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Abstract 

The 2004 MAR-ECO expedition over the northern Mid-Atlantic Ridge aimed, in 
part, to describe the overlying pelagic macro- and megafauna and their roles in mid-ocean 
ecosystems.  The month-long cruise sampled portions of the ridge between Iceland and 
the Azores at 36 stations.  One of the dominant pelagic fish families along the sampled 
segment of the ridge was the family Melamphaidae.  Melamphaid species abundance and 
biomass data were examined with respect to depth, altitude above the ridge, and local 
area (Reykjanes Ridge, Charlie-Gibbs Fracture Zone, Faraday Seamount Zone or 
Azorean Zone). Highest species numbers and abundances occurred at depths between 
750-1500 m. Some individuals were found above 200 m, setting new minimum depth of 
occurrence records for the family. Large-scale shifts in species composition were 
observed relative physical oceanographic features; for example, the genus Scopelogadus 
shifted from S. beanii dominance north of the Subpolar Front to S. m. mizolepis 
southward.  Trawls less than 400 m above the bottom depth showed a trend towards 
higher melamphaid abundance and biomass in southern stations than northern stations.  
Given the high relative abundance in this survey, and their reported consumption of 
gelatinous prey, the Melamphaidae may represent a previously unknown trophic linkage 
between fishes and gelata in bathypelagic systems. Results of ongoing trophic analyses 
will be presented to assess the magnitude of this linkage along the northern Mid-Atlantic 
Ridge. 
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Introduction 
 
The Mid-Atlantic Ridge (MAR) is a unique habitat in the deep sea.   The ridge is a series 
of abrupt topographic features formed by the separation of continental plates.  It has been 
shown that seamounts and ridge systems are areas of high biomass.  The MAR could 
provide an area of high energy due to so-called “seamount effects” (Dower and Mackas 
1996, Haury et al. 2000, Genin 2004).  One theory as to why fish aggregate around 
seamounts is that seamounts create localized upwelling while simultaneously creating 
anticyclonic vortices in which plankton are entrained (Dower and Mackas 1996, 
Mullineaux and Mills 1997, Haury et al. 2000).  The interactions of the local upwelling 
and injection of new nutrients by vortices may increase primary production above the 
ridge, and thus augment higher trophic levels (Dower and Mackas 1996).   
 
Another theory is that the ridge could act to concentrate vertically migrating prey, which 
would increase predator concentrations near the ridge (Isaacs and Schwartzlose 1965, 
Koslow 1997).  The theory states that vertically migrating zooplankton are transported 
over ridge systems by currents and get trapped in areas where it is shallower than their 
normal diel migrations (e.g. seamounts like the MAR).  Ridges have also been shown to 
be feeding grounds and/or navigational landmarks for large predators such as Sphyrna 
lewini and Physeter macrocephalus (Klimley et al. 2002, Moulins and Würtz 2005, Skov 
et al. 2008).  Ridges like the MAR may represent unique deep-sea ecosystems where the 
interactions of multiple pelagic and benthic trophic levels can occur over a relatively 
concentrated area. 
 
MAR-ECO (www.mar-eco.no) is a field project of the Census of Marine Life, aiming to 
describe the biodiversity and ecology of organisms over the northern MAR, from Iceland 
to the Azores.  Sixteen nations are working together to understand the organisms and 
processes from the surface layer all the way down to the abyssal zone.  The scientists of 
MAR-ECO aim to understand how a mid-ocean ridge system such as the MAR may 
affect the interactions of benthic and pelagic communities, which are usually separated 
by great distances.  This consortium of experts in biology, oceanography and engineering 
not only allows for focus on specific groups of organisms but their relation to one another 
and their environment. 
 
Sutton et al. (2008) described a biomass maximum below 1000 m along the northern 
MAR.  This deep biomass maximum is rare as fish are usually most abundant in the top 
1000 m of the water column (Angel and Baker 1982).  The family Melamphaidae was not 
only one of the most abundant and biomass-dominant fish families caught during the 
MAR-ECO cruise, but is also one of the least studied of all fish families.  Lack of 
distinguishing morphological characters, low sample size of study material, and unstable 
taxonomic status make the Melamphaidae a challenging family to study (Ebeling 1962; 
Keene 1987).  Ebeling (1962) showed that the melamphaids were one of the most 
abundant families of the deep sea and the data from the MAR-ECO cruise supports that 
statement. In this paper we present information on the distribution, abundances and 
biomass of the melamphaid fishes over the MAR their contribution to the deep lying 
biomass maximum and discuss possible reasons for their success in this ecosystem. 

http://www.mar-eco.no/�


 
 
Materials and Methods 
 
Sample material was collected on Leg 1 of the MAR-ECO cruise aboard the Norwegian 
research vessel G.O. Sars along the northern Mid-Atlantic Ridge (from Iceland to the 
Azores), beginning 5 June and ending 3 July 2004 (Figure 1).  The specific goal of the 
first leg of the MAR-ECO cruise was “to collect data for describing the diversity and 
distribution patterns of the plankton and nekton of the pelagic ecosystem of the MAR” 
(Godø 2004). 
 
The northern MAR stretches from the southern coast of Iceland to the Azores (between 
36°42’W - 25°57’W and 59°46’N - 38°37’N).  The peaks of the ridge system rise from 
the surrounding abyssal plains to depths above 1000 m.  The continuity of the ridge is 
broken in an area called the Charlie-Gibbs Fracture Zone (between 35°00’W - 32°00’W 
and 52°30’N - 52°00’N) which is a transverse fault in the otherwise linear MAR (Figure 
1). 
 
Samples were caught using a variety of nets.  Each net contained a different mesh size 
that selected for certain-sized nekton.  Macrozooplankton, Åkra and Egersund trawls 
were used to collect samples along the MAR, their mouth size and door spread are listed 
in Table 1.  Information about each net deployment is found in Appendices 1-4, and 
additional details can be found in Wenneck et al. (2008).  The Åkra and 
macrozooplankton trawls were outfitted with multiple cod ends (three and five, 
respectively), making it possible to sample discrete depth strata. 
 
The samples collected were frozen at sea, thawed at the Bergen Museum, fixed in a 10% 
formalin:seawater mixture and then stored in 70% ethanol.  In lab, specimens were patted 
dry and weighed to the nearest 0.01 g (wet weight).  Standard length (the length from the 
tip of the snout to the end of the caudal peduncle) of each specimen was measured to the 
nearest 0.01 mm using a pair of calipers.  In order to aid in species identification, each 
fish had the first gill arch removed from their right side and their gill rakers were 
counted. 

 
Dissection 
 
For extraction of the gut contents, an incision was made down the ventral midline of each 
fish.  This window makes it easier to separate the internal organs from the mesentery sac 
that attaches the organs to the dorsal and anterior portions of the body cavity.  Once the 
body is opened, the mesenteries were cut.  Cutting the mesenteries is essential to 
identifying the gender of the fish; if the internal organs are pulled out and are still 
attached to the abdominal wall, there is a good chance that the gonads will tear and be 
unidentifiable, as they are made of a very soft tissue. 
 
Sex was determined based on the visual description of gonads in the works of Ebeling 
and Weed (1963) and Keene (1970).  These descriptions were largely based on coloration 
of gonads which is not a good diagnostic character for specimen stored in alcohol, as the 



alcohol tends to leach out color in tissues.  With this in mind, modifications were made to 
the existing gonad descriptions in order to accurately identify the two sexes.  Gonads 
were saved in separate vials of ethanol after initial determination of sex.  Saved gonads 
will be examined microscopically for the presence of oocytes or spermatocytes. 

 
Gut Content Analysis 
 
Identification of non-gelatinous prey items inside the stomachs were done by analyzing 
any hard parts found in the stomachs.  Hard parts were taken out of the stomach and 
intestines and placed on a microscope slide or in separate vials, depending on size.  
Identification to the lowest taxonomic level possible will be done by examining hard 
parts for diagnostic characters.   
 
Identification of soft organisms was done by applying a methylene blue dye to the 
tissues.  The dye stains the muscle bands found in the pelagic tunicate prey on which 
melamphaids are thought to feed (Gartner and Musick 1989).  If the gelatinous prey was 
neither Salpida nor Doliolida, then other diagnostic characters (e.g. nematocysts) were 
used to identify gelatinous prey to the lowest possible taxonomic level.  Slides of 
gelatinous tissues were made in order to search for identifiable microscopic 
characteristics. 

 
Results 
 
The four most abundant melamphaid species (Poromitra crassiceps, Scopeloberyx 
robustus, Scopelogadus beanii, Scopelogadus mizolepis mizolepis) accounted for 11.8% 
of the total biomass and 2.25% of the total number of fishes caught from 0-3000 m along 
the northern MAR.  Highest species abundance occurred at depths between 750-1500 m 
(Figure 2) which coincides with previous estimates of melamphaid habitat ranges 
(Ebeling 1962; Ebeling and Weed 1963; Keene 1970; Keene 1987).  Total biomass was 
highest in Depth Zone 4 between 1500-2300 m (Figure 3). This means that larger 
melamphaids tend inhabit deeper water, which supports the findings of Ebeling and 
Cailliet (1974).  Several species were caught above 200 m (Depth Zone 1 in Figures 2 
and 3) at several stations, setting new minimum depth of occurrence records for the 
family.  High abundances and biomass at, and below, 1000 m depth suggest that 
melamphaids make up a significant proportion of the biomass maximum described by 
Sutton et al. (2008). 
 
Large-scale shifts in species composition were observed relative physical oceanographic 
features; for example, the genus Scopelogadus shifted from S. beanii dominance north of 
the Subpolar Front to S. m. mizolepis southward (Figure 4).  Though it is unknown what 
causes this shift in species composition, it is consistent with similar shifts in the fish 
(Sutton et al. 2008) and euphausiid (unpublished data) communities. Other slight North-
to-South trends were seen in the total abundances and biomass for the family.  Trawls 
less than 400 m above the bottom depth (Near Bottom) showed a trend towards higher 
melamphaid abundance and biomass in southern stations than northern stations (Figures 5 
and 6).  Though trawls greater than 400 m above the bottom depth (Far From Bottom) 



showed no significant change in abundance between the northern and southern stations, 
they did show a trend towards smaller biomass totals in the south (Figures 5 and 6).  
Values for both abundance and biomass of the near and far stations showed peaks at or 
near the borders of the Reykjanes Ridge and Charlie-Gibbs Fracture Zone and the Faraday 
Seamount Zone and the Azorean Zone.  The total number of stations considered to be 
“Near Bottom” is much smaller in comparison to the number of “Far From Bottom” 
stations due to the sampling technique and the Charlie-Gibbs Fracture zone.  Discrete 
depth samples were taken as the net was traveling away from the bottom depths.  At 
most, two “Near Bottom” samples were taken per station whereas up to five “Far From 
Bottom” samples were taken at certain stations.  The depth of the Charlie-Gibbs Fracture 
zone also made it impossible to reach within 400 m of the bottom depth with the 
equipment used.  Correlations between shifts in species composition and biomass and 
abundances close to the bottom depth could be due to a shift in habitat preference.  These 
shifts also suggest that the Subpolar front could act as a rigid border between two 
separate communities inhabiting the northern MAR.   
 
Given the high relative abundance in this survey, and their reported consumption of 
gelatinous prey, the Melamphaidae may represent a previously unknown trophic linkage 
between fishes and gelata in bathypelagic systems. Results of ongoing trophic analyses 
will be presented to assess the magnitude of this linkage along the northern Mid-Atlantic 
Ridge. 
 
Discussion 
 
Data from MAR-ECO sampling has revealed that the family Melamphaidae represents an 
important component of the Mid-Atlantic Ridge pelagic ecosystem.  With high relative 
abundance and biomass, melamphaids could also represent an important link in 
bathypelagic energy flow through this ridge system.  The research presented here 
highlights the need for information about the Melamphaidae.  A better understanding of 
this family, including its species composition, biogeography, and organismal ecology will 
greatly improve our knowledge about the deep sea and in particular the interactions of the 
deep pelagic fauna with abrupt topographic features such as the MAR.   
 
Ongoing research into the diets and taxonomy of the family Melamphaidae aims to 
produce more information about the family and its relationship with the ridge 
environment. Gartner and Musick (1989) showed that the diet of one melamphaid, 
Scopelogadus beanii, consisted primarily of gelatinous zooplankton.  They found that the 
majority of the gelatinous contents of the stomachs they studied were of the family 
Salpidae (Thaliacea).  It was previously thought that gelatinous zooplankton offer little 
nutritional value to predators, and that gelatinous zooplankton were a “dead end” in 
marine food webs due to the lack of natural predators, and thus energy flow to higher 
trophic levels (Sommer et al. 2002; Nelson et al. 2002; Arai 2005).  However, recent 
studies have shown that gelatinous zooplankton could play a more significant role in the 
diets of marine vertebrates than once believed (Kashkina 1986; Purcell and Arai 2001; 
Cartamil and Lowe 2004; Houghton et al. 2006). These findings suggest that gelatinous 
zooplankton may provide a key link between upper and lower trophic levels in the 



pelagic food web.  Predation on pelagic salps, and salp aggregations, could be the reason 
for the success of the family Melamphaidae along the MAR.   
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Table 1.  Trawl type broken down by size and door spread (Wenneck et al. 2008) 
Trawl Type Vertical Net Opening Door Spread Mesh Size 
Egersund 90 m – 180 m 150 50 mm 
Åkratrål 20 m – 35 m 110 22 mm 
Macrozooplankton 6 m  N/A 6 mm 
 
 
 
 
 
 

 
Figure 1.  Mid-Atlantic Ridge including sample sites and bathymetry.   
Short and long station information found in Appendix 5.  The boxes 
represent three areas of the ridge (from North to South):   
Reykjanes Ridge, Charlie-Gibbs Fracture Zone, and Azorean Zone. 
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Figure 2.  Total abundances at each of the five depth zones sampled over the northern 
Mid-Atlantic Ridge during the 2004 G.O. Sars expedition.  Abundances are listed as total 
number · 106 m-3.  Depth zones: 1 = 0–200 m; 2 = 200–750 m; 3 = 750–1500 m; 4 = 
1500–2300 m; 5 = ≥2300 m. 
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Figure 3.  Total biomass at each of the five depth zones sampled over the northern Mid-
Atlantic Ridge during the 2004 G.O. Sars expedition.  Biomass is listed as wet weight (g) 
· 106 m-3.  Depth zones: 1 = 0–200 m; 2 = 200–750 m; 3 = 750–1500 m; 4 = 1500–
2300 m; 5 = ≥2300 m. 
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Figure 4.  Scopelogadus beanii and Scopelogadus mizolepis mizolepis abundances 
showing the shift in dominance between S. beanii in the north to S. m. mizolepis in the 
south
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Figure 5.  Species abundances compared between trawl samples taken near the bottom (≤ 
400 m above bottom depth) and far from the bottom (> 400 m above bottom depth).   
Numbers on the x-axis are a numerical representation of each station.  Trend line shows 
higher abundances in southern stations near the bottom than those in the north.  
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Figure 6.  Total biomass of samples taken near the bottom depth and far from the bottom 
depth.  Trendlines show a slight decline in biomass from the north to the south amongst 
the “Far From Bottom” stations and an increase in biomass from north to south for the 
“Near Bottom” stations.  Numbers along the x-axis are a numerical representation of each 
station.
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Appendix 1 (continued) 

 



Appendix 2 (From Wenneck et al. 2008) 

 



Appendix 3 (from Wenneck et al. 2008) 

 



Appendix 4 (from Wenneck et al. 2008) 

 



Appendix 4 (continued) 
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