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Figure 37.  Cluster analysis with SIMPROF dendrogram of average organism density count by substrate (top) and 
protection status (bottom) with sites from Ash (2015) and Messing et al. (2006b) on the X-axis and similarity on the Y-
axis.  Transects 23-29 from the Pourtalès Terrace’s Central 250-300 and South 450-500 separated first from the others 
at 7.4% similarity (dashed line in bottom dendrogram). The next two clusters (of 3 statistically significant groups) that 
separated from the sites at 10% and 14.7% similarities are not marked. The three Miami Terrace sites are treated as 
“no protection”, because the Miami-Stetson CHAPC was not established when those sites were surveyed. 

 

Individual taxonomic groupings from the shade plot, and patterns among the 

terraces and depth bins arise when looking at individual taxonomic groupings. 
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Specifically, members of phylum Porifera occurred throughout most of the depth bins on 

both terraces but appear to be more common among the Miami Terrace sites.  

Unidentified Demospongiae, Phakellia sp., Desmacellidae and Pachastrellidae were the 

most prevalent on each terrace in the shallower depth bins.  Moving deeper, two 

hexactinellids, Aphrocallistes sp., and Farrea sp., became the dominant sponge genera.  

It should be noted that two transects in depth bins North Central 150-300, and 2 transects 

of West 150-300 had no observed Porifera.  

The Miami Terrace appeared to support abundant numbers of several genera of 

Cnidaria, while they were relatively sparse on the Pourtalès Terrace, with the exception 

of Stylasteridae, which were the most abundant and heavily shaded cnidarians on both 

terraces.  

Site 4 and Transects 25-29, in the deeper depth bin, lacked any observed 

echinoderms.  Transects 30-32 saw a slight increase in euryalid snake stars (probably 

Ophiocreas sp.), pencil urchins (Cidaridae), and Crinoidea.  Echinoderms contributed 

their greatest densities at sites 6 and 7 and were sparse in the remaining transects 1-3, 6, 

18-24, and 33-38.  

The echiuran spoon worm (probably Ochetostoma sp.), annelids, and mollusks 

(including the top snail Calliostoma sp.) were observed only at the shallower depths 

(250-300 m) of the Miami Terrace (Sites 6 &7). These two sites were dominated by 

sediment substrates, while other sites and transects were deeper and more likely to have 

hard-bottom substrates. Bryozoans were only observed at the 500-m depth on the Miami 

Terrace (Site 4).  Few fish were observed on site 4 as well but were scattered among the 

other sites. 
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Figure 38.This Shade plot displays abundances of all influential taxon at each sample site.  It shows that sites 6 & 7 
(Miami Terrace)” have high similarity in most taxa.  Transects 33-38 (West 150-300), also have similarities in sagartiid 

anemones, Sylasteridae and other fishes. 

 

7. Discussion 

The findings of this study are consistent with previous research that suggests 

depth is a driving factor influencing the benthic communities within a terrace.  However, 

this research also suggests that, when comparing the Miami and Pourtalès Terraces, depth 

becomes less of a driving factor.  The benthic communities that occupy these areas are 

very different because of their geomorphology, depth and bottom composition.   

nMDS plots indicated that bottom composition affected species distributions.  

Although the only two sites dominated by sediment were on the Miami Terrace, the third 

Miami Terrace site, which was dominated by hard bottom, showed a distinct similarity to 

Pourtalès Terrace hardbottom sites, regardless of depth.  The deep-water sites of the 

Pourtalès Terrace with coral coverage also differed significantly from the deeper Miami 

Terrace site, perhaps due to differences in near-bottom flow between the terraces.  This 

might also explain the far greater abundance and apparent diversity of stylasterids on the 

Pourtalès Terrace relative to the Miami Terrace. 
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Depth, bottom coverage, location, currents, and many other factors not considered 

in this study contribute to a species’ environmental preferences.  It is unlikely that any 

single factor is the driving influence on a community (Harris 2012). 

Only a small percentage of deep-sea habitats and resources have been 

investigated. However, because anthropogenic activities represent growing threats to the 

deep sea (e.g., mining, oil exploration, energy installations such as the Calypso DWP and 

Pipeline, cable laying, disposal, anchoring, over-fishing, and destructive fishing methods) 

(Koslow et al. 2000, Fossa et al. 2002, Ross 2004, Reed et al. 2006, Roberts et al. 2006), 

an ever-growing need exists to investigate these habitats. Henry and Roberts (2007) and 

Mortensen et al. (2008) suggested that deep-reef habitats may support species richness 

and diversity three times greater than shallow-water reefs, and that associated megafauna 

could be 1.6 times more abundant where corals are present.  Deep-sea coral communities 

are slow growing, and their recovery rates may be even slower.  Lophelia pertusa, for 

example, grows 4-25 mm y-1 (Mikkelsen et al. 1992, Freiwald 2002, Freiwald et al. 2002, 

Gass and Roberts 2005).  DSCEs are fragile ecosystems and vulnerable due to over-

exploitation.  Those in the northeastern Atlantic have been severely impacted by deep-sea 

fishing and oil exploration. Activities associated with the latter, such as drill cutting and 

chemical additives, are directly deposited on the seafloor and may destroy DSCEs 

(Rogers 1999).  Fossa et al. (2002) and Grehan et al. (2004) reported how trawlers used 

‘rock-hopper’ trawls, ‘tangle’ nets, trawl doors, chains, wires and other gear to crush the 

reef before dropping fishing nets to prevent entanglement.  Fossa et al. (2002) estimated 

30-50% of the northeastern Atlantic deep-water reefs have been damaged due to these 

anthropogenic activities.  

 Unfortunately, evidence exists for deep-sea trawling damage on Lophelia and 

Enallopsammia reefs in the western Atlantic off the U.S. coast.  As shallow-water fish 

stocks are depleted, fisheries may move to deeper waters (Reed et al. 2006).  Many 

commercially important species such as the blackbelly rose fish (Helicolenus 

dactylopterus), wreckfish (Polyprion americanus), golden crab (Chaceon fenneri), and 

royal red shrimp (Pleoticus robustus) may be associated with or live adjacent to these 

DSCEs, creating a potential threat (Reed et al. 2005, Ross and Nizinski 2007b). 
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 Concerns about resource sustainability by NOAA and the South Atlantic Fishery 

Management Council (SAFMC) generated development of a more robust database on the 

Terrace habitats and resources. Because of the deep-water corals on both terraces, NOAA 

and SAFMC included them in their Coral Habitat Areas of Particular Concern (CHAPCs) 

in 2010, which prohibit the use of fishing gear that could potentially damage DSCEs.  

NOAA also designated the East Hump Marine Protected Area on the Pourtalès Terrace as 

a Type II MPA, meaning it is permanently closed to bottom fishing and possession of 

snapper and grouper species (Ash 2015). 

 Although these protections are in place, enforcement of protection in these 

offshore locations is difficult (Reed 2002a).  Providing enough data on deep-reef 

ecosystem functionality with respect to commercial fish populations is also limited. 

Therefore, policy makers are less inclined to support such protections.  However, more 

detailed surveys are being carried out, and the use of manned submersibles and ROVs has 

significantly increased the rate of discovering these deep-water reefs (Neumann et al. 

1977, Reed 2002a b, 2006, Reed et al. 2005a b, 2012).   

 

8. Conclusions 

The two terraces examined here, despite their underlying similar geology, differ 

in geomorphology and topographic features, appear to be subject to different 

hydrodynamic environments, and thus support substantially different communities.  This 

comparison helps clarify how different these benthic communities are despite their 

regional proximity and should contribute to baseline information in support of 

management of these deep-water habitats.   

Factors causing faunal changes with depth are still poorly understood and are 

challenging to study, as they cannot be generalized on a global scale. Predators tend to 

have narrower ranges than deposit feeders; mega-epifauna tend to have wider depth 

ranges than macroinfauna.  All groups have a few species with wide depth distributions 

(Carney et al., 2005).  Data from Messing et al. (2006b) and Ash (2015) suggest that 

benthic community composition in these two study sites appears to be determined more 

by depth than geomorphology.  However, the results of this study suggest 

geomorphology has more of a role in community assemblage than previously thought. 
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The strong relationship between depth, location and geomorphology may be useful in 

designing future benthic mapping projects.  In addition, the relationships between species 

densities and protection statuses can aid future community assessments between 

protected and non-protected habitats to measure the effectiveness and management 

strategies of deep-water marine protected areas. The results from this finding can be used 

to support the management of the Miami Terrace, Pourtalès Terrace and other sites to 

conserve these deep-water coral environments.   
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10. Appendices 
Appendix 1. Messing et al. (2006b) and Ash (2015) species densities from selected sites.  

Species Site 4 Transect 25 Transect 26 Transect 27 Transect 28 Transect 29 Transect 30 

Unidentified Demospongiae 0.01 0.34 0.01 0.01 0.07     

Desmacellidae 0.01             

Pachastrellidae               

Geodiidae   0.03           

Phakellia sp. 0.01   0.03     0.03   

Astrophorida               

Unidentified Hexactinellida               

Aphrocallistes sp.             0.07 

Farrea               

Anemone 1 Pink lips/Sag               

Anemone 2 Actinauge?               

Anemone 3 maroon rim                

Liponema / Anemone 5 Koosh ball                

Hormathiidae                

Corallimorpharia 0.01             

Unidentified Anemone 0.02             

Primnoidae 0.01             

Isididae 0.08             

Capnella nigra 0.10             

Anthomastus sp. 0.03             

Pennatulacea               

Unidentified Octocoral 0.03             

Zoanthidea 0.04             

Scleractinia               

Antipatharia 0.01             

Ceriantharia               

Stylasteridae               

Hydroids               

Enallopsammia/Lophelia             1 

Madrepora oculata               

Eunicella             0.03 

Plumularia             0.37 

Actinoscyphia aurlia               

UNID Coral               

Unidentified Asteroidea               

Goniasteridae               

Euryalid snake star             0.17 

Cidaridae               

Echinothuridae               

Unidentified Echinoidea               

Holothuroidea               

Crinoidea             0.03 

Echiura               

Rochinia crassa             0.03 

Bathynectes longispina               

Paguroidea               

Chaceon fenneri                

Unidentified Crustacea               

Annelida               

Gastropoda               

Bivalvia               

Polyplacophora               

Bryozoa 0.04             

Lamonema melanurum               

Scorpaenidae               

Rajiformes               

Other fishes 0.03             

UNKNOWN 0.01             
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Appendix 1 continued. Messing et al. (2006b) and Ash (2015) species densities from selected sites. 

Species Transect 31 Transect 32 Site 6 Site 7 Transect 1 Transect 2 Transect 3 

Unidentified Demospongiae   0.07 0.17 0.82     0.23 

Desmacellidae     0.01 0.02     0.13 

Pachastrellidae     0.03 0.08       

Geodiidae     0.01 0.04     0.03 

Phakellia sp.     0.36 0.17       

Astrophorida       0.01       

Unidentified Hexactinellida 0.03 0.03 0.22 0.25     0.6 

Aphrocallistes sp.   0.27 0.08         

Farrea               

Anemone 1 Pink lips/Sag     0.40 0.30 0.03 0.06   

Anemone 2 Actinauge?       0.01       

Anemone 3 maroon rim      1.14 0.34       

Liponema / Anemone 5 Koosh ball    0.07 0.31 0.08       

Hormathiidae      0.07 0.09       

Corallimorpharia     0.18 0.31       

Unidentified Anemone     0.16 0.52       

Primnoidae       0.01       

Isididae   0.37 0.08 0.25       

Capnella nigra     1.93 0.47       

Anthomastus sp.               

Pennatulacea     0.02 0.01       

Unidentified Octocoral     0.07 0.24       

Zoanthidea     1.50 1.31       

Scleractinia       0.01       

Antipatharia   0.07   0.10       

Ceriantharia       0.02       

Stylasteridae   0.03 0.43 0.62 2.13 1.5 0.03 

Hydroids     0.15 0.84       

Enallopsammia/Lophelia 2.36 0.54           

Madrepora oculata   0.07           

Eunicella         0.03     

Plumularia 0.33 0.34           

Actinoscyphia aurlia         0.07     

UNID Coral               

Unidentified Asteroidea       0.04       

Goniasteridae     0.01   0.03 0.03 0.03 

Euryalid snake star 0.17 0.03 0.09 0.01       

Cidaridae 0.17     0.16     0.03 

Echinothuridae     0.04         

Unidentified Echinoidea     0.07 0.04       

Holothuroidea     0.02 0.20       

Crinoidea       0.01       

Echiura     0.17 0.56       

Rochinia crassa 0.03 0.03     0.03     

Bathynectes longispina       0.01       

Paguroidea     0.03 0.16       

Chaceon fenneri  0.07             

Unidentified Crustacea       0.01       

Annelida     0.01 0.05       

Gastropoda     0.01 0.01       

Bivalvia       0.01       

Polyplacophora     0.03 0.01       

Bryozoa               

Lamonema melanurum     0.07 0.04       

Scorpaenidae     0.01         

Rajiformes     0.01         

Other fishes   0.1 0.01 0.01 0.07 0.03   

UNKNOWN     0.04 0.01       
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Appendix 1. Messing et al. (2006b) and Ash (2015) species densities from selected sites.  

Species Transect 6 Transect 18 Transect 19 Transect 20 Transect 21 Transect 23 Transect 24 

Unidentified Demospongiae 0.23 0.07 0.03 0.03     0.07 

Desmacellidae 0.16         0.03 0.03 

Pachastrellidae               

Geodiidae 0.04             

Phakellia sp.             0.03 

Astrophorida               

Unidentified Hexactinellida 0.25 0.4     0.07     

Aphrocallistes sp.       0.03       

Farrea   0.03           

Anemone 1 Pink lips/Sag 1.34             

Anemone 2 Actinauge?               

Anemone 3 maroon rim                

Liponema / Anemone 5 Koosh ball    0.1           

Hormathiidae                

Corallimorpharia               

Unidentified Anemone               

Primnoidae               

Isididae   0.4 1.63 0.07       

Capnella nigra               

Anthomastus sp.               

Pennatulacea               

Unidentified Octocoral               

Zoanthidea               

Scleractinia               

Antipatharia               

Ceriantharia               

Stylasteridae       0.13 0.03     

Hydroids   0.7   0.03       

Enallopsammia/Lophelia               

Madrepora oculata                

Eunicella               

Plumularia               

Actinoscyphia aurlia               

UNID Coral     0.03         

Unidentified Asteroidea               

Goniasteridae       0.07       

Euryalid snake star   0.03           

Cidaridae       0.1 0.03     

Echinothuridae               

Unidentified Echinoidea               

Holothuroidea               

Crinoidea               

Echiura               

Rochinia crassa               

Bathynectes longispina               

Paguroidea 0.03             

Chaceon fenneri                

Unidentified Crustacea               

Annelida               

Gastropoda               

Bivalvia               

Polyplacophora               

Bryozoa               

Lamonema melanurum               

Scorpaenidae               

Rajiformes               

Other fishes 0.03 0.03     0.03     

UNKNOWN               
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Appendix 1. Messing et al. (2006b) and Ash (2015) species densities from selected sites. 

Species Transect 33 Transect 34 Transect 35 Transect 36 Transect 37 Transect 38 

Unidentified Demospongiae       0.03     

Desmacellidae     0.03 0.03     

Pachastrellidae             

Geodiidae             

Phakellia sp.             

Astrophorida             

Unidentified Hexactinellida 0.06           

Aphrocallistes sp.             

Farrea             

Anemone 1 Pink lips/Sag 1.75 0.9 3.48 4.08 2.91 2.75 

Anemone 2 Actinauge?             

Anemone 3 maroon rim              

Liponema / Anemone 5 Koosh ball              

Hormathiidae              

Corallimorpharia             

Unidentified Anemone             

Primnoidae             

Isididae       0.07   0.07 

Capnella nigra             

Anthomastus sp.             

Pennatulacea             

Unidentified Octocoral             

Zoanthidea             

Scleractinia             

Antipatharia     0.03 0.03     

Ceriantharia             

Stylasteridae 0.13   0.66 0.82 1.05 2.55 

Hydroids     0.03 0.07     

Enallopsammia/Lophelia              

Madrepora oculata             

Eunicella             

Plumularia     0.13       

Actinoscyphia aurlia             

UNID Coral 0.03   0.03   0.3 0.2 

Unidentified Asteroidea             

Goniasteridae 0.03         0.03 

Euryalid snake star       0.03     

Cidaridae       0.07     

Echinothuridae             

Unidentified Echinoidea             

Holothuroidea             

Crinoidea             

Echiura             

Rochinia crassa         0.03 0.07 

Bathynectes longispina             

Paguroidea             

Chaceon fenneri              

Unidentified Crustacea             

Annelida             

Gastropoda             

Bivalvia             

Polyplacophora             

Bryozoa             

Lamonema melanurum             

Scorpaenidae             

Rajiformes             

Other fishes 0.17 0.03 0.1 0.2 0.07 0.05 

UNKNOWN             
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Appendix 2. Locality and image data for quantitative still photo and transect sites. Site number, transect 

number, dive date, Top Lat DD and LongDD was recorded on bottom, Bottom Lat DD and LongDD were 

recorded off the bottom, image numbers, total time recorded in minutes, number of images analyzed, and 

depth bin classifications 

Site No. / 
Transect No. 

Date LatDD LonDD Position Image # Time 
(min) 

No. 
Images 

Original 
Depth Bin 

(m) 

New 
Depth 
Bin (m) 

Mile 
Post/Dive No 

                  

Site 4 12-May 26.1914515 -79.77748967 Start 2809 211 125 450-550 450-550 
13-15 W  2006 26.18985183 -79.80174333 End 2933         

Site 6 13-May 26.16484059 -79.90844501 Start 3986 33 89 250-300 250-300 
S-22/22E  2006 26.165899 -79.8969715 End 4074         

Site 7 14-May 26.16872083 -79.8828465 Start 5590 119 120 250-300 250-300 
N-20/ 21W  2006 26.16668633 -79.89726233 End 5709         

Tran 1 23-30  24.198057 -81.410539 Start 3225 276 13 West 250-300 
13  Sept 2011 24.195988 -81.410817 End 3253     150-300   

Tran 2 23-30  24.198057 -81.411095 Start 3254 276 24 West 250-300 
13  Sept 2011 24.195988 -81.411373 End 3279     150-300   

Tran 3 23-30  24.295248 -80.404337 Start 3951 237 9 Central  250-300 
16 Sept 2011  24.300718 -80.399631 End 3961     250-300   

Tran 6 23-30  24.304161 -80.384527 Start 4050 213 29 Central  250-300 
17 Sept 2011  24.308627 -80.381918 End 4079     250-300   

Tran 18 23-30  24.249404 -80.436936 Start 5139 197 16 Central  250-300 
23  Sept 2011 24.253221 -80.432504 End 5158     250-300   

Tran 19 23-30  24.249404 -80.436936 Start 5160 197 6 Central  250-300 
23  Sept 2011 24.253221 -80.432504 End 5163     250-300   

Tran 20 23-30  24.249404 -80.436936 Start 5167 197 12 Central  250-300 
23 Sept 2011  24.253221 -80.432504 End 5180     250-300   

Tran 21 23-30  24.249404 -80.436936 Start 5181 197 10 Central  250-300 
23  Sept 2011 24.253221 -80.432504 End 5193     250-300   

Tran 22 23-30  24.249404 -80.436936 Start 5198 197 12 Central  250-300 
23 Sept 2011  24.253221 -80.432504 End 5212     250-300   

Tran 23 23-30  24.249404 -80.436936 Start 5219 197 13 Central  250-300 
23  Sept 2011 24.253221 -80.432504 End 5232     250-300   

Tran 24 23-30  24.249404 -80.436936 Start 5233 197 28 Central  250-300 

23 Sept 2011  24.253221 -80.432504 End 5261     250-300   

Tran 25 23-30  24.154407 -80.542753 Start 5272-5286 & 239 30 South 450-550 
24 Sept 2011  24.147589 -80.54695 End 5315-5339      450-500   

Tran 26 23-30  24.154407 -80.542753 Start 5341-5346 & 239 22 South 450-550 

24 Sept 2011  24.147589 -80.54695 End 5391-5407      450-500   

Tran 27 23-30  24.154407 -80.542753 Start 5408 239 19 South 450-550 
24 Sept 2011  24.147589 -80.54695 End 5427      450-500   

Tran 28 23-30  24.154407 -80.542753 Start 5293-5310 & 239 18 South 450-550 

24 Sept 2011  24.147589 -80.54695 End 5348-5354      450-500   

Tran 29 23-30  24.154407 -80.542753 Start 5360 239 13 South 450-550 
24 Sept 2011  24.147589 -80.54695 End 5372      450-500   

Tran 30 23-30  24.154407 -80.542753 Start 5433-5440 213 20 South 450-550 

25 Sept 2011  24.147589 -80.54695 End 5537-5554      450-500   

Tran 31 23-30  24.154407 -80.542753 Start 5562 213 16 South 450-550 
25 Sept 2011  24.147589 -80.54695 End 5577   

 
 450-500   

Tran 32 23-30  24.154407 -80.542753 Start 5579 213 15 South 450-550 

25 Sept 2011  24.147589 -80.54695 End 5598      450-500   

Tran 33 23-30 24.208432 -81.516737 Start 5670 195 14 West 250-300 
26 Sept 2011  24.201985 -81.517227 End 5687   

 
150-300   

Tran 34 23-30 24.208432 -81.516737 Start 5688 195 8 West 250-300 

26  Sept 2011 24.201985 -81.517227 End 5698     150-300   

Tran 35 23-30 24.208432 -81.516737 Start 5699 195 17 West 250-300 
26 Sept 2011  24.201985 -81.517227 End 5716   

 
150-300   

Tran 36 23-30 24.208432 -81.516737 Start 5717 195 17 West 250-300 

26 Sept 2011  24.201985 -81.517227 End 5733     150-300   

Tran 37 23-30  24.208432 -81.516737 Start 5741 195 20 West 250-300 
26 Sept 2011  24.201985 -81.517227 End 5767   

 
150-300   

Tran 38 23-30  24.208432 -81.516737 Start 5770 195 18 West 250-300 

26 Sept 2011  24.201985 -81.517227 End 5792     150-300   

 


