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SPECIES DISCOVERY 
OF DEEP-WATER 
CORALS AND 
SPONGES IN U.S. 
WATERS (2007-2015)
I. Discovery of Deep-Water Corals
In order to understand biodiversity and to conserve a biota, 
or to simply converse about it in a meaningful manner, one 
must know the names of the units being discussed – the 
species. The 2007 “State of Deep Coral Ecosystems” report 
(Lumsden et al. 2007) concentrated on the most ecologically 
important species - the structure-forming deep-water corals 
(highlighted in Appendices 1.1, 1.2, and elsewhere). In seven 
articles, each on a different region of the United States (U.S.), 
the authors dutifully included detailed lists of the deep-
water coral species found within each region, sometimes 
subdividing their regions into smaller subunits. Yet, there 
was never a comprehensive synthesis or grand tally of how 
many deep-water coral species occur in U.S. waters in the 
2007 report. 

Admittedly, a ‘comprehensive synthesis’ requires some 
time and effort, but this can initially be accomplished 
by comparing the seven previously published lists and 
eliminating duplicate entries, i.e., those species occurring in 
two of more of the seven regions (Table 1)1. In 2007, the total 
number of deep-water corals (deeper than 50 m) reported 
in U.S. waters was 485 (after the removal of numerous 
duplicates and corrections of poor taxonomy, see Table 1). This represents approximately 16.7% of 
known deep-water corals species worldwide (Cairns 2007b). Figure 1 also depicts the number of 
species in each of the four major groups of corals known to inhabit the seven geographic regions. 
1 Pacific Islands region is composed of the Hawaiian Islands, as well as Guam, American Samoa, the Northern 
Mariana Islands, and the Pacific Remote Islands (Baker I., Howland I., Jarvis I., Johnston Atoll, Kingman Reef, 
Palmyra Atoll, and Wake I.); and the Caribbean region is composed only of Puerto Rico, the U.S. Virgin Islands, 
Navassa I., and Sarranilla Bank.
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Table 1. Comparison of numbers of deep-water coral species by region between 2007 and 2015.  Gross 
totals  include species that overlap in two or more regions.  Corrected totals eliminate the overlapping 
species. Taxa not identified to species level not included.

Figure 1. The number of deep coral species known from four taxonomic groups occurring in US waters as 
of 2007 (left bar, dark blue) and newly identified species as of 2015 (right bar, light blue).

Stylasteridae Antipatharia Scleractinia Octocorallia
2007 2015 2007 2015 2007 2015 2007 2015

	 Northeast U.S. 0 0 0 0 16 16 37 46
	 Southeast U.S. 7 14 2 10 57 78 42 109
	 Gulf of Mexico 8 14 17 28 46 85 44 131
	 U.S. Caribbean 14 14 7 12 39 45 15 28
	 Pacific Coast 4 6 4 8 18 21 44 88
	 Alaska 15 23 8 8 8 9 37 63
	 Western Pacific 4 4 21 22 53 53 86 102
	 Gross Totals 52 75 59 88 237 307 305 567
	 Corrected Totals 42 53 45 61 151 172 247 397
	 New taxa since 2007 11 16 21 150



Chapter 2 • page 3

SPECIES DISCOVERY OF DEEP WATER CORALS IN U.S. WATERS (2007-2015)
• • •

Among the 684 deep-water corals presently 
known from U.S. waters (Table 1), Octocorallia 
have by far the highest species richness 
(58.1% of the grand total), followed by 
the azooxanthellate Scleractinia (25.1%), 
Antipatharia (8.9%), and the Stylasteridae 
(7.7%). The rank order of these four groups is 
consistent with three other comprehensive lists 
of deep-water corals made for other oceanic 
regions, specifically the Gulf of Mexico (Cairns 
& Fautin 2009: 354 species), New Zealand 
(Cairns et al. 2009: 376 species), and European 
waters (Costello et al. 2001: 261 species).  
From this table one can also see that the most 
species-rich regions are the Pacific Islands 
(Hawaiian Islands) and the southeastern U.S., 
the most depauperate regions being the U.S. 
Caribbean and the northeastern U.S.. Table 1 
can then form the basis for what progress has 
been made over the last eight years (mid-2007 
to mid-2015) in describing deep-water coral 
species richness of the seven U.S. regions. 

Progress is inevitably a function of research 
effort. In the U.S., deep-water coral research 
is supported by the National Oceanic and 
Atmospheric Administration (NOAA), the 
Smithsonian, the U.S. Geological Survey 
(USGS), the Bureau of Ocean Energy 
Management (BOEM), the National Science 
Foundation (NSF), academia, and private 
industry, among others. These groups are all 
invested in the exploration, sampling, and 
systematics of deep-water corals and their 
habitats. Examples of new species discoveries 
are shown in Figures 2a, 2b, and 3.

A regional increase in species richness can 
occur in three ways: (1) by the description of 
new species, (2) by the discovery of a range 
extension into U.S. waters of a previously 
described species (+), and (3) by the addition 
of species previously overlooked (^). Category 
1 will add to the species diversity of the group, 
but discoveries in categories 2 or 3 may or 

Figure 2a. Iridogorgia marginispiralis at 2200 m depth, a new record for the northern Gulf of Mexico, 
from NOAA’s Okeanos Explorer expedition of 2012.

Figure 2b. Isidella tentaculum at 891 m depth, a new species in the Northeast Pacific described in 2008, 
from NOAA’s Gulf of Alaska Seamount Expeditions aboard RV Atlantis in 2002 and 2004.

2a 2b
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may not add to the total species diversity for 
the US EEZ, depending on the history of the 
species. It is relatively easy to compile a list 
of the new species for a region but somewhat 
harder to ascertain if there has been a range 
extension, as evidence of the latter is often 
buried in the literature. After a thorough 
review of the scientific literature, we have 
determined that 68 new species and three new 
genera of deep-water corals had been newly 
described from U.S. waters since 2007. In 
addition, numerous species had been reported 
as a result of range extensions, and as having 
been previously overlooked (Table 2). The rate 
of 68 new species in eight years equates to 8.5 
new species per year, or an annual worldwide 
increase in described species of 0.26% (8.5/3226 
known deep-water coral species). This is 
considerably lower than the annual increase 
in new species descriptions for Scleractinia 
over a 30-year period, as calculated by Cairns 
(1999) as 1.23%, although his rate applied to 
both deep- and shallow-water species around 
the world, and the 0.26% rate is limited to the 
deep-water species from U.S. waters. Table 1 
shows that the most actively growing group 
was the Octocorallia, increasing by 123 names, 
or 42%, since 2007.

The relatively high number of new octocorals 
is due, at least in part, to the large size of the 
group, their poorly known taxonomy, and 
to the revisionary papers on the fauna of: (1) 
the New England Seamounts (Watling 2007, 
Simpson & Watling 2011, Watling & France 
2011, Pante & Watling 2011, Cairns 2007c); (2) 
the Hawaiian Islands (Cairns & Bayer 2007, 
Cairns 2009, 2010); (3) the U.S. west coast 
(Cairns 2007c); and (4) the Alaskan waters 
(Cairns 2011, Cairns & Baco 2007).  Most 
of those specimens have been collected by 
NOAA research vessels. Also, many new 
records of all taxonomic groups were based on 
as yet unpublished museum records and other 
gray literature reports. A revisionary work 

by Cairns & Lindner (2011) on the Alaskan 
stylasterids served to increase the number of 
species in this deep-water coral group by 15%. 
Relatively few species were added to the U.S. 
antipatharian and scleractinian fauna. It is 
of interest to note that of the 68 new species 
described during this period, only 16  (24%), 
were additionally characterized by molecular 
sequencing, usually of mitochondrial genes 
(Cairns & Baco 2007, Etnoyer 2008, Watling & 
France 2011, Pante & Watling 2011, Cairns & 
Lindner 2011, and Opresko et al. 2012).

Three faunistic lists were also published 
during this period, which helped to increase 
the  number of species in U.S. waters: (1) 
Felder & Camp (2009), all taxa at all depths 
for the Gulf of Mexico; (2) DeVictor & Morton 
(2010), octocorals from the South Atlantic 
Bight from 0-200 m; and (3) Watling et al. 
(2011), octocorals at all depths and regions, the 
latter allowing for cross-checking of taxonomic 
names of the Atlantic regions, a guide to some 
of the range extensions for these regions, 
and the addition of some species that had 
been overlooked in the 2007 report. Based on 
Watling et al. (2011) eight species (Table 2) 
can be added to the U.S. fauna (5 octocorals 
and 3 stylasterids), mainly from the Southeast 
region. The total number of deep-water corals 
now known from U.S. waters is now 718 
species, up 164 (30%) from 2007 (Table 1).

In summary, we believe that a significant 
amount of work is being done to discover 
new species, document range extensions, and 
to uncover previously overlooked records of 
deep-water corals in U.S. waters leading to 
numerous descriptions, especially in the group 
Octocorallia. We expect that future increases 
in species descriptions will likely fall in that 
group. We also acknowledge that it is not the 
lack of collections that hinders advancement 
but the lack of manpower that limits progress 
and causes uneven growth (Cairns 2007b). A 
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Table 2. Species and subspecies of deep-water corals identified from U.S. waters since 2007. 
Unprefaced species names are new species described since 2007, those prefaced with a (+) are range 
extensions since 2007, and those with a carat (^) were overlooked in the 2007 report. The species are 
ordered by the five major coral groups and then by geographic region.  Within the regions the new species 
are listed first (chronologically), range extensions next, and overlooked species last (alphabetically). 

Additions to 2007 list Geographic Region
Northeast 

U.S.
Southeast

U.S.
Gulf of 
Mexico

U.S. 
Caribbean 

(Puerto 
Rico, U.S. 

Virgin 
Islands, 
Navassa 
Island)

Pacific 
Coast

Alaska Western 
Pacific 

(Hawaiian 
Islands, 
Guam, 

American 
Samoa, 

Marianas)

Octocorallia

Iridogorgia fontinalis Watling, 2007 x

Iridogorgia magnispiralis Watling, 2007 x x

Iridogorgia splendens Watling, 2007 x x

Rhodaniridogorgia fragilis Watling, 2007 x

Calyptrophora clinata Cairns, 2007 x

Paranarella watlingi Cairns, 2007 x

Parastenella atlantica Cairns, 2007 x

Corallium bathyrubrum Simpson & Watling, 2011 x

Corallium bayeri Simpson & Watling, 2011 x

Eknomisis dalioi Watling & France, 2011 x

Chrysogorgia abludo Pante & Watling, 2011 x

Chrysogorgia artospira Pante & Watling, 2011 x

Chrysogorgia averta Pante & Watling, 2011 x

Chrysogorgia tricaulis Pante & Watling, 2011 x

+Benthoptilum sertum Verrill, 1885 x

+Calyptrophora microdentata Pasternak, 1985 x

+Calyptrophora antilla Bayer, 2001 x

+Leptogorgia virgulata (Lamarck, 1815) x

+Metallogorgia melanotrichos (Wright & Studer, 1889) x

+Narella versluysi (Hickson, 1909) x

+Renilla reniformis (Pallas, 1776) x

+Virgularia presbytes Bayer, 1955 x

^Paramuricea biscaya Grasshoff, 1977 x

Nicella hebes Cairns, 2007 x x

+Acanthogorgia aspera Pourtalès, 1867 x

+Anthoptilum grandiflorum (Verrill, 1879) x

+Anthoptilum murrayi Kölliker, 1880 x

+Carijoa riisei (Duchassaing & Michelotti, 1860) x x

+Chrysogorgia thrysiformis (Verrill, 1883) x

+Ellisella grandis (Verrill, 1901) x

+Iridogorgia pourtalesii Verrill, 1883 x

+Kophobelemnon stelliferum (Müller, 1776) x

+Narella regularis (Duchassaing & Michelotti, 1864) x

+Stylatula elegans (Danielson, 1860) x

+Umbellula lindahlii Kölliker, 1875 x x

^Anthopodium rubens Verrill, 1872
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Additions to 2007 list Geographic Region

Northeast 
U.S.

Southeast
U.S.

Gulf of 
Mexico

U.S. 
Caribbean

Pacific 
Coast

Alaska Western 
Pacific

^Bebryce cinerea Deichmann, 1936 x

^Chrysogorgia herdendorfi Cairns, 2001 x

^Corallium medea Bayer, 1964 x

^Distichogorgia sconsa Bayer, 1979 x

^Diodogorgia nodulifera (Hargitt & Rogers, 1901) x

^Echinomuricea atlantica (Johnson, 1962) x

^Funiculina quadrangularis (Pallas, 1766) x x

^Iciligorgia schrammi Duchasssaing, 1870 x

^Lepidisis caryophyllia Verrill, 1883 x

^Leptogorgia cardinalis (Bayer, 1961) x

^Leptogorgia euyale (Bayer, 1961) x

^Leptogorgia hebes (Verrill, 1869) x

^Leptogorgia punicea (Milne Edwards & Haime, 1857) x

^Muricea laxa Verrill, 1864 x

^Muricea pendula Verrill, 1864 x

^Muriceides hirta (Pourtalès, 1868) x

^Placogorgia mirabilis Deichmann, 1936 x

^Pseudoplexaura porosa (Houttuyn, 1772) x

^Radicipes gracilis (Verrill, 1884) x

^Renilla reniformis (Pallas, 1766) x

^Scleracis guadeloupensis (Duchassing & Michelotti, 1860) x

^Sclerobelemnon thesues Bayer, 1959 x

^Swiftia pourtalesii Deichmann, 1936 x

^Thesea parviflora Deichmann, 1936 x

^Thesea solitaria (Pourtalès, 1860) x

^Titanideum frauenfeldii (Kölliker, 1865) x

^Virgularia presbytes Bayer, 1955 x

Nicella robusta Cairns, 2007 x

Nicella toeplizae Viada & Cairns, 2007 x x

Sibogagorgia cauliflora Herrera, Baco & Sanchez, 2010 x x

+Clavularia rudis (Verrill, 1922) x

+Corallium niobe Bayer, 1964 x

+Nicella americana Toeplitz, 1919 x

+Nicella obesa Deichmann, 1936 x

+Paracalyptrophora carinata Cairns & Bayer, 2004 x

+Paragorgia johnsoni Gray, 1862 x

+Paramuricea biscaya Grasshoff, 1977 x

+Thesea citrina Deichmann, 1936 x

+Anthoptilum murrayi Kölliker, 1880 x

+Protoptilum thomsoni Kölliker, 1872 x

Anthoptilum lithophilum Williams & Alderslade, 2011 x

Calyptrophora bayeri Cairns, 2007 x

Calyptrophora laevispinosa Cairns, 2007 x x

Chrysogorgia monticola Cairns, 2007 x

Chrysogorgia pinnata Cairns, 2007 x

Gersemia juliepackerdae Williams & Lundsten, 2009 x

Isidella tentaculum Etnoyer, 2008 x x

Leptogorgia filicrispa Horvath, 2011 x
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Additions to 2007 list Geographic Region

Northeast 
U.S.

Southeast
U.S.

Gulf of 
Mexico

U.S. 
Caribbean

Pacific 
Coast

Alaska Western 
Pacific

Narella alaskensis Cairns & Baco, 2007 x

Parastenella gymnogaster Cairns, 2007 x x

Parastenella pacifica Cairns, 2007 x

Thouarella cristata Cairns, 2011 x

+Acanthogorgia gracillima Kükenthal, 1909 x

+Acanthoptilum annulatum (Nutting, 1909) x

+Anthothelia argentea Studer, 1894 x

+Calyptrophora antilla Bayer, 2001 x

+Clavularia grandiflora (Nutting, 1906) x

+Eleutherobia rubra (Brundin, 1896) x

+Eugorgia daniana (Bayer, 1958) x

+Gersemia fruticosa (Sars, 1864) x x

+Halipteris willemoesi (Kölliker, 1870) x

+Keratoisis profunda (Wright, 1885) x

+Muricella complanata Wright & Studer, 1889 x

+Paragorgia regalis Nutting, 1912 x

+Paragorgia stephencairnsi Sanchez, 2005 x

+Paragorgia yutlinux Sanchez, 2005 x

+Parastenella ramosa (Studer, 1894) x x

+Pennatula phosphorea (Linnaeus, 1758) x

+Telesto californica Kükenthal, 1913 x

+Telesto nuttingi Kükenthal, 1913 x

^Funiculina armata (Verrill, 1878) x

^Narella bowersi (Nutting, 1908) x

^Pacifigorgia englemanni (Horn, 1860) x

^Umbellula huxleyi (Kölliker, 1880) x

Narella abyssalis Cairns & Baco, 2007 x

Narella alaskensis Cairns & Baco, 2007 x

Narella arbuscula Cairns & Baco, 2007 x

Narella bayeri Cairns & Baco, 2007 x

Narella cristata Cairns & Baco, 2007 x

Plumarella aleutiana Cairns, 2011 x

Plumarella echinata Cairns, 2011 x

Plumarella hapala Cairns, 2011 x

Plumarella nuttingi Cairns, 2011 x

Plumarella profunda Cairns, 2011 x

Plumarella robusta Cairns, 2011 x

Thouarella cristata Cairns, 2011 x

Thouarella trilineata Cairns, 2011 x

+Calcigorgia japonica Dautova, 2007 x

+Clavularia eburnea Kükenthal, 1906 x

+Corallium regale Bayer, 1956 x

+Gersemia lambi Williams, 2013 x

+Gersemia rubriformis (Ehrenberg, 1834) x

+Heteropolypus japonicas (Nutting, 1912) x

+Parastenella doederleini (Wright & Studer, 1889) x

+Pennatula grandis Ehrenberg, 1834 x

+Virgularia bromleyi Kölliker, 1880 x
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Additions to 2007 list Geographic Region

Northeast 
U.S.

Southeast
U.S.

Gulf of 
Mexico

U.S. 
Caribbean

Pacific 
Coast

Alaska Western 
Pacific

+Virgularia glacialis Kölliker, 1870 x

Calyptrophora alpha Cairns, 2009 x

Calyptrophora pileata Cairns, 2009 x

Narella alata Cairns & Bayer, 2007 x

Narella gigas Cairns & Bayer, 2007 x

Narella hawaiinensis Cairns & Bayer, 2007 x

Narella macrocalyx Cairns & Bayer, 2007 x

Narella muzikae Cairns & Bayer, 2007 x

Narella vermifera Cairns & Bayer, 2007 x

Paracalyptrophora echinata Cairns, 2009 x

Paracalyptrophora hawaiinensis Cairns, 2009 x

Parastenella bayeri Cairns, 2010 x

Plumarella circumoperculum Cairns, 2010 x

+Callogorgia robusta Versluys, 1906 x

^Thouarella hilgendorfi (Studer, 1878) x

Stylasteridae

+Stylaster duchassaingi  Pourtalès, 1867 x

+Stylaster filogranus Pourtalès, 1871 x

^Errina cochleata Pourtalès, 1867 x

^Pliobothrus echinatus Cairns, 1986 x

^Stylaster roseus (Pallas, 1766) x

Stylaster parageus columbiensis Lindner & Cairns, 2011 x

+Stylaster verrillii (Dall, 1884) x

Errinopora dichotoma Lindner & Cairns, 2011 x

Errinopora disticha Lindner & Cairns, 2011 x

Errinopora fisheri Lindner & Cairns, 2011 x

Errinopora undulata Lindner & Cairns, 2011 x

Stylaster crassiseptum Lindner & Cairns, 2011 x

Stylaster repandus Lindner & Cairns, 2011 x

+Stylaster leptostylus (Fisher, 1938) x

+Stylaster parageus parageus (Fisher, 1938) x

+Stylaster trachystomus (Fisher, 1938) x

Antipatharia

Chrysopathes micracantha Opresko & Loiola, 2008 x x

+Antipathes atlantica Gray, 1857 x

+Antipathes gracilis Gray, 1860 x

+Bathypathes patula (Brook, 1889) x x

+Stichpathes pourtalesi Brook, 1889 x

^Antipathes lenta Pourtalès, 1871 x

^Heliopathes americana Opresko, 2003 x

^Stylopathes litocrada Opresko, 2006 x

Chrysopathes oligocrada Opresko & Loiola, 2008 x

^Allopathes desbonni (Duchassaing & Michelotti, 1864) x

^Stylopathes americana (Duchassaing & Michelotti, 1860) x

+Antipathes gracilis Gray, 1860 x

+Antipathes tristis Duchassaing, 1870 x

+Stichopathes pourtalesi Brook, 1889 x
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Figure 3. An in-situ image of a zoanthid gold coral 
from Hawaii called Kulamanamana haumeaae 
(Sinniger et al. 2013). The colony represents a new 
genus and species of gold coral, previously thought 
to be in a different genus, Salvia or Gerardia. 

Image credit: Public Library of Science One.

Additions to 2007 list Geographic Region

Northeast 
U.S.

Southeast
U.S.

Gulf of 
Mexico

U.S. 
Caribbean

Pacific 
Coast

Alaska Western 
Pacific

+Bathypathes alternata (Brook, 1889) x

^Lillipathes wingi (Opresko, 2005) x

^Umbellipathes helioanthes Opresko, 2005 x

Antipathes griggi Opresko, 2009 x

Aphanipathes verticillata mauiensis Opresko et al., 2012 x

Leiopathes annosa Wagner & Opresko, 2015 x

^Bathypathes seculata Opresko, 2005 x

^Stylopathes litocrada Opresko, 2006 x

Scleractinia 

+Madracis asperula Milne Edwards & Haime, 1849 x

+Madracis pharensis (Heller, 1868) x

+Phacelocyathus flos (Pourtalès, 1878) x

^Astrangia poculata (Ellis & Solander, 1786) x

^Eguchipsammia cornucopia (Pourtalès, 1871) x

^Eguchipsammia strigosa Cairns, 2000 x

^Fungiacyathus crispus (Pourtalès, 1871) x

^Fungiacyathus pusillus (Pourtalès, 1868) x

^Oculina tenella Pourtalès, 1871 x

^Peponocyathus folliculus (Pourtalès, 1868) x

^Phyllangia pequegnatae Cairns, 2000 x

^Polycyathus senegalensis Chevalier, 1966 x

^Pourtalocyathus conferta Cairns, 1978 x

^Rhizosmlia maculata (Pourtalès, 1874) x

+Oculina varicosa Lesueur, 1821 x

+Fungiacyathus crispus (Pourtalès, 1871) x

+Labyrinthocyathus facetus Cairns, 1979 x

+Caryophyllia diomedeae (Marenzeller, 1904) x

+Javania cailleti (Duchassaing & Michelotti, 1864) x

^Caryophyllia alaskensis (Vaughan, 1941) x

^Caryophyllia quadragenaria (Alcock, 1902) x

+Desmophyllum dianthus (Esper, 1794) x

Zoanthidea

Kulamanamana haumeaea Siniger, Ocana & Baco, 2013 x
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pertinent example of this is the dissertation by 
K. Muzik (1979), containing the description 
of 18 new species of Hawaiian deep-water 
octocorals, which remains unpublished.

II. Species Discovery of Deep-
Water Sponges
Sponges are one of the simplest, oldest-living 
metazoan phyla and one of the most abundant 
groups of benthic marine organisms (Fig. 
4). They are more diverse than corals, and 
single- or multi-species sponge aggregations 
may play a similarly important role in the 
ecology of deep-sea ecosystems (Maldonado et 
al. 2016). At present, there are approximately 
8500 described species with perhaps as 
many yet to be discovered. Worldwide, 
about 50 new species are described each 
year (Cárdenas et al. 2012). The systematics 
of sponges are particularly challenging 
given their ancient origin, simple body 
organization, complex microbial associations 
and morphological plasticity. As a result, 
phylogenetic relationships within the Porifera 
remain mostly unresolved, and this hampers 
progress in basic studies of sponge biology 
and biodiversity, including comparative 
evolutionary studies that use sponge species 
as model organisms as well as efforts to 
conserve or economically exploit sponges. 

The deep-water sponge fauna of the U.S. has 
not been inventoried as systematically as the 
deep-water coral fauna. There are important 
historical collections dating back decades 
or more for most regions but there have 
been few dedicated efforts in recent years 
to collect sponges beyond those provided 
opportunistically. The 2006 Magnuson-Stevens 
Reauthorization Act established the Deep Sea 
Coral Research and Technology Program, but 
made no specific provision to consider deep-
water sponges, and they were not included in 
the 2007 NOAA Report (Lumsden et al. 2007). 

Still, deep-water sponges are abundant in the 
same depth range as deep-water corals, have 
complex structure that provides habitat for 
other fauna, and face many of the same threats 
as deep-water corals (e.g. Hogg et al. 2010). 
Additionally, sponges and their associates 
produce a diverse array of chemicals that are 
of interest for biotechnology (Pomponi et al. 
2007). Accordingly, the NOAA Strategic Plan 
for Deep-sea Coral and Sponge Ecosystems 
(2010) provides nearly equal emphasis on the 
deep-sea sponge and coral fauna, and clear 
guidance to include sponges in research and 
management efforts.  

Whereas sponges have taken a back seat 
to their more charismatic deep-water 
counterparts, there is strong evidence that 
poriferans provide important habitat for fish 
and invertebrates. With that in mind, sponges 
were specifically collected during submersible 
cruises in the Aleutian Islands of Alaska in 
2003–2004. This was done, in part, to construct 
a field guide (Stone et al. 2011) and to help 
establish a useful fisheries bycatch monitoring 
program. Ninety-four (94) sponge species 
were collected during this period, and 28 
(30%) were new to science! This high rate of 
new species discovery, and many new range 
extensions, clearly indicated that the sponge 
fauna of the region is poorly documented. In 
response to these findings, NOAA scientists 
boarded regional groundfish survey vessels 
during the summer of 2012 and, with the 
new guide in hand, collected 118 unfamiliar 
bycatch specimens. These new collections 
will undoubtedly yield many new discoveries 
and provide insight into the true species 
diversity of the region. Since 2004, more casual 
collections in other regions of Alaska (e.g., the 
Bering Sea and Gulf of Alaska) have yielded 
additional species that have either been 
recently described or are awaiting 
formal description.	
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More than 55 taxa, principally hexactinellids, 
have been opportunistically collected along 
the Pacific Coast as part of NOAA’s Deep 
Sea Coral Research and Technology Program 
three-year research initiative in that region 
(Clarke et al. in this report). Approximately 
28 taxa (51%) are believed to be new to 
science and await formal identification. 
Thirty hexactinellid specimens were recently 
collected during an expedition to the Necker 
Ridge in the Northwest Hawaiian Islands 
and 19 taxa, or 72%, are believed to be new to 
science. Other collections in the Pacific Islands 
Region (principally funded by NOAA through 
the Hawaii Undersea Research Laboratory) 
included 10 new species, all believed to be 
new to science (Chris Kelley, University of 
Hawaii at Manoa, personal communication). 
Together, these regional collections represent 
a new species discovery rate of about 60%. 
This rate could be somewhat inflated since 
researchers may preferentially collect forms 
that are unfamiliar to them.  Regardless, these 
data support those from Alaska and clearly 
indicate that the deep-water sponge fauna of 
the Pacific Ocean is poorly documented and 

that a large percentage of the total fauna are 
yet to be discovered.

One particularly noteworthy example of 
unexplored and undocumented deepwater 
sponge fauna was the exciting discovery of 
the carnivorous harp sponge Chondrocladia 
lyra off the coast of California (Lee et al. 2012) 
(Figure 6). This unusual group of sponges, to 
date found only in the Class Demospongiae, 
Family Cladorhizidae, differs drastically in 
body plan and cellular organization from 
the rest of the Phylum Porifera, and was 
only recently discovered (Vacelet and Boury-
Esnault 1995).  Since that time, at least 133 (as 
of 2014) new species of carnivorous sponges 
have been described, primarily in deep 
water (Cristobo et al. 2015).  Using MBARI 
ROVs Tiburon, Ventana and Doc Ricketts, four 
new species were collected off the west coast 
of the U.S. (Lundsten et al. 2014) since 2007, 
increasing the total of U.S. Pacific carnivorous 
sponge species from 7 to 11 and several 
more are in the process of being described 
(Lundsten, MBARI, pers. comm.).

Figure 4. Sponge gardens 
(areas of particularly 
diverse and abundant 
sponge fauna) were 
discovered in the central 
Aleutian Islands in 
2004.  Seven species of 
sponges are visible in this 
photograph, including 
two new to science and 
recently described.
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Figure 5. Undescribed species of Geodia from 118 meters depth off the coast of Florida, collected by 
HBOI-FAU using the Johnson-Sea-Link submersibles in 2007.

Many sponge collections have been made 
during the past decade in the South Atlantic 
Bight and Gulf of Mexico with funding 
from NOAA. Harbor Branch Oceanographic 
Institute-Florida Atlantic University has 
collected and archived more than 1200 deep-
water sponges from U.S. waters using the 
Johnson-Sea-Link manned submersibles (Reed 
et al. 2005, 2006). Rützler et al. (2009) identified 
339 sponge species in a checklist of the Gulf 
of Mexico, of which 66 (48 demosponges and 
18 hexactinellids) were identified as deep-sea 
sponges.  Species lists have been submitted 
to NOAA as part of the technical (cruise) 
reports and several new species from these 
collections await formal identification (Fig.5).  
A new record of occurrence of the carnivorous 
sponge Chondrocladia verticillata was 
discovered in 2011 off the Florida Keys at a 
depth of 850 m by the Cooperative Institute for 
Ocean Exploration, Research, and Technology 

at HBOI-FAU, using the University of 
Connecticut ROV Kraken. Recent interest in 
resolving the phylogenetic relationships of the 
phylum Porifera has resulted in more detailed 
studies of these collections using molecular 
and morphological systematics (Dohrmann et 
al. 2012a, b; Hill et al. 2012). The increasing use 
of molecular techniques is facilitating species 
identification and discovery (Wörheide et al. 
2007, Erpenbeck et al. 2015), and leading to 
significant revisions of sponge systematics 
(e.g., Morrow & Cardenas 2015).

There is a renewed interest in sponge 
taxonomy and systematics resulting from 
discoveries that continue to be made during 
exploration of poorly studied areas in U.S. 
waters. The discovery of sponge-associated 
microbial symbionts and natural products 
with pharmaceutical potential and the 
application of molecular systematics to resolve 
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phylogenetic relationships have added to this 
interest. As with other deep-water fauna, there 
are already long queues in the laboratories 
of the few sponge taxonomists worldwide, 
suggesting that future collections should be 
carefully planned and coordinated with them 
if possible.

III. Genetic Identification of 
Deep-water Coral Species
An understanding of the population 
structure of deep-water coral species is 
critical to ascertaining gene flow within 
and among distant populations, in order 
to gauge the effects of habitat loss, and 
meet the directives of the 2006 Magnuson-
Stevens Act and the National Marine 
Fisheries Service (NMFS) federal mandate.  
A species inventory of deep-water corals 

off U.S. coastlines is a necessary first step 
toward a comprehensive understanding 
of the ecology and distribution of this rich 
and diverse faunal assemblage.  Fisheries 
bycatch data and benthic trawl surveys can 
help quantify species diversity and outline 
their biogeographical distributions, but such 
estimates require accurate and defensible 
species-level identifications; however, the 
taxonomic identification of deep-water corals 
to the species level can be problematic for 
both morphological and practical reasons 
(see McFadden et al. 2011);  in some cases, 
species of octocorals that appear similar 
may only be distinguished from one another 
morphologically using scanning electron 
microscope (SEM) images of sclerites, 
minute skeletal structures embedded in the 
fleshy tissue of these corals.  Some species 
of deep-water corals may be defined from 

Figure 6. The carnivorous harp sponge Chondrocladia lyra with 5 vanes was collected with the ROV 
Doc Ricketts off California. This unusual group of sponges was discovered only a few decades ago and 
differs in body plan and cellular organization from all other sponges. © 2009 MBARI.
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a single known type specimen.  In other 
cases, the known evolutionary relationships 
of some coral families are so inadequate 
that accurate species-level designations are 
currently impossible.  Additionally, many 
deep-water coral specimens are collected in 
trawls or dredges, which may damage the 
specimen or yield partial colonies at best.  
These difficulties, combined with a scarcity 
of trained morphological taxonomists, 
make the expanded development of genetic 
techniques to aid in species identification a 
critical necessity. It is encouraging to see, and 
worth noting, that students are being trained 
in coral taxonomy in federal (e.g., S. Cairns, 
P. Etnoyer) and academic laboratories (e.g., S. 
France, P. López-González, and L. Watling). 
Nevertheless, the use of genetic information, 
when combined with morphology, is currently 
the best approach to deciphering evolutionary 
patterns in these species.  

Voucher collections are currently being 
compiled at NOAA’s Northwest Fisheries 
Science Center (Seattle, WA) and NOAA’s 

Center for Coastal Environmental Health and 
Biomolecular Research (Charleston, SC) to aid 
in a more rapid and accurate identification 
of coral specimens.  Such collections include 
one or more specimens of each potential 
species, with taxonomic identifications to 
be confirmed by relevant experts. As part of 
this process, SEM images may be produced 
for the vouchers as necessary, to either allow 
the direct identification of some individuals 
or assist morphological taxonomists with 
their examinations and characterizations of 
unknown specimens.  Genomic sequences 
are then generated for each voucher so that 
DNA from additional specimens can be used 
to ascertain their identity in the absence of 
labor intensive SEM imaging or the large 
sample sizes required for some morphological 
analyses.  Choosing which area of a coral’s 
genome to investigate is, however, not 
immediately straightforward.

The selection of an appropriate genetic region 
or regions to uniquely identify individual 
species is critical, requiring a fast enough 

Figure7a. An unidentified sponge in the genus Aphrocallistes at 255 m depth on Kidney Bank in 
Southern California. Many unique taxa in the Pacific Region await formal description. Image credit: 
NOAA Southwest Fisheries Science Center, Advanced Survey Technologies Group, La Jolla CA.

Figure 7b. Th recently described sponge Latrunculia austini occurs at depths between 30 - 384 m in 
the Northeast Pacific from the Olympic Coast off Washington State to the Gulf of Alaska. These sponges 
have unique compounds that offer biomedical potential to curing disease. Image credit: Bob Stone, NOAA 
Alaska Fisheries Science Center

7a 7b
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mutation rate to yield sufficient differences 
between species, but not so many differences 
that sequence alignment is difficult.  Animals 
contain two types of genetic material in 
their cells, which have both similar and 
differing characteristics: nuclear DNA and 
mitochondrial DNA.  In diploid organisms, 
nuclear DNA (nDNA) is inherited from 
both parents—one copy of each gene being 
contributed by each parent—and is present 
as a single set of chromosomes in each 
somatic cell.  Mitochondrial DNA (mtDNA) is 
inherited from an organism’s mother. Each cell 
also contains multiple copies mtDNA because 
there are numerous mitochondria whereas 
there is only a single nucleus.  Mitochondrial 
genomes tend to evolve more quickly than 
nuclear genomes because, at least in higher 
vertebrates, mitochondria lack the ability to 
“repair” accidental mutations in their DNA 
that arise during cell division.  This higher 
rate of evolution is useful when attempting to 
identify genetic regions—termed “markers”—
that exhibit sufficient diversity to distinguish 
individuals on a species level. As a result 
of these attributes, mtDNA sequencing has 
become the standard genetic tool for many 
species identifications.   Recent reports, 
however, cite inherent problems with using 
mtDNA to investigate recent molecular 
evolution, and this must be considered when 
choosing an appropriate barcoding region (see 
Bazin et al. 2006, Galtier et al. 2009).  Presently, 
the most concerted  effort to generate a 
database of species-specific genetic sequences, 
i.e., genetic barcodes, is coordinated by 
the Barcode of Life (BOL) initiative (www.
barcodeoflife.org).  The stated purpose for 
the BOL is to assist in situations where a 
specimen may be damaged, thereby making 
morphological identification difficult, or in 
cases where expert taxonomists are required 
to make a definitive identification.  Barcoding 
would potentially solve the problem of species 

identification in both instances, as short DNA 
sequences can be generated from minimal 
amounts of tissue and used by non taxonomic 
experts to determine species designations.  
The genetic region targeted for most animal 
species is a 648 basepair region of the 
mitochondrial cytochrome c oxidase 1 gene 
(COI); however, this region is not sufficiently 
informative for species identification in 
octocorals because this subclass experiences 
a slower rate of evolution in their mtDNA 
than vertebrates (France & Hoover 2002). One 
reason cited for this stability is the presence 
of the mitochondrial MutS homolog, msh1 
(mtMSH) gene, which has high similarity and 
homology to mismatch-repair genes found 
in bacterial genomes as well as eukaryotic 
nuclear genes (Culligan et al. 2000).  If the 
MutS homolog is functional in octocorals, that 
could explain why the mitochondrial genomes 
of octocorals are often not sufficiently variable 
to distinguish among species.

Interestingly, the mtMSH gene itself 
appears to be highly variable and provides 
an alternative to the COI gene for species 
identification purposes (France & Hoover 
2002).  The mtMSH gene has been shown to 
be specific for many, but not all, coral species 
investigated (France & Hoover 2001).  The 
addition of other gene regions, such as the 
“Folmer region” of COI and an adjacent 
intergenic area, have demonstrated good 
potential as a substitute to the COI when used 
in combination with msh1 at the species level 
(McFadden et al. 2011).   Despite this increased 
resolution, there remain limitations in 
identification of certain deep-water coral taxa. 
Further investigations into using alternative 
genes must continue.

Examples of both the utility and limitations 
of combined genetic and morphological 
identifications are now appearing in the 
literature (e.g., Cairns & Baco 2007; Lapian 
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et al. 2007; Wagner et al. 2010; Baco & Cairns 
2012; Pante et al. 2012).  Development of 
the Northwest Fisheries Science Center 
voucher collection exemplifies their utility; 
a number of octocorals frequently collected 
in trawl surveys in the Northeast Pacific 
are initially identified as Swiftia sp. (Family 
Plexauridae) based on overall similarities 
in appearance.  These samples may also be 
assigned a shipboard species designation 
within the genus Swiftia based on general 
colony formation and color.  Figure 4 depicts 
a group of such individuals, all of which 
were originally identified aboard trawling 
vessels as Swiftia sp., S. simplex, or S. pacifica.   
Identification by a taxonomist through a 
detailed morphological examination including 
SEM images of formations and arrangements 
of sclerites, revealed some of these individuals 
actually represent two additional genera plus 
one additional species of Swiftia, despite their 
superficial similarities (Fig. 8).  A neighbor-
joining tree of pairwise differences of the 
mtDNA sequence data (including the Folmer 
region of COI plus the adjacent intergenic 
region, plus msh1) for these same specimens 
corroborated the taxonomic identities of these 
individuals (Fig. 8).  On this phylogenetic 
tree, the horizontal branch lengths indicate 
the relative differences measured between 
individuals.  Note that individuals of the 
same species group together in “clusters” 
and that the horizontal branch lengths among 
individuals within the same species are very 
short or even zero (e.g., the Swiftia simplex 
and Swiftia spauldingi clusters).  Slightly 
longer branch lengths are found between 
species within the same genus (e.g., the 
difference between Swiftia simplex and Swiftia 
pacifica), and the longest branch lengths are 
between different genera (e.g., Leptogorgia 
and Eugorgia). Additional specimens from 
this group can now be sequenced for the 
above genetic regions and compared to the 

vouchered sequences on this tree, yielding 
taxonomic identifications without requiring 
the consultation of a taxonomist for every 
new individual.

The use of molecular genetics in species 
identification alleviates pressure on the 
few, overworked coral taxonomists and 
can illuminate species distinctions when 
morphological distinctions are absent (as in 
the case of cryptic species).  As previously 
mentioned, approximately 25% of newly 
described deep-water coral species included 
a molecular characterization of primarily 
mitochondrial markers.  Further coordination 
of morphological taxonomists with genetic 
labs could readily contribute molecular 
information for the other 75% of newly 
described taxa.  Many genetics labs across the 
country are now capable of generating and 
analyzing DNA sequence data, as is evidenced 
by the recent explosion in the number of 
institutions contributing to the BOL project.  

In addition to barcode sequencing, recent 
advances in molecular genetic technologies 
are currently in use, or being developed, that 
may prove invaluable to the investigation 
of various aspects of deep-water coral 
species identification and genetics.  Next-
generation sequencing produces gigabases of 
data in mere days, enabling the assemblage 
and interrogation of entire genomes in a 
comparatively short amount of time. The 
generation of such massive amounts of 
molecular data also allows for the continued 
screening of additional genetic regions 
that might have utility for species-level 
identification as well as population-level 
analyses. Other molecular genetic techniques 
that have relevant application in the genetic 
analysis of deep-water corals include, but 
are not limited to: (1) targeted amplicon 
sequencing (Bybee et al. 2011), which can 
use next-generation sequencing techniques 
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Figure 8: Phylogenetic comparison of the Fulmer region of COI plus adjacent intergenic region, plus 
msh1, of putative Swiftia spp. with other Plexauridae from the Northeast Pacific. The dendrogram shows 
three clusters of Swiftia specimens corresponding to three different species. Swiftia pacifica is more 
closely related to S. simplex than S. spauldingi.  Adelogorgia phyllosclera is more closely related to 
Swiftia spp. than to two other genera - Leptogorgia and Eugorgia.
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(e.g., Roche 454, Illumina, and/or Ion Torrent 
platforms) and associated bioinformatics to 
generate large numbers of DNA barcodes 
simultaneously; (2) environmental DNA 
(eDNA), a relatively new technique that 
can identify the presence of species from 
ambient water samples, reducing the need 
to sample individual corals directly and 
increasing overall sampling opportunities; (3) 
microsatellites (msats), also known as simple 
short repeats (SSR), which are tandemly 
repeated stretches of 2-6 dinucleotides, and 
can be used to measure neutral variation 
among populations as well as help gauge 
the proportion of genetic variation among 
different groups within a single species; 
and (4) RAD sequencing (restriction site 
associated DNA sequencing), a genome 
reduction technique that is often employed to 
identify genetic markers—Single Nucleotide 
Polymorphisms (SNPs) and/or msats—that 
have the potential to distinguish among 
individuals, species, or even populations.  As 
we learn more about the genetic relationships 
among deep-water corals, we stand to gain 
a richer understanding of species diversity 
as well as ascertain the severity of pressing 
environmental disturbances on the health and 
vulnerability of habitat-forming anthozoans, 
a benefit that will guide the development of 
regulatory policies to protect these remote, 
productive, and fragile ecosystems.
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