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Introduction

Sponges (Phylum: Porifera) contribute to the diver-
sity and structural habitat of many seafloor ecosystems 
(Hogg et  al. 2010). In deep-water ecosystems, sponge 
species can be widely distributed as isolated individuals 
or where local water currents enhance food supply, they 
occur in dense aggregations known as deep-sea sponge 
grounds (Hogg et  al. 2010). Sponge grounds may form 
distinct bands that follow depth contours and are often 
found on or near to sloped environments such as sea-
mounts and ridges (Klitgaard 1995; Cárdenas and Rapp 
2015). Sponge grounds are, however, also reported from 
basins or flat areas, e.g. the Hatton Basin (Duran-Munoz 
et al. 2011) and the ‘Tromsoflaket’ area of the Barents Sea 
(Klitgaard and Tendal 2004). Generally, habitat complex-
ity decreases as depth increases (Buhl-Mortensen et  al. 
2010), but the structural microhabitats that sponges form 
increase the heterogeneity of the seafloor environment 
(Bett and Rice 1992; Klitgaard 1995; Bo et  al. 2012). 
This increased microhabitat complexity has been shown 
to result in higher species diversity (Kazanidis et al. 2016) 
and abundance of marine benthic fauna by increasing the 
surface area for settlement, providing shelter from preda-
tion and increasing niche availability (Wulff 2006; Buhl-
Mortensen et  al. 2010). Sponges play a significant role 
in ecosystem functioning by recycling dissolved organic 
matter and transforming it to particulate organic mat-
ter that becomes available to detritivores, and ultimately 
higher trophic levels (de Goeije et  al. 2013; Rix et  al. 
2016). Sponge grounds are thus recognised as important 
drivers of biodiversity and ecological function in deep-sea 
ecosystems (Hogg et al. 2010). Deep-sea sponge grounds 
may take millennia to form (Murillo et  al. 2016), and 
individual sponges may take decades to grow (Pusceddu 
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et al. 2014). Consequently, they are vulnerable to chronic 
disturbance from human activities such as bottom trawl-
ing. As a result, deep-sea sponge grounds were listed by 
OSPAR as a habitat under immediate threat and/or decline 
(OSPAR 2008), and the Food and Agricultural Organisa-
tion of the United Nations (FAO 2009) classed them as a 
vulnerable marine ecosystem (VME).

Deep-sea sponge grounds vary throughout the North 
Atlantic from the Barents Sea, along the Norwegian 
coast, the European continental slope and out to the Faroe 
Islands, Iceland, southern Greenland and Newfoundland. In 
the fjordic waters of Iceland and Norway, sponge grounds 
are characterised by a number of species from the genera 
Geodia, Stryphnus, Stelletta, Thenea and Phakellia (Hogg 
et al. 2010). The genus Stryphnus dominates on the north-
ern shelf edge of the Faroes (Hogg et  al. 2010), whereas 
extensive sponge grounds dominated by Geodia sp. are 
found elsewhere around the Faroes (Klitgaard and Tendal 
2004; Cárdenas et  al. 2013) and in the north-west Atlan-
tic (Knudby et  al. 2013). Dense aggregations of the glass 
sponge Pheronema carpenteri occur on the Porcupine Sea 
Bight southwest of Ireland (Rice et  al. 1990) and further 
south off the Iberian Peninsula and the Moroccan coast 
(Reiswig and Champagne, 1995; Barethel and Thiel 1996). 
The mid-Atlantic ridge has recently been shown to be a 
particularly diverse area with 22 species reported (Cárde-
nas and Rapp 2015).

Despite increasing awareness of sponge grounds in 
the North Atlantic (Murillo et  al. 2012), sponge grounds 
remain poorly mapped, with much of our knowledge lim-
ited to areas of commercial fishing interest (Hogg et  al. 
2010) or one-off research investigations. Collecting data 
on benthic species from deep-water environments is diffi-
cult and expensive, especially in large areas far from land. 
Technological developments, including underwater video 
surveys, provide benign access to the deep sea (McIntyre 
et  al. 2015) and quantifiable imagery of these habitats 
(Davies et  al. 2015). Such data can eventually feed into 
habitat suitability models (Knudby et al. 2013; Ross et al. 
2015) that allow prediction of sponge habitat beyond the 
surveyed areas and may ultimately provide the broad-scale 
understanding that is currently lacking.

The Rosemary Bank Seamount lies in the north-east 
Atlantic and is one of three seamounts in Scotland’s seas 
(Howe et  al. 2006). An extinct volcano, Rosemary Bank 
rises 1400  m above the surrounding seafloor. Although it 
has been geologically surveyed (Howe et  al. 2006), the 
fauna is poorly studied with only occasional reports of 
deep-sea sponges and other benthos (Neat et al. 2008). The 
seamount was designated a nature conservation marine pro-
tected area (MPA) by the Scottish Government in 2014 on 
the basis of it being a seamount community and thus likely 
to harbour cold-water coral reefs and deep-sea sponges. 

The aim of this study was to use a towed video camera 
system in combination with physical sampling to describe, 
map and quantify a suspected sponge ground on the Rose-
mary Bank Seamount.

Materials and methods

Visual survey

In 2014, Marine Scotland conducted a visual survey of the 
eastern slopes of Rosemary Bank aboard MRV Scotia using 
a towed camera system described by McIntyre et al. (2015). 
The video transects targeted an area where a bottom trawl 
survey had reported deep-sea sponges as bycatch. Four 
towed video camera transects (Fig. 1) of the seabed were 
conducted. These were of varying lengths and durations 
(Table 1), with three following depth contours 1250, 1300 
and 1350 m, and the fourth tow conducted perpendicular to 
the others, ascending the slope from 1420 to 1150 m depth. 
A sensor attached to the camera system recorded depth and 
temperature every 30 s. A summary of the mean depth and 
temperature recorded for each camera tow is included in 
Table 1.

The towed camera system recorded continuous high-
definition (HD) video. The towed body consisted of an 
aluminium frame mounted with 6 high-intensity lights 
and sensors that measured and recorded, at 1  s intervals, 
the altitude, depth, pitch and roll of the system. The aver-
age tow duration was 2 h at a towing speed of 1.5 m s−1. 
The video camera system was towed at an altitude of 
3–7 m from the seabed, which gave a swath seabed view 
of 2–8 m width. At depths of 1200–1400 m, the camera is 
approximately 1400 m directly behind the vessel; however, 
as no camera positioning system was available, positions 
reported are those of the ship.

Agassiz trawl sampling

Two deployments of an Agassiz trawl were taken at depths 
of approximately 1300 and 1250  m close to the camera 
tow paths (small red lines in Fig. 1). The solid frame Agas-
siz trawl has a horizontal opening of 210 cm and a verti-
cal opening of 55 cm with chain along the top and bottom 
leading into a fine mesh (20  mm) tapered collection net. 
The chain digs into the top-most layer of the seabed, and 
the opening is sufficiently large to take all but the very larg-
est of Geodia specimens. It was towed for approximately 
8  min at a speed of 1 knot. Touch down on and lift-off 
from the seabed was determined with a ‘Scanmar’ depth 
unit affixed to the trawl frame. The catch was sorted and 
each species was counted, weighed and photographed with 
voucher specimens preserved.
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Species identification

Specimens collected from the Agassiz trawl (Fig. 2) were 
identified on the basis of gross morphology (not spicule 

analysis) with reference to Steenstrup and Tendal (1982) 
and Cárdenas and Rapp (2012, 2015). These included: (1) 
Geodia atlantica, Stephens 1915. This species is smooth, 
irregular to vase-shaped with oscula and groups of small 

Fig. 1   Map showing survey 
area on east side of Rosemary 
Bank Seamount with video 
transects (green, purple, blue 
and black coloured lines 
numbered 15–18) and Agassiz 
trawl deployments (short red 
lines numbered 1, 2). Inset map 
shows study area (red box) in 
relation to the British Isles—
shading of the seabed corre-
sponds to depth

Table 1   Summary data for the video tows at Rosemary Bank, including temperature (°C), depth (m), area sampled (m2)

Tow Date Start 
latitude

Start longi-
tude

End latitudeEnd longi-
tude

Mean temp 
(°C)

Max depth 
(m)

Transect 
length (km)

Area of 
sample (m2)

Imaged area 
(m2)

Number of 
images

15 15/09/2014 59.280 −9.542 59.328 −9.600 5.967 1290 6.26 9801 1015 135

16 15/09/2014 59.351 −9.602 59.266 −9.483 5.434 1360 11.61 7539 901 130

17 16/09/2014 59.305 −9.597 59.248 −9.557 6.217 1235 6.72 6925 877 112

18 16/09/2014 59.322 −9.501 59.287 −9.702 5.714 1440 12.05 7242 1450 189
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pores on distinctly different surfaces and is sometimes 
very large (>40 cm diameter). (2) Geodia phlegraei, Sollas 
1880. This species is also irregular and vase-shaped but has 
larger and distinctly emarginated pores on upper surface, 
rarely larger than 20  cm. (3) Geodia barretti, Bowerbank 
1858. This species is smooth, generally round with read-
ily observable single osculum or multiple oscula. (4) Geo-
dia macandrewii, Bowerbank 1858. This species is regular 
and round in shape with a flattened top and dense periph-
eral spicules, but no obvious oscula. (5) Pheronema car-
penteri, Thomson 1869. This species is delicate and egg-
shaped with a single large osculum surrounded by a fringe 
of elongate spicules. (6) Aphrocallistes beatrix, Gray 1858. 
This species is tubular, irregularly branched with a ‘lace-
like’ surface composed largely of uniform hexagonal pores. 
Specimens were off-white to yellow, but it appeared lilac 
in the video. (7) Craniella longipilis, Topsent 1904. This 
species (until very recently in the genus Tetilla) is regular 
round/cone shaped with long, ‘furry’ spicules often dis-
playing dimples on the upper side and with a root of long 
spicules attached to the seabed. (8) Hexadella sp. This is an 
encrusting yellow sponge growing on other sponges and on 

the spicule mat covering the seafloor. Examination under 
light microscopy revealed it to have no obvious fibrous 
internal structure indicating that it belongs to the genus 
Hexadella, rather than Aplysilla sulphurae (another yellow 
encrusting species generally found shallower). (9) Thenea 
levis, Lendenfeld 1907. This species is small, bean-shaped 
and elongate with longitudinal pore and oscula recesses. 
(10) Two further species of the genus Craniella were found 
in the Agassiz trawl sample (Fig. 2), but as the taxonomic 
status of this genus is currently undergoing revision (P. 
Cárdenas pers. comm.) these are referred to as Craniella 
sp. 1 and Craniella sp. 2.

Image analysis

The HD video was sub-sampled by extracting individual 
image frames at 20-s intervals. Image frames captured 
when the camera was at a high altitude from the seabed 
or that were blurry were not analysed. In total, 566 HD 
image frames from the four transects were processed. For 
each image frame examined, all sponges were identified to 
the lowest taxonomic classification possible and counted. 

Fig. 2   Photographs of fresh samples of sponges derived from the 
Agassiz trawl. a Pheronema carpenteri. b Geodia phlegraei. Note 
central specimen has the encrusting species Hexadella sp. growing 
on its sides (it changes from yellow to blue/purple upon contact with 
air). c Geodia atlantica (smaller specimens on the left) and a more 

ambiguous larger specimen on the right that is possibly G. phlegraei. 
d Geodia macandrewii (large specimens). Smaller specimens are not 
of confirmed identity. e Geodia barretti. f Aphrocallistes beatrix. g 
Craniella sp 1 (possibly C. zetlandica). h Craniella longipilis. i The-
nea levis. j Craniella sp 2
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Different species/genera of sponges grow in variable 
shapes and sizes that can be detected with variable taxo-
nomic resolution with the HD video (Fig. 3). We were able 
to consistently recognise the following species or groups of 
species from the HD video footage: (1) Geodia atlantica 
and/or Geodia phlegraei; (2) Geodia barretti; (3) Geodia 
macandrewii; (4) Pheronema carpenteri; (5) Aphrocallistes 
beatrix; (6) Craniella longipilis; (7) Hexadella sp.

Data analysis

The area viewed for each image frame, the field of view 
(FOV), was calculated by matching the time stamp of the 
image frame to the sensor data and using the measure-
ments of altitude of the camera from the seabed and the 
pitch angle of the camera system. McIntyre et  al. (2015) 
provide a full description of the methods used to calculate 
the area surveyed. The density of each sponge taxon (per 
m2) was calculated for each individual image frame based 
on the FOV of the image frame. To estimate abundance, the 
average density for each taxon was raised to the total areas 
of each transect and then to the minimal area bounding all 
transects. Relationships of sponge taxon abundance with 
depth and temperature were evaluated using the R pack-
age ‘MASS’ for generalised linear models (GLM) with a 

Poisson distribution and log link on density data of each 
sponge taxon.

Community analyses

From the perpendicular tow (1420–1150  m), the propor-
tional representation of sponge taxon was summarised 
for each 50-m-depth band (1150–1200; 1200–1250; 
1250–1300; 1300–1350; 1350–1400; and 1400–1420  m). 
For the other transects that followed the contours, three 
indices of community diversity were computed: the Shan-
non–Weaver diversity index (H’), Simpson’s diversity 
index and the species evenness index (J). To assess inter-
specific associations, a probabilistic model of species 
taxon co-occurrence was calculated using the R package 
“co-occur”. The algorithm calculates the observed and 
expected frequencies of co-occurrence between each pair 
of sponge taxa. The expected frequency is based on the 
distribution of each sponge taxa being random and inde-
pendent of the other sponge taxa. The analysis returns the 
probabilities that a more extreme (either low or high) value 
of co-occurrence could have been obtained by chance. The 
output of the probabilistic model of the taxa co-occurrence 
is a data frame that classifies taxa pairs as having positive, 
negative and random associations.

Fig. 3   High definition images from the towed video showing vari-
ous species. a Four sponge species: Pheronema carpenteri (lower 
left), Geodia macandrewii (top middle), Aphrocallistes beatrix (blue 
branched, upper right) and Geodia phlegraei or G. atlantica (white, 
lower right). b Geodia barretti (round with hole on top—middle and 
top right) among Craniella longipilis (round, brownish—predomi-

nantly in lower left). c Geodia atlantica (large white, vase-like on 
right hand side), among C. longipilis. (round, brownish) and other 
Geodia (white—either atlantica or phlegraei). d Craniella longipilis. 
(round, brownish), Geodia (white—either atlantica or phlegraei), a 
species of Polymastia (whitish with spikes) and the yellow encrusting 
sponge, Hexadella sp. (lower right corner)
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Results

Visual survey

In total, 566 image frames (covering a total area of 
4243 m2) were analysed across the four transects. The fol-
lowing taxa were consistently identified from the images: 
Craniella longipilis, Geodia barretti, Geodia macandrewii, 
Hexadella sp., Pheronema carpenteri and Aphrocallistes 
beatrix. Two other species of Geodia were present (G. 
atlantica and G. phlegraei,), but these could not be distin-
guished when small and thus are considered as one taxo-
nomic group. In between the live sponges there was what 
appeared to be an amorphous matted layer of dead sponge 
spicules. Craniella longipilis was found to be most domi-
nant across all transects contributing a minimum of 64 % to 
the total abundance of sponge taxa identified in all transects 

(Table 2). Craniella longipilis was found in 514 (90 %) of 
the 566 image frames sampled where present density esti-
mates ranged from 1 individual per m2 to a maximum of 
7 per m2. Pheronema carpenteri and Geodia atlantica/G. 
phlegraei were the next most abundant, with a minimum 
contribution of 17 and 8  %, respectively. Geodia macan-
drewii and Geodia barretti were the least common spe-
cies (Table 2). The species composition analyses from the 
perpendicular tow (Tow 18) show how species composi-
tion changes with depth (Fig.  4). Pheronema carpenteri 
was more abundant at shallower depths (1150–1250  m), 
whereas Hexadella sp. was more common at greater 
depths. The estimates of density for each sponge taxon for 
each tow are summarised in Table 2 and estimates of total 
abundance given in Table 3. These estimates indicate just 
how abundant the sponges were with the number of Cran-
iella longipilis for a single tow calculated at 9137 sponges. 

Table 2   Sponge densities (mean number of each sponge taxa per m2) for each transect (±SE) and the overall mean for all transects

Tow Pheronema  
carpenteri

Geodia barretti Craniella  
longipilis

Geodia atlantica/
phlegraei

Aphrocallistes 
beatrix

Hexadella sp. Geodia  
macandrewii

15 0.067 (±0.01) 0.012 (±0.009) 0.755 (±0.05) 0.049 (±0.009) 0.005 (±0.001) 0.011 (±0.002) 0.005 (±0.002)

16 0.032 (±0.01) 0.071 (±0.01) 1.212 (±0.11) 0.059 (±0.01) 0.002 (±0.001) 0.046 (±0.01) 0.008 (±0.003)

17 0.168 (±0.024) 0.027 (±0.013) 0.098 (±0.08) 0.113 (±0.01) 0.067 (±0.01) 0.067 (±0.01) 0.011 (±0.001)

18 0.126 (±0.023) 0.040 (±0.01) 0.669 (±0.06) 0.068 (±0.009) 0.042 (±0.02) 0.253 (±0.02) 0.003 (±0.001)

Overall mean 0.098 0.038 0.862 0.068 0.041 0.094 0.007

Fig. 4   Pie-charts showing contribution (percent of total) to total abundance of sponge taxa identified in Tow 18 for the depth bands. a 1150–
1200 m; b 1200–1250 m; c 1250–1300 m; d 1300–1350 m; e 1350–1400 m; f 1400–1450 m
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There were at least two other rare or small species evident 
in the video. One was likely to be from the genus Polymas-
tia (Fig. 3d), while the other, a small and tubular species, 
remains unknown.

Regression relationships between densities of each 
sponge taxon and depth are illustrated in Fig.  5a–f. The 
hexactinellid sponges Pheronema carpenteri and Aphrocal-
listes beatrix were related to depth with densities of these 
sponges decreasing with increasing depth (Fig. 5b, e: GLM, 
p =  0.001 and p =  0.0121, respectively). The encrusting 
sponge Hexadella sp. was also found to be related with 
depth with higher densities at deeper depths (Fig. 5f: GLM, 
p = 0.003). This species grows both on other sponges and 
directly on the seabed which itself is largely dead sponge 
matter (spicules). Depth did not have a significant effect on 
the densities of Craniella longipilis, Geodia barretti and 
Geodia atlantica/G. phlegraei. Regression relationships 
between densities of each sponge taxon and temperature 
were not found to be significant.

Mean values for each towed camera transect of species 
diversity (Shannon H’) and species richness are shown in 
Table 4. The perpendicular transect showed high diversity 
reflecting the wider range of depths covered. The transect 
at 1250 m had higher diversity indices than the deeper tran-
sects reflecting the frequent occurrence of P. carpentari and 
A. beatrix becoming increasingly rare at depths below this. 
Figure 6 illustrates a heat-map visualisation of the pairwise 
species associations revealed by the probabilistic model of 
species co-occurrence. Craniella longipilis shows a posi-
tive association with all other sponge taxa identified due 
to its occurrence in 90 % of the sampled image frames. A 
positive association was also found for Geodia atlantica/G. 
phlegraei with Geodia barretti, Hexadella sp. and Aphroc-
allistes beatrix. Geodia barretti had a positive association 
with Hexadella sp., although it should be noted Hexadella 
sp. was observed alongside, but not actually growing on G. 
barretti. Pheronema carpenteri was found to have a high 
probability of co-occurrence with the other Hexactinellid 
species, Aphrocallistes beatrix. 

Agassiz trawl survey

The number and total weight of each species identified in 
the trawl samples are given in Table  5. Specimens fresh 
from the trawl are shown in Fig. 2a–j. The species repre-
sentation was similar to that recorded by the visual sur-
vey with C. longipilis being numerically dominant, fol-
lowed by the Geodia species and P. carpentari. There 
were potentially a further three other species present in 
the sample: one which was large and globular, one which 
was small and round and one which was small and tubu-
lar. These unidentified species, however, represented a tiny 
proportion of the overall weights and numbers observed. 
There were also clumps of the amorphous mat (also seen 
on the video) which was a matrix of spicules and soft 
sediment.

Discussion

This study has characterised a previously unknown and 
extensive deep-sea sponge ground in the north-east Atlan-
tic and suggests the Rosemary Bank Seamount may be a 
hotspot for sponge diversity. Our results almost certainly 
underestimate the actual diversity of this sponge ground, 
in part because we could not identify all specimens, but 
also because ongoing genetic research and systematic revi-
sion of the Porifera will likely reveal new species (Cárde-
nas et  al. 2012; 2013; Morrow and Cárdenas 2015). The 
results from the video survey were in general agreement 
with those obtained from the Agassiz trawl from the same 
depth and area, at least for the dominant species. Minor 
discrepancies between the two survey methods included the 
smaller and rarer species such as Craniella sampled by the 
Agassiz trawl, but not apparent on the video, and a species 
of Polymastia observed on video, but not sampled by the 
Agassiz trawl.

Dense aggregations of mainly Geodia sponges have 
been reported throughout the north-east Atlantic, further to 

Table 3   Estimates of each sponge taxa raised to the total area of each tow and to the total area surveyed (73 km2) based on the area of a mini-
mum bounding polygon around all tows and using the average density of each sponge taxa (given at the bottom of Table 2)

The approximate percentage composition of each taxa is also given in parentheses

Tow Tow Area 
(m2)

Pheronema 
carpenteri

Geodia  
barretti

Craniella 
longipilis

Geodia 
atlantica/
phlegraei

Aphrocallistes 
beatrix

Hexadella   
sp.

Geodia macan-
drewii

Total number 
sponges

15 9801 657 (7 %) 116 (1 %) 7397 (79 %) 483 (5 %) 48 (1 %) 106 (0.5 %) 48 (1 %) 8855

16 7539 243 (2 %) 536 (5 %) 9137 (84 %) 443 (4 %) 17 (0.5 %) 343 (3 %) 59 (1 %) 10,777

17 6925 1161 (13 %) 190 (2 %) 5630 (57 %) 679 (7 %) 782 (8 %) 466 (5 %) 79 (1 %) 8986

18 7242 914 (11 %) 290 (5 %) 4845 (86 %) 489 (9 %) 305 (5 %) 1833 (32 %) 25 (0.5 %) 8700

Total 
area

73,000,000 7,172,347 
(8 %)

2,741531 
(3 %)

62,937513 
(71 %)

4,995616 
(6 %)

2,958,319 (3 %) 6,875,152 
(8 %)

502,715 (0.6 %)88,183,194
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Fig. 5   Regression plots of the relationship with depth (m) of the main species observed: a Craniella longipilis, b Pheronema carpenteri, c Geo-
dia barretti, d Geodia atlantica/phlegraei, e Aphrocallistes beatrix, f Hexadella sp

Table 4   Values of community 
diversity indices for each visual 
survey transect

Index Tow number (depth)

15 (1300 m) 16 (1350 m) 17 (1250 m) 18 (1420–1150 m)

Shannon’s Diversity Index (H) 0.697 0.678 1.359 1.337

Species evenness (J) 0.358 0.348 0.698 0.687

Simpson’s Diversity Index 0.307 0.286 0.615 0.637
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the north around the Faroe Islands, Norway, Iceland and off 
East Greenland (Klitgaard et  al. 1997), whereas aggrega-
tions of Pheronema carpenteri have been reported further 
to the south of the study area from the Porcupine Bight 
west of Ireland (Rice et al. 1990; Barethel and Thiel 1996) 
to the continental slope off Morocco (Reiswig and Cham-
pagne 1995). The sponge community on Rosemary bank, 
however, is different from these communities described 
from other areas. First it appears to be more diverse, 

containing species from the two main classes of sponges, 
and second, the sponges were distributed fairly uniformly 
at high densities, which is contrary to previous observa-
tions of many small, but high density patches (Klitgaard 
and Tendal 2004). Perhaps the most notable difference was 
the dominance of Craniella longipilis at Rosemary Bank 
at all depths sampled. Craniella longipinis is normally 
reported as a minor constituent of deep-sea sponge commu-
nities (Cárdenas and Rapp 2015).

The apparent high diversity of the sponge grounds at 
Rosemary bank may relate to the fact that the site is deeper 
than other sites investigated and that this survey spanned 
a relatively wide depth range. This study is novel is being 
able to show how Porifera species composition changes 
with depth; Pheronema carpenteri was found in high-
est densities in the shallower depth bands, whereas the 
frequency of the yellow encrusting sponge Hexadella sp. 
increased with depth (although this itself may reflect the 
presence of host species or the spicule mat upon which it 
encrusts). At its base, the Rosemary Bank Seamount is at 
the junction of two different water masses; a deeper south-
erly flowing current known as Wyville Thomson Ridge 
overflow water and a northerly flowing current comprised 
mainly of Labrador Sea Water (Howe et  al. 2006). These 
currents interact with the topography of the seamount to 
generate local hydrographic anomalies such as internal 
waves, turbulence and circular flow patterns (Howe et  al. 
2006). Deep-sea sponge grounds tend to occur in regions 
where the topography is irregular and where hydrographic 
conditions cause internal waves and the acceleration of 
local currents (Rice et  al. 1990; Klitgaard et  al. 1997). It 
is interesting that the sponge grounds discovered here were 
located on a gently sloped “terrace” environment between 
depths of 1175–1425 m. Rice et al. (1990) postulated that 
Pheronema carpenteri prefers areas close to high hydrody-
namic flux, but not actually within such areas themselves. 
This hypothesis would fit with the current study—at depths 
shallower and deeper (<1000 and >1500 m) than where the 
sponges were found, the slope at Rosemary Bank is much 
steeper.

Sponge grounds are ecologically significant as they have 
high species richness and diversity compared to the sur-
rounding seafloor (Buhl-Mortensen et al. 2010). The func-
tional role of sponge grounds may be particularly important 
in creating structural habitat. Through habitat modification, 
deep-sea megafauna can have measurable influences on 
macrofauna (McClain and Barry 2010). Klitgaard (1995) 
found that large numbers of invertebrate taxa are associ-
ated with species (like C. longipilis) that have “furry” spic-
ules which persist long after the sponge has died, creating 
a matted seafloor of increased heterogeneity. In functional 
terms, sponges are highly effective filter feeders process-
ing a wide size spectrum of particles and a large volume 

Fig. 6   Heat-map visualisation of the pairwise species associations 
revealed by the probabilistic model of species co-occurrence for the 
6 more common sponge taxa identified. Black represents a positive 
association and grey a random association

Table 5   Summary data of weights and numbers for each species 
sampled by the Agassiz trawl

N/A due to the encrusting and fragmented nature of Hexadella sp. it 
was not meaningful to count numbers. Three rare unidentifiable spec-
imens not included

Haul Depth (m) Species Weight (kg) Number

1 1305 Geodia barretti 9.82 7

Geodia phlegraei 0.31 2

Geodia atlantica 3.10 6

Craniella longipilis 42.32 279

Thenea levis 0.11 8

Pheronema carpenteri 1.31 5

Craniella sp. 2 0.20 15

Craniella sp. 1. 0.21 11

2 1250 Geodia barretti 17.30 23

Geodia phlegraei 13.00 22

Geodia atlantica 60.10 19

Geodia macandrewii 9.80 4

Craniella longipilis 98.97 293

Thenea levis 0.02 3

Pheronema carpenteri 5.10 18

Craniella sp. 2 0.31 15

Craniella sp. 1 0.41 12

Aphrocallistes beatrix 0.57 N/A
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of water (Leys et al. 2012; Kutti et al. 2013). In addition to 
sequestering dissolved silicon from the ocean (Maldonado 
et  al. 2011), they remove dissolved organic matter from 
the water column and therefore significantly influence eco-
system functioning through carbon recycling (de Goeije 
et  al. 2013; Rix et  al. 2016) and bentho-pelagic coupling 
(Pile and Young 2006; Wulff 2006; Bell 2008). Nitrification 
rates have been measured in Geodia barretti (Hoffmann 
et al. 2009) indicating a substantial contribution to nitrogen 
turnover in the deep-sea environments. Raising the num-
bers of sponges found in this study to a boundary around 
the camera tows (~73 km2) gives an abundance estimate of 
around 88 million visually detectable sponges. This gives 
some idea of the potential biomass in just one small area 
and suggests sponge habitats play fundamental roles in the 
functioning of deep-sea ecosystems (Buhl-Mortensen et al. 
2010; Kutti et al. 2013; Rix et al. 2016).

The towed camera methodology employed in this study 
is clearly a useful survey tool for characterising and map-
ping deep-sea sponge grounds and other VMEs such as 
coral reefs. That it is non-extractive and non-damaging 
to benthic communities means it is ideal for monitoring 
MPAs and discovering new areas of VMEs. Video surveys, 
however, do have their limitations with respect to species 
identification (Howell et  al. 2014), but the broad agree-
ment between what we observed on the video and what 
was sampled by the Agassiz trawl samples gives confi-
dence and a degree of quality assurance. The combination 
of methods is necessary to cover a representative area and 
acquire some degree of taxonomic certainty. The full extent 
of this sponge ground is not yet determined, and there is 
potentially a vast belt of sponges circling the Rosemary 
Bank Seamount. Rosemary Bank harbours a unique and 
extensive example of pristine deep-sea sponge habitat in 
the north-east Atlantic. The recent designation of the Rose-
mary Bank (Scottish Government 2014) as a marine pro-
tected area should ensure that these sponge grounds are 
safe guarded for the future.
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