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SISTEMÁTICA MOLECULAR DEL CORAL BAMBÚ DE PROFUNDIDAD 

(OCTOCORALLIA: KERATOISIDINAE) DE NUEVA ZELANDA CON 

DESCRIPCIONES DE NUEVOS TAXA 

 

PREFACIO  

Los corales bambú (Familia Isididae) son octocorales altamente calcificados 

caracterizados por la alternancia de nodos oscuros de gorgonina e internodos blancos de 

calcita. Se encuentran dentro de las colonias coralinas más viejas y de mayor tamaño 

encontradas en hábitats abisales, pero también las colonias pequeñas forman parte de una 

comunidad bentónica densa y abundante de organismos suspensívoros que habitan el 

Pacífico sur y Antártica. Colecciones extensivas de corales bamboo realizadas durante las 

pasadas tres décadas alrededor de Nueva Zelanda proveen uno de los muestreos más 

completos de Isididos de aguas profundas, material del cual se origina esta investigación. 

Este estudio hace el primer acercamiento hacia la sistemática filogenética de los corales 

bambú de Nueva Zelanda y describe tres nuevas especies de los géneros Keratoisis y 

Acanella (subfamilia Keratoisidinae) y el nuevo género perteneciente a la subfamilia 

Mopseinae.  

Se obtuvieron 68 secuencias de una fracción del 16S mtDNA que corresponden a 

28 haplotipos de corales bambú pertenecientes a la subfamilia Keratoisidinae  

(Keratoisis, Acanella, Isidella y Orstomisis) y Mopseinae (Primnoisis, Echinisis, 

Sclerisis, Minuisis y un nuevo genero). Se reconstruyeron estructuras secundarias de 

RNA (16S mtDNA) para corregir los alineamientos de la secuencia primaria y a partir de 
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estos alineamientos se realizaron análisis filogenéticos basados en una combinación de 

Máxima Parsimonia, Máxima Verosimilitud e Inferencia Bayesiana para tres conjuntos 

de datos (secuencia primaria, morfometría molecular de las estructuras secundarias y una 

matriz combinada). Se empleó el Microscopio Electrónico de Barrido para observar 

detalles de los escleritos y realizar las descripciones de las nuevas especies y el nuevo 

genero. Adicionalmente, se realizaron filogenias a partir de caracteres morfológicos 

macro- y microestructurales para los géneros de las subfamilias Keratoisidinae y 

Mopseinae.  

Las topologías de los árboles mostraron a la subfamilia Keratoisidinae como un 

grupo parafilético debido a la inclusión de los generos Primnoisis y del nuevo género 

(pertenecientes a Mopseinae) dentro de sus clados. También fue evidente que los géneros 

de Keratoisidinae (Keratoisis, Acanella e Isidella) también son polifiléticos. Las 

estructuras secundarias de 16S mtDNA fueron conservadas entre los especímenes 

estudiados, pero la hélice G13 fue la región más variable determinando las relaciones 

filogenéticas en el grupo a pesar de obtener bajo soporte en los nodos. Con la evidencia 

actual, no existe concordancia entre la clasificación taxonómica según la morfología y las 

hipótesis filogenéticas moleculares. No obstante, los resultados filogenéticos entre los 

corales bambú sugieren el nuevo interrogante de si los principales caracteres 

morfológicos han sido extremadamente inestables y lábiles durante la cladogénesis del 

grupo. Por esta razón, es necesario reevaluar la clasificación taxonómica actual de todos 

los isididos y se hace urgente la búsqueda de análisis complementarios con otros genes 

mitocondriales y nucleares.  
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MOLECULAR SYSTEMATICS OF THE BAMBOO DEEP-SEA CORALS 

(OCTOCORALLIA: KERATOISIDINAE) FROM NEW ZEALAND WITH 

DESCRIPTIONS OF NEW TAXA.*  

 

ABSTRACT  

Extensive collections of bamboo corals made in the last three decades around 

New Zealand and the Ross sea (Antarctica) provide one of the most complete sampling of 

deep-sea isidids. This study made a first approach towards the phylogenetic systematics 

of these corals in New Zealand. Sixty-eight sequences from lsu-rRNA (16S) region, 

corresponding to 28 haplotypes, were obtained from different specimens of bamboo 

corals (subfamilies Keratoisidinae and Mopseinae). RNA secondary structures were 

reconstructed using minimum free-energy predictions and structural constraints from 

known 16S structures. Phylogenetic analyses were made upon an alignment corrected 

with secondary structure and based on a combination of Maximum Parsimony, Maximum 

likelihood and Bayesian Inference for three sets of data: (1) primary sequence 16S 

mtDNA, (2) secondary structure morphometrical information, and (3) a combined matrix. 

Scanning Electron Microscopy was used to describe one new genus from the Mopseinae 

subfamily, and three new species belonging to Keratoisis and Acanella. Additional 

phylogenies for morphological character were obtained for Mopseinae and Keratoisidinae 

genera. The topologies showed that the subfamily Keratoisidinae is paraphyletic due to 

                                                
* L.F. Dueñas & J.A. Sánchez. (to be submitted) Molecular Systematics of the bamboo 
deep-sea corals (Octocorallia: Keratoisidinae) from New Zealand with descriptions of 
new taxa. (Zoological Journal of the Linnean Society) 
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the inclusion of Primnoisis that belongs to the Mopseinae subfamily. It was also evident 

that the Keratoisidinae genera (Keratoisis, Acanella and Isidella) were also polyphyletic 

groups. With the current evidence, there is no concordance between the taxonomic 

morphological classification and the phylogenetic molecular hypotheses. Nonetheless, 

our findings suggest an extreme lability of bamboo corals morphological characters. 

Therefore, it is necessary to re-evaluate the current taxonomic classification not only of 

the Keratoisidinae subfamily but also the Isididae family, and the search for 

complementary nuclear DNA analyses of bamboo corals is urgently needed. 

 

KEY WORDS: Isididae, Bamboo coral, octocoral, RNA secondary structure, 16S mtDNA, 

molecular morphometrics, Keratoisis, Acanella. 

 

INTRODUCTION 

Bamboo corals are deep-sea gorgonians that have an arborescent or whip-like 

growth pattern and are organisms that can live for many centuries (Allard et al. 2005). 

These octocorals are conspicuous, and are characterized by their white calcareous 

internodes and dark proteinaceous nodes (Grant 1976). They are widely distributed in 

seamounts (Mills and Mullineaux 2005) and very abundant from 200 m to 1500 m of 

depth (Etnoyer et al. 2006). Keratoisidinae (Isididae: Calcaxonia: Octocorallia: Cnidaria) 

are among the largest deep-water octocorals and their study has grown in the past few 

years because they create refuges for a wide variety of commercial organisms and its 

skeletal structure not only allow inferring the coral’s age and past climate events proxies 

(Sánchez et al. 2004; Tracey et al. 2007), but also is being used for bone implants in 
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orthopedical surgery (Ehrlich et al. 2006). Mopseinae bamboo corals, comprising small 

forms, are one the most dense and abundant suspension-feeders at seamounts and other 

benthic habitats in the southern Pacific and Antarctica (e.g., Alderslade 1998; Sánchez 

and Rowden 2006). Although bamboo corals are common deep-sea inhabitants, little is 

known about their phylogenetic systematics.  

Bamboo corals are a taxonomic diverse group, but a phylogenetic unknown 

group. Even though the latest bamboo coral taxonomic review (Alderslade 1998) lists 

four subfamilies within the Isididae family (ISIDINAE Kölliker; KERATOISIDINAE 

Gray; MOPSEINAE Gray; CIRCINISIDINAE Grant), we emphasized this study mostly  

on the Keratoisidinae and some few species from the Mopseinae subfamily. The 

Keratoisidinae comprises five genera according to Bayer (1990): Isidella Gray, 1857; 

Keratoisis Wright, 1869; Acanella Gray, 1870; Lepidisis Verrill, 1883; and Orstomisis 

Bayer, 1990, and there are at least 54 species described within this subfamily. On the 

other hand, the subfamily Mopseinae comprises 18 genera and approximately 56 species 

according to Alderslade (1998). Despite the great taxonomic diversity in the 

Keratoisidinae and Mopseinae subfamilies, as well as the wide ecological services and 

medical applications it can offer, there are no studies that illustrate the systematic 

phylogeny of both this subfamilies and the Isididae family. The only study that provided 

genetic information to build a phylogeny with bamboo corals is France (2007), where he 

uses msh1 sequences from 32 isidids to demonstrate that the distinction between two 

genera (Keratoisis and Lepidisis) should not be established on the basis of branching 

patterns of the colonies. Other studies, such as Smith et al. (2004), and Brugler and 
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France (2008), have generated important bamboo genetic information but none have used 

their findings in a phylogenetic matter.  

In this study we used a fraction of the LSU-16S mtDNA and its RNA predicted 

secondary structures to reconstruct a phylogenetic hypothesis of bamboo corals 

(Keratoisidinae subfamily) and some other Isidid octocorals (Mopseinae). Secondary 

structures from RNA molecules are particularly useful in systematics because they 

include structural informative characters not found in the primary sequence alignment 

(e.g., molecular morphometrics: Caetano-Anollés 2002; Billoud et al. 2000). Moreover, 

secondary structures are helpful since they are relatively well conserved structures in the 

evolutionary phylogeny among eukaryotes (Hunter et al. 2007), regardless of showing 

substantial variability at its primary sequence (Kraus et al. 1992). Particular goals 

included, (1) to obtain LSU-rRNA (16S mtDNA) sequences for 68 studied specimens, (2) 

to generate new predicted RNA secondary structures from those sequences, and (3) 

reconstruct the first phylogenetic hypothesis of some isidids (subfamilies Keratoisidinae 

and Mopseinae). In addition to the phylogenetic hypothesis based on RNA predicted 

secondary structures, our second main objective was to attempted a second taxonomical 

approach towards the identification and revision of the bamboo coral from New Zealand. 

Particular goals included, (1) to identify macro- and microstructural morphological 

characters from the colonies, and (2) to describe three new species belonging to the 

genera Keratoisis and Acanella (subfamily Keratoisidinae), and a new genus belonging 

Mopseinae subfamily. 
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MATERIALS AND METHODS 

SAMPLE COLLECTION 

Dry and 96% ethanol preserved coral tissues were available from the National 

Institute of Water and Atmospheric Research Ltd. (NIWA) Invertebrate Collection at 

Wellington, New Zealand, and from the National Museum of Natural History (USNM) 

Smithsonian Institution. Samples from NIWA (50 samples) were collected in a series of 

expeditions around New Zealand and the Antartic region, and samples from USNM (4 

samples) were collected in the U.S. in the North Pacific and Atlantic Oceans.  

DNA EXTRACTION, AMPLIFICATION AND SEQUENCING 

DNA was extracted from both dry samples and 96% ethanol preserved tissue 

following a CTAB protocol (Coffroth et al. 1992). Extracted DNA was suspended in TE 

buffer (30 mL), and then diluted (1:50 and 1:20) for PCR use. To amplify a fraction of 

the large sub-unit rRNA (16S mtDNA gene), the primer pair Octo1-L-UA (5’- AGA 

CCC TAT CGA GCT TTA CTG G- 3’) and Octo2-H-UA (5’- CGA TAA GAA CTC 

TCC GAC ATT A -3’) was used (France et al. 1996). These primers amplify a region of 

approximately 300 base pairs (bp). The PCR profile used was: 0.5 units of Taq 

polymerase (Go Taq Pomega), 3.0 mM MgCl2, 10 µM primer (forward and reverse), 10 

mM dNTPs y 2 µL of the dilution 1/50 or 1/20. The PCR conditions were: 2 min at 94ºC, 

1 min at 94ºC, 1 min at 55ºC and 1:30 min at 72º C during 35 cycles.  

PCR product and pre-sequencing purification was made using Exosap kit 

(Fermentas) and sequencing using BigDye TM Terminator v3.1 (Applied Biosystems). 

The samples were sequenced in a capillary electrophoresis automated sequencer (ABI 
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310, Applied Biosystems). Consensus sequences (sequencing from both directions) were 

obtained automatically by assembling the two complementary DNA chromatograms 

using Geneious software (Biomatters). 

Other five sequences were downloaded from GenBank (Table 1), and additional 

nine were provided by the courtesy of Catherine McFadden (Harvey Mudd College) and 

CnidToL project.  

 

Table 1. Specimen information for the octocoral specimens analyzed including members from 

Isididae (Keratoisidinae and Mopseinae), Primnoidae, and Chrysogorgiidae.  NIWA (National 

Institute of Water and Atmospheric Research, Wellington, New Zealand); USNM (National Museum of 

Natural History Smithsonian Institution, Washington, D.C.) 

Specimen No. Species GenBank acc No. 16S Haplotype No. 
NIWA11304 Keratoisis n.sp. 1  3 
NIWA14350 Lepidisis solitaria   2 
NIWA14351 Isidella sp. 1  2 
NIWA14357 Keratoisis sp. 9  2 
NIWA14359 Keratoisis sp. 14  2 
NIWA14373 Acanella sp. 2  1 
NIWA14375 Keratoisis n.sp. 1  3 
NIWA14385 Keratoisis sp. 5  3 
NIWA14386 Keratoisis sp. 15  1 
NIWA14404 Acanella dispar  6 
NIWA15526 Keratoisis sp. 13   1 
NIWA15630 New Genus, n.sp. (Mopseinae)  7 
NIWA15645 Acanella sp. 5  20 
NIWA15647 Keratoisis sp. 6  3 
NIWA15649 Keratoisis sp. 17  11 
NIWA16393 Keratoisis sp. 3  3 
NIWA16395 Acanella n.sp. 1  10 
NIWA25357 Keratoisis sp. 4  3 
NIWA25360 Mopsenid sp. 1  15 
NIWA25363 Minuisis sp. 1  14 
NIWA26580 Keratoisis sp. 16  4 
NIWA26586 Keratoisis sp. 10  23 
NIWA26588 Keratoisis sp. 9  3 
NIWA26589 Acanella sp. 3  19 
NIWA26590 Acanella sp. 2  21 
NIWA26591 Keratoisis sp. 16  1 
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NIWA26593 Keratoisis sp. 16   4 
NIWA26594 Keratoisis n.sp. 1   3 
NIWA26596 Keratoisis sp. 8  2 
NIWA26597 Keratoisis sp. 9  4 
NIWA26599 Keratoisis sp. 9  3 
NIWA26600 Keratoisis sp. 15  1 
NIWA26602 Keratoisis zelandica   2 
NIWA28048 Keratoisis sp. 7  9 
NIWA28277 Keratoisis n.sp. 2  25 
NIWA28299 Echinisis spicata  12 
NIWA28301 Primnoisis formosa  24 
NIWA28311 Sclerisis sp. 1  13 
NIWA28314 Primnoisis sp. 1  4 
NIWA39162 Acanella sp. 4  1 
NIWA41838 Keratoisis sp. 12  7 
NIWA41848 Keratoisis sp. 11   1 
H122-NIWA211 Keratoisis tangentis  1 
H123-NIWA209 Keratoisis glaesa  1 
H124-NIWA1759 Keratoisis hikurangiensis  1 
H125-NIWA1814 Keratoisis projecta  22 
H126-NIWA1766 Keratoisis zelandica  2 
H127-NIWA234 Lepidisis solitaria  2 
USNM57413 Keratoisis grayi  3 
USNM1072291 Acanella weberi   28 
USNM1076658 Isidella tentaculum   5 
USNM1082175 Isidella tentaculum   5 
 Acanella arbuscula U40312 18 
 Chrysogorgia chyseis U40306 16 
 Isidella sp. U40308 8 
 Lepidisis olapa U40311 3 
 Narella nuttingi U20307 17 
 Keratoisis sp. AY351666 2 
 Lepidisis sp. AY351665 3 
 IsidAsp1McFadden  2 
 IsidAsp3McFadden  1 
 IsidBsp4McFadden  2 
 Isidesp1McFadden  8 
 Isidesp2McFadden  27 
 Lepidisis olapa A   4 
 Lepiola1McFadden  4 
 Lepiola2McFadden  26 
  Orstomisis crosnieri   6 
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RECONSTRUCTING RNA SECONDARY STRUCTURES 

RNA secondary structures were reconstructed for 66 bamboo coral sequences, 

together with a Primnoid (Narella nuttingi) and a Chrysogorgiid (Chrysogorgia chryseis) 

as outgroups. The first step was to align the primary sequences (Muscle: Edgar 2004) 

with homologous structures already published (e.g.,16S mtDNA: Sánchez et al. 2003) in 

order to spot conserved sequence fragments comprising important stem and loop 

structures. Second, the problem sequences, along with the restrictions and constraints 

depicted from the alignment, were submitted in MFOLD (Zuker 2003) with default 

parameters. From the output files, the skeleton that had the highest negative free energy 

value and that presented essentially the same arrangement as the published structures was 

chosen. The new structures were saved in both ct and Vienna format files for further 

analysis. Final visualization and edition of RNA skeletons was done with the ct files 

using the program RNAviz (De Rijk and De Wachter 1997).  

With the bamboo RNA skeletons a molecular morphometric matrix was made for 

further phylogenetic analyses (Billoud et al. 2000). Each hallmark in the RNA structure 

(e.g., helix, internal and terminal loop, bulge) was given a code and treated like characters 

that vary depending on the number of single (for loops and bulges) or paired bases (for 

helixes) (Figure 1). The nucleotides for each character were counted and the number 

scaled as discrete character states ranging from 0 to 9. For the characters that exceeded 

the 10 (0-9) character states, a step matrix was made (e.g, Aguilar and Sánchez 2007; 

Grajales et al. 2007). 
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Figure 1. Methodology used to accomplish the molecular morphometric matrix. Left, general 16S 

mtDNA secondary structure diagram showing the nomenclature for each helix. In red are the 

characters coded for the secondary structures. Roman numbers represent helixes and small letters 

represent bulges, internal and terminal loops. Upper right, example of variability of helix G13 for 

two Mopsenids showing the characters coded for the morphometric matrix. Lower right, 

molecular morphometric matrix for helix G13 for the two upper mopsenids. 

 PHYLOGENETIC ANALYSES  

As mentioned above, primary sequences from 16S mtDNA were first aligned 

using Muscle (Edgar 2004). After obtaining the secondary structures, a new alignment 

was made with the aid of 4SALE (Seibel et al. 2006) using the Vienna format files. This 

new alignment took in account not only the primary sequence but also used the secondary 

structure information to make an improved alignment, where homology between 

sequences is corrected by RNA secondary structures. The new alignment of the primary 
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sequence (16S mtDNA) along with the secondary structure molecular morphometric 

matrix (16S-SS) were concatenated to assemble a combined dataset (16S combined).   

Optimal topologies were initially obtained with the maximum parsimony (MP) 

criterion searched separately using PAUP* (Swofford et al. 1996) for the primary 

sequence matrix (16S mtDNA), and for the morphometrical secondary structure matrix 

(16S-SS). The heuristic algorithm, with a maxtrees limit of 10000, was used to perform 

the searches (10000 replicates added randomly). One thousand replicate bootstrap 

analyses under this same criterion were carried out for each matrix. For maximum 

likelihood (ML) of the primary sequence matrix (16S mtDNA), the dataset was uploaded 

in the CIPRES Portal V 1.13 (www.phylo.org), and the analysis with 1000 bootstrap 

replicates were made using RAxML-VI-HPC v.2.2.1 (Stamatakis et al. 2008). The 

analysis was carried out under the GTR+! substitution model. 

Finally, Bayesian analyses were made for the primary sequence matrix (16S 

mtDNA), for the morphometrical secondary structure matrix (16S-SS), and for the 

combined matrix in MrBayes v.3.1.2 (Huelsenbeck and Ronquist 2001). For 16S mtDNA 

matrix, Bayesian inference was done with Bayesian-estimated likelihood (settings 

according to MrModeltest, under HKY+I+! substitution model), and one million Monte 

Carlo Markov chain generations. For 16S-SS, Bayesian inference was done using the Mk 

model for discrete morphological data proposed by Lewis (2001). One million Monte 

Carlo Markov chain generations were used. At last, for the combined dataset, five 

partitions were made, each data partition was allowed to have a different evolution rate, 

and one million Monte Carlo Markov chain generations were also ran.  
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TAXONOMY 

After the contribution by Grant (1976) this study attempted a second taxonomical 

approach towards the identification and revision of the bamboo coral from New Zealand. 

First, all specimens were analyzed for external characters and Scanning Electron 

Microscopy (SEM) for defining morphospecies, which were then included in the 

molecular phylogenetic analysis. A great effort was made to identify all the species to the 

lowest level possible but most specimens, because of the low quality of the material, 

could not be identified. In addition, during the course of this study we ran into four 

species that clearly had not been described according to the available literature and 

comparisons against the holotypes from the New Zealand area (Grant 1976). The 

descriptions were based on macroscopic and microscopic features. Macroscopic features 

are those describing the overall structure of the colonies such as axial skeleton branching, 

axial skeleton color or pattern (if any), polyp arrangement, etc. On the other hand, the 

microscopic features comprise sclerite morphology using SEM and arrangement in the 

polyps. For the new species descriptions, the colonies were studied and photographed 

with a scale bar using a digital camera. Then, a small piece of tissue was digested in 

sodium hypochlorite to remove all the organic material from the sclerites. The sclerites 

were washed out in distilled water and 70% ethanol, following air-dried to mount in SEM 

stubs. Scanning Electron Microscopy (SEM) images were obtained at Gracefield, 

Industrial Research Ltd. (Lower Hutt, New Zealand) in a Cambridge Instruments-Leo 

440 microscope, and at the SEM Lab at the Smithsonian National Museum of Natural 

History (Washington, D.C.) in an Amray 1810 LaB6 microscope.   

Morphological characters of Keratoisidids and Mopsenids were recognized based 
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on bibliographic and visual identification. A Maximum Parsimony phylogenetic analysis 

(heuristic search) was made for each of the two data sets. Morphological characters for 

some known species of Keratoisidids with three newly described species are summarized 

in Table 2a, and morphological characters for known genera of Mopseinae with one 

newly described genus are summarized in Table 2b.  

 

Table 2a.  Morphological characters and states for some world species of Keratoisidids with three newly 

described species. 
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Table 2b.  Morphological characters and states for Mopseinae genera with one newly described genus. 

 

 

RESULTS  

BAMBOO CORAL MOLECULAR PHYLOGENETICS 

A total of 66 Isidid (7 Mopseinae, 59 Keratoisidinae), one Primnoid (Narella 

nuttingi), and one Chrysogorgiid (Chrysogorgia chryseis) sequences were obtained for 

the LSU-16S mtDNA. The last two were used as outgroups. From the 68 sequences used 

in this study we identified 28 haplotypes (Table 1). The LSU-16S mtDNA sequences had 

a variable length ranging from 273bp (Acanella weberi) to 328bp (Chrysogorgia 

chryseis). Most part of the sequences were nearly invariant except for an INDEL region 
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that extended for 70bp located from the nucleotide 204 to nucleotide 274 in the alignment 

(total nucleotides for the alignment = 344bp). 

For the primary sequence analysis (16S mtDNA), Maximum Parsimony, 

Maximum Likelihood and Bayesian inference recovered almost the same clades. 

However, the relationships of the clades within the topologies were variable.  The 

topologies showed the Isididae family as monophyletic with respect to Chrysogorgia 

chryseis and Narella nuttingi. On the contrary, subfamily Keratoisidinae and Mopseinae 

were not monophyletic groups. The genus Primnoisis (P. formosa and Primnoisis sp. 1) 

and Karakaisis new genus, both belonging to the Mopseinae subfamily, fell within the 

major Keratoisidinae clades. It was also evident that none of the Keratoisidinae genera 

(Keratoisis, Acanella and Isidella) were monophiletic groups (Figure 2). 
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Figure 2. Phylogenetic hypothesis of the relationships among species of bamboo corals based on 

partial 16S sequences (lsu-mtDNA), under the Maximum Parsimony criterion. Bootstrap values 

are shown, MP/ML/BI. Tree length=189, CI=0.772, RI=0.952, HI=0.228. 
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The predicted secondary structures were conserved among the studied specimens. 

However, the helix G13 was the most variable region (Figure 3). This helix determined 

the phylogenetic relationships found among bamboo corals within the subfamily 

Keratoisidinae and other isidids. The molecular morphometric analysis (16S-SS) 

supported the results obtained from the primary sequences analysis (Figure 4). The 

Isididae family is monophyletic, the Keratoisidinae and Mopseinae subfamilies are not a 

monophilectic groups, and the four bamboo coral genera are paraphyletic. Some nodes 

presented high bootstrap and posterior probability (PP) values, but most of the deep 

nodes didn’t have enough resolution and were viewed as polytomies.  

Finally, the Bayesian Inference analysis for the combined dataset corroborated the 

above results (Figure 5). The obtained topology illustrated monophyly for Isididae and 

polyphyly for Keratoisidinae and Mopseinae. Branch support (PP values) showed the 

same tendency with high values for external nodes and polytomies for deeper nodes. 
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Figure 3. Example of 16S mtDNA secondary structures for 16 of the 28 haplotypes. Variability 

of the helix G13 is highlighted. 
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Figure 4. Phylogenetic hypothesis among species of bamboo corals based on partial 16S 

secondary structure data (16S-SS), under Maximum Parsimony criterion. Sketches of predicted 

secondary structures from the variable helix G13 of each clade, and bootstrap values (MP/BI) are 

shown. Tree length=134, CI=0.672, RI=0.925, HI=0.328. 
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Figure 5. Phylogenetic hypothesis among species of bamboo corals based on partial 16S 

molecular data and secondary structure morphometric data (16S combined) under Bayesian 

Inference criterion. Posterior probabilities values are shown. The scale bar indicates 0.2 

substitutions per site. 
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BAMBOO CORAL MORPHOLOGICAL PHYLOGENETICS 

  The heuristic search made to the keratoisidid morphological matrix produced one 

highly homoplasic tree with good topology resolution (Figure 6). As well as the 

molecular topologies, Keratoisis, Acanella and Isidella were no monophyletic groups. 

Most of the characters showed high homoplasy, therefore all terminal branches had one 

or no autopomorphies with the exception of K. hikurangiensis that presented three 

autopomorphies and Keratoisis n.sp 2 that presented five. 

 

Figure 6. Morphological tree for some Keratoisidinae genera based on Maximum Parsimony 

criterion. Hash marks are mapped characteres from Table 2a and discontinuous states only (open 

bars) correspond to homoplasy. Tree Length= 86, CI=0.581, RI=0.544, HI=0.419. 
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 On the other hand, the heuristic search made to the mopsenid morphological 

matrix produced 492 trees that, as well as the keratoisinid tree, were highly homoplasic 

(Figure 6). Tethrisis showed the highest number (three) of autopomorphies in the 

topology, less than the Keratoisinid topology. In addition, Mopseinae morphological tree 

showed less resolution than Keratoisinid morphological tree, but had high support for 

terminal nodes. 

 

Figure 7. Morphologic majority rule consensus tree for Mopseinae genera based on Maximum 

Parsimony criterion. Hash marks are mapped characters from Table 2a and discontinuous states 

only (open bars) correspond to homoplasy. Tree Length= 72, CI=0.611, RI=0.636, HI=0.389. 
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SYSTEMATIC ACCOUNT AND SPECIES DESCRIPTIONS 

Family Isididae 

Diagnostic characters- Octocorals with an axial skeleton composed by gorgonin nodes 

and longer calcite internodes.  

 

Subfamily Keratoisidinae 

Diagnostic characters- Isidids with smooth to slightly grooved nodes and internodes. 

Sclerites as spindles, needles and flat rods with little or no ornamentation.  

 

Genus Keratoisis Wright, 1869  

Diagnostic characters- Keratoisinidae isidids branching from the internodes. Oral end of 

polyps with eight strong spindles or needles (Bayer and Stefani 1987). White smooth to 

regularly grooved internodes.  

 

Keratoisis hikurangiensis Grant, 1976 

Figure 8a, 8b 

Material- Holotype: NIWA1759-H124, station E0707, Latitude -40.1717º, Longitude 

177.3050º, depth 951, collected 21 March 1967 (col. unknown)   

Diagnostic characters- Unbranched Keratoisis. Basal root system with three or four 

rays, and longitudinally grooved internodes. Cylindrical polyps with a crown of long 

projecting spindles. Thin coenenchyme with irregularly placed rods.  

Description- See Grant (1976), pg. 19-21, figs. 11-12. 
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Keratoisis projecta Grant, 1976 

Figure 9a, 9b 

Material- Holotype:  NIWA1814-H125, station F0913, Latitude -34.7250º, Longitude 

174.5250º, depth 743m, collected 11 October 1968 (col. unknown).   

Diagnostic characters- Unbranched Keratoisis with basal root system and internode 

grooving. Trumpet-like polyps with projecting needles and crowded with flat scales. Thin 

coenenchyme with small rods. 

Description- See Grant (1976), pg. 21-22, figs. 13-14. 

 

Keratoisis tangentis Grant, 1976 

Figure 10a, 10b 

Material- Holotype: NIWA211-H122, station C0632, Latitude -39.2333º, Longitude 

172.0167º, depth 406m, collected 27 May 1961 (col. unknown). 

Diagnostic characters-  Keratoisis branching primary in one plane (right angles) at the 

internodes. Long internodes with longitudinal grooving. Polyps irregularly placed in the 

colony bearing spinous needles and few small rods. Thin, non-spicular coenenchyme. 

Description- See Grant (1976), pg. 16-18, figs. 6-8. 

 

Keratoisis glaesa Grant, 1976 

Figure 11a, 11b 

Material- Holotype: NIWA209-H123, station C0632, Latitude -39.2333º, Longitude 

172.0167º, depth 406m, collected 27 May 1961 (col. unknown).  
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Diagnostic characters- Unbranched Keratoisis with grooved hollow internodes. 

Trumpet-like polyps with variable spiculation. Thin coenenchyme with scattered 

spindles. 

Description- See Grant (1976), pg. 19, figs. 9-10. 

 

Keratoisis zelandica Grant, 1976  

Figure 12a, 12b 

Material- Holotype: NIWA1766-H126, station E0800, Latitude -45.3417º, Longitude 

166.6917º, depth 1003m, collected 20 October 1967 (col. unknown).  

 Other: NIWA26602, station X0434, Latitude -36.4159º, Longitude 177.8476º, 

depth 2040m, collected 18 February 1992 (col. unknown). 

Diagnostic characters- Unbranched Keratoisis with grooved hollow internodes. Variable 

orientation of the trumpet-like polyps. Thin coenenchyme with oval scales. 

Description- See Grant (1976), pg. 22, figs. 15-16. 

 

Keratoisis new species 1 

Figure 13a, 13b 

Material examined- Holotype: NIWA11304, station Z9589, Latitude -50.0503º, 

Longitude 165.9843º, depth 980m, collected 5 December 1998 (col. unknown). 

Paratype: NIWA26594, station Z9583, Latitude -48.0335º, Longitude 166.1002º, 

depth 935m, collected 25 November 1998 (col. J. Wills; NIWA). NIWA14375, station 

Z10938, Latitude -44.2728º, Longitude 178.9005º, depth 1063m, collected 8 November 

2001 (col. unknown). 



 28 

Diagnostic characters- Short, alternate and bent side branches at internodes.  

Description- Large, robust, and profusely branched Keratoisis colonies (1 m or taller).  

Short internodes (16 mm in average) about 5 times the length of the node. Distinguishing 

short, curved and alternate side branches at internodes (Figure 13a-D). Terminal branches 

with crystalline gorgonian nodes. Quitinous and thick pink (frozen material) to beige 

(alcohol material) coenenchyme. Large projecting (cylindrical to conical) polyps (up to 4 

mm) irregularly but densely distributed all over the branches (Figure 13a-E). Clavate 

branching tips with multiple polyps. Polyps with projecting needles up to 0.2 mm in 

length (0.01 mm width). Needles slightly bent with smooth surfaces and either blunt to 

acute ends (Figure 13b-C, D). Coenemchyme with smaller needles and short rods with 

grooved ends (Figure 13b-E).  

Remarks- There are two main characteristics that differentiate this new species with 

previously described Keratoisis. First, the rather short and curved side branches, giving 

the profusely branched appearance to the colony, is a unique and unusual feature within 

the genus. Second, the density and robustness of the polyps, together with the thick 

quitinous coenenchyme, give this species a unique appearance, which contrast with the 

usually interspersed and thin polyps from most Keratoisis. However, it is important to 

mention that a minority of the examined specimens, probably a different species 

morphotype, exhibited less polyps and thinner conemchyme. Looking at the 

morphological topology for Keratoisidinae, Keratoisis n.sp.1 is closely related to 

Acanella n.sp.1, but they are conspicuously different. As stated earlier Keratoisis n.sp.1 

branches from the internodes and has robust polyps distributed densely along the axis, 
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while Acanella n.sp.1 branches from the nodes and has smaller polyps not densely 

distributed.  

 

Keratoisis new species 2,  

Figure 14a, 14b 

Material- Holotype: NIWA28277, station SO135/36, Latitude -30,330337, Longitude 

-179,4601593, depth 2275m, collected 24 September 1998 (col. unknown). 

Diagnostic characters- Long internodes with nacreous lustre. Polyps towards one side of 

the branches.  

Description- Likely unbranched Keratoisis (the holotype and unique specimen is a 

branch fragment). Long internodes up to 53 mm and nearly 20 times longer than nodes. 

Nodes slightly thicker than internodes with a nee-like appearance. Large cylindrical 

polyps on two, nearly alternating, rows along one side of the branch only (Figure 14a-A, 

C). Polyps with a few longitudinal needles up to 0.3 mm in length. Needles with either 

blunt or acute tips (Figure 14b-C). Pale beige elastic coenenchyme with various sizes of 

blunt flat rods (Figure 14b-E).   

Remarks- A coral with a nacreous lustre cannot pass unseen by a taxonomist, which is a 

trait never mentioned before in the Isidid literature. In addition, the unusual polyp 

distribution towards one side of the branch provides an additional feature to differentiate 

this species to any other described species, especially to its morphological closest species, 

K. hikurangiensis. 
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Keratoisis spp. 

Diagnostic characters- Different undetermined samples belonging to the genus 

Keratoisis with branched and unbranched ramification patterns.  

Remarks- Although the characters that each colony showed were not recognized during 

the taxonomic revision of the group, it is not possible to ensure that we are dealing with 

new species for science. Further analysis of these morphospecies is required. 

 

Keratoisis sp. 3  

Figure 15a, 15b 

Material- NIWA 16393, station Z9817, Latitude -34.8048º, Longitude 171.6695º, depth 

934m, collected 19 June 1999 (col. unknown).  

 

Keratoisis sp. 4 

Figure 16a, 16b 

Material- NIWA25357, station TAN0604/102, Latitude -42.7177º, Longitude 180.0952º, 

depth 1025m, collected 4 June 2006 (col. Ministry of Fisheries; Seamount).  

 

Keratoisis sp. 5 

Figure 17a, 17b 

Material- NIWA14385, station P0946, Latitude -25.9850º, Longitude -179.3017º, depth 

660m, collected 1 June 1980 (col. unknown). 
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Keratoisis sp. 6 

Figure 18a, 18b 

Material- NIWA15647, station TAN0413/39, Latitude -36.9565º, Longitude 177.3430º, 

depth 1099m, collected 9 November 2004 (col. Ministry of Fisheries; NIWA).  

 

Keratoisis sp. 7 

Figure 19a, 19b 

Keratoisis flexibilis: Grant, 1976  

Material- NIWA28048, station E0736, Latitude -37.1366997º, Longitude 176.8000031º, 

depth 1033m, collected 26 March 1967 (col. unknown). 

 

Keratoisis sp. 8 

Figure 20a 

Material- NIWA26596, station Z9268, Latitude -35.9170º, Longitude 165.6002º, depth 

1118m, collected 13 September 1998 (col. unknown). 

 

Keratoisis sp. 9 

Figure 21a, 21b 

Material- NIWA14357, station Z11059, Latitude -34.1620º, Longitude 173.9618º, depth 

810m, collected 17 April 2002 (col. Ministry of Fisheries; unknown). NIWA26588, 

station U0576, Latitude -32.2417º, Longitude 170.2367º, depth 2340m, collected 4 

February 1988 (col. unknown). NIWA26597, station Z9905, Latitude -37.3133º, 

Longitude 167.3400º, depth 839m, collected 8 June 1999 (col. SOP). NIWA26599, 
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station TAN0205/47, Latitude -31.1366º, Longitude 180.9877º, depth 841m, collected 19 

April 2002 (col. Ministry of Fisheries; NIWA). 

 

Keratoisis sp. 10 

Figure 22 

Material- NIWA26586, station X0509, Latitude -42.8952º, Longitude -174.5820º, depth 

1160m, collected 9 July 1994 (col. unknown). 

 

Keratoisis sp. 11 

Figure 23 

Material- NIWA41848, station TRIP2631/29, Latitude -43.383333º, Longitude -

176.2800000º, unknown depth, collected 27 May 2008 (col. SOP). 

 

Keratoisis sp. 12 

Figure 24 

Material- NIWA41838, station TRIP0501/2, Latitude unknown, Longitude unknown, 

unknown depth, unknown collection date (col. SOP).  

 

Keratoisis sp. 13 

Figure 25a, 25b 

Material- NIWA15526, station TAN0413/59, Latitude -37.2092º, Longitude 177.2377º, 

depth 910m, collected 11 November 2004 (col. Ministry of Fisheries; NIWA). 
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Keratoisis sp. 14 

Figure 26a, 26b 

Material- NIWA14359, station X0690, Latitude -35.9602º, Longitude 177.9416º, depth 

1805m, collected 14 February 1996 (col. unknown).  

 

Keratoisis sp. 15 

Figure 27 

Material- NIWA14386, station I0366, Latitude -34.7050º, Longitude 174.2933º, depth 

705m, collected 20 November 1977 (col. unknown). NIWA26600, station TAN0205/48, 

Latitude -31.0876º, Longitude 180.9099º, depth 1129m, collected 19 April 2002 (col. 

Ministry of Fisheries; NIWA). 

 

Keratoisis sp. 16 

Figure 28 

Material- NIWA26580, station KAH0204/50, Latitude -34.0497º, Longitude 174.8077º, 

depth 800m, collected 19 April 2002 (col. Ministry of Fisheries; Seamount). 

NIWA26591, station KAH0204/40, Latitude -34.1642º, Longitude 173.9640º, depth 

820m, collected 18 April 2002 (col. Ministry of Fisheries; Seamount). NIWA26593, 

station KAH0204/30, Latitude -34.1465º, Longitude 173.9632º, depth 825m, collected 17 

April 2002 (col. Ministry of Fisheries; Seamount). 
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Keratoisis sp. 17 

Figure 29  

Material- NIWA15649, station TAN0413/177, Latitude -37.3120º, Longitude 177.0657º, 

depth 725m, collected 16 November 2004 (col. Ministry of Fisheries; NIWA).  

 

Genus Lepidisis Verrill, 1883  

Diagnostic characters- Keratoisidinae isidids with polyps and coenechyme with an 

external layer of small and oblong scale-like sclerites.  

 

Lepidisis solitaria Grant, 1976 

Figure 30a, 30b 

Material- Holotype: NIWA234-H127, station E0856, Latitude -32.1833º, Longitude 

168.3000º, depth 1169m, collected 18 March 1968 (col. unknown).  

 Other: NIWA14350, station Z11063, Latitude -34,1642, Longitude 173,964, 

depth 820m, collected 18 April 2002 (col. Ministry of Fisheries; NIWA). 

Diagnostic characters- Colony irregularly branched in one plane, with smooth 

internodes. Armed trumpet-like polyps rest perpendicular to the axis. Tightly packed 

scales cover polyps and coenenchyme. 

Description- See Grant (1976), pg. 31-32, figs. 27-28. 

Remarks- A recently collected specimen, NIWA 14350, had the same mtDNA haplotype 

as the type specimen, which was a good sign on the identification of this first record for 

the species afters its description.  
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Genus Isidella Wright, 1869  

Diagnostic characters- Candelabrum-like Keratoisidinae isidids branching from the 

nodes.  

 

Isidella sp. 1 

Figure 31a, 31b 

Material- NIWA14351, station Z11063, Latitude -34.1642º, Longitude 173.9640º, depth 

820m, collected 18 April 2002 (col. Ministry of Fisheries; NIWA).  

Diagnostic characters- Irregular branching colony. Branches arise from the non-straight 

smooth internodes. Cylindrical polyps. 

Remarks- Although the characters that this colony shows were not recognized during the 

taxonomic revision of the group, it is not possible to ensure that it is a new species. 

Further analysis of this morphospecies is required. 

 

Genus Acanella Gray, 1870 

Diagnostic characters- Bush-like Keratoisidinae isidids with verticillated branching 

from the nodes.  

 

Acanella japonica Kükenthal, 1915 

Diagnostic characters- Bush-like, verticillated colony. Branches arise in whorls at an 

angle of 45º. Internodes longitudinally grooved. Roller-like polyps thickly armoured with 

spindles. 

Description- See Kükenthal (1915), pg. 120. 
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Acanella sibogae Nutting, 1910 

Diagnostic characters- Colony that branches from the nodes. Presents a four process 

foot system. Principal branches bent with longitudinal grooves.  

Description- See Nutting (1910), pg. 14, plate III fig. 2-2a, plate V fig. 4. 

 

Acanella dispar Bayer, 1990 

Figure 32a, 32b 

Material- NIWA14404, station Z9817, Latitude -34.8048º, Longitude 171.6695º, depth 

934m, collected 16 June 1999 (col. unknown). 

Diagnostic characters- Colony branching from the nodes in whores of 2 in one plane. 

Secondary ramification in more than one plane. Polyps armed with longitudinal needles. 

Description- See Bayer (1990), pg. 215, figs. 1c, d 6-8. 

 

Acanella new species 1 

Figure 33a, 33b 

Keratoisis sp.: Tracey et al. 2007. 

Material- NIWA16395, station Z9844, Latitude -35.9950º, Longitude 166.0117º, depth 

932m, collected 18 June 1999 (col. unknown).  

Diagnostic characters- Large colonies with single side branching.  

Description- Unusual Acanella with single branching from the nodes. Branching points p 

overgrowth with calcite at thicker nodes. Large colonies, probably up to 2 m in height. 

Sparse branching in multiple directions. Cylindrical skeleton from 2-3 mm in diameter at 
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the colony tips up to 3-4 mm at the colony base (Figure 33a-B). Thin nodes usually 12 

times shorter than internodes. Thick and dark quitinous coenemchyme. Polyps well-

separated along branches usually as couples with everyone towards opposite sides (Figure 

33a-C). Polyps and coenemchyme with various sizes of spindles. Sclerites slightly, but 

irregularly, bent with both tips blunt and granulated surfaces (Figure 33b-C).   

Remarks- One of the reasons for considering these specimens as part of a new species 

was the great difficulty to classify accurately them. It is clear that this new species does 

not fit exactly in any of the genera of Keratoisidinae. It branches from the nodes, as 

Isidella and Acanella, towards multiple directions, as Keratoisis and Acanella; it has 

minimized sclerite types as in Acanella, but does not have verticillate branching. As in 

Acanella dispar, due to its size, the branching of this large species is minimized and 

radically different in comparison to most Acanella spp. This is most likely because of 

biomechanical reasons due to the allometric constraint to reduce drag forces as size 

increases in order to prevent base dislodgement. Its closest species based on 

morphological data is Keratoisis n.sp.1, but let us remember that the main differences 

between the two species is that Keratoisis n.sp.1 branches from the internodes and has 

robust polyps distributed densely along the axis, while Acanella n.sp.1 branches from the 

nodes and has smaller polyps not densely distributed. 

 

Acanella spp. 

Diagnostic characters- Different undetermined samples belonging to the genus Acanella 

with bush-like colonies branching from the nodes.  
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Remarks- Although the characters that each colony showed were not recognized during 

the taxonomic revision of the group, it is not possible to ensure that we are dealing with 

new species for science. Further analysis of these morphospecies is required. 

 

Acanella sp. 2 

Figure 34a, 34b 

Material- NIWA14373, station Z10931, Latitude -43.1370º, Longitude 175.8372º, depth 

441m, collected 30 October 2001 (col. NIWA). NIWA26590, station U0576, Latitude -

32.2417º, Longitude 170.2367º, depth 2340m, collected 4 February 1988 (col. unknown). 

 

Acanella sp. 3 

Figure 35 

Material- NIWA26589, station E0824, Latitude -46.9750º, Longitude 166.5467º, depth 

1217m, collected 24 October 1967 (col. unknown).  

 

Acanella sp. 4 

Figure 36 

Material- NIWA39162, station TAN0802/303, Latitude -67.1288000º, Longitude 

171.0905000º, depth 566m, collected 13 March 2008 (col. Oceans Survey 2020, IPY, 

CAML).  
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Acanella sp. 5 

Figure 37a, 37b 

Material- NIWA15645, station TAN0413/41, Latitude -36.9468º, Longitude 177.3348º, 

depth 1323m, collected 10 November 2004 (col. Ministry of Fisheries; NIWA).  

 

Subfamily Mopseinae 

Diagnostic characters- Branched or unbranched colonies in one or many planes. Axial 

internodes armed with longitudinal spines.  

 

Mopseinae sp. 1 

Figure 38 

Material- NIWA25360, station TAN0604/108, Latitude -43.5328º, Longitude 179.6280º, 

depth 375m, collected 6 June 2006 (col. Ministry of Fisheries; Seamount).  

Diagnostic characters- Bush-like colony with orange and white internodes.  

Remarks- Although the characters that this colony shows were not recognized during the 

taxonomic revision of the group, it is not possible to ensure that it is a new species. 

Further analysis of this morphospecies is required. 

 

Genus Sclerisis Studer, 1878 

Diagnostic characters- Bush-like pinnate colonies with log internodes. Polyps armed 

with spike-like sclerites.  
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Sclerisis sp. 1 

Figure 39a, 39b 

Material- NIWA28311, station TAN0306/4, Latitude -50.9384995º, Longitude 

164.5526733º, depth 1053m, collected 14 April 2003 (col. Ministry of Fisheries; NIWA).  

Diagnostic characters- Brush-like colony with a main axis. Long white internodes. 

Remarks- Although the characters that this colony shows were not recognized during the 

taxonomic revision of the group, it is not possible to ensure that it is a new species. 

Further analysis of this morphospecies is required. 

 

Genus Minuisis Grant, 1976 

Diagnostic characters- Colony that branches in one plane. Polyps with triangular 

opercular scales. 

 

Minuisis pseudoplanum Grant, 1976 

Diagnostic characters- Branching colony with a central axis. The branches arise in one 

plane. Polyps with triangular opercular scales. 

Description- See Grant (1976), pg. 45, figs. 45-47. 

 

Minuisis sp. 1 

Figure 40 

Material- NIWA25363, station TAN0604/111, Latitude -42.7975º, Longitude 179.9877º, 

depth 970m, collected 7 June 2006 (col. Ministry of Fisheries; Seamount).  

Diagnostic characters- Bush-like colony with lobular holdfast.   
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Remarks- Although the characters that this colony shows were not recognized during the 

taxonomic revision of the group, it is not possible to ensure that it is a new species. 

Further analysis of this morphospecies is required. 

 

 

Genus Echinisis Thompson & Rennet, 1928 

Diagnostic characters- Mopsenid with irregular scales that present a projecting spine. 

 

Echinisis spicata Hickson, 1907 

Figure 41 

Material- NIWA28299, station E0209, Latitude -66.6917038º, Longitude 162.8833008º, 

depth 163m, unknown collection date (col. unknown).  

Diagnostic characters- Branching colony with irregular main axis. Long internodes. 

Polyps covered with irregular scales that present projecting spines. 

Description- See Hickson (1907), pg. 7, plate 2, figs. 16-18. 

 

Echinisis eltanin Bayer & Stefani, 1987 

Diagnostic characters- Variable branching colony. Long internodes and curved 

branches. 

Description- See Bayer and Stefani (1987), pg. 954, Figs, 7b, 9b, 10. 

 

 

 



 42 

Genus Primnoisis Studer, 1887  

Diagnostic characters- Colonies with irregular branching from one main stem. Brush-

like colonies. Longitudinal grooved internodes. Coenenchyme with irregular scales with 

toothed edges.  

 

Primnoisis sp. 1 

Figure 42 

Material- NIWA28314, station G0259, Latitude -43.5499992º, Longitude 179.3666992º, 

depth 419m, collected 23 January 1968 (col. unknown).  

Diagnostic characters- Brush-like Primnoisis with a primary axis. Pale orange 

coenenchyme. 

Remarks- Although the characters that this colony shows were not recognized during the 

taxonomic revision of the group, it is not possible to ensure that it is a new species. 

Further analysis of this morphospecies is required. 

 

Primnoisis formosa Gravier, 1913 

Figure 43 

Material- NIWA28301, station E0209, Latitude -66.6917038º, Longitude 162.8833008º, 

depth 163m, collected February 1965 (col. unknown).  

Diagnostic characters- Colony branching on all sides of the main stem; delicate 

branches. Longitudinal grooved internodes. Small polyps irregularly distributed in the 

branches.  

Description- See Gravier (1913), pg. 453. 
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Primnoisis ambigua Wright & Studer, 1889 

Diagnostic characters- Branched colony with bent main axis to different directions. 

Various main branches. Short, longitudinal grooved internodes. 

Description- See Wright and Studer (1889), pg. 39, plate 9, fig. 9. 

 

Genus Lissopholidisis Alderslade, 1998 

Diagnostic characters- Unbranched colonies with operculum with triangular scales. 

 

Lissopholidisis nuttingi (Grant, 1976) 

Peltastisis nuttingi Grant, 1976: 42.  

Diagnostic characters- Unbranched whip-like colony. Polyps irregularly placed along 

the colony bearing a operculum with triangular scales.   

Description- See Grant (1976), p. 42, figs. 40-41 and Alderslade (1998), p. 250, figs. 

191-194. 

 

Genus Chathamisis Grant, 1976 

Diagnostic characters- Irregularly branched colonies with operculum with triangular 

scales. 

 

Chathamisis bayeri Grant, 1976 

Diagnostic characters- Main stem that breaks in irregular branches. Polyps irregularly 

distributed in the colony bearing eight triangular scales forming an operculum.   
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Description- See Grant (1976), pg. 44, figs. 42-44. 

 

New Genus, New species 

Figure 44a, 44b, 44c 

Material- NIWA15630, station TAN0413/63, Latitude -37.2242º, Longitude 177.2342º, 

depth 693m, collected 11 November 2004 (col. Ministry of Fisheries; NIWA).   

Diagnostic characters- Profusely branched Mopseinae isidids with golden nodes and 

crystalline ochre to orange internodes. Polyp and coenemchymal sclerites as 

unornamented smooth scales and flat rods.   

Description- Small colonies up to 100 mm in height. Profusely branching from the 

internodes in all directions. Golden nodes and crystalline ochre to orange internodes 

(Figure 44a-A, B). Smooth barely grooved internodes (Figure 44b-B). Brown polyps well 

spaced and all around the branches, on both main and twigs. Anthopoma sclerites 

discontinuous with respect to sclerites of the polyp body (Figure 44c-A). Each 

anthopomal octant with several elongated triangular scales (Figure 44c-E).  Polyp body 

with a narrow collar of thin and bent smooth scales (Figure 44c-A). Tentacular sclerites 

flattened and molar-like (Figure 44b-E) preceding by multiple crescent boomerang-like 

scales (Figure 44b-C). Coenemchyme with scales and rods (Figure 44c-B, D).  

Remarks- Thanks to the monumental revision by Alderslade (1998), reviewing in great 

detail the Mopseinae, it was possible to realize that this undescribed species had the less 

ornamented scales in the whole subfamily. The other only genus with smooth scales is 

Lissopholidisis but it comprises unbranched species with white internodes, different scale 

morphologies and a notable difference with this undescribed species that is continuous 
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polyp sclerites up to the anthopoma. Therefore, owing to the remarkable different 

characteristics of this specimen with respect to all Mopseinae genera strongly suggest it 

should be considered as a new genus.   

 

DISCUSSION AND CONCLUSIONS  

Studies on marine benthic diversity on New Zealand waters have been possible 

thanks to different data acquisition sources such as diverse expeditions (e.g., Challenger 

1873–1876), the New Zealand Oceanographic Institute (NZOI) benthos systematic 

sampling programme, and bycatchs from deep-water trawl fisheries (e.g., Probert et al. 

1997). The problem with this data sources is that most of the material examined is in bad 

shape due to the destructive sampling methods mainly of the bottom trawling gear. The 

low quality material has been a problem for the proper taxonomic identification and 

classification of the specimens making this a time consuming task. However, it has been 

evident that with each new expedition novel scientific and undescribed material arises 

increasing octocoral diversity in both seamounts and abyssal plains. Sánchez and Rowden 

(2006) found 13 families and 104 species of octocorals for 27 New Zealand seamounts. 

In their study, the Isididae was the second most abundant family represented by 21 

species, most of them considered new to science based on taxonomical characters and 

also molecular information provided by Smith et al. (2004). On the latest New Zealand 

Inventory of Biodiversity, Cairns et al. (2008) report the presence of 243 octocoral 

species belonging to 96 genera, and 28 families, and state that at least 187 species could 

be undescribed. In this study, 44 isidid species were used for the taxonomical revision 

(Table 3). From those 44 species, 17 were previously described, four were new, and 23 
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were unidentified species. As stated before, with each new deep-sea study we expect the 

previous values to arise showing the high New Zealand octocoral diversity and be able to 

evaluate the probably high endemisms that this region holds.  

 

Table 3. Number of species used for New Zealand isidids systematic revision.  

Taxonomic classification Previously described 
species 

Newly described 
species 

Unidentified 
species 

Family Isididae (44 spp.) 17 4 23 
 Subfamily Keratoisidinae 9 3 20 
  Genus Keratoisis 5 2 15 
  Genus Lepidisis 1 0 0 
  Genus Isidella 0 0 1 
  Genus Acanella 3 1 4 
 Subfamily Mopseinae 8 1 3 
  Unidentified Genus 0 0 1 
  Genus Sclerisis 0 0 1 
  Genus Minuisis 1 0 1 
  Genus Echinisis 2 0 0 
  Genus Primnoisis 3 0 0 
  Genus Lissopholidisis 1 0 0 
  Genus Chathamisis 1 0 0 
    New Genus 0 1 0 

 

 

With respect to the phylogenetic analyses, the fragment of the mitochondrial 16S 

sequence did not show enough resolution among Keratoisidinae subfamily genera 

probably due to the degree of conservation. This was shown throughout the alignment 

were two large conserved blocks flanked an important INDEL region. This INDEL 

determined the phylogenetic relationships found among bamboo corals.  France et al. 

(1996) pointed the informativeness of the INDEL for a number of deep-sea 

representatives from the subclasses Ceriantipatharia, Hexacorallia, and Octocorallia 

likewise Smith et al. (2004) also reports the importance of this regions for unidentified 
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species of Keratoisis, Acanella, Lepidisis and Muricella. Despite this variable region in 

the 16S, the data did not show enough resolution to determine the phylogenetic 

relationships of the genera (Keratoisis, Acanella, and Isidella) within the Keratoisidinae 

subfamily. So, it is expected that other genes with higher evolutionary rates in octocorals, 

such as ITS2 (nDNA) and msh1 (mtDNA) (e.g., Grajales et al. 2007; France and Hoover 

2002), might improve at lower taxonomic level and highlight more resolved subfamily 

relationships. 

The 16S secondary structures in bamboo corals were highly conserved within the 

sampled specimens except for the helix G13. Similar 16S structures are reported by 

Sánchez et al. (2003) from different octocoral species, and by Beagley et al. (1998) for 

the anemone Metridium senile. Sánchez et al. (2003) also reports that the differences 

found in this helix (G13) are the result from the differences in length between the samples 

in the INDEL region. That is why both G13 helix and the INDEL region determined the 

phylogenetic relationships found among bamboo corals within the subfamily 

Keratoisidinae and other isidids. 

The topologies from molecular (16S mtDNA), morphometric (16S-SS), and 

combined datasets showed that the genera (Keratoisis, Acanella, and Isidella) within the 

subfamily Keratoisidinae were polyphyletic groups. France (2007) using the 

mitochondrial gene msh1 found that the genus Keratoisis and Lepidisis are no 

monophyletic, assembling representatives from both groups in five different clusters. He 

has proven that the current morphological classification of these two genera does not 

correspond to the molecular data and suggests that it is necessary a complete revision of 

the subfamily taking in account morphological and molecular data. Our study suggests in 



 48 

addition that other genera within Keratoisidinae were not monophyletic as well. 

Nonetheless, our findings point to consider an extreme lability of bamboo corals 

morphological characters. 

The location of Primnoisis species (P. formosa and Primnoisis sp.1), and the new 

genus with its type species in the phylogenetic hypothesis was not expected. Both macro 

structural (e.g. branching pattern) and micro structural characters (e.g. sclerite types and 

shapes) defined for this subfamily (Alderslade 1998) illustrate that these species belong 

to the Mopseinae subfamily, but the 16S phylogenetic hypothesis presented here showed 

the contrary; no monophyly for the Mopseinae subfamily. This too can probably be 

explained by the low 16S mtDNA resolution and high conservation (France et al. 1996) 

or likely homoplasy due to the hypervariability in the G13 helix. 

On the other hand, the taxonomy for the Keratoisidinae subfamily has been 

difficult due to the low quality of the specimens employed in different studies. For 

example, Grant (1976) and Bayer (1990) described new species using colony fragments 

previously collected, preserved and maintained in museums for some time. The colony 

characteristics that they find are sufficiently new and novel to make them conclude that 

those samples are undescribed species for science. This study exemplifies the same case 

where there we had fragments from four species surely belonging to the Keratoisidinae 

subfamily that present different and unique characteristics and concluded they were new 

species.  

The history of the genus Lepidisis Verrill 1883 is complicated and confusing. 

Lepidisis was described by Verrill in 1883 when he proposes that this genus is 

characterized by the presence of small oblong scales that cover entirely the polyps and 
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the coenenchyma. He postulates that the colonies can be simple or branched from the 

nodes showing the great similarity that this genus has with Acanella Gray, 1870. Grant 

(1976) address the original description given by Verrill (1883) taking into account the 

oblong sclerite cover and describes Lepidisis solitaria, colony branching from the 

internodes. Later, Muzik (1978) describes Lepidisis olapa (unbranched colony), and 

proposes to treat this genus as unbranched colonies distinguishing from Keratoisis by the 

colony branching pattern (Keratoisis branching from the internode, Lepidisis 

unbranched). The unbranched diagnosis proposed by Muzik (1978) has been 

subsequently followed by other authors (e.g., Bayer 1986; Bayer and Stefani 1987). 

France (2007) trying to resolve the conflict between branched and unbranched character 

for Keratoisis and Lepidisis made a phylogeny using msh1 and found that colony 

ramification patterns is not a good character to distinguish these two genera. Therefore, 

we decided to use colonies lacking oblong scale-like sclerites in polyps and coenenchyme 

that were unbranched or that branched from the internode as belonging to the genus 

Keratoisis.  

There is no concordance between morphological and molecular topologies among 

the subfamilies Keratoisidinae and Mopseinae. A similar result was found by France 

(2007) between an msh1 phylogeny and branching pattern phylogeny (branched vs. un-

branched) in some Keratoisinid genera. This absence of agreement between the two 

phylogenies could be explained by highly character lability. 

Character lability has been reported for other organisms such as plants (Kimball 

and Crawford 2004), salamanders (Mueller et al. 2004), mammals (Sánchez-Villagra and 

Williams 1998), among others. For example, Kimball and Crawford (2004) show how 
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reproductive characters (four floral and three fruit characters) normally employed to 

classify Coriopsideae (Asteraceae) species within genera are not trustful because of the 

high trait lability. They propose that this lability could be due to simple genetic control of 

some reproductive characters, and that this could explain the difficulty to find 

sinapomorphies that unite genera in a monophyletic arrangement within the topology. 

This explanation can be extended to Mopseinae and Keratoisidinae subfamilies try to 

explain the absence of concordance between morphology and molecular phylogenies. 

Mapping three morphological characters (branching pattern, internode texture and polyp 

shape) on a fragment of the primary sequence topology (Figure 45), it is evident that the 

characters exhibit high homoplasy, as found by Kimball and Crawford (2004) for 

Coriopsideae, therefore corroborating character lability for Keratoisidinae.  

 

Figure 45. Tree fragment of 16S mt(DNA) primary sequence under Maximun Parsimony 

criterion. Branch support: Maximum Parsimony/Maximum Likelihood/Bayesian Inference. Color 
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bars represent morphological characters and different shades represent character states for each 

case: RP- branching pattern (blue shades), IT- internode texture (green shades), and PS- polyp 

shape (pink shades). 

 

With the current evidence, there is no concordance between the taxonomic 

classification and the phylogenetic hypotheses presented here. Therefore, it is necessary 

to re-evaluate the current taxonomy not only of the Keratoisidinae subfamily but also the 

Isididae family. Thus, it is important the use of complementary genes with higher 

evolution rates, which may allow more resolution among the genera within the Isididae 

family in addition to an exhaustive taxonomical research. 
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Figure 8a. Keratoisis hikurangiensis. A, B and C- colony fragments (scale 1cm). 
 

 
 
Figure 8b. SEM images of Keratoisis hikurangiensis sclerites. A and B- details of the sclerite axis (scale 
10µm, 100µm). C- sclerite tips (scale 100µm). D and E- sclerites (scale 100µm, 1mm). 
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Figure 9a. Keratoisis projecta. A and B- colony fragments (scale 1cm). 
 

 
 
Figure 9b. SEM images of Keratoisis hikurangiensis sclerites. A and B- details of the sclerite axis (scale 
10µm, 100µm). C- polyp sclerite (scale 1mm). D- detail of polyp sclerite tips (scale 100µm). E, F, and G- 
sclerites (scale 100µm, 1mm, 100µm). 
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Figure 10a. Keratoisis tangentis. Colony fragments (scale 1cm). 
 

 
 
Figure 10b. SEM images of Keratoisis tangentis sclerites. A- detail of the sclerite axis (scale 10µm). B- 
Node (scale 200µm). C- polyp sclerite tips (scale 30µm). D, E, and F- sclerites (scale 200µm, 20µm, 
10µm).  
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Figure 11a. Keratoisis glaesa. Colony fragments (scale 1cm). 
 

 
 
Figure 11b. SEM images of Keratoisis glaesa sclerites. A and E- sclerites (scale 100µm). B- detail of the 
sclerite axis (scale 20µm). C and D- polyp sclerite tips (scale 20µm, 100µm).  
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Figure 12a. Keratoisis zelandica. A- colony fragments (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 12b. SEM images of Keratoisis zelandica sclerites. A and D- details of the sclerite axis (scale 
20µm, 2µm). B and C- polyp sclerite tips (scale 10µm, 100µm). E and F- sclerites (scale 100µm). 
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Figure 13a. Keratoisis n.sp.1. A,B,C, and D- colony fragments (scale 1cm). E and F- polyp details (scales 
0,5cm and 1cm). G- colony branches (scale 1cm). 
 

 
 
Figure 13b. SEM images of Keratoisis magnifica sclerites. A and B- details of the sclerite axis (scale 
10µm). C- sclerite tips (scale 10µm). D and E- sclerites (scale 100µm). 
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Figure 14a. Keratoisis n.sp.2. A- general colony structure (scale 1cm). B- colony pearled axis (scale 1cm). 
C- polyps (scale 1cm). 
 

 
 
Figure 14b. SEM images of Keratoisis n.sp.2 sclerites. A and B- details of the sclerite axis (scale 10µm 
and 100µm). C- sclerite tips (scale 100µm). D and E- sclerites (scale 100µm and 1mm). 
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Figure 15a. Keratoisis sp3. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 15b. SEM images of Keratoisis sp3 sclerites. A and B- details of the sclerite axis (scale 10µm). C- 
sclerite tips (scale 100µm). D and E- sclerites (scale 1mm and 100µm). 
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Figure 16a. Keratoisis sp4. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 16b. SEM images of Keratoisis sp4 sclerites. A and B- details of the sclerite axis (scale 10µm). C- 
sclerite tips (scale 100µm). D and E- sclerites (scale 1mm and 100µm). 
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Figure 17a. Keratoisis sp5. Colony fragments (scale 1cm).  
 

 
 
Figure 17b. SEM images of Keratoisis sp5 sclerites. A and B- details of the sclerite axis (scale 10µm, 
100µm). C- sclerite tips (scale 20µm). D- sclerites (scale 1mm). 
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Figure 18a. Keratoisis sp6. Polyp detail.  
 

 
 
Figure 18b. SEM images of Keratoisis sp6 sclerites. A- General view of sclerites (scale 1mm). B and C- 
details of the sclerite axis (scale 10µm). D and E- sclerite tips (scale 20µm, 100µm). F and G- sclerites 
(scale 1mm, 100µm). 
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Figure 19a. Keratoisis sp7. A and B- colony fragments (scale 1cm). C- polyp detail (scale 1cm). 
 

 
 
Figure 19b. SEM images of Keratoisis sp7 sclerites. A and B- details of the sclerite axis (scale 20µm, 
10µm). C- sclerites (scale 100µm). D- sclerite tips (scale 20µm).  
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Figure 20. Keratoisis sp8. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
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Figure 21a. Keratoisis sp9. A and B- colony fragments (scale 1cm). C- polyp detail (scale 1cm). 
 

 
 
Figure 21b. SEM images of Keratoisis sp9 sclerites. A- general view of sclerites (scale 1mm). B and C- 
details of the sclerite axis (scale 10µm). D- sclerite tips (scale 100µm). E and F- sclerites (scale 200µm, 
100µm).  
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Figure 22. Keratoisis sp10. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 23. Keratoisis sp11. Colony fragments (scale 1cm).  
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Figure 24. Keratoisis sp12. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
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Figure 25a. Keratoisis sp13. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 25b. SEM images of Keratoisis sp13 sclerites. A and B- details of the sclerite axis (scale 100µm, 
10µm). C and E- sclerites (scale 1mm, 100µm). D- sclerite tips (scale 100µm).  
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Figure 26a. Keratoisis sp14. A- colony fragment (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 26b. SEM images of Keratoisis sp14 sclerites. A- general view of scales (scale100µm). B and C- 
details of the sclerite axis (scale 10µm, 100µm). D and E- sclerites (scale 1mm, 100µm). F- sclerite tips 
(scale 100µm).  
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Figure 27. Keratoisis sp15. A and B- colony fragments (scale 1cm). 
 

 
 
Figure 28. Keratoisis sp16. Colony fragment (scale 1cm). 



! *+

 

 
 
Figure 29. Keratoisis sp17. A and B- colony fragments (scale 1cm). C- polyp detail (scale 1cm). 
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Figure 30a. Lepidisis solitaria. Colony fragment (scale 1cm). 
 

 
 
Figure 30b. SEM images of Lepidisis solitaria sclerites. A- details of the sclerite axis (scale 100µm). B- 
sclerite tips (scale 100µm). C and D- sclerites (scale 200µm, 100µm).  
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Figure 31a. Isidella sp1. Colony fragment (scale 1cm). 
 

 
 
Figure 31b. SEM images of Isidella sp1 sclerites. A and B- details of the sclerite axis (scale 20µm). C and 
D- sclerites (scale 100µm, 50µm). E- sclerite tips (scale 50µm). 
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Figure 32a. Acanella dispar. A, B, and C- colony fragment (scale 1cm). 
 

 
 
Figure 32b. SEM images of Acanella dispar sclerites. A- general view of the sclerites (scale 1mm). B and 
C- details of the sclerite axis (scale 10µm). D- sclerite tips (scale 100µm). E- sclerites (scale 200µm). 
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Figure 33a. Acanella n.sp.1. A and B- general colony structure (scale 1cm). C- details of the colony 
showing polyps (scale 1cm). D- details of the colony axis (scale 0,5cm). 
 

 
 
Figure 33b. SEM images of Acanella n.sp.1 sclerites. A- details of the sclerite axis (scale 10µm). B- 
sclerite tip (scale 100µm). C- sclerites (scale 200µm). 
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Figure 34a. Acanella sp2. A and C- general colony structure (scale 1cm). B- polyp details (scale 1cm). 
 

 
 
Figure 34b. SEM images of Acanella sp2 sclerites. A and C- sclerites (scale 100µm). B and C- details of 
the sclerite axis (scale 10µm). D- sclerite tip (scale 20µm).  
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Figure 35. Acanella sp3. General colony structure (scale 1cm). 
 
 

 
 
Figure 36. Acanella sp4. Colony fragment (scale 1cm). 
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Figure 37a. Acanella sp5. A- general colony structure (scale 1cm). B- polyp details (scale 1cm). 
 

 
 
Figure 37b. SEM images of Acanella sp5 sclerites. A and B- details of the sclerite axis (scale 10µm). C- 
sclerite tip (scale 100µm). D- sclerites (scale 1mm). 



! +$

 
 
Figure 38. Mopsenid sp1. General colony structure (scale 1cm).  
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Figure 39a. Sclerisis sp1. General colony structure (scale 1cm).  
 

 
 
Figure 39b. SEM images of Sclerisis sp1 sclerites. A- details of the sclerite axis (scale 10µm). B- general 
view of the sclerites (scale 1mm). C and D- sclerites (scale 100µm). 
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Figure 40. Minuisis sp1. General colony structure (scale 1cm).  
 

 
 
Figure 41. Echinisis spicata. General colony structure (scale 1cm).  
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Figure 42. Primnoisis sp1. General colony structure (scale 1cm).  
 

 
 
Figure 43. Primnoisis formosa. General colony structure (scale 1cm).  
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Figure 44a. New genus, n.sp.1. A- general colony structure (scale 1cm). B- polyp detail (scale 1cm). 
 

 
 
Figure 44b. SEM images of New genus, n.sp.1 polyps, axis and sclerites. A- polyp images (scale 200µm). 
B- axis (scale 200µm). C and E- polyp sclerites (scale 100µm). D- occasional associated foraminifera 
(scale 100µm). 
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Figure 44c. SEM images of New genus, n.sp.1 polyp and coenenchyme sclerites. A and E- polyp sclerites 
(scale 100µm). B, C, and D- coenenchyme sclerites (scale 100µm). 


