a function of standard length. 

 
 
Table 4- Results of the Generalized Linear Model (GLM) testing the effects of the area (Flemish Cap vs 

Balearic Sea) in the maturity ogives. 

Estimate S.E. z value p
-19.00760 2.60004 -7.311 2.66e-13

Length 0.39284 0.05193 7.566 3.86e-14
9.27169 1.23679 7.497 6.55e-14

Bold font indicates significant variables (p <0.05).  S.E= stardard error.

Variable
(Intercept)

AreaBS
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Table 5- Results of the Generalized Linear Model (GLM) testing the effects of the interannual (2009 vs 

2011) differences in the Flemish Cap maturity ogives. 

Estimate S.E. z value p
-16.93821 2.80149 -6.046 1.48e-09

Length 0.35654 0.05639 6.323 2.56e-10
-0.59711 0.54292 -1.100 0.271

Bold font indicates significant variables (p <0.05).  S.E= stardard error.

Variable
(Intercept)

YearFC11
 

 
 
3.3.4 Ovarian development organization and fecundity 
The oocyte size-frequency distribution indicated that B. glaciale is a batch 

spawner, i.e. develops and spawns multiple batches of eggs throughout the spawning 

season (Fig. 27). Females with developing ovaries had a single cohort of oocytes, 

composed of CA and Vtg1 oocytes stages, with diameters ranging from 50 to 200 μm 

(Fig. 27a). In contrast, females in the spawning capable phase (including the actively 

spawning subphase) had a bimodal distribution: smaller oocytes from ca. 50 to 200 μm 

(including CA and early vitellogenic stages) and a larger leading cohort of oocytes in 

Vtg2 or more advanced stages, which likely correspond to the next batch to be 

spawned. The mean diameter of the leading cohort increased as the batch progressed. 

In females with spawning capable ovaries without POFs, the diameter of the leading 

cohort ranged from 225 to 375 μm and it was composed of Vit3 oocytes (Fig. 27b) 

whereas in females with actively spawning ovaries, this cohort ranged from 275 to 400 

μm and it was composed of GVM (Fig. 27c). This leading cohort started to be visible 

soon after the last batch was released (Fig. 27d and Fig. 27e). Therefore, the type of 

ovarian development organization in this species was asynchronous, i.e. oocytes of all 

stages of development were present without dominant populations. 

 
The ratio of NDO to BF (number of GVM oocytes and, in cases were the batch 

was completely formed, also Vit3 oocytes per female) was 2.5 times on average (range 

1.4 to 3.6) in females without POFs in the ovaries (n=25), whereas it was 1.8 times 

(ranging from 1.0 to 2.6) in females with POFs (n=8). Only 1-3 potential spawning 

batches of NDO existed within the ovary and it seems to increase with the size (Table 

6).  

 

Although there was a high degree of individual variation in BF among fish, BF 

increased significantly with length (SL) (GLM, Explained deviance [Exp.Dev]= 39.91%, 

n= 33, P < 0.001, Fig. 28a) and with TW (GLM, Exp.Dev= 29.90%, n=32, P < 0.001, 
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Fig. 28b). The relative batch fecundity averaged 1031 oocytes per gram of female 

(gonad-free weight), ranging from 341 to 2077. No significant relationships were found 

between relative batch fecundity and length (GLM, Exp.Dev= 0.08%, n=32, P > 0.05, 

Fig. 29a) and K (GLM, Exp.Dev= 8.94%, n=32, P > 0.05, Fig. 29b). 

 
 

 
Fig. 27- Evolution of the oocyte size frequency distribution of B. glaciale from Balearic Sea through 

different reproductive phases: (a) developing phase (n=5), (b) spawning capable phase without POFs 

(n=6), (c) actively spawning subphase (n=6), (d) spawning capable phase with early POFs (n=6) and (e) 

spawning capable phase with late POFs (n=5). Oocyte size is represented by its diameter in μm. n refers 

to the number of individual fish. 
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Table 6- Average of potential spawning batches of number of developing oocytes (NDO) within the ovary 

by size classes in females without postovulatory follicles. Values inside parentheses indicate the sampling 

size. 

Period
25-30 30-35 35-40 40-45

December 2009 2.4  (2) 2.7 (14) 2.7 (3) 3.0 (1)
July 2010 - 1.7 (2) 2.4 (3) -

Standard length (mm)

 
 

 

 
Fig. 28- Batch fecundity (no. of oocytes) versus (a) standard length in mm and (b) total weight in g for B. 

glaciale individuals collected during December 2009 (circles) and July 2010 (triangles) in the Balearic Sea. 
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Fig. 29- Relative batch fecundity (no. of oocytes per gram female) versus (a) standard length in mm and 

(b) condition factor for B. glaciale individuals collected during December 2009 (circles) and July 2010 

(triangles) in the Balearic Sea. 

 

 

3.4 Discussion 
We present here, for the first time for B. glaciale, data on maturity ogives, size 

at maturity and reproductive strategy in terms of ovarian organization and fecundity 

type, which contribute to a better understanding of the reproductive potential and 

ecological role of this species. 
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3.4.1 Comparison between staining protocols 
New methods of assessing variability in reproductive timing are required 

(Lowerre-Barbieri et al., 2011b). Thus, a comparison of two staining techniques was 

conducted in order to evaluate the effectiveness of the MY-PAS in the detection of 

histological indicators. The MY-PAS protocol is a convenient method for the study of 

the reproductive biology of myctophids because it allows the easy identification of CAs 

and POFs. The MY-PAS stain clearly highlights the CAs making it possible to 

distinguish between immature and mature females, and it facilitates the detection of the 

basement membranes of ovarian follicles improving the identification of POFs. These 

characteristics were particularly useful when examining the Flemish Cap samples, 

where the advanced stage of degeneration made it difficult to differentiate POFs from 

the late stage of atresia. Thus, the MY-PAS stain can be used to distinguish immature 

and recovery females in cold waters. In addition, POFs can be used to calculate 

spawning frequency when the duration of POFs stages is known for the species 

studied. In this study, POFs have been described on the basis of their morphological 

characteristics but they could not be aged. Previous studies have reported the PAS 

positive reaction of CA (Grau et al., 1996) and basal membranes of POFs (Shimizu et 

al., 2005; Shimizu et al., 2008). 

 

3.4.2 Comparison between areas 
The comparison between B. glaciale from the Flemish Cap and off the Balearic 

Islands lead to greater comprehension of effects of two different environments on the 

reproduction processes of this species. It was beyond the scope of the current dataset 

to study the entire annual cycle of the gonadal development of B. glaciale. Our results 

suggest a protracted spawning season or two spawning seasons for the population 

from the Balearic Sea. Tåning (1918) proposed that spawning occurs all the year round 

in the Mediterranean Sea, with peaks in winter and spring, but Goodyear et al. (1972) 

suggested that spawning peaks in late spring and summer. In Norway, most spawning 

takes place in June and July (Gjøsæter, 1981). Mazhirina (1988) reported that B. 

glaciale spawns from January to April in the Northwest Atlantic in agreement with our 

data, which suggest that spawning occurs several months before July in the Flemish 

Cap population. In the Flemish Cap cod, POFs can also be identified in ovaries few 

months after spawning and in some cases even 8 months (Zamarro et al., 1993; 

Saborido-Rey & Junquera, 1998). Thus, the differences in the spawning times of B. 

glaciale indicate several independent spawning populations. Thus, the spawning 

season was different in the two areas. 
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 Developing females with traces of the previous spawning event were found in 

the Flemish Cap samples indicating an iteroparous reproductive strategy. In contrast, 

Tåning (1918) proposed that the rarity of large specimens in the Mediterranean Sea 

indicated death after spawning. Indications that the skinnycheek lanternfish 

Benthosema pterotum (Alcock, 1890) is a semelparous species were found in the 

Indian Ocean by Dalpadado (1988).  

 

In previous studies on the reproduction of B. glaciale neither L50 nor maturity 

ogives were presented (Tåning, 1918; Halliday, 1970; Gjøsæter, 1981; Mazhirina, 

1988). Our estimates of L50 were similar to the values for the start of maturation 

reported by Mazhirina (1988) in the Flemish Cap. Whereas in our study the L50 from the 

western Mediterranean was 24.5 mm, SL Tåning (1918) found that in the 

Mediterranean Sea the maturity of B. glaciale was “attained” at about 30 mm SL or 

more, very likely referring to L50 or similar parameter. This could indicate a decrease in 

length at maturation over a period of 100 years. However, comparisons between these 

studies must be viewed with caution because they used different methodologies and 

the term maturity was not explicitly defined. Tåning's results could mean that the 

smallest mature female measured 30 mm SL or alternatively that all females were 

mature at 30 mm SL. If the second option is true, our results agree with those of Tåning 

(1918). In the present study we used histology whereas Tåning (1918) used 

macroscopic staging. Histological techniques have greater precision than traditional 

macroscopic techniques (West, 1990; Murua et al., 2003; Kjesbu, 2009). Histological 

studies are more likely to find smaller mature females than macroscopic studies due to 

the difficulties associated with separating immature from early developing females 

using macroscopic staging. In the Hatton Plateau females mature sexually from 33 to 

35 mm (Mazhirina, 1988) whereas in Norway, the lower limit of the females for 

spawning lies between 45 and 50 mm SL (Gjøsæter, 1981). Off Nova Scotia, all 

ripening females were larger than 37 mm and all those not ripening were smaller than 

40 mm (Halliday, 1970).  

 

3.4.3 Ovarian development organization and fecundity 
Descriptions of reproductive strategies and assessment of fecundity is 

necessary to evaluate the reproductive potential of individual fish species (Murua et al., 

2003). The reproductive strategy of B. glaciale is characterized by continuous 

oogenesis with asynchronous development of vitellogenic oocytes. During the 

spawning capable phase, oocytes were separated in two groups: a group of smaller 

oocytes in CA and early vitellogenesis stages, and a group of larger oocytes in 
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advanced vitellogenic or GVM phase, which forms the next batch. The initial formation 

of the new batch was observed in females with early POFs and it was completely 

formed again in females with late POFs, i.e. the new batch was identified soon after the 

last batch was released. Thus, B. glaciale is a batch spawner with asynchronous 

oocyte development. This type of ovarian organization is typical of species with 

protracted spawning seasons and where oocyte development is related to food 

availability in the environment (Murua & Saborido-Rey, 2003).  

 

In order to estimate the annual egg production of a fish population the 

reproductive parameters have to be estimated depending on the fecundity type (Murua 

et al., 2003). Whether B. glaciale has a determinate or indeterminate fecundity type can 

be assessed on the basis of the available evidence. In the case of determinate 

fecundity all oocytes destined to be spawned would be identifiable at the beginning of 

the spawning season and no new spawning batches would be recruited from the 

primary growth stocks (Hunter & Macewicz, 1985). If this were the case, then, the 

average B. glaciale female would spawn three times during entire spawning season. 

However, it is unlikely that the number of batches per female was only three in a 

species with pelagic eggs that inhabits a temperate ecosystem, such as the Balearic 

Sea. This is supported by evidence from reproductive studies on Benthosema species 

that suggest that B. glaciale release at least five batches during the spawning period in 

the Grand Bank and the Flemish Cap (Mazhirina, 1988) and that the average female of 

the smallfin lanternfish Benthosema suborbitale (Gilbert, 1913) spawns about 84 times 

in the eastern Gulf of Mexico (Gartner Jr., 1993). Lisovenko & Prut'ko (1987) concluded 

that the spawning frequency of the myctophid Diaphus suborbitalis Weber, 1913 is, on 

average, higher than 8-24 times over the spawning season in the equatorial part of the 

Indian Ocean. All these reasons point towards indeterminate fecundity and, 

consequently, counting the number of oocytes in the ovary prior to the onset of 

spawning is meaningless because new batches of eggs continuously recruit from 

primary growth oocytes. Thus, annual fecundity should be calculated by estimating the 

spawning frequency (i.e. the percentage of females spawning per day), BF, and the 

duration of the spawning season (Hunter et al., 1985). 

 

Our observations indicated that BF was low and it showed an exponential 

increase with fish growth. The exponential relationship between fecundity and length 

was supported by previous studies on Benthosema species (Hussain & Ali-Khan, 1987; 

Dalpadado, 1988). In contrast, Gartner Jr. (1993) reported a linear relationship 

between length and fecundity in B. suborbitale. In addition, our results showed that the 
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number of potential spawning batches within the ovary increased with fish length, 

which is likely to result in an increase of batches produced during the spawning 

season. Several authors found an increase in spawning frequency with increasing size 

in other myctophids species from tropical-subtropical waters (Lisovenko & Prut'ko, 

1987; Gartner Jr., 1993). Thus, larger B. glaciale females released more eggs in each 

batch and they had prepared more potential batches. This indicates that larger females 

had a higher total egg production and a higher capacity to obtain energy than smaller 

ones. Larger females are at an advantage when it comes to obtaining food: they can 

prey on a wider range of prey-sizes, their swimming rate is higher than smaller females 

and they are less sensitive to predation risk (Domínguez-Petit & Saborido-Rey, 2010). 

 

In previous studies of B. glaciale fecundity, Tåning (1918) counted “large” eggs 

(>250 μm), Gjøsæter (1981) “maturing” eggs (>350 μm of diameter) and Kawaguchi & 

Mauchline (1982) “easily separable” eggs (> 300 μm of diameter). The size of the eggs 

counted by these authors was similar to the oocyte size of the leading cohort identified 

in the present study. Thus, previous estimates of B. glaciale were not annual fecundity 

estimates, but rather estimates of BF (Table 7) and they did not identify B. glaciale 

fecundity type as indeterminate. It is interesting to note the similarity of BF estimates 

from the Mediterranean Sea over a period of 100 years (Fig. 30). Although the mean 

BF was slightly greater its range increased considerably, reflecting a higher BF in 

largest individuals in the current situation. However, comparisons with previous 

estimates must be viewed with caution because of variations in counting methods and 

in oocyte size thresholds used to calculate BF. The method used in this study to 

discriminate the next batch relies purely on histology (not size criteria). 

 

 
Table 7- Comparison of batch fecundity estimates for B. glaciale from four different studies. Number of fish 

studied (n) and their sizes are also given. 

Study Area n   Batch Fecundity Standard length (mm)
Mean ± SD Range Mean ± SD Range

Tåninga (1918) Mediterranean Sea 6 323 ± 94 191-467 36.0 ± 3.1 32-40
Gjøsæter (1981) Norway 28 781 162-1940 57.7 48-75
Kawaguchi and Mauchlinea (1982) Rockall Trough 8 357 ± 153 133-624 40.1 ± 7.1 32-55
This study Mediterranean Sea 33 491 ± 228 106-1059 33.9 ± 3.6 27-43 
aMeans and standar deviations (SD) were calculated from the raw data presented in the reference  
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The difference of BF estimates between geographic areas of the Table 7 could 

be explained by the length range studied because, according to our results, BF of B. 

glaciale in the Balearic Sea is size dependent, increasing with length. This is consistent 

with a myctophids study off northwestern Ireland (Kawaguchi & Mauchline, 1982). 

Spatial differences in the maximum size of B. glaciale have been reported in several 

studies (Tåning, 1918; Halliday, 1970; Gjösæter, 1973a). 

 

 
Fig. 30- Comparison of batch fecundity estimates for B. glaciale from two different 

studies in the Mediterranean Sea. Tåning (1918) data were represented by black 

crosses and the data from this study were represented by grey triangles. 
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Age-based demography 

 





Age-based demography 

4.1 Introduction 
Ecosystem-based fishery management is a new direction for fishery 

management which considers predators and prey of the fishery target species, habitat, 

and other ecosystem components and interactions (Pikitch et al., 2004). Recent studies 

have seen an effort shift toward acquiring knowledge on non-commercial species in an 

endeavor to take a whole-ecosystem approach to population management (Caldow & 

Wellington, 2003). Mesopelagic fishes are generally not exploited by fisheries but they 

are an important prey item to a number of commercial species, as well as to marine 

mammals and seabirds (Lam & Pauly, 2005). The lanternfish family (Myctophidae) is 

one of the most representative of the mesopelagic fishes (Gjøsaeter & Kawaguchi, 

1980; Sassa et al., 2002). Thus, it is important to understand the population dynamics 

of myctophids to manage through an ecosystem approach. 

 

Age determination in fish is essential for understanding the historical dynamics 

of a fish population and future population trends, namely through the estimation of 

growth and survivorship (Casas, 1998; Finch et al., 2013). Studies on the age and 

growth of marine fishes provide essential information for ecosystem management 

(Caldow & Wellington, 2003). 

 
The Flemish Cap is an oceanic bank located at 47ºN, 45ºW in NAFO Div. 3M. 

To the west, a rift zone with of about 1100 m called the Flemish Pass, separates this 

plateau from the Newfoundland shelf. The Flemish Cap is a deep-water seamount with 

a minimum depth of about 120 m. Due to the high mean depth of the bank, the most 

important fishes of the pelagic system belong to the family Myctophidae (Pérez-

Rodríguez, 2012). Benthosema glaciale is the most abundant myctophid in the Atlantic 

Ocean north of 35 ºN (Gjösæter, 1973a) and it is the dominant mesopelagic fish in the 

Flemish Cap (Albikovskaya, 1988). There is a wealth of information on the analysis of 

age structure, longevity and growth rates in B. glaciale, provided by counting annuli in 

otoliths (Halliday, 1970; Gjösæter, 1973a; Gjøsæter, 1981; Albikovskaya, 1988). In 

these studies, fish were aged assuming that an annulus (i.e. under reflected light an 

opaque zone and a translucent zone out from the otolith nucleus) is formed annually. 

Several authors have attempted to provide evidence of the annual periodicity of annuli 

in B. glaciale. Gjösæter (1973a) concluded, using edge analysis of the otolith, that in 

western Norway, the opaque zone is mainly formed in the winter whereas the hyaline 

zone is formed in summer. However, this technique is of dubious value as a validation 

method due to the difficulty of distinguishing the yearly cycle formation from other 
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circumstances where a ring could be produced, and also to the inter-seasonal variation 

in timing of marginal increment with age or location (Campana, 2001). Halliday (1970) 

evaluated the consistency between age estimates and length-frequency modes of the 

youngest fishes (ages 0, 1 and 2). Campana (2001) recommended to validate the 

annulus formation across the entire age range (or at least in both the youngest and 

oldest age groups). 

 

Long-term shifts in the life-history traits of fishes have been widely reported and 

may be attributable to both environmental and genetic changes (Yoneda & Wright, 

2004). Although the major drivers of life history variation are changes in temperature 

and food availability, other environmental variables, such as density of competitors, 

predators, physical habitat, also influence it (Berumen et al., 2012). Shifting 

environmental regimes may subsequently impact a specific population’s dynamics, and 

then, its management strategy requires to be updated (Berumen et al., 2012). Studies 

on age and growth of B. glaciale have been conducted in the 70s and 80s (e.g., 

(Halliday, 1970; Gjøsæter, 1981; Kawaguchi & Mauchline, 1982), thus recent studies 

on age-based demographic data are required.  

 

The main purpose of this chapter was to estimate the age based-demographic 

parameters of B. glaciale in the Flemish Cap. We examined growth and mortality for 

this species on the Flemish Cap using data collected during research surveys in 2008 

and 2010 and compared life history features estimated in this study to those of other 

geographical areas and earlier periods. To our knowledge age validation in B. glaciale 

was limited to the youngest age groups. For this reason the consistency of the ageing 

criteria was also analysed in this study. 

 
 

4.2 Material and methods 
4.2.1 Sample collection 
Sampling was conducted on board the R/V Vizconde de Eza during the 

European Union survey on the Flemish Cap from 18 June to 22 July 2008 and from 21 

June to 22 July 2010 using pelagic and bottom trawl gears. The pelagic gear used in 

2008 was an Isaacs-Kidd Midwater Trawl (IKMT) of 4 m2 with a 12 mm cod-end mesh 

size. It was towed at 3 knots along oblique hauls at various depth ranges between 0 

and 300 m depth. The same IKTM was used in 2010 with a 9 mm cod-end mesh size. 

It was towed at 3 knots for 1 hour in the strongest and widest acoustic sound layer of 
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the water column. This layer was located between 300 and 650 m depth.  Depth of the 

IKMT was controlled using an ITI system. A Lofoten bottom trawl gear with a 3.5 m 

vertical opening and 35 mm in cod-end mesh size was used for bottom fishing both 

years. It was towed at 3.5 knots for 30 minutes following a stratified random sampling 

survey design (Vázquez et al., 2013). Additionally, a square of 36×36 cm of the middle-

upper part of the cod-end was covered with a 6 mm mesh size bag. 

 

Benthosema glaciale catches were frozen on board. Once in the laboratory 

each fish was thawed, placed 5 minutes in filter paper to remove water, measured to 

the nearest mm (SL), weighted (total weight [TW]) to the nearest 0.01 g, and sagittal 

otoliths were removed. All otoliths from pelagic hauls were examined for age 

determination, as well as 97 otoliths from bottom hauls, which were taken to complete 

some size classes in the set. Sex was determined by the sexual dimorphism in the 

position of the luminous organ in the caudal peduncle: dorsal in males (supracaudal 

gland) and ventral in females (infracaudal gland). Sex was determined by histological 

examination when these glands were difficult to differentiate or they were not present. 

Sex could not be determined in some cases because freezing affected gonads. Fish, 

which sex was determined using histology, were considered indeterminate for 

population and growth analysis. This is because the results are skewed towards 

females: ovaries are easier to identify than testicles when gonads have been frozen. 

 

4.2.2 Otolith examination 
Whole otoliths were immersed in mineral oil and observed under a 

stereomicroscope using reflected light and black background. Age was determined by 

examining annual increments or annuli. Each opaque zone combined with a 

translucent zone was interpreted as one annual increment. Samples were taken in 

summer, thus incomplete opaque zone was not considered. Otoliths almost completely 

opaques or broken were considered unreadable and they were excluded from further 

analysis.  

 

All otoliths were aged by two independent readers, and age disagreements 

were resolved by a cooperative subsequent reading. If the count difference persisted 

(less than 0.6 % of cases) the otolith was discarded. 

 

An otolith subsample (n=144), comprising individuals from both years and 

covering their ranges of sizes per sex, were selected in order to weigh them and 

measure the otolith dimensions (maximum and minimum diameters) and the 

83 



Ecology of Benthosema glaciale with focus on the Flemish Cap 
 
corresponding radii of each annual increment (from the core to the outer edge of the 

increment) (Fig. 31). These measurements were done by an image analysis system. 

 

 

 
Fig. 31- Lateral view of the right otolith of B. glaciale, with the proximal (sulcus acusticus) side down, 

illustrating axes of: maximum diameter (dmax), minimum diameter (dmin) and radius (r) measurements. D: 

dorsal; V: ventral; A: anterior; P: posterior. 

 

 

4.2.3 Data analysis 
The relationships between otolith diameters (maximum: Dmax and minimum: 

Dmin) and fish SL and the relationship between otolith weight and age were examined 

using GLM (McCullagh & Nelder, 1989), which fitted gamma error distributions. Year 

and sex were included in the models as additive factors.  

 

Growth in length was fitted to the von Bertalanffy growth function (VBGF): 

 

(8)                                           )]exp(1[ )( 0tt
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being:  

Lt- the estimated SL at age t 

L∞- the mean asymptotic standard length,  

K -a curvature parameter  

t0 - the age at which fish have theoretical length of 0.  

 

First of all, an unconstrained VBGF was fitted to the data, but the 2010 curve 

was linear with unrealistic parameter estimates. This could be explained by the lack of 

smaller, and thus younger age classes, because VBGF parameter estimates can be 

sensitive to ages range (Ferreira & Russ, 1994; Williams et al., 2009). Hence, a 

constrained VBGF was fitted for the length-at-age data. Assuming that size at 

metamorphosis was 12 mm SL (based on findings of Halliday (1970)) the t0 was 

constrained to -0.43. This value was attained by adjustment of t0 in the VBGF for the 

overall data set until forcing the curve to pass L0= 12 mm SL. 

 

The VBGF was fitted using the Gauss-Newton algorithm in the iterative non-

linear least squares method. Differences in growth curves between sexes and between 

years were examined by plotting 95% confidence regions of the parameters K and L∞ 

(Kimura, 1980). Mean age at the length at 50% maturity was calculated from estimates 

of K and L∞ for the overall data set:  
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We assumed that L50= 47.6 mm, based on estimates for 2009 data (Chapter 3). 

 

The relationship between TW and SL of the fish was described by an 

exponential function. Data were log-transformed and adjusted to a linear model. 

Differences between years and also between sexes were analysed including the year 

as an additive factor and the sex as a multiplicative factor. A GLM, which fitted binomial 

error distributions, was used to test the influence of length and year on the sex ratio.  

 

Mortality was estimated using length and growth parameters (Gislason et al., 

2010) for the overall population and for each age-class. Only pelagic samples (n=1024) 

were used in the population analyses (i.e. length at age distribution, weight-length 
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relationship, sex ratio and mortality) because it is assumed that they are representative 

of the population.  

 

The selection of final models (linear and GLM) was based on Akaike 

Information Criteria (AIC) (Akaike, 1973). All plots and the fit of the models  were done 

with R (R Development Core Team, 2013). The package ellipse (Murdoch & Chow, 

2012) was used to plot these regions and the package MASS (Venables & Ripley, 

2002) to select the final model. 

 

 

4.3 Results 
4.3.1 Otolith morphology and growth 
Otoliths have a tall and pseudo-elliptic shape. The outer size is convex and the 

inner surface is relatively flat with a sulcus acusticus. The sulcus is composed by an 

ostium opened in the anterior margin of the otolith and a closed and tubular cauda, 

strongly curved towards the dorsal part. The anterior part is divided in two rounded 

parts. The posterior part of the otolith is round and has a small protrusion. The otolith 

margins mainly are entire. At larger fish sizes, the otolith margins can develop one or 

two pointed projections in the ventral side. The nucleus is located in the centre of the 

otolith. Outside the nucleus, opaque and hyaline zones alternate. An opaque zone 

combined with a hyaline zone was interpreted as an annual increment (Fig. 32). We 

assumed the number of hyaline zones in the otolith is indicative of the age of the fish. 

In some cases a narrow hyaline zone is present surrounding the opaque nucleus but it 

is not considered in age determination based on Prut'ko (1988).  

 

Maximum diameter of the otolith ranged from 956 to 2788 µm, whereas the 

minimum diameter was between 831 and 2157 µm. The Dmax is linearly related to SL 

(GLM, Explained deviance [Exp.Dev]= 97.37 %, n= 144, P < 0.001, Fig. 33a) and Dmin 

also shows a strong relationship with SL (GLM, Exp.Dev = 96.93%, n=144, P < 0.001) 

(Fig. 33b). These relationships did not significantly vary between sexes and years (P >  

0.5). 

 

Otolith weight ranged from 0.296 to 4.088 mg. The otolith weight showed linear 

relationship with the age (GLM, Exp.Dev = 91.35 %, n= 144, P < 0.001) (Fig. 33c). This 

relationship showed significant differences between years (P < 0.001), but it did not 

vary significantly between sexes (P >  0.5).  
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Fig. 32- Left otoliths of B. glaciale with the proximal (sulcus acusticus) side up (a) 1 year old, opaque 

edge. (b) 3 years old, hyaline edge. (c) 4 years old, hyaline edge. (d) 5 years old, hyaline edge. Bar =1 

mm.  

 
 
4.3.2 Verification of the increment periodicity 
The regularity of the increment formation can be observed in Fig. 34, which 

shows that each annulus has a unimodal distribution and a consistent location of each 

mode in the x-axis in relation to age. Increment width was higher during the first year of 

life: 450 ± 57 µm (mean ± SD), and showed a reduction for ages 2 to 6 (284 ± 51 µm, 

202 ± 45 µm, 158 ± 33 µm, 136 ± 25 µm and 132 ± 21 µm respectively). As expected, 

increment widths showed a decreasing rate of otolith growth with age. 
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Fig. 33- Relationship between (a) otolith maximum diameter (Dmax) and fish length (b) otolith minimum 

diameter (Dmin) and fish length (SL), (c) otolith weigh (OW) and age. 
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Fig. 34- Frequency distribution of annual increment radius. Di = Distance from the distal side of increment 

(i) to centre of otolith in µm.   

 
 

4.3.3 Demography  
4.3.3.1 Length and age distributions 
The individuals collected in pelagic trawls ranged between 28 and 71 mm SL in 

2008 (Fig. 35a) and between 28 and 81 mm SL in 2010 (Fig. 35c). Although length 

distribution in 2010 was wider, only very few individuals were longer than 71 mm SL. In 

2008, minimum and maximum sizes were identical between sexes (40 and 71 mm SL 

respectively). In 2010, males ranged from 32 to 73 mm SL whereas females from 31 to 

81 mm SL. Length distributions were bimodal both years. The two modal classes were 

30-35 mm and 55-60 in 2008 and 35-40 and 50-55 mm in 2010. Males were more 

abundant in 2008, mainly in larger (from 50 mm SL) and older individuals (Fig. 35a, b), 

were the sex proportions were similar at every length and age in 2010 (Fig. 35c, d). 

The youngest fish collected had age 1 in both years and in both sexes. The maximum 

age recorded was 7 and the maximum longevities achieved were similar between 

sexes and between years. For males the highest age observed was 6 years in 2008 

and 7 years in 2010. For females the maximum age was 5 years in 2008 and 6 years in 

2010.  
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Fig. 35- Length (a) (c) and age distributions (b) (d) of the B. glaciale taken in pelagic trawl during June-July 

2008 and 2010.  

 
 
4.3.3.2 Weight-length relationship 

Weight and length (both variables log-transformed) showed a strong positive 

linear relationship indicating an exponential relationship between the untransformed 

variables (adjusted r2= 0.98, F= 10740000, n= 1134, P <0.001, Table 8). This 

relationship presented significant inter-annual differences and it also varied significantly 

between sexes. The weight-length relationship was described by the following 

equations:  

-In 2008: TW= 6.55 x 10-6 SL 3.18   for males and TW= 1.73 x 10-5 SL 2.94   for females. 

-In 2010: TW= 9.22 x 10-6 SL 3.09   for males and TW= 6.17 x 10-6 SL 3.2    for females. 

 

 

 

 90 



Age-based demography 

Table 8- Results of the Generalized Linear Model (GLM) testing the influence of standard length in the 
total weight. 

Estimate S.E. t p
-11.60120 0.08307 -139.655 < 2e-16

log(length) 3.09521 0.02069 149.623 < 2e-16
Sex2 -0.32271 0.11802 -2.734 0.00635
Sex3   0.25308 0.22324 1.134 0.25718
Year10 -0.02190 0.00871 -2.515 0.01205
log(length):Sex2 0.08818 0.02986 2.953 0.00321

-0.07655 0.06114 -1.252 0.21083
Note: Bold font indicates significant variables (p <0.05).  S.E, stardard error.

Variable
(Intercept)

log(length):Sex3
 

 
 
4.3.3.3 Sex ratio 
Of the 1024 B. glaciale sexed, 507 (49.5%) were females from 31 to 81 mm of 

SL and 517 were males ranging from 32 to 73 mm of SL. The sex ratio did not present 

variations with the SL (GLM, n= 1138, P > 0. 05) but it showed significant differences 

between years (GLM, n= 1138, P < 0. 05, Table 9). Males predominated in 2008 

(37.6% were females) whereas no differences from the expected sex ratio 1:1 were 

observed in 2010 (Fig. 36). 

 

 
Table 9- Results of the Generalized Linear Model (GLM) testing the influence of standard length and the 
year in the sexratio. 

Estimate S.E. z p
-0.5281985 0.4526720  -1.167 0.2433

Length 0.0004097 0.0070731 0.058 0.9538
Year10 0.5346798 0.2256741 2.369 0.0178
Note: Bold font indicates significant variables (p <0.05).  S.E, stardard error.

Variable
(Intercept)

 
 
4.3.3.4 Mortality 
Benthosema glaciale is not a commercial species, thus total mortality is equal to 

natural mortality (M). M estimate for the overall population was 0.65 year -1. Estimates 

of M for the different age classes were: Mage1= 1.09, Mage2= 0.79, Mage3 = 0.60, Mage4= 

0.49, Mage5= 0.44 and Mage6= 0.39. The highest M estimates were found in young age 

classes whereas the lowest were in old age classes. 
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Fig. 36- Sex ratio, expressed as number of females divided by the total number of individuals, of fish taken 

with pelagic trawls in 2008 (n=93) and 2010 (n=931). 

 

 

4.3.3.5 Growth 
A total of 1213 B. glaciale from both years (551 males, 549 females and 113 

individuals of indeterminate sex) ranging from 28 to 81 mm SL were examined to 

determine the age. The size-at-age plots revealed growth is fast during the first years 

of life and decreases thereafter (Fig. 37). The von Bertalanffy parameters for each data 

set are shown in Table 10. The non-overlapping in the confidence regions surrounding 

estimates of K and L∞ indicated significant differences in growth between 2008 and 

2010 (inset Fig. 37a). Although both year presented similar L∞, 2010 individuals 

showed larger K than those of 2008 (Table 10). The sex-specific growth parameters did 

not differ significantly, with overlapping in 95% confidence regions (inset Fig. 37b, c 

and d). Thus, no sexual dimorphism in growth rate was observed for this species.  
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Fig. 37- B. glaciale. Length-at-age plots with fitted von Bertalanffy growth function, constrained (t0= -0.43) 

(a) for 2008 and 2010 individuals, (b) for males and females, (c) for males and females within 2008 

individuals and (d) for males and females within 2010 individuals. Insets plots: 95% confidence ellipses 

surrounding the growth coefficient (K) and mean asymptotic total length (L∞) parameter estimates. 

 

 
Table 10- Von Bertalanffy growth parameters in the Flemish Cap for B. glaciale. Intercepts of the growth 

functions constrained to ~12 mm. (L∞= mean asymptotic standard length; K= curvature parameter; t0= age 

of fish at length). 

Total
Parameter 2008 2010 Males Females Males Females Males Females

n 132 1081 551 549 66 46 485 503 1213
SL (mm) 54 ± 10 52 ± 10 54 ± 10 53 ± 9 57 ± 7 56 ± 8 53 ± 10 53 ± 10 52 ± 10

L? 70.073 69.809 69.896 69.865 70.870 69.463 70.480 70.165 69.546
K 0.428 0.471 0.468 0.463  0.414  0.443 0.463 0.461  0.471 
t0 -0.403 -0.403 -0.403 -0.403 -0.403 -0.403 -0.403 -0.403 -0.403

Year Sex 2008 2010
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4.4 Discussion 
We present here the age-based demographic parameters for B. glaciale, which 

contribute to a better understanding of their dynamic population and future population 

trends in the Flemish Cap. 

 

Our results on otolith growth showed strong relationships between the variables 

analysed indicating that the otoliths grow throughout the whole life of the fish. This 

characteristic is indispensable for using the otoliths as an aging tool (Fowler, 1990).The 

frequency distribution of annual increment radius showed the regularity of the 

increment formation. In addition, as expected the increment widths presented a 

decreasing rate of otolith growth with age. Therefore, examination of otolith growth and 

periodicity of increments indicated that our ageing criteria are consistent for 

determining the age in B. glaciale. 

 

The present study on the length-weight relationship showed that in B. glaciale 

growth in relation to these parameters was near the cube law both years for males and 

for females. However, previous studies in Flemish Cap showed estimates of b much 

lower, 2.26 (Albikovskaya, 1988). In support to our results, other studies of 

Benthosema spp. found values of b similar to 3 (Gjøsæter, 1981; Hussain, 1992; 

Karuppasamy et al., 2008).  

 
The sex-ratio estimated in this study is consistent with Albikovskaya (1988). 

This author observed that males were more numerous than females in July and in most 

months (the percentage varied from 53-60%). The exceptions were December and 

February with 81% of males and 70% of females respectively. Kawaguchi & Mauchline 

(1982) found that the percentage of females of this species varied from 47 to 55% most 

of the year in off Northeast Ireland. These authors suggested that B. glaciale shows 

some schooling behaviour by sex just before the breeding season. Spawning 

aggregations of the dana lanternfish Diaphus danae, with a sex-ratio of 23 males 1 

female, has been reported in the Coral Sea (Flynn & Paxton, 2012). A non-spawning 

aggregation of Warming's lanternfish Ceratoscopelus maderensis had a sex-ratio of 3.4 

males to 1 female (Backus et al., 1968). Non-aggregating mature lanternfish 

populations usually comprised overall sex-ratios of ~ 1:1 (Clarke, 1973; Gartner Jr., 

1993). 
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Size-at-age plots were consistent with other myctophid growth curves (Smoker 

& Pearcy, 1970; Filin, 1997) and showed a rapid somatic growth during the first 3 years 

of B. glaciale life (almost half of their life span) followed by decrease in growth. The 

inter-annual differences in growth could be due to different growth among cohorts, 

reflecting annual variation in environmental conditions, such as temperature or food 

availability. However, part of these differences might be due to sampling bias. In 

agreement with Halliday (1970), growth curves of males and females were not 

different. In contrast, sexual dimorphism in growth was found in other species of 

myctophids, such as the lancet fish Notoscopelus kroyeri (Malm, 1861) and the 

myctophid Electrona antarctica  (Günther, 1878) (Filin, 1997; Greely et al., 1999). 

 

Ours results indicated an apparent decrease in mean asymptotic size and 

growth rate over a period of 25 years in the Flemish Cap. Comparison with previous 

studies must be viewed with caution because the gears used were different and 

consequently, also the range of length sampled, which increased along the period. In 

this study, we found very few individuals of age 6 at lengths less than 72 mm SL (i.e., 

maximum length sampled by Albikovskaya (1988)). In contrast, although the minimum 

length of both studies is very similar (27 versus 28 mm SL) the youngest individuals 

reported by Albikovskaya (1988) were of age 2. Exclusion of younger ages could 

overestimate L∞ (Ferreira & Russ, 1994).  

 

The Table 11 provides a summary of the variation in growth parameters of B. 

glaciale (L∞, K and maximum age) over different areas. The L∞ of this species showed 

a positive relationship with the latitude, except for our data. In general, ectotherms 

grow slower but achieve a larger size at higher latitudes (Atkinson, 1994; Atkinson & 

Sibly, 1997; Kingsolver & Huey, 2008). That is the reason that we expected that the L∞ 

reported by Albikovskaya (1988) was lower than our estimate. As we discussed above, 

the L∞ of Albikovskaya (1988) could be overestimated. In this case, the difference of 

latitude between areas of Table 11 would be sufficient to generate different sea 

temperatures. An alternative possibility is that variation in adult size might reflect 

differences in rates of predation among localities (Meekan et al., 2001). 

 
 
 
 
 
 
 

95 



Ecology of Benthosema glaciale with focus on the Flemish Cap 
 

 96 

Table 11- Estimates of life history traits of Benthosema glaciale from different areas reported by various 

authors. (L∞= mean asymptotic standard length; K= curvature parameter). 

Reference Area Latitude L∞ K Maximum age 
Halliday (1970) off Nova Scotia  41º-47ºN 68.28 0.36 4
Gjøsæter (1981) Norwegian fjords  59º-62ºN 83.06 0.20 8
Albikovskaya (1988) Flemish Cap and Eastern Grand Bank  42º-49ºN 73.70 0.42 5
This study Flemish Cap  46º-49ºN 69.55 0.47 7  
 

 

The maximum age found in this study was 7 years, which is the maximum age 

recorded the Flemish Cap although is between the range reported for this species in 

other areas (Table 11). The maximum age recorded for B. glaciale was 8 years 

(Gjøsæter, 1981). The large sizes reported in Norway could be attributable to greater 

longevities in this area. The lowest mean maximum size correspond to the area off 

Nova Scottia, the one with the lowest maximum ages  (Table 11).The life span of B. 

glaciale is similar to other myctophids of temperate and cold waters, ranging from 6-9 

years. (Smoker & Pearcy, 1970; Gjøsaeter, 1981; Filin, 1997). Myctophids of the 

tropical zone have a shorter life cycle (Prut'ko, 1988). 

 

We calculated the M in Nova Scottia from the data of July presented in Halliday 

(1970) to compare it with our results. Our findings indicated a lower overall M in the 

Flemish Cap that off Nova Scotia (1.01 year -1). In contrast, the M for the different ages 

(0.96, 0.61, 0.52 and 0.42 year -1 for ages 1, 2, 3 and 4 respectively) were higher in the 

Flemish Cap. This fact suggests that in Nova Scotia the mortality in the first year of life 

is higher than in the Flemish Cap. The pressure of predators and their prey size 

preferences might be different between areas. It should be considered that variation in 

mortality rates could reflect temporal changes. 

 

The mortality of B. glaciale has been estimated earlier in Norway and adjacent 

seas using the catch curve method (Gjösæter, 1973a; Gjøsæter, 1981). This author 

concluded that B. glaciale from Canadian waters seems to have a much higher 

mortality in Norway (Gjösæter, 1973a). 
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Otolith microstructure 

5.1 Introduction 
Several calcified structures produce periodic growth increments useful for age 

determination in fish (Campana, 2001). Otoliths have been used to age fish from 1899, 

when Reibisch observed annular ring formation in the European plaice Pleuronectes 

platessa  Linnaeus, 1758 (Jones, 1992). Pannella (1971) was the first to describe the 

presence of daily growth increments in fish otoliths, as inferred by counting on average 

360 increments within otolith annuli. The daily increments are composed by an 

incremental zone (L-zone), rich in aragonite acicular microcrystal in a three-

dimensional matrix; and a discontinuous zone (D-zone) in which organic fibres 

predominate (Morales-Nin, 2000). Campana & Neilson (1985) proposed that the 

periodicity of the increment formation is related to an endogenous circadian rhythm, 

which is entrained by photoperiod, although other factors, such as temperature 

fluctuations and feeding periodicity, can mask this rhythmicity and produce subdaily 

increments. 

 

Many applications of otolith microstructure examination have analogues in other 

areas of fisheries science; for instance, the estimation of age and growth, which have 

long been studied at yearly or daily level (Campana & Jones, 1992). However, 

applications such as hatch date analysis are almost unique to otolith microstructure 

studies (Campana & Jones, 1992). Daily increment counts can often be used to 

confirm the identity of the first annulus, and this fact is an important component of any 

age validation study (Campana, 2001). Validating a method of age determination is 

important in fisheries biology (Beamish & McFarlane, 1983). There are many examples 

of ageing errors (Campana et al., 1990; Beamish & McFarlane, 1995; Smith et al., 

1995). Age underestimation could result in overfishing if the estimated optimum fishing 

mortality and age at first capture were used in fisheries management (Lai & 

Gunderson, 1987). 

 

Myctophids play a key role in pelagic food webs in the transfer of energy from 

zooplankton to higher trophic levels (Cherel et al 2010). They are a good source of 

protein, lipids and minerals, which is used as fishmeal and as crop fertilizers (Catul et 

al 2011). Many myctophid species make diel vertical migrations (Gjøsaeter & 

Kawaguchi, 1980). In myctophids, the incremental zone of the otoliths forms at night, 

when they migrate into the epipelagic layer, whereas the discontinuous zone is formed 

during the daytime in the mesopelagic layer (Gartner, 1991b; Suthers, 1996; Moku et 

al., 2005). Temperature gradients influence the fish during its vertical migration 
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enforcing deposition of growth increments and making them very clear (Linkowski, 

1996). Several authors have used microstructure of the otoliths to determine the age 

and growth of myctophids (Young et al., 1988; Gartner, 1991a; Linkowski et al., 1993; 

Tsarin, 1994; Greely et al., 1999; Takagi et al., 2006; Bystydzieńska et al., 2010), but 

only a few studies have compared their macro and microstructure (Giragosov & 

Ovcharov, 1992; Greely et al., 1999; Shelekhov, 2004).  

 

Ageing using otolith microstructure is based in the assumption that increments 

are formed at a rate of one per day and the number of increments are representative of 

age (Geffen, 1982). Daily growth increments in otoliths of teleost fishes are considered 

a widespread phenomenon (Campana & Neilson, 1985). However, Geffen (1982) 

proposed that the daily deposition of otolith is not a universal feature in all conditions 

and that environmental conditions can significantly alter increment deposition rate. 

Verification of Geffen’s hypothesis could invalidate many applications of otolith 

microstructure examination (Campana & Neilson, 1985). Several studies have reported 

non-daily increment formation (Neilson & Geen, 1982; Campana, 1983; Volk et al., 

1995). The apparent increment depositions rates below one per day are often 

associated with low growth rates (Geffen, 1982; McGurk, 1984; Szedlmayer & Able, 

1992), which occur in suboptimal growing conditions, such as low water temperature 

(Marshall & Parker, 1982; Casas, 1998; Folkvord et al., 2004) or reduced feeding (Wild 

et al., 1995; Folkvord et al., 2000; Feet et al., 2002). The effects of environmental 

conditions on increment formation vary among species (Jones, 1986). It is therefore 

strongly recommended that validation experiments are undertaken before field material 

is examined (Fox et al., 2003). However, attempts to maintain mesopelagic fishes in 

experimental conditions for more than brief periods have been unsuccessful (Robison, 

1973). 

 

Benthosema glaciale is abundant and widespread throughout the western North 

Atlantic (Pepin, 2013). Several authors have studied its age and growth analysing the 

otolith macrostructure (Halliday, 1970; Gjösæter, 1973a; Gjøsæter, 1981; 

Albikovskaya, 1988). However, to our knowledge, the otolith microstructure of B. 

glaciale have not been described prior to this study, and thus, neither validation of daily 

deposition in otoliths nor ageing using microincrements has been reported for this 

species. The aim of this study is to describe the microstucture of the B. glaciale otoliths 

and assess the reliability of using microincrements to infer the true age of this species, 

and consequently to identify the first annulus.  
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5.2 Material and methods 
5.2.1 Collection of material 
The collection of material has been described in the Chapter 4. 

 

5.2.2 Otolith processing 
A total of 44 saggital otoliths of B. glaciale taken in 2010 were examined to 

microstructure studies. All of them were two years old or less, and their standard length 

ranged from 28 to 49 mm. The right otolith was used in all cases. 

 

Otoliths were cleaned of adhering tissue in 70% solution of ethanol and dried up 

one hour at 60ºC. Then, they were placed on a glass slide with the sulcus acousticus 

facing down, affixed using Entellan resin and left to harden for about 12h at 40ºC. After 

the resin hardened, otoliths were ground and polished to the mid-sagital plane by hand 

with graded series of dry lapping film (30, 9 and 1µm) until the microincrements were 

exposed for reading. It was not possible to have all microincrements in a single plane 

due to the nonplanar nature of the microincrements in the otolith. Thus, after reading 

microincrements around the core, otoliths were ground, polished and read again until 

the microincrements of the edge were exposed. Otolith microestructure was examined 

using a light microscope (LM) under cross-polarized light connected to a PC image 

analysis system. Oil immersion was required for the higher magnification.  

 

Three distinct regions were observed within each sagitta otoliths: the larval zone 

(LZ), post-larval zone (PZ) and post-metamorphic zone (PMZ), following the 

terminology described by Gartner (1991b).  The width of LZ and PZ were measured 

along the longest axis from the primordium to the dorsal edge. Microincrements were 

quantified by two independent readers. Counts were accepted if readers agreed within 

a 5% range of error. If the counts differed by more than 5%, the otolith was re-

examined. If counts did not agree after three reading attempts the otolith was not 

included in the analysis.  

 

To validate LM interpretations, six otoliths were selected randomly and also 

read using a Scanning Electron Microscope (SEM) JEOL JSM-5200. These otoliths 

were rinsed in water up to 30 min after reading under light microscopy, removed from 

the glass slides, etched with 5% solution EDTA (ethylenedinitrilo tetraacetic acid) for 4 

min, mounted on metal stubs using double-sided adhesive tape, gold coated under 

vacuum and then examined with SEM.  
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5.2.3 Age estimates 
A sub-sample of 21 otoliths was selected in order to determine the position of 

the first annulus using microincrements counts. The sub-sample size within each length 

category was proportional to the length-frequency distribution of the age-class 1 fish 

sampled in 2010. Annual classes were determined by examining otolith macrostructure 

(Chapter 4). If increments in the otolith edge were unreadable, the number of 

increments for that section was estimated from the neighbouring increments (Waldron 

et al., 1991). We assumed that the first increment was formed the day of hatching. 

Thus, the total number of increments (i.e, the sum of counted and extrapolated 

increments) was considered to provide the age in days from the hatching of the fish 

aged.  Furthermore, the monthly distribution of hatching dates was back-calculated 

using the age data and date of capture.  

 

 

5.3 Results 
5.3.1 Otolith microstructure description 
Microincrements were clearly visible in the central part of the otolith and they 

were less distinct in the otolith margin.  They were deposited in a three-dimensional 

plane. Thus, not only the focal plane required to be shift for reading but also shift the 

plane of ground. Growth discontinuities were not strange in the otoliths. Subdaily or 

nondaily increments (Campana, 1992) were visible throughout the otolith, but they 

could be distinguished from microincrements by focal adjustments. 

 

5.3.2 Larval zone (LZ) 
The LZ was slightly off-centre within the otolith (Fig. 38a) and it included the 

primordium (or growth centre), which was also off-centre within the LZ (Fig. 39). The 

primordium was surrounded by the nucleus or core, which was bounded of a distinct 

increment: probably the hatch check which had a rounded shape (Fig. 39). The otolith 

core radius was 8 ± 0.7 μm (mean ± sd, n= 43), and increments can be observed in it. 

The first 3 to 5 increments outside the core were difficult to read. Increments were very 

distinct along LZ, and their width increased gradually until the outer boundary. The 

metamorphic check was located in one of the last increments of the LZ. The number of 

LZ increments was 42 ± 7.5 (n=38), within a radius of 0.095 ± 0.010 mm (n=20).  
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Fig. 38- Overall view of internal morphology of polished sagittae from B. glaciale females  measuring (a) 

31 mm standard length (transmitted light magnification 40x) and (b) 41 mm standard length (scanning 

electron microscope magnification 500x). LZ: larval zone; PZ: post-larval zone; PMZ: postmetamorphic 

zone. 
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5.3.3 Post-larval zone (PZ) 
Accessory primordia in the PZ were arranged around its boundary following a 

regular pattern (Fig. 39). Increment width in the inner boundary of this region was 

similar to the last LZ increments, and there was a gradual decrease in width as 

distance increased from the otolith centre (Fig. 40b). Mean number of increments in PZ 

was 25 ± 3.0 (n=36) within a segment of 0.104 ± 0.015 mm (n=18).  Thus, the width of 

PZ was similar to the LZ radius. 

 

 

 
Fig. 39- Distal view of polished sagitta from Benthosema glaciale male measuring 39 mm standard length. 

(magnification 100x) AP, accessory primordia; LZ, larval zone ; NC, nucleus; PMZ, post-metamorphic 

zone ; PZ, post-larval zone.   

 
 
5.3.4 Post-metamorphic Zone (PMZ) 

The PMZ had concentric increments from the terminal increment of PZ to the otolith 

edge with alternate opaque and hyaline zones (Fig. 40c). Each opaque zone combined 

with a translucent zone was interpreted as one annual increment (Chapter 4). The PMZ 

showed cyclic patterns of growth similar to lunar cycles observed by Linkowski (1996).  
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Fig. 40- (a) Larval zone from a 43 mm SL female. Primordium (P), nucleus (NC), and larval growth 

increments (magnification 1000x) (b) Post-larval zone from a 34 mm SL male (magnification 200x) and 

metamorphic check (M). (c) Post-metamorphic zone from 35 mm SL female (magnification 400x) .  
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5.3.5 Comparison between LM and SEM 
The number of microincrements counted using both LM and SEM on 6 

individuals of B. glaciale was compared. It was not possible to prepare all increments of 

the whole PMZ in a flat section (necessary for SEM). Thus, only the number of 

increments counted in LZ and PZ was compared to confirm the otolith microstructure. 

 

For LZ, the microincrements counted using LM were slightly fewer than those 

counting using SEM. The difference was between 1 and 4 increments (Table 12). 

These discrepancies may be caused by the difficulty interpreting first increments 

encircling the nucleus. For PZ, the two methods produced exactly the same number of 

microincrement or they differed in less than two. These results revealed that the 

resolution power of the light microscope was sufficient for this study, at least for LZ and 

PZ. 

 

 
Table 12- Number of microincrements in the larval zone and post-larval zone in 6 otoliths of B. glaciale 

observed under light microscopy (LM) and scanning electron microscopy (SEM). 

SL (mm)

LM SEM LM-SEM LM SEM LM-SEM
36 42 43 -1,0
34 23 23 0
41 39.5 43 -3.5 25.5 27 -1.5
33 41.5 43 -1.5
38 24.5 24 0.5
37 41 45 -4,0 21 21 0

LM-SEM, substracted increment number observed with LM from those with SEM

Larval zone (LZ) Post-larval zone (PZ)

 
 
 

5.3.6 Identification of the first annulus  
Microincrements were counted in a sub-sample of 21 specimens (ranging from 

28 to 47 mm SL) in order to identify the first annulus. Their average of microincrements 

was 294 ± 38.   

 

Hatching dates of B. glaciale were calculated using the number of 

microincrements and the date of capture (Fig. 41). Hatching estimated was between 

mid-July until mid-December with a peak in September. These results indicated that 

sampled B. glaciale of age 1 had hatched in 2009. 
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Fig. 41- Monthly frequency of hatching dates of age 1 B. glaciale individuals back-calculated from the date 

of capture, using microincrement counts.  

 
 

5.4 Discussion 
5.4.1 Microstructure description 
Our results of LZ microincrement counts were similar to other myctophids otolith 

microstructure studies  (Gartner, 1991a; Giragosov & Ovcharov, 1992; Suthers, 1996; 

Greely et al., 1999; Takagi et al., 2006) and also for PZ (Gartner, 1991a; Giragosov & 

Ovcharov, 1992). In contrast, blue lanternfish Tarletonbeania crenularis (Jordan & 

Gilbert, 1880) has 2.5 times more microincrements in LZ, probably due to a tribe-

specific characteristic, which would benefit from a prolonged occurrence of their larvae 

in the epipelagic zone (Bystydzieńska et al., 2010). The LZ represents the larval growth 

(Gartner, 1991b), i.e. the number of microincrements in the LZ indicates the duration of 

the larval period. All myctophids spend their larval stages in the epipelagic zone, within 

200 m of the surface, and most of them do not undergo conspicuous diel vertical 

migration (Moku et al., 2005).  It would be advantageous for their survival to spend the 

highly vulnerable transforming stage in the mesopelagic zone, where they find lower 

predation pressures and more stable physical conditions than in the upper layers 

(Sassa et al., 2007). In the eastern North Atlantic, B. glaciale larvae initiate a downward 
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migration when the notochord flexion is completed (6.5-10.5 mm),  and metamorphosis 

takes place below 500 m depth (Kawaguchi & Mauchline, 1982). Gartner (1991b) 

proposed that in myctophids which perform a downward migration before 

transformation, the effect of metamorphosis, coupled with the abrupt shift in habitat, 

induce a metabolic response recorded in the otolith as PZ. Myctophid otolith is 

particularly a useful tool to decipher duration and chronology of some life history events 

(Bystydzieńska et al., 2010). Several authors have also reported lunar cycles in 

myctophid otoliths (Greely et al., 1999; Hayashi et al., 2001) 

 

5.4.2 Spawning season estimation 
The date of first increment formation is specific of the species and it may vary 

from before hatching to the time of first feeding (Campana & Neilson, 1985). In this 

study, 1-3 increments have been observed within the core of several individuals. 

Benthosema glaciale probably develops these increments before the hatching. In case 

first increment was formed at first feeding, a correction factor should be applied to the 

ageing data. The exact time from hatching to first-feeding in B. glaciale larvae is 

unknown. Time of yolk-sac absorption also depends on the temperature. B. pterotum 

retains their yolk-sac around 3 days at 25º C and 5 days at 21ºC (Gjøsæter & Tilseth, 

1988).  However, waters are much colder in the Flemish Cap (Stein, 2007), and this 

period would be longer there. This is in agreement with Penney & Evans (1985), who 

assumed that pre-extrusion time in the redfish larvae from Flemish Cap is 4 weeks.  

 

Back-calculated hatching dates of the age-class 1 B. glaciale indicated that the 

spawning season lasted from July to December, in contrast to the spawning period 

reported previously. Mazhirina (1988) reported that in the Flemish Cap and the 

Newfoundland Grand Bank the spawning occurred from January to April. This is in 

agreement with Halliday (1970), who found ripening fish in January and February, and 

post-larvae in May and July. The metamorphosis apparently occurs in June and July at 

lengths of 11-12 mm SL (Halliday, 1970). Albikovskaya (1988) supported the spawning 

period reported by Mazhirina (1988), but also found a few females with gonads 

recovering from the spawning in early autumn. Albikovskaya (1988) reported 30% of 

females with gonads in pre-spawning condition in November 1984 whereas none had 

reached this stage in November 1985. This fact could indicate a small inter-annual 

variability in spawning. All these results suggest two spawning seasons or a shift in the 

spawning season since then.  
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It is unlikely that B. glaciale had two spawning seasons in the cold waters of the 

Flemish Cap (one from January to April and the other from July to December). This 

would produce an offspring with a wide range of hatch dates. Species with restricted 

spawning seasons are typical of cold-water habitats, whereas species with extended 

seasons are more common in warm-water environments (Lowerre-Barbieri et al., 

2011b).  

 

A change in the spawning season from the eighties to the present could be 

possible.  Although reproductive timing in fish is typically cyclical (Morgan et al., 2013), 

large inter-annual variability in spawning time has been reported in several fish stocks. 

These shifts in timing of spawning have been caused by several circumstances: 

environmental factors, such as water temperature (Carscadden et al., 1997; Wieland et 

al., 2000), density-dependent processes, which occur at certain stock sizes  (Wieland 

et al., 2000), and phenotypic characteristics of spawners, such as length (Carscadden 

et al., 1997; Vandeperre & Methven, 2007) and age (Wright & Gibb, 2005; Morgan et 

al., 2013). However, a change in the spawning season is not supported by the 

histological examination of B. glaciale ovarian tissue from the Flemish Cap (Chapter 3). 

These data suggested that spawning in 2009 occurred several months before July, in 

agreement with Mazhirina (1988). They also showed indications of the beginning of the 

next reproductive cycle during June-July. Coldwater species have slow metabolic rates 

and their females must begin development well in advance of the spawning season 

(Lowerre-Barbieri et al., 2011b). Exogenous cues, such as photoperiod, ensure that 

gonadal development occurs at the appropriate time, so that fish are capable of 

spawning when the conditions favour off-spring survival (Lowerre-Barbieri et al., 

2011b). In cold climates, the optimum time for larval survival is often restricted to the 

spring bloom of phytoplankton (Platt et al., 2003). In the Flemish Cap, the surface 

phytoplankton blooms begins in early March and it extends until June-July (Maillet et 

al., 2005). In contrast, hydrographical conditions in autumn and winter are not 

favourable for the early off-spring survival. In this period the oceanographic conditions 

are less stable than in the rest of the year (Borovkov et al., 2006), and thus the 

concentration of plankton preys is lower than in other seasons (Peterman & Bradford, 

1987; Munk et al., 1995).  Therefore, in contrast to our data, it is unlikely that hatching 

begins in mid-July and peak in September.  

 

5.4.3 Deposition of microincrements 
On average 294 microincrements have been distinguished within age-class 1 otoliths 

taken in June-July. Regarding the spawning season of B .glaciale in the Flemish Cap 
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from January to April, it would leave around 200 increments unaccounted for. The lack 

of microincrements may be explained by counting errors associated with limitations of 

the LM. The theoretical resolution limit of a LM is 0.20 µm, but for practical applications 

it is really closer to 1.0 µm (Neilson, 1992). If the microincrements were narrower than 

this value they would be underestimated, but SEM resolution is clear enough to 

observe the most narrow increments known (Campana & Neilson, 1985). 

Consequently, SEM analyses were conducted in this study to validate the LM counts. 

Only counts in LZ and PZ were validated because counting the total increment number 

of PMZ using SEM was not possible as described before.  

 

An alternative hypothesis to explain the lack of microincrements is a non-daily 

increment formation, which has been reported in several studies. Geffen (1982) 

suggested that increment deposition was a function of growth rate in larval turbot 

Scophthalmus maximus (Linnaeus, 1758) and Atlantic herring Clupea harengus 

Linnaeus, 1758. Increment periodicity of wild juvenile out migrating Auke Bay pink 

salmon Oncorhynchus gorbuscha (Walbaum, 1792) was highly correlated with growth 

rate of the otolith, and thus the number of increments did not represent the age (Volk et 

al., 1995). Results showing less increments than expected in individuals of known age 

can be reconciled with a daily rate of increment formation if it is assumed that 

increments are present but they are too fine to be resolved with LM (Campana et al., 

1987). However, the non-daily increment formation has also been reported when SEM 

was used (Szedlmayer & Able, 1992; Volk et al., 1995; Casas, 1998; Fox et al., 2003). 

Non-daily increment formation is often found in larvae reared under suboptimal growth 

conditions (McGurk, 1987; Radtke & Fey, 1996; Folkvord et al., 2000; Feet et al., 2002; 

Folkvord et al., 2004; Aldanondo et al., 2008). Thus, environmental conditions, 

affecting individual growth rate, can alter increment deposition rate. Factors influencing 

the individual growth rate, and hence the otolith deposition, include feeding (Wild et al., 

1995; Folkvord et al., 2000) and temperature. Increment formation apparently ceased 

at temperatures below 5ºC in sockeye salmon fry Oncorhynchus nerka (Walbaum, 

1792) and in Baltic cod (G. morhua) (Marshall & Parker, 1982; Hüssy et al., 2010). 

Although daily increment formation was demonstrated in European anchovy Engraulis 

encrasicolus  (Linnaeus, 1758) reared for short periods in the summer, it appeared less 

than daily in individuals reared for long periods (Cermeño et al., 2003). Temperature 

has a significant effect on the increment deposition rate of E. encrasicolus (Aldanondo 

et al., 2008) and thus, daily deposition of microincrements may be disrupted in winter. 

In the eastern North Atlantic, growth in body length of B. glaciale slows or nearly 

ceases during the winter season (Kawaguchi & Mauchline, 1982). In this season, B. 
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glaciale from the Flemish Cap is subjected to temperatures below 5ºC. In the Chapter 2 

it was suggested that in the Flemish Cap, B. glaciale occurs between 300 and 650 m 

depth during the day, and migrates vertically to warmer surface waters at night. The 

temperature of these surface layers fluctuates from 4-5ºC during spring to higher than 

8ºC in autumn (Stein, 2007). The seasonal thermocline is dissolved in winter making 

water temperature homogeneous (~ 4ºC) in the whole bank (Stein, 2007). Based on 

these facts, we conclude that daily increment deposition of B. glaciale in the Flemish 

Cap probably ceases during the cold season, when growth decreases. In this case, 

microincrement counting should not be directly used in the identification of the first 

annulus. Hüssy et al. (2010) suggest that daily increment patterns, i.e. zones with 

clearly distinguishable increments separated by zones where no regular increment 

structure was visible, reflect annual temperature cycles in Baltic cod, so counting of the 

increment cycles would be a promising tool for the determination of the true age of this 

species. 

 

In this study, the daily nature of B. glaciale microincrements was assumed 

because they were analogous to those validated as daily in other myctophids species 

through marginal increment analysis (Gartner, 1991b; Suthers, 1996; Hayashi et al., 

2001; Moku et al., 2001). Experimental validation techniques under various 

environmental conditions have not been conducted in myctophids. The application of 

these experimental techniques for the assessment of daily growth was not possible in 

myctophids because they are sensitive to the stress of capture and they are rarely 

collected alive (Conley & Gartner Jr, 2009). Those fish that survive are usually scaled, 

skinned or otherwise damaged. In addition, it is practically impossible to maintain 

mesopelagic fish in standard aquaria (Robison, 1973). Several authors have reported 

differences in age determination in myctophids using microstructure and 

macrostructure of the otoliths. Shelekhov (2004) found 4 opaque zones in otoliths of 

individuals whose age estimated by counting microincrements was under 3 years. 

Linkowski (1987) estimated a maximum age of 8 years for males and 11 years for  

females of E. antarctica using the external features of the otolith. In contrast, Greely et 

al. (1999), suggested a maximum age of 3 years for this species based on 

microstructure. Giragosov & Ovcharov (1992) proposed that a complete and hyaline 

zone of the otolith of the pearly lanternfish Myctophum nitidulum Garman, 1899 

corresponds to a lunar cycle.  

 

In summary, although the B. glaciale microincrements observed were 

analogous to those validated as daily in other myctophids species, their counting 
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should not be directly used in the identification of the first annulus. Daily increment 

deposition of B. glaciale in the Flemish Cap is probably disrupted during the cold 

season. This conclusion is based in 3 assumptions: (1) the spawning season did not 

undergo major shifts from the eighties to the present, (2) daily deposition of the 

microincrements occurs in optimal growth conditions, (3) low temperature affects the 

daily microincrement formation. The first opaque zone combined with the subsequent 

translucent zone could be considered the first annulus. Moreover, given the lack of 

recent data on spawning season and uncertainty on the environmental influence on 

myctophid daily deposition, there is not secure evidence of annual formation. 

Alternative methods for ageing B. glaciale, such as count of the increment cycles 

(Hüssy et al., 2010), should be explored. Further research needs to be undertaken to 

clarify the microestructural patterns in otoliths of this species. 

 



 
 

Chapter 6 
General discussion 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





General discussion 

6.1 Abundance and distribution of myctophids 
Myctophids have a broad distribution and large biomass (Poletaev, 1991). 

Recently, Kaartvedt et al. (2012) suggested that myctophid abundance may be 

underestimated by one order of magnitude. These authors conclude that the efficient 

avoidance of sampling gear causes large net-based underestimation of B. glaciale. 

Thus, acoustic abundance estimates are more consistent. In this thesis, acoustic 

techniques were used during 2010 sampling but calculation of the mesopelagic fish 

abundance was not possible. The acoustic system was not calibrated and the vessel 

trajectory covered during the survey was not appropriate to estimate biomass. 

However, the acoustic techniques turned out to be very useful to detect the target 

species and also to study their distribution and behaviour.  

 

Our result showed that B. glaciale constituted the majority of the fish in the DSL 

during summer, in accordance with previous studies (Albikovskaya, 1988; Poletaev, 

1991). However catches in autumn mostly consisted of M. punctatum and C. 

maderensis (Poletaev, 1991). Results of previous investigations showed that on the 

slopes of the Grand Bank and Flemish Cap in spring-summer the catches of 

lanternfishes were lower than in autumn (Poletaev, 1991). Those seasonal changes in 

catches could be a consequence of changes in catchability or accessibility of fish to the 

gears; it would imply that myctophids are permanent residents in the Flemish Cap. We 

doubt this interpretation and propose as a more probable explanation that myctophids 

exhibit seasonal changes in abundance due to migration from nearby areas. B. glaciale 

was functionally behaving like plankton, drifting back and forth with weak tidal currents 

(Kaartvedt et al., 2009). Swimming was largely restricted to infrequent short bouts 

(Kaartvedt et al., 2009) and their distribution depends on the dynamics of water 

masses (Poletaev, 1991).  

 

Myctophids cannot actively form spawning and feeding aggregations (Poletaev, 

1991). They move passively in the water depending on the dynamics of water masses 

(Poletaev, 1991; Kaartvedt et al., 2009). Although B. glaciale spawn in most of its 

distribution area, other myctophids do not spawn in the Flemish Cap. The reproduction 

areas of M. punctatum and C. maderensis are situated to the south of the main 

branches of North Atlantic current, and N. kroeyerii spawns in the area to the east from 

the Grand Bank and Flemish Cap (Poletaev, 1991). 
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The acoustic observations suggested a vertical migration of B. glaciale to the 

surface at night, most likely for feeding (Chapter 2). Several studies on diel patterns in 

stomach fullness and degree of digestion in B. glaciale have shown that they feed most 

intensively at night, though they may also feed during daytime (Gjösæter, 1973b; 

Kinzer, 1977; Roe & Badcock, 1984; Sameoto, 1988, 1989). No significant differences 

were found by Bagøien et al. (2001). Our results do not show statistically significant 

diurnal patterns in stomach fullness and degree of digestion. It could be due to 

inadequate coverage of sampling (from 8:00 to 20:30). Future studies should be 

focused to have a better night sampling than in our work.  

 

Active swimming occurs in a stepwise pattern in the vertical direction (Kaartvedt 

et al., 2008). Such stop-and-go swimming concurs with saltatory search, in which fish 

scan the water for prey while stationary and relocate to scan a new water parcel 

(O’Brien et al., 1990). Diel vertical migrations of B. glaciale have been observed at 

night in different areas (Halliday, 1970; Kinzer, 1977; Roe & Badcock, 1984; Sameoto, 

1988). Part of the population migrates vertically at night whereas the other part remains 

in day time depth (Sameoto, 1989; Kaartvedt et al., 2009). Another, less common type 

of vertical migration is the inverse diel vertical migration, which has been recently 

documented in B. glaciale (Kaartvedt et al., 2009; Dypvik et al., 2012a): Individuals of 

this species migrate to 200–270 m during the daytime, while descending back to 

deeper than 270 m during the night. This type of migration was not found by us in the 

Flemish Cap and it may be related to the sampling season. Dypvik et al. (2012b) 

reported that in Norway, the inverse diel vertical migration prevailed in autumn and 

winter, when calanoid copepods overwinter at depths. 

 

In the Flemish Cap, several myctophid species do not aggregate in the DSL. 

Lampanyctus spp. and the mirror lanternfish Lampadena speculigera Goode & Bean, 

1896 were only found in bottom trawl hauls. In agreement with this, Nafpaktitis et al. 

(1977) documented L. speculigera catches at 700-800m during day. Part of the 

population migrates to near surface at night: the maximum abundance was at 100-150 

m depth (Nafpaktitis et al., 1977). This species is also important in the Flemish Cap 

food web. Román et al. (2004) found that L. speculigera represented 11.6% and 8.6% 

of the stomach contents measured in percentage by volume of Greenland halibut 

Reinhardtius hippoglossoides (Walbaum, 1792) and Roughhead grenadier Macrourus 

berglax Lacepède, 1801, respectively. 
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6.2 Life history traits and feeding of B. glaciale in the 
Flemish Cap 

Benthosema glaciale is important from an ecological perspective although it is 

not of commercial value. This species feeds on different trophic levels in the Flemish 

Cap (Chapter 2): Calanus species are predominantly herbivorous, M. longa is 

omnivorous, whereas Pareuchaeta spp. and T. compressa are carnivorous (Sell et al., 

2001; Auel et al., 2002; Skjoldal et al., 2004). Benthosema glaciale is an important link 

to higher trophic levels because it constitutes a large part of the mid-waters biomass, 

and they are able to utilize prey of different lower trophic levels, e.g. from herbivorous 

copepods to carnivorous amphipods. 

 

All samples for this thesis were taken during summer, so it was not possible to 

examine seasonal changes in diet, feeding intensity, or growth rate of B. glaciale in the 

Flemish Cap. However, seasonal variation in diet of B. glaciale has been reported in 

Norwegian waters, e.g. C. finmarchicus, Metridia spp. and P. norvegica were the 

dominant prey species in all year seasons, but euphausiids contributed significantly to 

the diet in autumn and winter, with the predominance of Thysanoessa spp. (Gjösæter, 

1973b).  

 

Seasonal variation of myctophid feeding activity was analysed by several 

authors, indicating that the stomach filling degree is directly related to the zooplankton 

concentration (Gjösæter, 1973b; Sameoto, 1988; Uchikawa et al., 2008). According to 

that, the feeding intensity of B. glaciale in the Flemish Cap is likely the highest in 

summer, when the peak of zooplankton biomass within the bank reaches its peak 

(Maillet et al., 2005), and the lowest in winter. This behaviour also agrees with the 

observations of Konstantinov et al. (1985) in several fishes from Flemish Cap waters.  

Mazhirina (1988) reported that the spawning period of B. glaciale occurs during winter 

and early spring. Thus, it would takes place in a period of limited food availability. 

During summer, B. glaciale would store energy reserves, well in advance of the 

breeding season. All this points to a capital breeding strategy, i.e. their reproductive 

output comes either largely or entirely from surplus energy acquired and stored during 

an earlier period of food abundance (McBride et al., (in press)). However, capital and 

income breeders represent the endpints of a continuum, and some species are able to 

compensate for inadequate energy deposits with concurrent food intake (Henderson et 

al., 1996; Alonso-Fernández & Saborido-Rey, 2012).  
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Seasonal variability of feeding intensity could be linked to changes in energy 

allocation throughout fish life. Our results on otolith microstructure analysis (Chapter 5) 

pointed to a decrease in growth during winter, at least in age 1 individuals. In the 

northeast Atlantic, Kawaguchi & Mauchline (1982) found in young B. glaciale high 

growth rates in spring and summer that decrease in fall to low rates in winter. This 

seasonal pattern of change in growth rates was less evident for the older fish 

(Kawaguchi & Mauchline, 1982).  During early life history, the surplus energy of fish is 

devoted primarily to somatic growth whereas in mature fish is needed to complete a 

clutch of eggs and accessory activities (McBride et al., (in press)).  

 

 

6.3 Role of myctophids in the Flemish Cap ecosystem 
Myctophids play an important role in the ecosystem of the Flemish Cap as an 

intermediate step in the food web between zooplankton and fishes. They are both 

competitor for food (copepods, hyperiids and euphausiids) and prey to some demersal 

fishes, such as G. morhua, S. mentella, and R. hippoglossoides (Turuk, 1981; 

Konstantinov et al., 1985; Albikovskaya & Gerasimova, 1993; Casas & Paz, 1996; 

Román et al., 2007). Although adults of these demersal fishes prey on zooplankton and 

myctophids, larval and juvenile stages only feed on zooplankton (Kane, 1984; 

Anderson, 1994). The importance of fishes in the adult diet of these demersal species 

increases as they grow (Turuk, 1981; Casas & Paz, 1996; Román et al., 2007). 

 

The contribution of various prey types to the diet of myctophids, varies with the 

species. Differences are mainly determined by predator size, but also likely by mouth 

and prey sizes and filtering capability of the gill rakers (Shreeve et al., 2009). The 

smallest myctophids B. glaciale and P. arcticum consumed significant amounts of 

copepods whereas hyperiids dominate in the diet of C. maderensis. Krill represents an 

important prey for the largest myctophids (M. punctatum and N. kroeyerii) 

(Podrazhanskaya, 1993; Filin, 1995). The capability of utilizing different prey species by 

the different size classes of myctophids will result in less competition among these 

species in the Flemish Cap ecosystem.  

 

The importance of myctophids as prey for the G. morhua, a major predator in 

the Flemish Cap ecosystem, was markedly low from early 1980s, although it had been 

important in previous years. Some authors assumed that this decline in consumption 

was due to G. morhua stock being mainly composed of juvenile fish (Albikovskaya & 
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Gerasimova, 1993; Casas & Paz, 1996). Besides, the decrease of myctophids in the G. 

morhua diet could be explained by a narrower spatial overlap between both 

populations. Whereas myctophids were distributed from 300-400 depth to deepest 

areas, G. morhua inhabits in the centre of the bank (Alpoim et al., 2002), i.e. their 

overlap is greater in the areas where myctophids feed the most (Chapter 2). In Flemish 

Cap, the spatial overlap between G. morhua and myctophids has probably diminished 

in the last decade, due to a shift in the G. morhua population towards shallower waters 

(Cerviño et al., 2005). This could be explained by a change in environmental 

preference of G. morhua, which could be related with competition with other species or 

with changes in circulation around the cap (Cerviño et al., 2005). The climate seems to 

play a role in impacting the distribution of predators and prey in the Flemish Cap 

ecosystem (Chapter 2); it is important to follow the development of the ecosystem in an 

era of warming, monitoring climate effects on myctophids dynamics is especially 

important considering its role, not only as major predator, but also as a key prey for 

higher trophic levels.  

 

 

6.4 Implications for management 
Management objectives are shifting from the optimization of yield to achieving 

conservation and recovery of fish stocks (Lowerre-Barbieri et al., 2011a). To date, 

fisheries management has often been ineffective because it was focused on the 

maximization of catches of a single target species, ignoring its habitat, predators, and 

prey as important factors/components that have feedback interactions between them 

(Pikitch et al., 2004). The impact of fisheries management measures should be 

assessed in relation to the ecosystem as well as individual species (Pikitch et al., 

2004). Myctophids play a key role in the transfer of energy in pelagic food webs 

(Chapter 2), linking zooplankton to higher trophic levels (Cherel et al., 2010). In 

consequence, the myctophid dynamics should be integrated into fisheries management 

within an ecosystem approach. The assessment of reproductive parameters of 

myctophid populations (Chapter 3) is essential to understand their population 

dynamics, forecast abundance fluctuations and hence to develop effective fisheries 

management measures (Brown-Peterson et al., 2011).   

 

A major impediment in developing ecosystem assessment and management is 

the need to consider many species, and therefore managing resources according to life 

history strategies could be an appropriate management option (King & McFarlane, 

 119



Ecology of Benthosema glaciale with focus on the Flemish Cap 
 

 120 

2003). Benthosema glaciale is a short lived species with a small body size, high growth 

rate (Chapter 4), small size at maturation, low fecundity and small eggs (Chapter 3). 

The mean age for the L50 in 2009 (Chapter 3) was calculated as the age corresponding 

to L50 according von Bertalanffy parameters (total data set). This calculation resulted 

2.04 years, which suggests an age at 50% maturity at age 2. Thus, this species 

showed an early maturation. All this life history traits most closely resembles the 

opportunistic strategists (Winemiller & Rose, 1992). S. leucopsarus was also grouped 

according to this life history strategy (King & McFarlane, 2003), supporting that these 

life history characteristics are general in myctophids. The opportunistic strategist had 

rates of survivorship to adulthood low, but the early maturity and short generation time 

allows rapid recovery from unfavourable conditions and support high  predation 

mortality (Winemiller & Rose, 1992). For that reason resilience is expected in 

myctophids. Changes in the abundance and/or demographic features of myctophids 

could reflect important shifts in the ecosystem. Therefore, monitoring myctophids 

dynamics becomes an important management issue. 
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Conclusions 

1. In the Flemish Cap, B. glaciale stays mainly between 300 and 650 m depth during 

daylight hours. The population probably migrates partially to the surface at night to 

feed. 

 

2. Benthosema glaciale is an opportunistic feeder that feds primarily on copepods, 

and also amphipods and krill.  

 

3. The climate appears as a factor that influences the distribution of organisms in the 

Flemish Cap ecosystem. 

 

4. The geographical differences in the composition of the diet resulted from the 

association of prey with distinct water masses.  

 

5. Benthosema glaciale fed more intensively towards the centre of the Flemish Cap, 

possibly related to the more availability of food in this region and/or the better light 

conditions.  

 

6. The diet of B. glaciale shifted ontogenetically, showing increasing prey size and 

prey diversity with increasing predator size.  

 

7. Benthosema glaciale is a batch spawner with asynchronous ovarian development 

organization and indeterminate fecundity. At least in the Flemish Cap, this species 

had an iteroparous reproductive strategy. 

 

8. Batch fecundity was low and the average relative batch fecundity was 1031 ± 396 

oocytes per gram of female. 

 

9. Larger B. glaciale females released more eggs in each batch and they had 

prepared more potential batches, therefore they had a higher total egg production 

and a higher capacity to obtain energy than smaller ones. 

 

10. The Metanil yellow yielded better results than Hematoxylin-eosin, being particularly 

useful to detect early mature females and spawning indicators on regressing and 

regenerating females. 
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11. Size at 50% maturity in the Balearic Sea is significantly smaller (24.5 mm SL) than 

in the Flemish Cap (47.6 and 49.1 mm SL in 2009 and 2011 respectively). The 

spawning season was also different in these two areas. 

 

12. The ageing criteria used in this thesis are consistent for determining the age. 

 

13. The length-weight relationship in B. glaciale was near the cube law.  

 

14. The sex ratio was not significantly different from 1:1 in 2010 whereas males 

predominate in 2008. 

 

15. The somatic growth of B. glaciale is rapid during the first 3 years and it decrease 

during the last years of life. This species showed inter-annual differences in growth, 

but no sexual dimorphism in growth. 

 

16. The maximum age found in this study was 7 years, which is the maximum age 

recorded in the Flemish Cap although it is between the range reported for this 

species in other areas. 

 

17. The natural mortality for the overall population was 0.65 year -1, with higher 

estimates in young than in old fishes.  

 

18. Daily increment deposition of B. glaciale in the Flemish Cap probably ceases during 

the cold season, when growth decreases. 

 

19. Microincrement counting should not be directly used in the identification of the first 

annulus. 

 

20. Benthosema glaciale is important from an ecological perspective. They are an 

important link to higher trophic levels because it constitutes a large part of the mid-

waters biomass, and they are able to utilize prey of different lower trophic levels. 

 

21. This species is apparently a capital breeder and an opportunistic strategist. 
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22. Myctophids are an important component in the Flemish Cap food web, as major 

predator and also a key prey item for higher trophic levels, thus their dynamics 

should be integrated into the fisheries management of Flemish Cap within an 

ecosystem approach. Monitoring myctophids dynamics becomes an important 

management issue. 
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Resumen 

Muchos problemas a los que se enfrentan los recursos marinos vivos provienen 

del fracaso en adoptar un enfoque holístico y ecosistémico para la gestión de 

pesquerías y la conservación de especies (Murawski, 2000). La gestión de pesquerías 

basada en el ecosistema es una nueva dirección de la gestión pesquera, que 

fundamentalmente invierte el orden de las prioridades de gestión para empezar 

considerando el ecosistema más que las especies objetivo (Pikitch et al., 2004). Se ha 

reconocido el importante y diverso papel ecológico de los peces y otras especies 

objetivo (Graham et al., 2003; Johnson et al., 2004; Lafferty, 2004). La gestión de 

pesquerías basada en el ecosistema se basa en la necesidad de evaluar los efectos 

de la pesquería en el ecosistema, es decir en los predadores, competidores y presas 

de las especies explotadas, al mismo tiempo que en las especies acompañantes y el 

hábitat (Pikitch et al., 2004). La extensión del estudio desde la población hasta el nivel 

del ecosistema aumenta la complejidad (Gislason et al., 2000). Por lo tanto, se 

necesitarán nuevos modelos analíticos y herramientas de gestión (Pikitch et al., 2004). 

Además, medidas técnicas de gestión que tienen beneficios en especies objetivo y no 

objetivo podrían mejorar las funciones del ecosistema, tal como un uso más amplio de 

las áreas marinas protegidas (Allison et al., 1998; Murawski, 2000; Russ & Zeller, 

2003). La aplicación de modelos sólidos para mejorar la gestión ecosistémica de 

pesquerías comerciales necesitará invertir en la recogida de datos biológicos y 

ambientales suficientes a la vez que extenso ejercicios de validación de modelos 

(Crowder et al., 2008).  Un enfoque de explotación equilibrada podría aliviar muchos 

de los efectos ecológicos de la pesca evitando extracciones intensivas de un 

componente en concreto del ecosistema, al mismo tiempo que soporta pesquerías 

sostenibles (Zhou et al., 2010). 

 

La zona mesopelágica se define como la zona entre 200 y 100 m de 

profundidad, donde la luz es demasiado baja para la fotosíntesis y la penetración de la 

radiación es suficiente para una visión efectiva para la captura de presas (Gjøsaeter & 

Kawaguchi, 1980; Robinson et al., 2010). Los peces mesopelágicos son aquellas 

especies que viven en la zona mesopelágica durante el día y se mueven a la superficie 

por la noche (Gjøsaeter & Kawaguchi, 1980; Lam & Pauly, 2005). Gjøsaeter & 

Kawaguchi (1980) estimaron la biomasa global de los peces mesopelágicos en 

948x106 t y se corrigió ligeramente a 999x106 t (Lam & Pauly, 2005). Kaartvedt et al. 

(2012) recalcularon esta biomasa en 1010 t. A pesar de su abundancia, los peces 

mesopelágicos en general no son explotados por las pesquerías, pero son una 

importante presa para varias especies objetivo de la pesca, además de para 

mamíferos y peces marinos (Lam & Pauly, 2005). La familia Myctophidae es una de 
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las más representativas de los peces mesopelágicos (Gjøsaeter & Kawaguchi, 1980; 

Sassa et al., 2002). Esta familia incluye unos 32 géneros con al menos 240 especies 

con un tamaño adulto de 2 a 30 cm (Nelson, 2006; Santos & Figueirido, 2008). Muchas 

especies de mictófidos pueden ser detectadas con ecosondas acústicas (Valinassab et 

al., 2007; Collins et al., 2008; Kaartvedt et al., 2008; Godø et al., 2009). Se agregan en 

capas compactas siendo las principales responsables de las capas de dispersión 

profunda. Los mictófidos juegan un papel importante en la transferencia de energía 

conectando el zooplancton con depredadores intermediarios y superiores (Bertrand et 

al., 2002; Ohizumi et al., 2003; Pusch et al., 2004; Parry, 2006; Cherel et al., 2010; 

Pérez-Rodríguez, 2012; Van Noord, 2013). Teniendo en cuenta los permanentes 

stocks de mictófidos en algunas partes del océano mundial y su pesquería potencial, 

es necesario investigar para entender su papel en la cadena trófica (Catul et al., 2011). 

La linterna oscura Benthosema glaciale (Reinhardt, 1837) es el mictófido más 

abundante en el océano Atlántico al norte de los 35º N (Gjösæter, 1973a) y es el pez 

mesopelágico dominante en Flemish Cap (Albikovskaya, 1988). El objetivo general de 

esta tesis es mejorar el conocimiento de la historia vital y ecología alimentaria de  B. 

glaciale centrado en Flemish Cap. Estos datos son relevantes para entender la 

dinámica de poblaciones de los mictófidos y su papel en el ecosistema, y podrían 

contribuir a desarrollar estrategias de gestión más efectivas y basadas en el 

ecosistema. 

 

 En el Capítulo 2 se estudiaron las dinámicas alimenticias de B. glaciale  en el 

verano de 2010 en Flemish Cap, analizando 482 individuos. La longitud estándar (SL) 

de estos individuos estuvo comprendida entre 31 y 79 mm. Flemish Cap es un banco 

oceánico localizado en  47ºN y 45 W. Flemish Cap está influenciado principalmente 

por la Corriente del Labrador (aguas frías subpolares), con vestigios de la corriente 

Nord-Atántica (aguas templadas). La circulación oceánica y la topografía generan un 

giro anticlónico sobre el banco (especialmente en verano), elevan la temperatura y 

arrastran aguas de la corriente Nord-Atlántica ricas en nutrientes inorgánicos disueltos. 

Aunque la dieta de B. glaciale ha sido bien estudiada anteriormente, la variabilidad 

espacial en su dieta está poco investigada como en la mayoría de las especies de 

mictófidos. Los objetivos de este capítulo fueron (1) investigar los hábitos alimenticios 

de B. glaciale en relación con la variabilidad a pequeña escala de Flemish Cap y (2) 

analizar la variación ontogenética en la dieta de B. glaciale. Se revisó y se compararon 

nuestros resultados con la información publicada sobre la dieta de B. glaciale en 

Flemish Cap bajo la influencia de las condiciones oceánicas más frías de mediados de 

los 80. Benthosema glaciale constituyó la mayoría de la capa de dispersión profunda 
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que se localizó entre 300 y 650 m de profundidad durante las horas de día. Parte de 

esta capa migraba a la superficie durante la noche. La ausencia de la capa de 

dispersión profunda en la parte central de Flemish Cap, es decir, en profundidades 

menores que ~300 m, sugieren que B. glaciale está ausente en el centro del banco. 

Benthosema glaciale se alimenta de casi todas las especies de zooplancton 

disponibles en Flemish Cap. Tiene un espectro de alimento muy amplio e incluye 

copépodos (Calanus hyperboreus, Pareuchaeta norvegica, Metridia longa and Calanus 

finmarchicus), anfípodos (Themisto compressa incluyendo ambas formas Themisto 

compressa f compressa Themisto compressa f bispinosa) y eufausiáceos 

(principalmente Nematoscelis spp.). Aunque los crustáceos dominan la dieta también 

contribuyen otros invertebrados, como quetognatos, gasterópodos, poliquetos, 

ostrácodos y apendicularias. Benthosema glaciale se alimenta de presas similares en 

las distintas áreas geográficas, pero la importancia de las presas difiere entre las 

distintas regiones de Flemish Cap. Estas diferencias geográficas en la composición de 

la dieta se deben a la asociación de las presas con las distintas masas de agua. En las 

aguas frías del norte del banco las especies árticas tienen una mayor importancia en la 

dieta, pero esta situación se invierte en las zonas del sur que están más influenciadas 

por aguas templadas. En la zona sur las presas nord-atlánticas tienen mayor 

importancia en la dieta. El grado de llenado del estómago muestra una relación 

negativa con la profundidad, es decir B. glaciale se alimenta más intensivamente hacia 

el centro de Flemish Cap. Esto está relacionado posiblemente con la mayor 

disponibilidad de comida en esta parte y/o con las mejores condiciones de luz. La dieta 

de B. glaciale cambia ontogenéticamente. En general los peces grandes tienden a 

alimentarse de presas más grandes y otros organismos grandes, como por ejemplo los 

anfípodos. Como resultado, las tallas grandes muestran un aumento tanto en el 

tamaño como en la diversidad de la presa. Además, los peces grandes se alimentan 

de pequeñas presas (como por ejemplo copépodos) con menos frecuencia que los 

peces pequeños. 

 

En el Capítulo 3 se estudiaron las características reproductivas de B. glaciale 

en el Atlántico Norte y en el Mar Mediterráneo. La estrategia reproductiva de B. 

glaciale, en términos de organización del ovario y tipo de fecundidad, no habían sido 

descrita hasta ahora. Aunque las técnicas histológicas son consideradas el método 

más adecuado para evaluar el desarrollo gonadal (Lowerre-Barbieri et al., 2011b) 

pocos estudios histológicos se han llevado a cabo en esta especie (Gjøsæter, 1981; 

Mazhirina, 1988). Una evaluación exacta de los parámetros de la población 

relacionados con la reproducción del pez es un componente esencial de las medidas 

 155



Ecology of Benthosema glaciale with focus on the Flemish Cap 
 
de gestión efectivas (Brown-Peterson et al., 2011). La evaluación y el ritmo 

reproductivo en los peces y su efecto en el éxito reproductivo requiere metodologías 

nuevas y estandarizadas. Los objetivos del Capítulo 3 han sido: (1) examinar el 

desarrollo ovocitario usando técnicas histológicas, para definir la estrategia 

reproductiva de B. glaciale, (2) obtener estimaciones adecuadas de los parámetros de 

fecundidad y (3) evaluar la efectividad de diferentes protocolos de tinción para evaluar 

los marcadores de puesta y de madurez. También se investigó (4) la variación regional 

en las características reproductivas (talla de maduración y patrón de puesta) entre 

estas poblaciones que se encuentran en los límites de su distribución: Flemish Cap y 

el Mar Balear. Este capítulo se basó en 292 hembras (con talla comprendida entre 19 

y 74 mm SL) capturadas en Flemish Cap durante principio de verano de 2009 y 2011 y 

en el Mar Balear a finales de otoño de 2009 y principios de verano de 2010. La 

estación de puesta fue diferente en las dos áreas. La puesta en Flemish Cap ocurre 

varios meses antes de julio. En el Mar Balear los resultados sugieren un periodo de 

puesta prolongado o dos periodos de puesta. La talla de maduración en Flemish Cap 

fue 47.6 y 49.1 mm SL en 2009 y 2011 respectivamente, pero significativamente más 

pequeña, 24.5 mm, en el Mar Balear. Benthosema glaciale es un ponedor parcial con 

organización del ovario de tipo asincrónico y fecundidad indeterminada. Al menos en 

Flemish Cap, esta especie tiene una estrategia reproductiva iterópara. La fecundidad 

parcial presenta relaciones significativas con la longitud y el peso de la hembra, pero 

no se encontraron relaciones significativas entre la fecundidad parcial relativa y la 

edad, ni entre la fecundidad parcial relativa y el índice de condición. La fecundidad 

parcial relativa fue baja, es decir 1031 ± 396 ovocitos por gramo de hembra. Las 

hembras grandes liberan más huevos en cada pulso de puesta y prepararan más 

potenciales pulsos de puesta, por lo tanto tienen una mayor producción total de 

huevos y una mayor capacidad de obtener energía que las pequeñas. En este estudio 

se usaron y compararon dos técnicas de tinción: Hematoxilina-eosina y PAS-

hematoxylina-metanil yelow. El metanil yellow destaca los alvéolos corticales y facilita 

la detección de las membranas basales del ovario mejorando la identificación de los 

folículos post-ovulatorios. Esta característica es particularmente útil en las muestras de 

Flemish Cap, donde el avanzado estado de degeneración hace difícil diferenciar los 

folículos post-ovulatorios de los estados tardíos de atresia. La presencia de los 

folículos post-ovulatorios indica actividad de puesta previa y fue un elemento clave 

para la distinción entre hembras inmaduras y en regeneración. La correcta detección 

de los alvéolos corticales en las células es importante porque su presencia ayuda a 

diferenciar hembras inmaduras de aquellas que están al inicio de la maduración.  
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Resumen 

 Los estudios de edad y crecimiento de los peces marinos proporcionan 

información esencial para la gestión ecosistémica. Cambios a largo plazo en la historia 

vital de los peces han sido ampliamente documentados y pueden atribuirse tanto a 

cambios ambientales como genéticos (Yoneda & Wright, 2004). Los estudios de edad 

y crecimiento en B. glaciale han sido realizados en los años 70 y 80,  por lo tanto se 

necesitan estudios recientes en demografía basada en la edad. La validación de la 

edad en esta especie se limitó a los grupos de edad más pequeños.  En el Capítulo 4 

los principales propósitos fueron (1) estimar los parámetros demográficos de of B. 

glaciale basados en la edad en Flemish Cap, (2) comparar los parámetros de 

crecimiento con otras áreas geográficas y (3) analizar la consistencia de los criterios 

usados para determinar la edad. Este capítulo se basa en 1213 individuos, con tallas 

comprendidas entre 28 y 81 mm SL, capturados en Flemish Cap en junio-julio de 2008 

y de 2010. Las edades se estimaron a partir de conteo de incrementos anuales en el 

otolito entero. El otolito de B. glaciale tiene una forma alta y pseudoelíptica. La parte 

anterior se divide en 2 partes redondeadas. La parte posterior es redonda y tiene una 

pequeña protuberancia. Los márgenes del otolito son mayormente enteros. El núcleo 

está localizado en el centro del otolito, y fuera del núcleo alternan zonas opacas y 

hialinas. La combinación de una zona opaca con una zona hialina fue interpretada 

como un incremento anual. Se encontró una relación fuerte entre los diámetros del 

otolito (tanto el diámetro máximo como el mínimo) y la talla del pez y también entre el 

peso del otolito y el número de incrementos. Esto indica que los otolitos crecen a lo 

largo de toda la vida del pez. La frecuencia de distribución de los radios de los 

incrementos anuales mostró regularidad en su formación. Además, las anchuras de los 

incrementos presentaron una tasa decreciente de crecimiento del otolito con la edad. 

Por tanto, los criterios usados en este estudio para determinar la edad de B. glaciale 

fueron consistentes. La relación talla edad (ambas variables transformadas con 

logaritmos) muestran una relación lineal positiva, indicando que entre las variables sin 

transformar hay una potencia, y ésta es cercana al cubo. La proporción de sexos no 

presentó diferencias con la talla del pez. Los machos predominaron en 2008 (el 37.6% 

fueron hembras) mientras que en 2010 no se encontraron diferencias de la proporción 

de sexo esperada 1:1. El crecimiento somático de B. glaciale es rápido durante los 3 

primeros años (casi la mitad de su vida) y disminuye durante los últimos años. Las 

curvas de crecimiento de von Bertalanffy revelan que no existe dimorfismo sexual en el 

crecimiento y que hay diferencias entre los años estudiados. Aunque los individuos de 

los dos años presentan L∞ similares, los de 2010 muestran una K más elevada que los 

de 2010. Las estimaciones de mortalidad natural (M) fueron 0,65 año -1 para el global 

de la población mientras que para las diferentes clases de edad fue Medad1= 1,09; 
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Medad2= 0,79; Medad3 = 0,60; Medad4= 0,49; Medad5= 0,44 y Medad6= 0,39. Las estimaciones 

de M fueron más elevadas en las clases de edad jóvenes que en las clases de edad 

mayores. Nuestros resultados se compararon con parámetros basados en la edad 

provenientes de previas investigaciones en Flemish Cap y en otras localidades. La 

edad máxima encontrada en este estudio fue 7 años, que aunque está dentro de los 

rangos de edad documentados en esta especie, es la edad máxima registrada en 

Flemish Cap. 

 

 La validación de un método para la determinación de la edad es importante en 

el estudio de las pesquerías (Beamish & McFarlane, 1983). Varios autores han usado 

la microestructura de los otolitos para determinar la edad y crecimiento de los 

mictófidos (Young et al., 1988; Gartner, 1991a; Linkowski et al., 1993; Tsarin, 1994; 

Greely et al., 1999; Takagi et al., 2006; Bystydzieńska et al., 2010), pero sólo pocos 

estudios han comparado su macroestructura y microestructura (Giragosov & 

Ovcharov, 1992; Greely et al., 1999; Shelekhov, 2004). La determinación de la edad 

usando la microestructura del otolito se basa en el supuesto de que los incrementos se 

forman con una tasa de uno por día y en que el número de incrementos es 

representativo de la edad (Geffen, 1982). Se considera que los incrementos de 

crecimiento diario en los teleósteos es un fenómeno generalizado (Campana & 

Neilson, 1985), sin embargo varios estudios han documentado formación de los 

incrementos no diaria (Neilson & Geen, 1982; Campana, 1983; Volk et al., 1995). La 

microestructura de B. glaciale no ha sido descrita antes de este estudio, y por lo tanto, 

tampoco la validación de la deposición diaria en los otolitos ni la lectura de edad 

usando microincrementos se ha documentado para esta especie. En el Capítulo 5 se 

seleccionaron un total de 44 individuos (con una talla comprendida entre 28 y 49 mm 

SL y menores de 2 años) para (1) analizar la microestructura del otolito usando 

microscopía óptica y (2) para evaluar la fiabilidad del uso de microincrementos para 

inferir la verdadera edad de B. glaciale. Para este estudio, los individuos se capturaron 

en Flemish Cap en junio-julio de 2010. Se observaron tres zonas distintas en los 

otolitos: la zona larval, la zona post-larval y la zona post-metamórfica. El núcleo del 

otolito tuvo de media 8 ± 0,7 μm. El número medio de microincrementos en la zona 

larval fue 42 ± 7,5  dentro de un radio de 0.095 ± 0,010 mm, mientras que en la zona 

post-larval el número medio fue 25 ± 3,0  dentro de un segmento de 0.104 ± 0,015 

mm. Se examinó una submuestras de otolitos con el microscopio electrónico y se 

observó que el poder de resolución del microscopio óptico es suficiente para este 

estudio, al menos para la zona larval y post-larval. El retro-cálculo desde el momento 

de la captura sugiere un periodo de eclosión comprendido entre mediados de junio a 
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mediados de diciembre, con pico en septiembre. La comparación de estos resultados 

con estudios previos sugiere 2 periodos de puesta (lo cual es poco probable en las 

aguas frías de Flemish Cap) o un cambio en la estación de puesta. Este cambio no se 

respalda con las observaciones histológicas de los ovarios en el Capítulo 3. En 

contraste con nuestros datos, es poco probable que la eclosión empiece a mediados 

de julio y tenga un pico en septiembre. Se distinguieron unos 294 incrementos de 

media en los otolitos de edad 1 capturados en junio-julio. Si asumimos que la puesta 

dura de enero a abril, como documentaron previos estudios faltarían unos 200 

incrementos. Esta falta de microincrementos podría explicarse por errores de conteo 

asociados con las limitaciones de la microscopía óptica. Una hipótesis alternativa es 

que la deposición diaria de B. glaciale en Flemish Cap sea interrumpida durante el 

invierno. En conclusión, aunque los incrementos observados en B. glaciale fueron 

análogos de aquellos que se validaron como diarios en otras especies de mictófidos, 

su conteo no debería ser usado directamente para la identificación del primer annulus.  

 

La discusión general (Capítulo 6) integra los resultados al completo. En este 

capítulo se describe el papel ecológico de los mictófidos en Flemish Cap y las 

implicaciones para la gestión. Los mictófidos presentan una amplia distribución y una 

gran biomasa (Poletaev, 1991). La estimación de la abundancia usando la acústica es 

más consistente que las estimaciones basadas en pescas con redes (Kaartvedt et al., 

2012). En esta tesis no fue posible calcular la abundancia de los peces 

mesopelágicos, sin embargo las técnicas acústicas resultaron muy útiles para detectar 

la especie objetivo y también para estudiar su distribución y comportamiento. 

Benthosema glaciale es importante desde un punto de vista ecológico. Es una 

importante conexión para niveles tróficos altos, porque constituye una gran parte de la 

biomasa de las aguas medias, y es capaz de utilizar presas de diferentes niveles 

tróficos. Esta especie es aparentemente un reproductor capital y un estratega 

oportunista. Los mictófidos son un componente importante en la cadena trófica de 

Flemish Cap, como predador principal y también como presa para los niveles tróficos 

altos, por ello, su dinámica debería ser integrada en la gestión pesquera de Flemish 

Cap dentro de un enfoque ecosistémico. El control de las dinámicas de los mictófidos 

llega a ser un tema importante de gestión.  

 

 En el capítulo 7 se presentan las conclusiones generales de la tesis.  

 





 

Agradecimientos 
 

El desarrollo de esta tesis ha sido posible gracias a la financiación de un 

contrato predoctoral dentro del Programa “María Barbeito” (28/12/2007-31/10/2008) de 

la Xunta de Galicia y de una beca predoctoral dentro del Programa “Junta de 

Ampliación de Estudios” (JAE) (01/11/2008-21/12/2012)  del Consejo Superior de 

Investigaciones Científicas (CSIC), cofinanciada por el Fondo Social Europeo, que 

disfruté en el Instituto de Investigaciones Marinas de Vigo. Posteriormente, pude 

seguir dedicándome a tiempo completo a la tesis gracias a la financiación del 

Programa Nacional de Datos Básicos del Sector Pesquero Español de la Comisión 

Europea y del CSIC. Quiero mostrar mi gratitud al proyecto IDEADOS CTM2008-

04489-C03-02, concedido por el Ministerio de Ciencia e Innovación, por facilitar parte 

de las muestras utilizadas en esta tesis. 

 

 Me gustaría darle las gracias a Antonio Vázquez Rodríguez por haber dirigido 

esta tesis doctoral. Gracias por el apoyo que me has prestado a lo largo de estos años 

y por la libertad con la que he desarrollado este trabajo. Muchas gracias también a 

todo el equipo de Ecología Pesquera, tanto a la gente permanente como a los que han 

estado de paso. Gracias a vuestra ayuda y compañerismo cualquier trabajo se hace 

más fácil.  

 

 En este periodo, he tenido la oportunidad de realizar estancias breves en otros 

centros de investigación, colaborando con varios investigadores y técnicos. Ellos me 

han ayudado a crecer profesionalmente y han contribuido a mejorar esta tesis.    

 

Gracias a Ignacio Olaso Toca, Izaskun Preciado Ramírez y Fran Velasco 

Guevara del Centro Oceanográfico de Santander (IEO), por orientarme en los inicios 

de este estudio, introducirme en el campo de la ecología trófica de peces y por su 

cálida acogida.  

 

También quiero agradecerle al equipo de Acústica Pesquera, del Centro 

Oceanográfico de Baleares (IEO) que me haya iniciado en el mundo de la acústica y el 

buen trato que siempre me han dado. Gracias en especial a Joan Miquel Batle por 

haber sido un gran maestro y por todo lo que he aprendido contigo. 

 

 

 161



Ecology of Benthosema glaciale with focus on the Flemish Cap 
 

 162 

 I am grateful to the plankton group at the Institute of Marine Research (IMR), 

Bergen (Norway) for all the help given in feeding analysis, in plankton identification and 

also for their kindness. I wish to express my most sincere gratitude to Padmini 

Dalpadado. Thank you for everything you have done for me. Words cannot express my 

gratitude. 

 

 O meu agradecimento a todas as pessoas do IPIMAR que colaboraram nesta 

tese, tanto pela sua ajuda no trabalho, pelos seus ânimos e pela sua companhia, mas 

de maneira especial a Isabel Meneses. Obrigada por compartir tantas horas no 

laboratório e por o teu entusiasmo neste trabalho. Muito obrigada também a Alexandra 

Silva e a Luisa.  O meu agradecimento Alexandra Duarte Silva pela a ajuda com o 

microscópio eletrônico e também a Cristina pelo trevo. 

 

Gracias a toda la tripulación del R/V Vizconde de Eza por su ayuda en las 

pescas y por su implicación en la búsqueda de los mictófidos. Y también a todos mis 

compañeros de campañas con los que he compartido tantas horas de trabajo y 

también de buenos momentos. Gracias a Rafael Bañón Díaz por iniciarme en la 

taxonomía de los mictófidos.  

  

 Finalmente, quiero agradecer a mi familia y amigos todo su cariño y paciencia 

durante estos años. Gracias por haberme acompañado y apoyado durante este largo 

camino. A todos ellos gracias. 

 




	Portada_inicio
	TesisDoctEvaGSeoane9.pdf
	Portada_fin

