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Cruises
The data for this study were derived from two related research projects:
1. MAR-ECO  Patterns and processes of the ecosystems of the northern mid-Atlantic
http://www.mar-eco.no/about an international program  involving research cruises to the MAR from Russia, Germany, the United Kingdom, USA, and Portugal.  A major feature was a two month voyage of the RV GO Sars in 2004 during which numerous samples and data were collected [S1]. 

2. ECOMAR Ecosystems of the Mid-Atlantic Ridge at the sub polar front and the Charlie-Gibbs Fracture Zone.  http://www.oceanlab.abdn.ac.uk/ecomar/
This UK-funded project contributed to MAR-ECO through the following cruises.  Reports can be downloaded at http://www.oceanlab.abdn.ac.uk/ecomar/cruises.php
RRS James Cook JC011 13th July - 19th August 2007
Southampton, U.K. to  Clyde, U.K.
RRS Discovery D331 23rd July - 18th August 2008.
Portland UK to St John's, Newfoundland, Canada.
RRS James Cook JC037 1 August – 9 September 2009
Southampton UK to Falmouth UK.
RRS James Cook with the ROV Isis. JC 048 2010  26 May – 3 July 2010.
St Johns, Newfoundland, Canada to Vigo, Spain.

All data from these cruises and cruise reports are archived and can be accessed from the British Oceanographic Data Centre: http://www.bodc.ac.uk/
 Materials and Methods

Benthic Biomass - Direct Measurement  
Macrofauna were sampled by replicate megacorer casts (8 core tubes fitted, internal core diameter 10 cm) at each of the four MAR stations (Figure 1B). The mean number of successful cores per cast was 6 (range 3 – 8).  Wet weight of material retained on a 500 µm mesh sieve was determined [S2] and converted to organic carbon weight with appropriate conversion factors [S3]. Megafauna and fishes were collected by an otter trawl towed on a single warp [S4] from the RRS James Cook at the NW, NE and SE station MAR stations. The extent of flat terrain at the SW station was insufficient for trawling.  These samples could be directly compared with data from PAP and PSB collected using the same gear. The effective opening width of the OTSB is about 8.6 m, and the net is composed of 43 mm and 37 mm stretch mesh netting, reducing to 13 mm stretch mesh in the cod end.  Tow duration was 1 to 1.5h on the sea floor at 2-2.5 knots. The GO Sars in 2004 used a Campelen 1800 shrimp trawl fished on twin warps with rock hopper gear at depths 607 to 3527m [S1].  Distance towed and wing spread were used to calculate area covered.  Carbon content was estimated by applying appropriate conversion factors to wet weights. 

Biodiversity
In addition to the biomass sampling, collections were made using baited traps for necrophagous species, baited long lines for larger fish species (MS Loran) and tools carried by remotely operated vehicles.  Meiofauna (Foraminifera) were retrieved from the upper 0-1cm layer of core samples.  


Biomass -  Sources of Comparative Data from around the North Atlantic Ocean. 

(i) Benthic macrofauna biomass (Figure 7)
Macrofaunal biomass values from the MAR were compared with similar depths on the continental margin of the eastern North Atlantic [36,37, S5]  and western North  Atlantic [S6,S7]. 

(ii)	Benthic megafauna biomass (Figure 8)
Megafaunal density values were compared between trawl surveys on the MAR (RRS James Cook  OTSB trawls), the Porcupine Area of the eastern North Atlantic (OTSB data from 2500 ± 100 m were selected from an original dataset [S8]  supplied by B. Bett and the deep waters south of New England on the western North Atlantic (OTSB and shrimp-trawl data from the 2116-2481m and 2504-3113 m zones [S9, S10]. All biomass data were converted to organic carbon weight from wet weight using a 2% conversion factor [S11] and standardized to g C m-2. 

 (iii)     Demersal Fish (Figure 9)
Estimates of demersal fish biomass were derived from a number of bottom trawl studies sampling extensive depth ranges of western and eastern North Atlantic slopes [S12, S13, S14, S15, S16, S17 ], and the MAR [S18].  Additional datasets came from French surveys of the Bay of Biscay, Irish slope (P. Lorance,  IFREMER) and from the slope off of New England and the middle Atlantic Bight (J. Galbraith, NOAA, NMFS) [40]. Swept-area estimates of catch rates in terms of kg.1000m-2 for single tows with twin-warp trawls were calculated and compared. The area swept was estimated as the distance between the wings of the trawl times the distance towed, i.e. using measures provided for each study and trawl type. 
Overall biomass estimates within an area derived by different trawls are likely to be comparable [39] but standardisation by swept area may not always be sufficient to compensate for gear differences.  An additional independent analysis, data from a single trawl type, i.e. the single-warp OTSB trawl, was used to compare biomass indices from the same depth, i.e. near 2500m, between the MAR (own data from RR James Cook cruises, 2007-2010), the Porcupine Seabight  [S19], and the northwest Atlantic [S11].

Estimation of deep pelagic biomass displaced by the MAR.  
For the North Atlantic, biomass of mesozooplankton at the BIOTRANS site 47° 20° W between 4250 and 2250 m depth [41] has been estimated as 0.04 mg C.m-3.  Taking into account smaller and larger plankton and nekton size classes we assume the total biomass in water displaced by the ridge is likely to be greater. Further estimates of pelagic biomass at 2000-4000 m depth were derived from a number of published data from the North Atlantic [S21, S22, S23, S24,  S25, 42] and were converted from wet to dry weight (9.3% conversion factor [36] and dry weight to organic carbon weight (60% conversion factor [S2]) giving estimates of pelagic biomass in the North Atlantic of 0.02-0.8 mg C.m-3. Despite differences in sampling mesh sizes, the biomass estimates from the North Atlantic investigations are surprisingly similar.  An average value of 0.06 mg C.m-3 was employed for the calculation of the pelagic biota biomass displaced by the MAR

The relationship between pelagic and benthic faunal biomass
We have shown from the above calculations that the pelagic biomass displaced by the MAR is approximately equal to the enhancement in benthic biomass as predicted by the Wei et al equations [38].  This could be the result of a peculiarity of the shape of the MAR but we hypothesise that it is more likely due to a general principle that deep pelagic biomass plus benthic biomass per unit area is constant. 

In order for this to be true, if pelagic biomass varies as a function of depth P(z) then in any given water depth H the benthic biomass per unit area B(z) should be equal to the integrated area under the pelagic biomass curve as shown in Figure S1:
[bookmark: _GoBack]

  

Since we know the relationship between benthic biomass and depth, (macrofauna plus megafauna, i.e.material retained by a 250µm sieve) from the equations provided by  Wei et al. [38] we can back-calculate the relationship between pelagic biomass and depth.   This is simplified by the assumption according to Roe that pelagic biomass decreases logarithmically with depth [42]:


                        

By a process of iteration we have found that P0 = 1.45 mgC.m-3 and k  = 4.8×10-4 m-1 provides a good fit to the CoML global trends [38] for benthic biomass.  Plotting this curve in Figure 12 shows a good correspondence with available pelagic biomass data for the North Atlantic Ocean giving further evidence supporting the general principle (pelagic biomass + benthic biomass = constant). 


Biodiversity Data sources (Figure 13) 

(i) Demersal Fishes
Presence-absence data on demersal fish species on the MAR between Iceland and the Azores [40. S26] were compared with information from the continental margins on either side of the Atlantic [ S27, S28, S29, S30, S31, S32] including data from the ECOMARGE project www.ecomarg.net/biodiversidad.  A standard definition for demersal fishes was applied [S27]. 
(ii) Holothurians
Presence and absence data was compiled for holothurian species occurring on the MAR (from the Azores to Iceland) and in the western and eastern North Atlantic between depths of 1000 and 3500 m using original and published data on benthic and bentho-pelagic holothurians [S33, S34, S35, S36, S37, S38, S39, S40, S41, S42]. In the western North Atlantic we considered species from the equator to the southern border of the Baffin Sea and in the eastern North Atlantic from the equator to the Faeroe-Iceland Ridge. 

The total number of species of holothurian included in the analysis was 87 of which 54 were found on the MAR. Of these, 10 species (18.5%) are endemics of the MAR. The majority of MAR species (22 species or 40.7%) occur in the western and eastern North Atlantic. There are 18 species (33.3%) recorded on the MAR and the eastern North Atlantic. There are only three species (5.6%) recorded on the MAR and the western North Atlantic. One species, Mesothuria bifurcata, has only been recorded on the MAR in the North Atlantic but also occurs in the Antarctic. 


(iii) Cephalopods
Data were compiled for the occurrence of deep-demersal and benthopelagic cephalopod species in the North Atlantic from the published literature and unpublished personal observations. Data were available for comparable depths from the MAR (the Azores to the Charlie-Gibbs Fracture Zone plus Sub-Polar Front area) [S43], the western North Atlantic (NWA) [S43, S44, S45, S46, S47, S48, S49], primarily off New England and Nova Scotia, and the eastern North Atlantic (NEA) [S50, S51], primarily Porcupine Seabight and Rockall Trough. Although some literature exists for some of these cephalopod species in other areas of the North Atlantic (e.g., Iceland, Greenland, off Norway, Blake-Bahama Plateau), it only covers subsets of the taxa or does not extend consistently deep enough.

All observations included are based on specimens collected in bottom trawls at depths of ca. 1000 m or greater. Truly pelagic species that are sometimes caught in bottom trawls were not included in the comparisons, nor were the many species collected only by pelagic sampling. However, some species of squids and cirrate octopods that are pelagic but strongly bottom associated were included. Cirroteuthids, stauroteuthids, and mastigoteuthids are occassionally encountered far above the bottom, but commonly drift just above the bottom, presumably to feed in the enriched zooplankton of the benthopelagic layer. Some ommastrephids (e.g., Illex illecebrosus and presumably Todarodes sagittatus) sit on the bottom, even in very deep water, during the day.

(iv) Decapods
Basin-wide comparison of the occurrence of decapod shrimps in the northern North Atlantic include presence-absence data on decapod shrimps caught in pelagic and demersal trawls. The areas compared were 1) the MAR (40 – 60ºN), 2) the eastern North Atlantic, and 3) the western North Atlantic. The species list from the MAR was obtained from the GO Sars (2004) expedition and the species lists from the eastern and western North Atlantic were compiled from the published literature [S52, S53, S54, S55, S56, S57, S58, S59, S60, S61]. 

(v)  Euphausiids
Pelagic Euphausiid species distribution data were collected using maps of area of occurrence [S62] overlayed on a published grid framework which considered the influence of the ridge and the alignment of the fracture zones [S63].
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