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Abstract 

The order Alcyonacea Lamouroux, 1816 (Octocorallia: Anthozoa: Cnidaria) is a species-

rich group comprising soft corals and sea fans, also known as gorgonians. Alcyonaceans 

are perennial, long-lived and can inhabit up to 70% of coastal reef habitats. Despite this, 

alcyonacean taxonomy is poorly resolved, and substantial knowledge gaps remain in 

regards to the biology, ecology and responses to environmental change of species within 

this taxon. Alcyonaceans occur in all oceans of the world; however, few studies have 

examined temperate assemblages. Although alcyonaceans have been observed and 

collected from the Tamar River estuary, northern Tasmania, virtually nothing is known 

about these species. 

This study examined colony and sclerite morphology, and variation in the mitochondrial 

marker, mtMutS, to describe the alcyonaceans of the Tamar River estuary and their 

relationships with previously described species. In addition, variation in the distribution 

and abundance of alcyonaceans and the wider rocky reef community structure was 

determined among six depth categories and five sites in the lower Tamar River estuary, 

using photoquadrats.  

In total, nine alcyonacean species were described from the Tamar River estuary, 

including two novel genera and six novel species, along with one species (Drifa 

gaboensis) which represents a first record for Tasmanian waters. Although exhibiting a 

large range of morphological variation, these novel genera and species can be 

distinguished from previously described taxa on the basis of colony and sclerite 

morphology, and, in some cases, mtMutS sequences. The benthic survey revealed the 

highest abundance and diversity of alcyonaceans at Fish Beacon, the most marine site 

closest to the estuary mouth, where alcyonaceans comprised up to 14% cover of the 
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benthic assemblage. Moreover, rocky reef community structure varied with depth and 

longitudinal distance from the mouth of the estuary. This study has established detailed 

baseline knowledge of the Tamar River estuary alcyonacean assemblage and rocky reef 

communities that is important for ongoing monitoring and informing future 

management of this unique estuary. 
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1. Introduction 

1.1. Soft corals and sea fans (order Alcyonacea) 

The order Alcyonacea Lamouroux, 1816 (Octocorallia: Anthozoa: Cnidaria) is a species-

rich group comprising soft corals and sea fans, also known as gorgonians (Fabricius and 

Alderslade 2001; McFadden et al. 2010). Organisms within phylum Cnidaria are 

generally characterised by the presence of unique stinging capsules known as cnidae, 

radial body symmetry, and the occurrence of both planula larvae and polyp life stages 

(Daly et al. 2007). Class Anthozoa represents one distinct clade within phylum Cnidaria, 

while the three remaining classes, Cubozoa, Hydrozoa and Scyphozoa, comprise the 

second clade, Medusozoa (Daly et al. 2007). Within the exclusively polypoid Anthozoa, 

two subclasses have been recognised: Octocorallia and Hexacorallia (France et al. 1996). 

Order Alcyonacea represents one of three orders within Octocorallia, a subclass which 

includes approximately 3000 extant species of soft corals, sea fans, sea whips and sea 

pens, all of which are characterised by polyps bearing eight tentacles (Daly et al. 2007). 

The other two orders are Helioporacea (blue coral) and Pennatulacea (sea pens).  

Alcyonaceans are widespread and inhabit both shallow and deep-water reefs in tropical 

and temperate regions (Fabricius and Alderslade 2001; Daly et al. 2007; McFadden et al. 

2010). Alcyonacean biodiversity is greatest in tropical Indo-Pacific waters, where 

approximately 90 genera have been identified (Fabricius and Alderslade 2001). Despite 

such diversity, relatively little is known about the biology, habitat requirements and 

ecological importance of alcyonacean assemblages (Fabricius 1997; Fabricius and 

Alderslade 2001; Poulos et al. 2013). In particular, alcyonacean taxonomy is poorly 

resolved, and identification to the species level has long confounded taxonomists 

(McFadden et al. 2010, 2011). Currently, the order is tentatively divided into six 
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suborders based on colony form and skeletal axis composition; these are Alcyoniina, 

Calcaxonia, Holaxonia, Protoalcyonaria, Scleraxonia and Stolonifera. However, it is 

widely recognised that these groupings are not supported by phylogeny (McFadden et 

al. 2006b; Daly et al. 2007; van Ofwegen 2014). Improved taxonomic resolution is 

necessary to quantify diversity in morphology, ecology, life history and responses to 

environmental changes within the order Alcyonacea (Cornish and DiDonato 2004; 

McFadden et al. 2014a). Ongoing taxonomic revision of this order has been necessary as 

new information becomes available (Fabricius and Alderslade 2001).   

In comparison with the tropics, temperate alcyonacean assemblages have received little 

attention. One such community inhabits the Tamar River estuary, situated in cool 

temperate northern Tasmania. This study will investigate the alcyonacean assemblage of 

the Tamar River estuary, and will assess their contribution to the structure and 

composition of the wider rocky reef community in the estuary. This information will 

promote further understanding and monitoring of native estuarine assemblages, 

including Alcyonacea, thus informing management of the estuary and surrounding 

catchment area. 

1.2. Biology and ecology 

Alcyonaceans are perennial, long-lived and, apart from a single exception, colonial 

(Fabricius and De’ath 2001). Like other cnidarians, the alcyonacean body plan 

comprises two tissue layers (an outer epidermis and inner gastrodermis) separated by a 

gelatinous material known as the coenenchyme (Fabricius and Alderslade 2001). Unlike 

scleractinian (hard) corals, structural support for alcyonaceans is provided by small 

skeletal elements known as sclerites, and hydrostatic pressure (Fabricius and 

Alderslade 2001). Sclerites are calcite structures located within the coenenchyme of 
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colonies which provide rigidity (Aguilar-Hurtado et al. 2012). Unlike colony growth 

form, sclerite morphology and arrangement are largely uninfluenced by environmental 

factors, and so remain the most reliable morphological identifiers among genera and 

species within order Alcyonacea (Bayer 1961; Daly et al. 2007; Aguilar-Hurtado et al. 

2012). The primitive muscular and nervous systems possessed by alcyonaceans allow 

for contraction of polyps, pumping movements and the basic detection of physical and 

chemical stimuli (Fabricius and Alderslade 2001). Individual polyps are joined by 

pathways of minute canals, known as solenia, which transport water, dissolved gases 

and nutrients throughout the colony (Fabricius and Alderslade 2001). Alcyonaceans 

may be hermaphroditic or gonochoric, with reproduction occurring either sexually (via 

broadcast spawning or brooding) or asexually (through budding, fission, fragmentation 

or the extension of stolons from the parental colony) (Watling et al. 2011). Released 

planula larvae settle to the bottom and metamorphose to form founder polyps, which 

then grow by means of asexual reproduction into adult colonies (Fabricius and 

Alderslade 2001). Alcyonaceans are sessile suspension feeders, consuming small 

particles of organic matter from the surrounding water (Fabricius and Alderslade 2001). 

Additional nutrition may be obtained from zooxanthellae (symbiotic algae) living within 

the polyps of several species (Fabricius and Alderslade 2001). The corals provide the 

algae with shelter and carbon dioxide, while, through photosynthesis, the algae produce 

carbohydrates which can be utilised by the coral (Fabricius and Alderslade 2001). 

Alcyonacean assemblages are generally restricted to consolidated substrates in areas 

with strong currents (to enable efficient feeding), low wave action (to avoid abrasion 

and dislodgment), and sufficient light to enable photosynthesis in zooxanthellate species 

(Fabricius 1997; Fabricius and Alderslade 2001; Gowlett-Holmes 2008). Physical 
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factors, which vary primarily with increasing depth and distance from the coastline, are 

fundamental in determining the abundance and composition of assemblages (Fabricius 

1997; Fabricius and Alderslade 2001). Alcyonacean nutrition can be affected by 

currents, bottom topography, levels of dissolved and particulate organic matter and light 

availability, while growth can be affected by exposure to wave action and sedimentation 

(Fabricius 1998). For example, increased water movement promotes larger colony size, 

through maximising feeding efficiency and growth (Sebens 1984; Fabricius 1997). 

Conversely, elevated turbidity and sedimentation result in decreased rates of 

photosynthesis and respiration in alcyonaceans, along with an increase in the energy-

expensive production of mucus, which functions in removing sediment (Riegl and 

Branch 1995). Sedimentation may also result in the smothering of colonies, impairing 

gas exchange with the surrounding water (Fabricius and Alderslade 2001). The 

importance of sedimentation for alcyonaceans is demonstrated by a decline in the 

species richness of zooxanthellate alcyonaceans on the Great Barrier Reef, along a 

gradient of increasing turbidity (Fabricius and De’ath 2001).  

The dominance of macroalgae on shallow temperate rocky reefs, predominantly due to 

high light levels, generally restricts the distribution of temperate corals to deeper, low-

light environments (Johannes et al. 1983; Miller and Hay 1996; Miller 1998). Several 

temperate alcyonacean species (e.g. Acabaria sp., Pteronisis incerta, Asperaxis kareni) are 

more commonly known from deep-water assemblages (Barrett and Edgar 2010). 

Occasionally, atypical environmental conditions can allow temperate alcyonacean 

assemblages to inhabit shallower waters. In Bathurst Channel, a remote estuary in 

southwest Tasmania, the alcyonacean species Drifa spp. and Clavularia spp. occur in 

much shallower waters (3-15 m) than previously recorded, due to light attenuation 
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caused by the runoff of highly tannin-stained waters. Low light appears to limit 

macroalgal growth, allowing alcyonaceans to dominate.  

Apart from competition with macroalgae in temperate waters, biotic factors appear to 

play a relatively minor role in influencing alcyonacean assemblages (Fabricius and 

De’ath 2001). This is likely due to the production of allelopathic chemicals by colonies, 

which act to deter predators and competitors (Fabricius 1995; Fabricius and Alderslade 

2001; Fabricius and De’ath 2001; Fleury et al. 2006, 2008; Slattery et al. 2008; Berrue 

and Kerr 2009; Núñez-Pons et al. 2013). Several metabolites produced by alcyonacean 

colonies are also known to possess anti-fouling, antimicrobial and UV-filtering 

properties (Fabricius and Alderslade 2001; Fabricius and De’ath 2001). 

Fabricius (1995) found that rates of reproduction, mortality, infection by epiphytic algae 

and predation varied considerably among several alcyonacean genera. Whereas some 

genera exhibit high rates of growth and asexual reproduction, enabling rapid 

recolonization of disturbed areas, others are characterised by slow growth and low 

reproductive rates (Benayahu and Loya 1984a, 1984b; Fabricius 1995, 1997, 1998; 

Cornish and DiDonato 2004; McFadden et al. 2014b). Further, growth rates of colonies 

within the same species have been found to differ significantly depending upon habitat 

(Sebens 1984). These findings highlight significant dissimilarities between genera in life 

history and ecology, including an apparent continuum from r to K selection among 

different species (Benayahu and Loya 1986). Thus, while some alcyonacean genera have 

the potential to act as ‘pest’ species (e.g. Carijoa riisei), other genera are likely to be 

limited in their capacity to recolonise areas following disturbance, and so may be 

vulnerable to human impacts (Fabricius 1995; Fabricius 1997; Cornish and DiDonato 

2004; Concepcion et al. 2010). Difficulty in identifying soft corals to the species level 
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during ecological field studies has led to the widespread inability to characterise this 

congeneric variation. This highlights the importance of a better taxonomic classification 

of species within order Alcyonacea, and further quantification of inter- and intraspecific 

variation, particularly in relation to environmental conditions (Sebens 1984; Fabricius 

1995; Cornish and DiDonato 2004).  

1.3. Distribution 

1.3.1. Global 

Alcyonaceans are extremely widespread, occurring in all oceans of the world (Daly et al. 

2007). Octocoral biodiversity declines with increasing latitude and longitudinal distance 

from its maxima in the Indo-Pacific region (Fabricius and Alderslade 2001). Although 

the majority of research attention has been directed toward tropical shallow-water 

species, approximately three quarters of octocoral species inhabit deep waters (>50 m) 

(Yesson et al. 2012). Key factors known to influence the distribution of deep-water 

octocorals include temperature, salinity, productivity, slope and oxygen levels (Yesson et 

al. 2012). 

Alcyonaceans inhabiting shallower waters generally have a lower capacity for dispersal 

than their scleractinian relatives, possibly due to the brooding behaviour and short 

larval life spans characterising several alcyonacean taxa (Concepcion et al. 2010). This 

reduced dispersal may contribute to a high degree of endemism among several octocoral 

assemblages, including those from southern Africa (Williams 1988; McFadden and van 

Ofwegen 2012a, 2012b),  Costa Rica (Breedy and Cortés 2008), and Hong Kong 

(Benayahu and Fabricius 2010). 
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1.3.2. Australia 

In 1977, Verseveldt described 67 octocoral species (including 20 species not previously 

recorded in Australian waters) from areas in Western Australia (e.g. Dampier 

Archipelago, Rottnest Island and Exmouth), South Australia (e.g. Kangaroo Island, 

Spencer Gulf and St Vincent Gulf), Queensland (e.g. Heron Island, Keppel Bay, Feather 

Reef and Ellison Reef), the Northern Territory, and Tasmania (Erith Island, Bass Strait), 

at depths of 1-49 m. These species included the following families: Clavulariidae, 

Tubiporidae, Alcyoniidae, Asterospiculariidae, Nephtheidae, Nidaliidae and Xeniidae 

(Verseveldt 1977). Octocoral species have also been recorded from Port Stephens, NSW 

(Verseveldt and Alderslade 1982), Lord Howe Island (Alderslade 2003), and in waters 

off the Kimberley region of north-western Australia (Bryce and Poliseno 2014; Bryce 

and Sampey 2014). 

A total of 457 deep-water octocoral species from Australian waters, including 69 novel 

species and 43 first records in Australia, were described by Alderslade et al. (2014). The 

majority of species exhibited affinities with Indo-West Pacific species, while affinities 

with Indian and Atlantic Ocean species were also demonstrated. Twenty of the recorded 

species appear to be endemic to Australian waters (Alderslade et al. 2014). Of the more 

common genera recorded, five were widely distributed, while two were more restricted 

in both spatial and depth distribution (Alderslade et al. 2014). 

Apart from studies conducted at the Great Barrier Reef, there is a scarcity of detailed 

assessments of Australian octocoral biogeography (Alderslade and Fabricius 2008). A 

taxonomic inventory of warm-water Australian octocorals from Queensland is currently 

underway, in conjunction with the Census of Marine Life’s Australian Census of Coral 

Reef Ecosystems (CReefs) and the Australian Institute of Marine Science (AIMS). 
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1.3.3. Tasmania 

To date, no focussed investigation of octocoral assemblages in Tasmanian waters has 

been conducted, therefore, little is known of their distribution and ecological 

importance. Edgar (2012) has described several alcyonacean species as occurring in 

Tasmanian waters, including Clavularia sp., Erythropodium hicksoni, Capnella erecta, C. 

johnstonei, Carijoa sp. 2, Mopsella zimmeri and Acabaria sp. It is, however, doubtful that 

the species described as Capnella actually belong to this genus, which is recognised as 

occurring exclusively in tropical waters (Utinomi 1960; van Ofwegen and Groenenberg 

2007; P. Alderslade 2015, pers. comm., 22 January). Although having not previously 

been described from the Tamar River estuary, several other alcyonacean species, 

including Capnella gaboensis (Gabo Island soft coral; correctly referred to as Drifa 

gaboensis by Gowlett-Holmes [2008]) and Capnella sp. 1 (Western soft coral), or 

morphological analogues thereof, have been observed and photographed in the Tamar 

and other northern Tasmanian locations (Edgar 2012; D. Maynard 2014, pers. comm., 7 

July). Biological surveys at six potential marine protected areas along the northern 

coastline of Tasmania have recorded up to 4.4% alcyonacean coverage, including at 

West Ulverstone and Lillico Beach (Barrett and Wilcox 2001). A biological monitoring 

survey of Bathurst Channel, in south-west Tasmania, revealed a high abundance and 

diversity of alcyonaceans. Percentage cover of the soft corals Drifa spp. and Clavularia 

spp. reached up to 60% and 30%, respectively (Barrett et al. 2010). These corals were 

most abundant between 3-8 m, but were also recorded up to 25 m depth. Other 

octocoral species recorded within the channel include Pteronisis plumacea, Acabaria sp., 

Asperaxis kareni, Sarcoptilus grandis and Primnoella australasiae (Barrett et al. 2010).  
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1.4. Ecological importance 

Alcyonaceans form an important constituent of reefs in both tropical and some 

temperate regions, and may provide habitat for a range of species (Fabricius 1997; 

Fabricius and Alderslade 2001; Poulos et al. 2013). For example, Dendronephthya 

australis in Port Stephens was found to provide habitat for 77 fish species (including 

juvenile snapper, Pagrus auratus, a species with significant economic importance) and 

21 invertebrate species. This species richness was significantly higher than for nearby 

seagrass and sand habitats, and potentially due to the high structural complexity offered 

by the soft coral habitat (Poulos et al. 2013). Alcyonacean colonies may have mutualistic, 

commensal or parasitic interactions with a range of symbionts and epibionts, with 

ophiuroids, bivalves, gastropods, crustaceans and syngnathids often found sheltering 

within colonies or grazing upon colony surfaces (Fabricius and Alderslade 2001). The 

potential for alcyonaceans to act as indicator species for the health of reef systems is 

also recognised. This is because alcyonacean abundance is significantly influenced by 

physical factors and environmental quality, colonies are generally long-lived, and do not 

undergo heavy predation and grazing (Fabricius and Alderslade 2001).  

1.5. Threats to alcyonacean assemblages 

Soft corals on shallow reefs close to shore may be particularly vulnerable to 

anthropogenic disturbance, as human impacts are more pronounced in these areas 

(Cornish and DiDonato 2004). A 99% decline in abundance of soft corals was recorded 

on a reef flat in American Samoa across an 85 year period (Cornish and DiDonato 2004). 

This decline was attributed to significant development on adjacent land, including 

construction, dredging, landfill and discharges from industry, resulting in high 

sedimentation and nutrient levels (Cornish and DiDonato 2004). Recovery and 
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recolonization of these assemblages appeared limited by slow growth and low 

reproductive rates (Cornish and DiDonato 2004).  

The slow growth and fragility of many cold-water coral communities renders them 

vulnerable to other human activities such as bottom fishing and oil and gas exploration 

and production, which are known to have caused extensive damage to habitats occupied 

by corals (Freiwald et al. 2004). Similar to other calcareous organisms, soft corals are 

vulnerable to ocean acidification due to the sequestration of atmospheric CO2 by ocean 

waters; however, few studies have assessed the potential impacts of reduced 

calcification rates on cold-water corals (Freiwald et al. 2004). In addition, temporal 

changes in alcyonacean assemblages have rarely been documented, due to the absence 

of long-term data sets (Cornish and DiDonato 2004). Management of coral assemblages 

relies upon an understanding of their biology and ecology, and of the threats and 

impacts they face from human activities (Cornish and DiDonato 2004). Such baseline 

data is currently lacking for many alcyonacean assemblages. 

1.6. Taxonomy 

Soft coral taxonomic studies form the basis for further biological and ecological 

investigations, by establishing the true identity of the organisms being studied 

(Fabricius and Alderslade 2001). Identifying soft corals to the lowest possible taxonomic 

level should form an essential component of reef surveys, as environmental 

disturbances, such as increased turbidity, have been shown to influence the species and 

genera richness of soft coral assemblages without affecting coral cover (Fabricius and 

De’ath 2001). However, alcyonacean taxonomy is poorly resolved and significant 

taxonomic uncertainty remains, with the six suborders believed to represent a gradient 

of colony forms, rather than distinct clades with separate evolutionary lineages 
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(Fabricius and Alderslade 2001; McFadden et al. 2010). Such taxonomic uncertainty 

excludes many soft coral species from biodiversity assessments, potentially leading to 

the underestimation of soft coral diversity (Cornish and DiDonato 2004; McFadden et al. 

2011).  

Revision of earlier species descriptions is often required (McFadden et al. 2011). This is 

due to the fact that many earlier descriptions are incomplete, lacking in situ information 

and descriptions of live animals (Fabricius and Alderslade 2001; McFadden et al. 2011; 

Janes and Mary 2012). Such revision is often hampered by incomplete or damaged 

specimen collections (McFadden et al. 2011; Janes and Mary 2012). Previously, 

classification has been largely based on colony and sclerite morphology. However, 

inconsistency in the use of morphological characters also necessitates the revision of 

many species descriptions. Alcyonaceans are characterised by high variability of colony 

and sclerite morphology within species and the presence of intermediate forms and 

overlapping characteristics between species, possibly due to hybridisation (Fabricius 

and Alderslade 2001; McFadden et al. 2011; Aguilar-Hurtado et al. 2012). Within some 

families and genera, a lack of clear distinctions in colony and sclerite morphology 

between species may occur, and uncertainty remains as to which morphological 

characters are actually useful in delineating species (McFadden et al. 2011; Janes and 

Mary, 2012). Recent technological advances have aided alcyonacean taxonomy, with 

scanning electron microscope imaging of sclerites and DNA analysis emerging as 

primary taxonomic tools (Janes and Mary 2012). 

1.6.1. SEM 

Scanning electron microscopy (SEM) has played an important role in the classification of 

several soft coral genera since it was first used to examine sclerites in 1969 (Janes and 
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Mary 2012). SEM, with its high resolution and large depth of field, allows the 

comparison of sclerites based on dimensions and surface morphology (Janes and Mary 

2012).  A range of terms are used to describe sclerite morphology, and the presence of 

predominant sclerite forms can be used to distinguish genera (Fabricius and Alderslade 

2001). However, variation in sclerite forms between regions of the same colony (Fig. 1), 

and absence of a predominant sclerite form in some species, complicates identification 

based on sclerite morphology alone (Aguilar-Hurtado et al. 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: i) Sclerites from three different regions (a-d: coenenchyme, e: calyces, and f: anthocodia) of 
specimens within the genus Melithaea; a) clubs; b) capstans; c) unilaterally spinose spindles; d) 
spindles; e) calyx clubs; f) anthocodial sclerites. ii) Sclerites from three different regions (a-d: 
coenenchyme, e: calyces, and f: anthocodia) within specimens of the genus Mopsella; a) clubs; b) 
capstans; c) unilaterally foliate spheroids; d) spindles; e) calyx clubs; f) anthocodial sclerites (Source: 
Aguilar-Hurtado et al. 2012). 
 

1.6.2. Molecular techniques 

Molecular techniques are an increasingly important component of alcyonacean 

taxonomy, particularly where colony and sclerite morphology vary significantly within a 

species, or overlap between species (Aguilar-Hurtado et al. 2012; McFadden et al. 

2014b). Several molecular markers have been employed for the description and 

i) ii) 
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identification of alcyonacean species. Early molecular studies utilised nuclear 18S and 

28S (Aguilar-Hurtado et al. 2012; Benayahu et al. 2012; McFadden and van Ofwegen 

2013; McFadden et al. 2014a; McFadden et al. 2014b), and mitochondrial 16S ribosomal 

DNA (rDNA) markers (McFadden et al. 2010). A unique mitochondrial marker, msh1 

(mutS homolog), now referred to as mtMutS, was first described in octocorals by Pont-

Kingdon et al.  (1995). This gene is understood to have arisen through horizontal gene 

transfer and to function in DNA mismatch repair, and has since been found to exhibit 

higher mutation rates and greater variation than other alcyonacean mitochondrial 

genome regions (Pont-Kingdon et al. 1995; McFadden et al. 2010, 2011; Bilewitch and 

Degnan 2011). Following, mtMutS has proven pivotal in the revision of octocoral 

taxonomy, and remains the most widely used marker within Octocorallia (Bilewitch and 

Degnan 2011). Both mtMutS and the mitochondrial cytochrome oxidase I (COI) marker 

correctly identified 70% of morphospecies within the genus Alcyonium (McFadden et al. 

2011). Low levels of intraspecific variation within mtMutS highlights its potential ability 

to distinguish alcyonaceans at the species level (McFadden et al. 2011). Other markers 

include the widely used COI (Calderón et al. 2006; McFadden et al. 2011; Aguilar-

Hurtado 2012; Benayahu et al. 2012; McFadden and van Ofwegen 2013), the 

mitochondrial nd2 gene (McFadden et al. 2014b) and the nuclear ribosomal ITS1 and 

ITS2 (Calderón et al. 2006). The internal transcribed spacer region of the ribosomal RNA 

genes (rDNA-ITS) is currently known as the most variable region within alcyonaceans 

(Grajales et al. 2007). This region holds potential for lower eukaryotes, among which 

most nuclear and mitochondrial markers lack the variation necessary to distinguish 

closely related species (Aguilar and Sánchez 2007a; Grajales et al. 2007). For instance, 

the nuclear region 18S-ITS1-5.8S-ITS2-28S has been found to demonstrate higher 

resolution than the two mitochondrial markers, nd2 and mtMutS, combined (van 
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Ofwegen and Groenenberg 2007). This marker has previously been employed for 

gorgonian octocorals (Grajales et al. 2007; Sánchez et al. 2007) and nephtheids (van 

Ofwegen and Groenenberg 2007). Because inconsistencies may arise in the phylogenetic 

groupings generated from mitochondrial and nuclear sequences, it is beneficial to 

examine patterns in both types of gene regions to best elucidate relationships among 

and within taxa (McFadden et al. 2010). 

Although molecular techniques have become increasingly important in alcyonacean 

taxonomy, they also have limitations. As yet, no single molecular marker can be 

comprehensively employed for all alcyonaceans (Aguilar-Hurtado et al. 2012). Due to 

the slow rates of mitochondrial evolution among alcyonaceans, many markers lack 

sufficient variation to reliably distinguish species and genera (McFadden et al. 2011; 

Aguilar-Hurtado et al. 2012). Several markers, including the nuclear rDNA-ITS1 and 

rDNA-ITS2 may exhibit significant intragenomic variation, or fail to amplify reliably 

(McFadden et al. 2011). The use of molecular techniques relies on the presence of a 

barcoding gap (difference between maximum intraspecific and minimum interspecific 

genetic distances); which is commonly absent within Octocorallia (McFadden et al. 

2011). The requirement for an arbitrary value of genetic variation as a benchmark to 

distinguish species can also be problematic, particularly as rates of variation of 

molecular markers often differ between alcyonacean taxa (DeSalle et al. 2005; 

McFadden et al. 2011).  

1.6.3. Integrated taxonomic approach 

The limitations of single taxonomic methods highlight the importance of using an 

integrated taxonomic approach to accurately identify species (Aguilar-Hurtado et al. 

2012; Janes and Mary 2012). The use of multiple techniques provides strong evidence to 
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allow the robust characterisation of species. In particular, molecular techniques can be 

used to reinforce traditional taxonomy based on sclerite and colony morphology by 

identifying which of these traits can reliably distinguish species or genera (McFadden et 

al. 2011; Janes and Mary 2012). This may especially be useful for field identification of 

soft corals (McFadden et al. 2011). 

1.7. Tamar River estuary 

The Tamar River estuary is located on the northern coastline of Tasmania, an island 

situated southeast of the Australian mainland (Gunawardana and Locatelli 2008). 

Estuaries are unique and dynamic environments, primarily due to the interaction of 

land-based and marine waters (Edgar et al. 1999). Estuaries are widely recognised for 

supporting diverse habitats and communities, and high production, due to the gradient 

from entirely freshwater to entirely marine environments occurring along their lengths 

(Attard et al. 2012). The Tamar River estuary is approximately 70 km in length, with an 

estimated area of 100 km2 and catchment area of 10 000 km2 (Gunawardana and 

Locatelli 2008; Attard et al. 2012).  

1.7.1. Social and economic uses 

Tourism and recreation, including bird-watching, swimming, boating, diving, and fishing, 

are prominent human uses within the Tamar River estuary (Pirzl and Coughanowr 

1997; Aquenal and DEPHA 2008; Gunawardana and Locatelli 2008). Other uses include 

aquaculture and marine transport, with the Tamar being the site of a deep sea port 

which attracts international shipping (Pirzl and Coughanowr 1997). The surrounding 

catchment area comprises extensive urban and industrial development (including a 

population centre with over 100 000 residents) and agricultural and forestry areas 

(Gunawardana and Locatelli 2008; Attard et al. 2012). 
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1.7.2. Physical and hydrological characteristics 

The Tamar River estuary is the only mesotidal drowned river valley in Tasmania (Edgar 

et al. 1999). The general characteristics of drowned river valleys are broad river mouths, 

deep channels and rocky headlands. In assessing the conservation significance of 111 

Tasmanian estuaries, Edgar et al. (2000) categorised these estuaries into nine groups 

according to similarities in nine physical (including hydrological and geomorphological) 

variables. The distinctiveness of the Tamar River estuary is reflected in the fact that it 

formed its own group separate from each of the other estuaries (Edgar et al. 2000).  

The Tamar River estuary is well-mixed with semidiurnal tides and water temperatures 

that range seasonally from approximately 5-22°C (Foster et al. 1986; Gunawardana and 

Locatelli 2008; Attard et al. 2012). The main river channel extends to approximately 60 

m depth (Fig. 2) and is characterised by steep sides, exposure to strong tidal currents 

and nutrient-rich waters (Pirzl and Coughanowr 1997; Barrett and Wilcox 2001). Much 

of this channel consists of rocky reef habitat (Barrett and Wilcox 2001).  
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Figure 2: Bathymetric map of the Tamar River estuary (Source: Lucieer et al. 2009). 

1.7.3. Biotic communities 

The physical and hydrological characteristics of the Tamar River estuary determine the 

sessile invertebrate assemblage inhabiting the lower reaches. To date, comprehensive 

surveys of estuarine habitats and their associated flora and fauna have not been 

undertaken in the Tamar River estuary (Gunawardana and Locatelli 2008). In particular, 

no studies have yet examined the structure and composition of the Tamar rocky reef 

communities.  
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The Tamar River estuary has been assigned the highest conservation rank (Class A 

listing) due to being the only estuary of its type in Tasmania, having exceptionally high 

plant, invertebrate and fish species richness, and possessing several endemic species not 

recorded elsewhere in Tasmania (Edgar et al. 1999). This classification confers critical 

conservation listing upon the estuary, with all Class A estuaries (including their 

associated flora, fauna, habitats and catchment area) recommended for protection 

through the establishment of a system of protected areas (Edgar et al. 1999).  

Habitat types within the Tamar include subtidal rocky reefs and seagrass beds, and 

intertidal rocky shorelines, sandy beaches, mudflats, wetlands and saltmarshes (Fig. 3). 

Several of these habitats, including string kelp (Macrocystis angustifolia) forests, sponge-

dominated invertebrate assemblages and seagrass beds, have been classified as 

‘keystone’ (i.e. vital for the functioning of the ecosystem) and assigned significant 

conservation value (Barrett and Wilcox 2001; Aquenal and DEPHA 2008). Protection of 

these habitats is considered essential for the sustainability of wider natural values in the 

estuary. These habitats support diverse communities, including intertidal 

macroinvertebrates, migratory and resident fish species, seabirds, wading birds, and 

marine mammals, such as seals, whales and dolphins (Smith 1993, 1995; Pirzl and 

Coughanowr 1997; Edgar et al. 1999; Aquenal 2001a, 2001b; Barrett and Wilcox 2001; 

Aquenal 2002, 2003, 2004; Aquenal and DEPHA 2008; Gunawardana and Locatelli 

2008). The Tamar is home to over 100 fish species, of which 30 families are known to 

spawn within the estuary (Gunawardana and Locatelli 2008). The species richness of 

intertidal benthic macroinvertebrates at Low Head, at the mouth of the Tamar (116 

species), is the second highest among 55 sites sampled throughout Tasmania (Edgar et 

al. 1999).  
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Figure 3: Habitat map of the Tamar River estuary (Source: SOER 2010).  

 

While benthic macroinvertebrate assemblages have been the subject of several studies 

(Smith 1993; Smith 1995; Edgar et al. 1999; Aquenal 2001a, 2001b, 2002, 2003, 2004), 

their focus has been limited to intertidal and shallow subtidal communities. These 

studies have only focussed on the short-term collection of data, meaning that temporal 

trends in these communities are not known (Gunawardana and Locatelli 2008). Reef 

habitat comprises 29.7% of total habitat cover from the mouth of the estuary to Batman 

Bridge (Lucieer et al. 2009). However, studies of rocky reef habitats in the lower reaches 

of the Tamar River estuary are uncommon (Aquenal and DEPHA 2008). The few studies 
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that have been conducted (see Edgar et al. 1997; Edgar and Barrett 2000) have focussed 

on assessing fish, macroalgal and larger invertebrate (e.g. crustaceans, molluscs and 

echinoderms) communities. 

Although they have received less attention than other habitats, subtidal rocky reefs 

within the Tamar River estuary are structurally complex environments which provide 

shelter and foraging grounds for a range of species (Aquenal and DEPHA 2008). Rocky 

reefs in the lower reaches of the estuary are mainly medium to low relief, with moderate 

exposure (Barrett and Wilcox 2001). Shallower areas of reef (0-15 m) are dominated by 

macroalgae, whereas deeper waters (>15 m) provide habitat for sponge-dominated 

invertebrate assemblages, which include several soft coral species (Aquenal and DEPHA 

2008). A coarse-scale habitat mapping exercise conducted by the Tasmanian 

Aquaculture and Fisheries Institute (TAFI), recorded approximately 540 ha of 

invertebrate-dominated habitat from the mouth of the estuary to Beauty Point (Lucieer 

et al. 2009). The rocky substrate, strong tidal currents and nutrient-rich waters in the 

main channel provide an ideal environment for alcyonaceans (Pirzl and Coughanowr 

1997; Barrett and Wilcox 2001).  

Although several alcyonacean species have been described as occurring in northern 

Tasmania (Edgar 2012), currently, virtually nothing is known about the Tamar 

alcyonacean assemblage. Thus, there is a need for detailed desciptions of the 

alcyonacean species inhabiting the Tamar using relevant morphological and molecular 

variation, and investigation into their patterns of distribution and abundance. 

1.7.4. Threats to Tamar River estuary biota 

Although estuarine species are generally able to tolerate a dynamic range of 

environmental variables, expanding development and human uses within the Tamar 
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River estuary and its surrounding catchment pose several threats to the natural values 

of the area (Gunawardana and Locatelli 2008). Despite the estuary’s Class A 

classification, areas close to the population centre of Launceston, and more heavily 

industrialised regions, are environmentally degraded (Pirzl and Coughanowr 1997, 

Edgar et al. 1999). Slight improvements in water quality indicators have been evident 

from 2010-2012, however, these changes may be attributed in part to inter-annual 

variability in rainfall and flow rates (Attard et al. 2012). 

A primary threat to biodiversity within the Tamar is habitat loss or degradation 

(Gunawardana and Locatelli 2008). Such loss is often related to other impacts, namely, 

urban and industrial waste inputs, dredging and silt raking, reclamation of wetland 

habitat, deforestation and urban development (causing increased sedimentation and 

runoff),  and the impacts of introduced species such as rice grass (Spartina anglica), 

pacific oysters (Crassotrea gigas) and the eastern mosquitofish (Gambusia holbrooki) 

(Edgar et al. 1999). Large sediment inputs into the estuary from the North and South Esk 

Rivers are flushed downstream (particularly during high rainfall and flood events) (Pirzl 

and Coughanowr 1997; Gunawardana and Locatelli 2008). The strong tidal action within 

the estuary then resuspends and transports sediments back upstream, where large 

amounts are deposited in the upper reaches (particularly during low rainfall and low 

flow events; Pirzl and Coughanowr 1997; Gunawardana and Locatelli 2008). These 

combined events cause significant sedimentation, erosion and turbidity within the 

estuary, particularly in its upper reaches (Pirzl and Coughanowr 1997; Aquenal and 

DEPHA 2008). Silt raking within the estuary, to reduce the risk of flooding and improve 

recreational and aesthetic values, has several potentially negative impacts on the natural 

values of the area. These impacts include the release and transport of heavy metals 
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previously bound in stable bottom sediments; damage to intertidal and subtidal habitats 

(caused directly by dredging activities, or indirectly through increased turbidity); 

changes in flow rates and sediment transport; and impacts on biotic communities, such 

as reduced light availability, smothering and unearthing of underlying anoxic sediments 

(Pirzl and Coughanowr 1997; Watchorn 2000; Gunawardana and Locatelli 2008). 

Substantial declines in alcyonacean assemblages as a result of land-based development 

and subsequent elevated sedimentation and nutrient levels have been recorded in other 

areas (Cornish and DiDonato 2004).  

1.8. Rationale and aims 

Despite their diversity and ecological role, alcyonaceans represent a largely 

understudied group (McFadden et al. 2011). Alcyonacean assemblages often contribute 

to the structural complexity of habitats which support a diverse range of species (Yesson 

et al. 2012). These unique and charismatic communities form a significant component of 

the natural values of the Tamar River estuary, and act as an attraction for recreational 

SCUBA divers. However, due to their proximity to industrial and urban developments, 

these communities are potentially susceptible to human impacts. Understanding and 

managing the impacts of sedimentation and other anthropogenic disturbances on 

alcyonacean assemblages is dependent upon sufficient knowledge of the constituent 

species and their biological responses (Smith 1995; Pollock et al. 2014). Such knowledge 

is currently lacking for the Tamar alcyonacean assemblage, as it is for many other 

subtidal communities within the estuary.  

Quantitative data on invertebrates and aquatic flora within Tasmanian estuaries is 

insufficient (Edgar et al. 1999). These information gaps and the absence of long-term 

data sets prohibit the monitoring of trends within estuarine communities, and limit the 
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ability of biological data to inform the conservation and management of the estuary’s 

biodiversity and natural values (Edgar et al. 1999; Gunawardana and Locatelli 2008; 

Pirzl and Coughanowr 1997; Aquenal and DEPHA 2008). These information deficiencies 

have also contributed to a lack of awareness about the estuary’s natural values 

(Gunawardana and Locatelli 2008). A management priority for the Tamar is to conduct 

ongoing surveys and mapping of habitats and their associated biotic communities, 

ideally forming part of a long-term estuary-wide survey and monitoring program (Pirzl 

and Coughanowr 1997; Aquenal and DEPHA 2008; Gunawardana and Locatelli 2008). A 

model of such long-term monitoring is evident from the Bathurst Channel, southwest 

Tasmania, in which a widespread survey was conducted in 2002, and replicated in 2010. 

This survey documented the diverse and abundant alcyonacean community of the 

channel, and allowed for the comparison of benthic assemblages across this timeframe 

(Barrett et al. 2010).  

Along with collecting physical and chemical data (either from the water, sediments or 

organisms themselves), surveys assessing the diversity and abundance of biotic 

assemblages are an important method by which to assess the ecological health of an 

estuary (Smith 1995). Alcyonacean assemblages may be a particularly useful group to 

assess, as their composition and abundance is largely influenced by the surrounding 

environment and, due to their sessile behaviour, they spend their entire lives within a 

single habitat, exposed to the same set of environmental conditions (Smith 1995; 

Fabricius and Alderslade 2001). The current absence of long-term monitoring 

programmes within the Tamar, combined with the significant knowledge gaps 

surrounding the order Alcyonacea and their vulnerability to natural and anthropogenic 
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disturbances, highlight the need for investigations into the alcyonacean assemblage of 

the Tamar River estuary. Thus, the aims of this study are: 

 

1.   To identify and describe, both qualitatively and quantitatively, the alcyonacean 

species of the Tamar River estuary, using in situ imagery, DNA analysis and SEM and 

light microscope imaging of sclerite morphology.  

2.   To determine differences in the community structure and abundance (percentage 

cover) of rocky reef benthic taxa among sites and depths in the Tamar River estuary. 

3.   To determine differences in alcyonacean abundance (percentage cover) among 

sites and depths in the Tamar River estuary. 

 

2. Materials and Methods 

2.1. Location 

Surveys of Alcyonacea and other taxa occurred at five rocky reef sites within the lower 

Tamar River estuary: Shag Rock (41°08'.404S, 146°49'.311E), Garden Island 

(41°07'.021S, 146°48'.779E), Hospital Point (41°06'.755S, 146°49'.291E), Honduras 

Bank (41°05'.827S, 146°48'.072E) and Fish Beacon (survey 1: 41°04'.039S, 

146°47'.451E; survey 2: 41°06'.756S, 146°49'.337E; Fig. 4). Environmental variables 

likely to influence alcyonaceans and other rocky reef benthic taxa vary across these five 

sites. Salinity ranges from as low as approximately 22 ppt near Beauty Point, to 35 ppt at 

the mouth of the estuary. Secchi depths (a measure of the transparency of the water) at 

Beauty Point are as low as 1.5 m, and can reach up to 16 m at site T18 (Fig. 4), while 

temperature remains relatively constant across all sampling sites at individual times 

throughout the year, but varies seasonally (TEER 2012). 
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Figure 4: Location of the five sampling sites within the Tamar River estuary, northern Tasmania. Blue 
labels mark the location of the TEER environmental sampling sites within the range relevant for this 
study. 

 

Shag Rock was the most upstream (southern) site sampled. Due to strong currents and 

poor visibility, the maximum depth surveyed at this site was 25 m.  At this depth, the 

substrate comprised both soft sediment (possibly a veneer over consolidated substrate), 
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and a complex biogenic layer consisting of a bryozoan matrix and turfing algae. Rocky 

reef habitat extended to approximately 20 m depth at this site, and was characterised by 

rocky outcrops covered largely by a sponge-dominated invertebrate assemblage, 

interspersed with frequent patches of soft sediment. The second most southern site was 

the man-made Garden Island. From approximately 22-27 m at this site, the substrate 

was a mix of soft sediment and small rocky outcrops. Between 10-22 m, the substrate 

was low profile rocky reef covered by a sponge-dominated invertebrate assemblage. 

Above this depth, brown algae, red algae and seagrass dominated. At Hospital Point, the 

substrate from 5-30 m was low profile rocky reef, inhabited by a sponge-dominated 

invertebrate assemblage. At Honduras Bank, the substrate consisted of low relief rocky 

reef with a gradual slope, apart from two level ‘steps’ at 15 m and 22 m. The rocky reef 

was inhabited by a diverse sponge-dominated invertebrate assemblage. A veneer of 

settled sediment covered areas of the reef, but significantly less than that observed at 

Shag Rock. Two dives were conducted at Fish Beacon, the most northern site located 

close to the mouth of the estuary. During the first dive at this site (25/9/2014) the 

substrate was largely low relief rocky reef covered by a sponge-dominated invertebrate 

assemblage. During the second dive (21/10/2014) the area surveyed was north of the 

previous location, and was characterised by low to moderate relief rocky reef, with 

frequent vertical walls and rocky outcrops.  

2.2. Soft coral sampling and in situ photography 

Surveys were conducted by SCUBA divers at a single site each day (apart from Fish 

Beacon), coinciding with slack high tide. At each site, between depths of 5-30 m, 

alcyonacean colonies were photographed and collected for sclerite and molecular 

comparisons. SCUBA diving has several advantages over previously used collection 
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techniques such as trawling and dredging, which are destructive and often yield 

damaged and incomplete specimens (McFadden et al. 2011). Targeted sampling by 

SCUBA divers also allows observation and photography of alcyonaceans in their natural 

habitat, yielding information on their ecology and habitat requirements, and allowing 

the morphology of the live colonies to inform species identification (McFadden et al. 

2011; Janes and Mary 2012). 

Sampling aimed to include multiple specimens of each morphospecies observed at the 

five sites, in order to ensure cryptic species were not overlooked, and to quantify 

intraspecific morphological and genetic variation, which has often been neglected in 

previous studies (McFadden et al. 2011). Sclerite morphology varies among different 

regions (e.g. polyp, calyx, base surface and base interior) of a single colony (Fabricius 

and Alderslade 2001). Thus, entire colonies, or where impractical (e.g. for larger 

gorgonians), sections of colonies which included all of these regions were collected. 

Colony morphology was documented by obtaining in situ photographs for each 

specimen prior to collection, as external morphology (i.e. shape and colour) often 

changes once alcyonacean colonies are fixed and preserved in ethanol (EtOH). Each live 

specimen was transported to the laboratory, where tissue subsamples were removed 

from each colony and stored at -80°C for DNA analysis. The remainder of the colony was 

then transferred to 95% EtOH. Unlike storage in formalin, which often damages tissue 

and prohibits successful DNA extraction, storage in 95% EtOH enables the long-term 

preservation of the samples for future DNA analysis if necessary (Fabricius and 

Alderslade 2001). For several samples, narcotisation was attempted prior to fixation and 

preservation in 95% EtOH, using menthol crystals, magnesium sulphate solution, or a 

short period in a -20°C freezer. However, each method demonstrated only limited 
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success, and the majority of colonies either remained contracted throughout transport 

and transfer to 95% EtOH, or contracted immediately upon contact with the ethanol. 

The samples were then transferred to the Queen Victoria Museum and Art Gallery and 

registered into the collection. 

2.3. Photoquadrats 

Photoquadrats were captured using a Panasonic Lumix DMC-TZ7 digital camera and 

Ikelite strobe mounted on a square metal frame. This enabled multiple images to be 

taken, each covering an approximately 0.5 ⨉ 0.5 m area of the benthos. At each site, 

photoquadrats were taken at 20 haphazardly selected positions at each depth category 

(5 m, 10 m, 15 m, 20 m, 25 m and 30 m). Depth was recorded at each category prior to 

the capture of the photoquadrats. This survey method is cost-effective, and yields 

imagery data for future analysis (Barrett et al. 2010). 

2.4. Sclerite extraction, SEM and light microscopy 

Preserved colonies were dissected under a compound microscope, and tissue from each 

region removed for sclerite extraction. The three regions sampled for the Drifa colonies 

were polyps, base interior and base exterior (Fig. 5). For Acabaria and Mopsella colonies, 

the polyps, calyces, branch coenenchyme and nodes were sampled (Fig. 6). For several 

colonies with relaxed polyps, the tentacles were also sampled. Regions sampled for the 

novel genera were the primary and daughter polyps, and their body walls.  
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Figure 5: Diagram indicating the base exterior and base interior regions sampled from each Drifa colony 
for sclerite extraction. 

 

 

 

 

 

 

 

 

Figure 6: Diagram indicating a section of Mopsella branch, demonstrating three of the regions removed 
for sclerite analysis (tentacles were only sampled for specimens with relaxed polyps). The other regions 
sampled were the branch coenenchyme (tissue layer surrounding the inner axis) and the nodes. 

 

The tissue removed from each region was approximately 2-5 mm2, equating to roughly 

10-20 individual polyps and calyces, or a 10-20 mm section of branch. Each tissue 

subsample was placed in sodium hypochlorite (with 12.5% chlorine) and left for up to 

Base exterior 

Base interior 

Calyx 

Polyp head 

Tentacles 
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48 hours to dissolve. The remaining sclerites were then rinsed with distilled water at 

least five times. For each subsample, several drops of the sclerite suspension were 

pipetted onto a glass microscope slide and left to dry at room temperature. The sclerites 

were then viewed using a compound microscope, and initial observations recorded. The 

sclerites were transferred from the microscope slide to a SEM stub, after which they 

were sputter coated with 2-3 nm of platinum and imaged at the Central Science 

Laboratory (CSL), University of Tasmania, using a Hitachi SU-70 field emission scanning 

electron microscope. Approximately three to eight images were captured per stub, 

aiming to encompass the majority of the morphological variation occurring among the 

sclerites on each stub. 

Ten specimens were selected for a more thorough morphological examination, including 

imaging of a larger number of sclerites using a light microscope. These specimens were 

selected based on their representativeness (i.e. one specimen of a common morphotype) 

or uniqueness (i.e. a specimen possessing a unique morphotype). While SEM allows for a 

more detailed representation of the finer-scale sclerite ornamentation and surface 

structure, light microscopy enables the more rapid imaging of a larger number of 

sclerites, permitting the representation of the full range of variation in sclerite 

morphology within and among specimens. Images were taken using a Leica DM2000 

compound microscope and Leica DFC420 camera, with the imaging software Leica LAS 

3.1 (Leica Microsystems, Germany). For each field of view (often containing several 

sclerites), multiple images were taken across the range of focus from the top of the 

sclerites to the bottom. The image stacking software, CombineZP, was then used to 

combine this image stack to create a composite image with sufficient depth of field, even 

at high magnification. 



39 

 

2.5. DNA analysis 

No single DNA extraction method proved effective across all samples. Therefore, several 

methods were used with various modifications. For most samples, total genomic DNA 

was extracted from 25 mg subsamples of coral tissue using Qiagen’s DNeasy Blood & 

Tissue Kit, either according to the manufacturer’s protocol or with the modifications 

described by Moore (2014). From some samples and species, genomic DNA was 

extracted from 5 mg of tissue using a procedure developed for kelp tissue (see Appendix 

1), with comparable success to that of the Blood & Tissue Kit. 

2.5.1. mtMutS 

The mtMutS gene was amplified using the following primers from McFadden et al. 

(2011): ND4L2475F (5’ – TAGTTTTACTGGCCTCTAC – 3’) and MUT3458R (5’ – TSGAGC 

AAAAGCCACTCC – 3’). Attempts were also made to amplify the mitochondrial COI 

marker, however, due to poor PCR amplification, attention was focussed on the mtMutS 

gene. Due to often weak and unreliable amplification of the mtMutS gene across species, 

internal primers designed by Moore (2014) were also used for some specimens 

(ANTHMSH1F-reverse; 5’-TCCGAACAGTCCTCTAAATTACAA-3’ and ANTHMSH1F-

forward; 5’-GCTTCAAATGGGGTTTCCA-3’), but did not improve the overall PCR success 

with difficult specimens. The extracted genomic DNA was diluted to either 1/10 or 1/20 

of its original concentration. 

PCR reactions were carried out in a total reaction volume of 50 µL, containing 13.8 µL of 

ddH20, 5 µL of 10x BIOTAQ™ NH4 Reaction Buffer (Bioline, Sydney), 200 µM of dNTPs, 2 

µL of MgCl2, 3 µL of bovine serum albumin, 0.2 µL of BIOTAQ™ DNA Polymerase (Bioline, 

Sydney), 2 µM of each primer, and 2 µL of DNA template. For templates which failed to 

amplify, a modified 50 µL PCR reaction was run, containing 17.7 µL of ddH20, 10 µL of 5x 
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MyTaq™ Reaction Buffer (containing 5 mM dNTPs and 15 mM MgCl2, along with 

stabilisers and enhancers; Bioline, Sydney), 2 μM of each primer, 0.3 µL of MyTaq™ DNA 

Polymerase (Bioline, Sydney) and 2 µL of DNA template.  

The following thermal cycling profile was used to amplify the mtMutS marker: 94.0°C for 

6 min, followed by 40 cycles of 94.0°C for 45 s, 45.0°C for 1 min and 72°C for 2 min, with 

a final polishing step of 72.0°C for 6 min. The thermal cycling was run on a Bio-Rad 

C1000™ thermal cycler (Bio-Rad Laboratories Inc., California). DNA samples were run on 

1.0% agarose/TBE gels, and imaged using a ChemiDoc-It®TS2 Imager (UVP, California). 

PCR products were purified using the MoBio Ultraclean® PCR Clean-Up Kit according to 

the manufacturer’s instructions and sequenced using dye-terminator sequencing 

chemistry by the Ramaciotti Centre for Gene Function Analysis at the University of New 

South Wales. 

2.5.2. rDNA-ITS 

The intergenic spacer region of the nuclear ribosomal RNA (rDNA-ITS) region was 

amplified using the universal primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 

(5’-TCCTCCGCTTATTGATATGC-3’; White et al. 1990). PCR reactions were carried out in 

a total volume of 20 µL, containing 6 µL of ddH20, 10 µL of MyTaq™ HS Mix (Bioline, 

Sydney), 0.5 μM of the ITS1 and ITS4 primers, and 2 µL of DNA template. The thermal 

cycle used to amplify the rDNA-ITS region was as follows: 95°C for 3 min, followed by 35 

cycles of 95°C for 15 s, 60°C for 30 s, and 72°C for 15 s, with a final polishing step of 72°C 

for 1 min. Several weakly amplified products were diluted 1/10 and re-amplified using a 

modified thermal cycle consisting of 95°C for 3 min, followed by 29 cycles of 95°C for 10 

s, 58°C for 30 s, and 72°C for 60 s, with a final polishing step of 72° for 1 min. PCR 

products were purified using SureClean Plus (Bioline, Sydney) according to the 
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manufacturer’s instructions, and resuspended in 15 µL of TE buffer. Purified PCR 

products were sequenced by the Australian Genome Research Facility (AGRF) using dye-

terminator sequencing chemistry. 

2.5.3. Sequence alignment and phylogenetic analysis 

Resulting electropherograms were corrected by manual inspection in the molecular data 

analysis software Geneious version 5.4.7. Sequences obtained in this study were aligned 

with published sequences from related octocorals available on GenBank using the 

default settings in MUSCLE, with eight iterations (Edgar 2004). Neighbour-joining 

phylogenetic trees containing mtMutS sequences obtained from this study and those of 

McFadden et al. (2014a) were used to determine broad-scale relationships of sequences 

within the order Alcyonacea. This analysis was then used as a guide for selection of taxa 

to include in focussed analyses of specimens identified as Drifa spp. and Clavulariidae 

gen. nov. A. Additional sequences for inclusion in final phylogenetic trees were also 

obtained by conducting BLAST searches of GenBank with each of the unique sequences 

obtained in this study (Appendix 2).  

Phylogenetic analyses of the Drifa spp. and Clavulariidae gen. nov. A alignments were 

performed in MEGA version 6.0 (Tamura et al. 2013) using maximum likelihood (ML) 

methods. A Tamura 3-parameter model with gamma distribution (T92 + G; Tamura 

1992) was selected by MEGA as the best fitting model for both alignments, based on the 

corrected Akaike Information Criterion (AIC [Drifa spp. alignment] =4510.416; AIC 

[Clavulariidae gen. nov. A alignment] =4203.891). Support of tree branching order was 

assessed by bootstrap analysis from 1000 replicates. Bayesian inference (BI) analyses 

were conducted using the MrBayes plugin in Geneious (Huelsenbeck and Ronquist 

2001), with a 1 100 000 chain length, burn-in length of 100 000 generations and tree 
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topologies saved every 1000 generations. The Hasegawa-Kishino-Yano (HKY85) model 

(Hasegawa et al. 1985) with gamma distribution was used, as it was the best model 

identified by MEGA also available in the MrBayes package (AIC [Drifa spp. alignment] 

=4510.686; AIC [Clavulariidae gen. nov. A alignment] =4205.880).  

2.6. Digital image analysis 

Photoquadrat images were analysed using the software program, TransectMeasure 

(SeaGIS Pty Ltd, Victoria, Australia). A uniform grid of 50 points was overlaid over the 

photoquadrat area within each image. In a pilot study conducted by Barrett and Edgar 

(2010), 50 points per image was found to provide the optimal balance between the time 

taken to score each image, and the amount of data generated. The CATAMI 

(Collaborative and Annotation Tools for Analysis of Marine Imagery and video) 

classification scheme, including the hierarchical CAAB (Codes for Australian Aquatic 

Biota) coding system, was used to assign attributes to each point in the images. This 

classification system has been used in CSIRO’s CMAR Benthic Habitats Video Image 

Archive, and in seabed surveys conducted in waters off the Northern Territory (Heap et 

al. 2010). For comparisons of the percentage covers of the major benthic taxa, these 

categories were condensed (see Appendix 3 for the complete list of attributes, including 

the condensed categories).  

In some images, poor visibility and/or lighting resulted in limited resolution around the 

periphery of the photoquadrat, and thus a small number of points could not be reliably 

allocated an attribute, and so were designated ‘unscorable’. Where uncertainty existed, 

the identity of the underlying taxa was verified by a local marine expert [DM - QVMAG]. 

For each depth and site combination, a point count report was generated and the 

percentage cover of each taxon calculated. 
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The approach used for analysing the percentage cover data is similar to that of Barrett et 

al. (2010), who assessed reef biota, including alcyonaceans, in the Bathurst Channel. For 

every taxon, the mean percentage cover for each depth category at each site was 

calculated. Multivariate analyses were conducted in PRIMER v6 (PRIMER-E, UK). As is 

often necessary for abundance or count data, the percentage cover data was square root 

transformed, to moderate the contribution of dominant species (Clarke and Gorley 

2006). A Bray-Curtis similarity matrix was produced, and subsequent Principal 

Coordinates Analysis (PCoA) performed. PCoA is a method of ordination whereby the 

distance between points indicates the relative dissimilarities of their community 

structure (Clarke and Warwick 2001). PCoA was conducted with both unpooled data, 

including all replicates for each depth category at each site, and pooled data, where 

mean percentage covers were calculated across all replicates for each depth category 

within each site. A PERMANOVA was conducted to determine whether differences 

occurred in the overall assemblage between sites and depths, with the maximum 

number of permutations set at 9999. A SIMPER (similarity percentage) analysis was 

then used to identify which taxa contributed most to these differences. To test for the 

homogeneity of multivariate dispersions among the dataset, a PERMDISP analysis was 

conducted. A significance level of 0.05 was used for all analyses. 

3. Results 

In total, 46 alcyonacean colonies were collected from the five rocky reef sites (Table 1). 

Of these, 25 were identified as belonging to the genus Drifa Danielssen, 1887. Colony 

and sclerite morphology support the identity of a known Drifa species (Drifa gaboensis) 

and four Drifa morphotypes that appear to be undescribed species. Twelve specimens 

belong to the melithaeid genera Mopsella Gray, 1857 and Acabaria Gray, 1859. Nine 
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specimens represent two distinct groups (Clavulariidae gen. nov. A and Clavulariidae 

gen. nov. B) which resemble the genera Carijoa Müller, 1867 and Telesto Lamouroux, 

1812, but are each markedly different. Morphological and genetic data has been 

established to conclude that one of these groups represents a novel genus, while 

morphological data suggests the second group may also represent an undescribed 

genus. For each species, designation of the type specimen was based on colony and 

sclerite morphology, and DNA sequence comparisons, when available (Table 1). Where 

allocation of other specimens to each of these species was based only on one line of 

evidence (e.g. colony morphology), this allocation was made on the basis of a high 

degree of similarity between the colonies (i.e. no reason to group them separately based 

on available data). However, further sclerite imaging is recommended to confirm the 

identities of these specimens. Identities were independently verified by an alcyonacean 

taxonomic expert, Dr Phil Alderslade (P. Alderslade 2015, pers. comm., 12 February).  

 
Table 1: Summary of specimens collected in this study, the data obtained for each specimen, and the 
species they were allocated to as a result of these data. Specimens in bold were examined in detail and 
described below and, for the novel species, represent the type specimen. 
 

Registration number Collection site 
Depth 

(m) 
In situ 

imagery 
mtMutS 

Sclerite 
imagery 

Classification 

QVM 2015:20:0002 Fish Beacon 27.8 Yes Yes Yes Drifa gaboensis 

QVM 2014:20:0041 Fish Beacon 27.0 Yes No Yes Drifa sp. nov. 1 

QVM 2014:20:0032 The Monument 24.8 No Yes Yes Drifa sp. nov. 1 

QVM 2014:20:0036 Fish Beacon 20.2 Yes No Yes Drifa sp. nov. 1 

QVM 2015:20:0015 Garden Island  27.7 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0016 Garden Island  27.1 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0018 Garden Island  24.4 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0019 Garden Island  17.4 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0020 Garden Island  17.4 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0010 Shag Rock 24.0 Yes No Yes Drifa sp. nov. 1 

QVM 2015:20:0021 Shag Rock 24.0 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0022 Shag Rock 23.0 Yes No Yes Drifa sp. nov. 1 

QVM 2015:20:0023 Shag Rock 19.5 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0024 Shag Rock 18.0 Yes No No Drifa sp. nov. 1 
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QVM 2015:20:0025 Honduras Bank 25.0 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0026 Honduras Bank 24.5 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0027 Honduras Bank 21.5 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0014 Honduras Bank 16.5 Yes Yes No Drifa sp. nov. 1 

QVM 2015:20:0013 Honduras Bank 15.0 Yes Yes No Drifa sp. nov. 1 

QVM 2015:20:0034 Hospital Point 24.6 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0037 Honduras Bank 28.1 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0038 Honduras Bank 28.0 Yes No No Drifa sp. nov. 1 

QVM 2015:20:0001 Fish Beacon 28.0 Yes Yes Yes Drifa sp. nov. 2 

QVM 2014:20:0043 Fish Beacon 13.3 Yes No Yes Drifa sp. nov. 3 

QVM 2015:20:0008 Honduras Bank 26.3 Yes Yes Yes Drifa sp. nov. 4 

QVM 2014:20:0039 Fish Beacon 26.9 Yes Yes Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2014:20:0037 Fish Beacon 21.7 Yes Yes Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2014:20:0038 Fish Beacon 26.6 Yes No Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2014:20:0040 Fish Beacon 26.8 Yes No Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2015:20:0003 Fish Beacon 24.4 Yes Yes Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2015:20:0012 Hospital Point 32.3 Yes Yes Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2015:20:0033 Hospital Point 27.5 Yes No Yes 
Clavulariidae gen. 

nov. A sp. nov. 

QVM 2015:20:0009 Honduras Bank 18.9 Yes No Yes 
Clavulariidae gen. 

nov. B sp. nov. 

QVM 2015:20:0004 Hospital Point 30.0 Yes No Yes 
Clavulariidae gen. 

nov. B sp. nov. 

QVM 2015:20:0007 Fish Beacon 14.4 Yes No Yes Mopsella zimmeri 

QVM 2015:20:0030 Fish Beacon 23.0 Yes No Yes Mopsella zimmeri 

QVM 2015:20:0035 Fish Beacon 21.8 Yes No Yes Mopsella zimmeri 

QVM 2015:20:0036 Fish Beacon 21.8 Yes No Yes Mopsella zimmeri 

QVM 2015:20:0006 Fish Beacon 17.8 Yes No Yes Mopsella zimmeri 

QVM 2015:20:0005 Hospital Point 28.4 Yes No Yes Acabaria sp. 

QVM 2014:20:0034 Fish Beacon 22.9 Yes No Yes Acabaria sp. 

QVM 2014:20:0035 Fish Beacon 22.9 Yes No Yes Acabaria sp. 

QVM 2014:20:0042 Fish Beacon 23.8 Yes No Yes Acabaria sp. 

QVM 2015:20:0028 Fish Beacon 25.5 Yes No Yes Acabaria sp. 

QVM 2015:20:0032 Hospital Point 31.1 Yes No Yes Acabaria sp. 

QVM 2015:20:0011 Hospital Point 22.6 Yes No Yes Acabaria sp. 

 

 

 

 



46 

 

Family NEPHTHEIDAE Gray, 1862 

 

Genus Drifa Danielssen, 1887 

Drifa specimens are largely arborescent or bushy in growth form, and possess a thick 

leathery stalk. Polyps are clavate and non-retractile. Sclerites in the polyps are spindles 

and clubs, which are often asymmetrically developed with toothed foliaceous or spinose 

projections on the convex side. These projections are often flattened and form 

transverse rows, with scalloped or jagged edges. Capstans occur in the base exterior and 

interior, though are more uniform in shape and scarcer in the latter. The sclerites of the 

Drifa colonies are similar to many species of the tropical genus Capnella Gray, 1869, in 

that asymmetrically foliose clubs and spindles are present in the polyp, and capstans 

(sometimes foliose) in the base exterior (Utinomi 1960). However, the Drifa specimens 

differ from Capnella in that they do not possess tuberculate spheres in the base interior, 

but rather, small capstans. 

Drifa gaboensis (Verseveldt, 1977) 

Figs. 7-12 

Capnella gaboensis Verseveldt, 1977: 190-192, fig. 10. 

Capnella gaboensis Farrant 1985, 1986, 1987. 

Capnella gaboensis Farrant et al. 1987a, 1987b. 

Drifa gaboensis, Gowlett-Holmes 2008: 38. 

 

Material examined 

QVM 2015:20:0002, Fish Beacon, Tamar River estuary, 41°06'.756S, 146°49'.337E, 27.8 
m depth, M. Dykman, 21 October 2014; QVM 2013:20:0023, Sisters Beach, north-west 
Tasmania, N: 5469386, E: 381369, D. Maynard, 1 April 2013; QVM 2013:20:0024, Sisters 
Beach, north-west Tasmania, N: 5469436, E: 381350, D. Maynard, 1 April 2013; QVM 
2014:20:0025, Fish Beacon, Tamar River estuary, 41.06652°S, 146.79113°E, 18 m depth,  
D. Maynard, 13 April 2014; QVM 2014:20:0029, Rocky Cape, 46.8596°S, 145.5172°E, D. 
Maynard, 20 April 2014. 
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Description of specimen QVM 2015:20:0002. 

The colony is significantly larger than the other Drifa specimens, and bushy, with thicker 

lobes partially obscuring the short main stalk (Fig. 7). Instead of possessing main 

branches and smaller branchlets, this colony possesses numerous long tapering lobes 

extending in an upwards direction. In ethanol, the colony measures 95 mm in height, 

with a stalk diameter of approximately 20 mm. Multiple lobes, up to 90 mm in length 

and 45 mm in diameter, branch out approximately 10 mm above the base of the colony, 

and give rise to smaller daughter lobes. Polyps do not form bundles in this colony, but 

are distributed relatively evenly across the lobes. Single polyps arise directly from the 

upper part of the stalk, and the lobes. Once contracted in ethanol, the polyps are clavate 

and curved inwards. Indistinct vertical striations line the base and lobes. When alive, 

this colony was a darker mushroom grey colour, but upon transfer to ethanol, changed 

colour to green, and then faded to pale grey/cream (Fig. 8). QVM 2015:20:0002 is 

characterised by the presence of spindles and clubs with prominent flattened, 

transversely placed foliaceous projections (Figs. 9, 10). Several polyp sclerites consist of 

large foliaceous projections fanning out from basal root-like processes (Fig. 10). The 

base exterior is densely packed with spiny capstans (Fig. 11A), occasionally with leafy 

projections, while capstans are more sparsely distributed in the base interior (Fig. 11B). 
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Figure 7: Drifa gaboensis, QVM 2015:20:0002, in situ. 
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Figure 8: Drifa gaboensis specimen QVM 2015:20:0002. 
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Figure 9: Drifa gaboensis specimen QVM 2015:20:0002, polyp sclerites: A, spindles; B, clubs. Join lines 
between individual sclerites in this figure and subsequent sclerite figures link the sclerites into groups. 
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Figure 10: Drifa gaboensis specimen QVM 2015:20:0002, polyp sclerites: A, clubs; B, leafy capstans and 
spheroids. 
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Figure 11: Drifa gaboensis specimen QVM 2015:20:0002, sclerites: A, base exterior capstans; B, base 
interior capstans. 
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Figure 12: Drifa gaboensis, SEM images of sclerite examples: A, polyp spindles; B, polyp club; C, base 
exterior capstans. 
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Remarks 

The colony morphology of this specimen matches well with that of Drifa gaboensis 

(Verseveldt 1977). The sclerites of this specimen appear very similar to those in 

Verseveldt’s description. However, the leafy projections on several of the spindles and 

clubs in this specimen are slightly more prominent and several of the base exterior 

sclerites possess leafy projections, apparently absent from Verseveldt’s Drifa gaboensis. 

These are probably due to natural variation. The placement of these projections in 

transverse rows is more pronounced than for the other Drifa colonies collected, and the 

polyps are smaller in size than for Drifa sp. nov. 1. 

 

Drifa sp. nov. 1 

Figs. 13-18 

Material examined 

QVM 2014:20:0041, Fish Beacon, Tamar River estuary, 41°04'.039S, 146°47'.451E, 27.0 
m depth, M. Dykman, 25 September 2014; QVM 2014:20:0032, The Monument, George 
Town, Tamar River estuary, 41°06’.857S, 146°48’.677E, 24.8 m depth,  M. Dykman, 12 
September 2014; QVM 2014:20:0036, Fish Beacon, Tamar River estuary, 41°04'.039S, 
146°47'.451E, 20.2 m depth, M. Dykman, 25 September 2014; QVM 2015:20:0010, Shag 
Rock, Tamar River estuary, 41°08'.404S, 146°49'.311E, 24.0 m depth, M. Dykman, 7 
October 2014; QVM 2015:20:0014, Honduras Bank, Tamar River estuary, 41°05'.827S, 
146°48'.072E, 16.5 m depth, M. Dykman, 8 October 2014; QVM 2015:20:0013, Honduras 
Bank, Tamar River estuary, 41°05'.827S, 146°48'.072E, 15.0 m depth, M. Dykman, 8 
October 2014. 
 

Description of QVM 2014:20:0041  

This specimen is arborescent in form, 80 mm tall, with a thick prominent main stalk 

measuring 25 mm in diameter at the base. Branches, up to 14 mm in length, originate 

from the upper part of the main stalk. The colony stalk is relatively smooth, with fine 

vertical striations. Polyps tend to be clustered along the branches and the small 

branchlets occasionally arising along their length (Fig. 13). Polyps originating from the 
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main stalk itself tended to be clustered in groups of >3, and very few single polyps 

originate from the main stalk. The contracted polyps are approximately 2 mm in length, 

clavate and curved inwards. Indistinct striations run length-wise along the outside of the 

contracted polyps. In ethanol, the colony is dark brown. The polyp sclerites are spindles 

and clubs (Figs. 14, 15). The spindles often possess foliaceous projections on their 

convex side, which are occasionally arranged in transverse rows. Warty capstans are 

present in the base exterior, with a low number possessing small leafy projections (Fig. 

16A). Capstans in the base interior are more sparsely arranged, and spinier (Fig. 16B). 

Figure 17 shows SEM images of examples of some sclerite forms within this species. 
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Figure 13: Drifa sp. nov. 1, QVM 2014:20:0041, in situ. 
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Figure 14: Drifa sp. nov. 1 specimen, QVM 2014:20:0041, polyp spindles. 
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Figure 15: Drifa sp. nov. 1, QVM 2014:20:0041, polyp clubs. 
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Figure 16: Drifa sp. nov. 1 specimen QVM 2014:20:0041, sclerites: A, base exterior spindles and capstans; 

B, base interior capstans. 
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Figure 17: Drifa sp. nov. 1, SEM images of sclerite examples:  A, polyp spindles; B, foliaceous polyp 

spindles; C, polyp club; D, base exterior capstans; E, base interior capstans. 

 

Variation 

The colour of the live Drifa sp. nov. 1 colonies ranged from pale cream, through apricot 

pink and mushroom brown. Greater morphological variation was observed among the 
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colonies collected from Honduras Bank and Fish Beacon than at Shag Rock and Garden 

Island, where colonies varied little in colour and size. The mesenteries of several 

colonies support abundant gonads. As can be seen from Figure 18, colonies in ethanol 

range from approximately 15 mm in height up to >80 mm. Leafy projections on the 

convex side of the polyp spindles are occasionally transversely placed in other Drifa sp. 

nov. 1 specimens, and, in some instances, branch off in multiple directions (Fig. 17). 

QVM 2014:20:0032 and QVM 2014:20:0036 both possess both leafy and simpler 

spindles and clubs in the polyps and lack leafy capstans in the base exterior. Leafy clubs 

are also present in the polyps of QVM 2015:20:0010. Base exterior capstans in QVM 

2015:20:0010 are occasionally developed at one end with leafy projections. Capstans 

with small leafy projections are visible, but uncommon, in the base exterior of QVM 

2015:20:0022. These variations are considered to be normal intraspecific variability. 

Figure 18: Drifa sp. nov. 1 specimens, L-R: QVM 2014:20:0041; QVM 2014:20:0036; QVM 2015:20:0015; 

QVM 2015:20:0016; QVM 2015:20:0010. 
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Remarks 

Drifa sp. nov. 1 was the most common species collected. The arborescent growth form, 

polyps bent inwards in contracted specimens and the dark colour in ethanol of Drifa sp. 

nov. 1 are somewhat similar to Verseveldt’s description of Drifa erecta, D. johnstonei, D. 

portlandensis, and D. watsonae, all originally placed in the genus Capnella. However, 

Drifa sp. nov. 1 lacks the basal stolons of D. johnstonei and D. portlandensis. The outer 

surfaces of the polyps in D. erecta possess four pronounced longitudinal grooves (P. 

Alderslade 2015, pers. comm., 26 March) not present on polyps of Drifa sp. nov. 1. The 

sclerites of Drifa sp. nov. 1 are also different from D. erecta, D. johnstonei, D. 

portlandensis and D. watsonae. The most common polyp sclerites in D. erecta are 

spindles and clubs with three transverse rows of leafy projections. Although such 

sclerites are present in Drifa sp. nov. 1, they are not dominant, and the leafy projections 

often branch out in all directions instead. This is particularly seen in the top row of clubs 

in Figure 15 and SEM images in Figure 17. The leafy capstans, often with prominent 

foliose projections, in the base exterior of D. erecta (Verseveldt 1977) are also absent in 

Drifa sp. nov. 1. The base interior sclerites of Drifa sp. nov. 1 are rather spiny; a feature 

not evident in illustrations of D. erecta by Verseveldt (1977). Clubs, often with three 

leafy projections, are common in D. johnstonei, but not in Drifa sp. nov. 1. Drifa 

johnstonei possesses base exterior sclerites with two parallel flattened leaf-like 

projections, instead of the warty projections of the Drifa sp. nov. 1 base exterior 

sclerites. Drifa portlandensis is distinct in that it often possesses sclerites with a single 

broad flattened leaf-like projection, and torch-like clubs. The spindles of D. watsonae are 

larger and possess more complex warts than those of Drifa sp. nov. 1. The Drifa sp. nov. 

1 colonies resemble D. glomerata Verrill, 1869, described by Utinomi (1961), which also 

exhibits a leathery main ‘trunk’, branches bearing clusters of clavate, non-retractile 
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polyps, and a brownish colour. Drifa glomerata is however limited to a northern 

circumpolar distribution (Utinomi 1961). 

 

 

Drifa sp. nov. 2 

Figs. 19-23 

Material examined 

QVM 2015:20:0001, Fish Beacon, Tamar River estuary, 41°06'.756S, 146°49'.337E , 28.0 
m depth, M. Dykman, 21 October 2014. 

 

Description of QVM 2015:20:0001 

This specimen, although demonstrating an arborescent growth form similar to Drifa sp. 

nov. 1, with a main stalk supporting several branches, is significantly larger than the 

other Drifa colonies, and darker in colour (Figs. 19, 20). Polyps are approximately 2 mm 

in length and are clavate and curved inwards in the ethanol-preserved specimen. The 

stalk is 23 mm in diameter and branches begin arising approximately 15 mm above the 

base of the colony. The colony stalk is relatively smooth, with indistinct vertical grooves. 

Polyps are clustered on multiple branchlets arising from the dense branches of the 

colony. Branches measure up to 35 mm in length and 8 mm in diameter, while 

branchlets up to 8 mm in length and 4 mm in diameter. Some clusters of >3 polyps arise 

directly from the colony stalk, but single polyps do not. Clubs (Fig. 21A) and spindles 

(Fig. 21B) occur in the polyps, and occasionally bear tooth-like or foliaceous projections, 

most often transversely placed in rows on the convex side. Several clubs are torch-like, 

with flattened leafy projections at the top. Sclerites in the base exterior are normal 

capstans; leafy capstans are absent (Figure 22A). Sclerites in the base interior are 

sparsely arranged capstans, simpler in form to those in the base exterior (Fig. 22B). 
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Figure 19: Drifa sp. nov. 2, QVM 2015:20:0001, in situ. 
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Figure 20: Drifa sp. nov. 2 specimen QVM 2015:20:0001. 
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Figure 21: Drifa sp. nov. 2 specimen QVM 2015:20:0001, polyp sclerites: A, clubs; B, spindles. 
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Figure 22: Drifa sp. nov. 2 specimen QVM 2015:20:0001, sclerites: A, base exterior capstans; B, base 
interior capstans. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 23: Drifa sp. nov. 2, SEM images of sclerite examples: A, polyp spindle; B, base exterior capstan. 
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Remarks 

This colony occurred in close proximity to the Drifa gaboensis colony (QVM 

2015:20:0002). The clubs in the polyps of this specimen are smaller than those of Drifa 

sp. nov. 1, with fewer prominent leafy projections. The polyp sclerites of Drifa sp. nov. 2 

are quite similar to those of D. johnstonei, in that the leafy projections are often arranged 

in three transverse rows. However, unlike D. johnstonei and D. erecta, this species lacks 

leafy capstans in the base exterior and longitudinal grooves along the outside of the 

polyps. The growth form of Drifa sp. nov. 2 also differs from D. johnstonei, in that the 

colony is significantly larger and lacks basal stolons. 

 
 
 

Drifa sp. nov. 3 

Figs. 24-29 

Material examined 

QVM 2014:20:0043, Fish Beacon, Tamar River estuary, 41°04'.039S, 146°47'.451E, 13.3 
m depth, M. Dykman, 25 September 2014. 
 

Description of QVM 2014:20:0043 

Similar to Drifa sp. nov. 1 and 2, QVM 2014:20:0043 exhibits a tree-like growth form, but 

is distinct in the presence of several unusual brown streaks running vertically up the 

main stalk and branches (Fig. 24). Upon closer examination of the in situ photographs 

and collected specimen, these brown streaks were identified as polyps which are 

significantly larger, longer, darker in colour and less abundant than the other polyps of 

the colony (Fig. 24). This specimen measures 32 mm in height. The base measures 8 mm 

in diameter, while the round contracted branches (which appear as long lobes in the live 

colony) measure up to 6 mm in length. The predominant polyp type is smaller (<1 mm 
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in length) and very densely packed when compared with the other Drifa specimens. 

Several single polyps arise directly from the surface of the stalk. Unlike the small polyps, 

the larger polyps are loosely interspersed throughout the colony, and measure up to 5 

mm in length. These larger polyps tend to arise from the base of the branches. This 

specimen is significantly paler in ethanol, when compared with the other Drifa colonies 

(Fig. 25). In some cases, spindles and clubs in the polyps bear unilateral foliaceous 

projections, in other cases, they are simpler. The sclerites of the large polyps (Fig. 26) 

are larger and more complex than those of the small polyps (Fig. 27), occasionally 

bearing numerous long flattened leafy projections. QVM 2014:20:0043 appears to 

possess a small number of leafy capstans in the base surface, while interior capstans are 

generally simpler in form (Fig. 28). 
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Figure 24: Drifa sp. nov. 3, QVM 2014:20:0043, in situ. Arrow: large polyp. 
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Figure 25: Drifa sp. nov. 3 specimen QVM 2014:20:0043. Arrow: large polyp. 
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Figure 26: Drifa sp. nov. 3 specimen QVM 2014:20:0043, sclerites from the large polyps: A, spindles; B, 
clubs. 
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Figure 27: Drifa sp. nov. 3 specimen QVM 2014:20:0043, sclerites from the small polyps: A, clubs; B, 
spindles. 
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Figure 28: Drifa sp. nov. 3 specimen QVM 2014:20:0043, sclerites: A, base exterior capstans; B, base 
interior capstans. 
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Figure 29: Drifa sp. nov. 3, SEM images of sclerite examples: A, polyp spindles; B, base exterior capstan. 

 

Remarks 

Another colony also exhibiting this second polyp form was observed and photographed 

in close proximity to QVM 2014:20:0043, but was not collected. This second polyp form, 

so distinct in morphology, has only been observed in these two specimens. Although 

polyp dimorphism is characteristic of certain alcyonacean species, this generally 

involves the presence of autozooids (the ‘standard’ polyp with eight pinnate tentacles) 

and significantly smaller, more rudimentary siphonozooids (Bayer 1961; Fabricius and 

Alderslade 2001). The second polyp form observed in Drifa sp. nov. 3 is uncharacteristic 

of this archetypal mode of dimorphism. The normal polyps in this colony are very small 

and densely packed, in comparison with other Drifa species. The leafy projections of the 

sclerites in the large polyps are more prominent than in the other Drifa species 

described here and those described by Verseveldt (1977). 
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Drifa sp. nov. 4 

Figs. 30-35 

Material examined 

QVM 2015:20:0008, Honduras Bank, Tamar River estuary, 41°05'.827S, 146°48'.072E, 
26.3 m depth, M. Dykman, 23 October 2014. 
 

Description of QVM 2015:20:0008 

This specimen possesses an arborescent form but differs in that the contracted and 

elongated polyps are splayed out in a flattened ‘star-like’ arrangement (Figs. 30, 31). The 

polyps are a darker brown than seen in the other Drifa species. The branches of this 

colony are lined with abundant gonads. The colony is 55 mm in height, while the 

diameter of the stalk is 4 mm. Branches are thinner (approximately 2 mm in diameter) 

and give rise to individual polyps relatively evenly distributed along their length. Polyps 

occasionally arise from small branchlets originating from the main branches. Polyps 

measure up to 6 mm in length and 1-1.5 mm in diameter, while the polyp head is slightly 

wider, up to 2 mm diameter. Polyps are ‘spindly’, and only slightly curved inward. 

Grooves run lengthwise along each branch and individual polyp. Although possessing 

some polyp spindles and clubs with leafy projections, a greater proportion of spindles 

are simpler in form (Fig. 32). While some of the leafy projections are transverse, others 

branch out in all directions. This specimen possesses a high proportion of spindles with 

bifurcating ends (Fig. 33). The base exterior of QVM 2015:20:0008 appears to lack leafy 

capstans (Fig. 34A), while base interior capstans are slightly larger (Fig. 34B).  
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Figure 30: Drifa sp. nov. 4, QVM 2015:20:0008, in situ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31: Drifa sp. nov. 4 specimen QVM 2015:20:0008. 
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Figure 32: Drifa sp. nov. 4 specimen QVM 2015:20:0008, polyp sclerites: A, spindles; B, clubs. 
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 Figure 33: Drifa sp. nov. 4 specimen QVM 2015:20:0008, polyp spindles with bifurcating ends.  
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Figure 34: Drifa sp. nov. 4 specimen QVM 2015:20:0008, sclerites: A, base exterior capstans; B, base 

interior capstans. 
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Figure 35:  Drifa sp. nov. 4, SEM images of sclerite examples: A, polyp spindles; B, polyp spindles with 
bifurcating ends. 

 

Remarks 

The unusual elongated and splayed polyps of Drifa sp. nov. 4 and the simpler spindles, a 

high proportion with bifurcating ends, distinguish it from the four other Drifa specimens 

described here, and from all of the known species of this genus. Another colony strongly 

resembling QVM 2015:20:0008, with similar distinctive polyp shape and arrangement, 

has previously been photographed and collected from The Monument, George Town, in 

the Tamar River estuary (D. Maynard 2015, pers. comm., 23 January). This specimen is 

now held at QVMAG. 
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Family CLAVULARIIDAE Hickson, 1894 

 

Clavulariidae gen. nov. A 

Colonies exhibit monopodial branching, consisting of long hollow axial polyps with 

lateral polyps (Fig. 37). Daughter polyps branch in either a lateral or alternative fashion 

from the parent polyp. The polyps of this morphotype are pale translucent pink or white 

and often encased in a brown calyx. The tentacles possess flattened plate sclerites, while 

sclerites in the polyp head are slender rods. Wartier rods are present in the body wall. 

 

 

Clavulariidae gen. nov. A sp. nov. 

Figs. 36-41 

Material examined 

QVM 2014:20:0039, Fish Beacon, Tamar River estuary, 41°04'.039S, 146°47'.451E, 26.9 
m depth, M. Dykman, 25 September 2014; QVM 2014:20:0037, Fish Beacon, Tamar River 
estuary, 41°04'.039S, 146°47'.451E, 21.7 m depth, M. Dykman, 25 September 2014; QVM 
2014:20:0038, Fish Beacon, Tamar River estuary, 41°04'.039S, 146°47'.451E, 26.6 m 
depth, M. Dykman, 25 September 2014; QVM 2014:20:0040, Fish Beacon, Tamar River 
estuary, 41°04'.039S, 146°47'.451E, 26.8 m depth, M. Dykman, 25 September 2014; QVM 
2015:20:0003, Fish Beacon, Tamar River estuary, 41°06'.756S, 146°49'.337E, 24.4 m 
depth, M. Dykman, 21 October 2014; QVM 2015:20:0012, Hospital Point, Tamar River 
estuary, 41°06'.755S, 146°49'.291E, 32.3 m depth, M. Dykman, 20 October 2014; QVM 
2015:20:0033, Hospital Point, Tamar River estuary, 41°06'.755S, 146°49'.291E, 27.5 m 
depth, M. Dykman, 20 October 2014. 
 

Description of QVM 2014:20:0039 

This specimen consists of a single hollow primary polyp, measuring 121 mm in length 

and 1.5-2.0 mm in diameter. This gives rise to a single, longer secondary polyp, 

measuring 22 mm (Fig. 37). Smaller daughter polyps occur both singly and oppositely 

branched in a whorled fashion along both the primary and secondary polyps. In situ, this 

colony was encrusted by an orange sponge (Fig. 36). The colony is coloured white/pale 
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cream in ethanol. The method of attachment of the colony to the substrate is unclear, as 

the primary polyp terminates proximally without any basal attachment structure or 

stolon. Sclerites are present in the polyps of this species. Flattened plates occur in the 

tentacles (Figs. 38A, 39A), while sclerites in the polyp neck are characterised by two 

rows of cone-like projections (Fig. 39B). Several significantly longer, slender spindles 

(up to 3.8 µm) are also present in the polyp heads. Such sclerites are slightly longer in 

the primary polyp (Fig. 38B, C) than in the daughter polyps (Fig. 39C). The body walls of 

both the primary and daughter polyps contain short stout rods, with warty projections 

(Figs. 38D, 39D). Rods in the body wall at the base of the daughter polyps often possess 

spiny projections and pronged ends, whereas body wall sclerites at the base of the 

primary polyp are wartier.  Sclerites toward the base of the colony demonstrate 

occasional fusing (Fig. 40C). 

 

 

 

 

 

 

 

 

 

 

Figure 36: Clavulariidae gen. nov. A sp. nov., QVM 2014:20:0039, in situ. 
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Figure 37: Clavulariidae gen. nov. A sp. nov. specimen QVM 2014:20:0039. 
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Figure 38: Clavulariidae gen. nov. A sp. nov. specimen QVM 2014:20:0039, parent polyp sclerites: A, 
tentacle plates; B-C, polyp head rods; D, body wall rods. 
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Figure 39: Clavulariidae gen. nov. A sp. nov. specimen QVM 2014:20:0039, daughter polyp sclerites: A, 
tentacle plates; B, polyp neck rod; C, polyp head rods; D, body wall rods. 
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Figure 40: Clavulariidae gen. nov. A sp. nov., SEM images of examples sclerites: A, polyp head rods; B, 
body wall rods; C, fusing of sclerites at the base of the colony. 

 

Variation 

Specimen QVM 2015:20:0003 consists of two long, hollow, joined primary polyps 

(measuring 54 mm and 62 mm in length). One of these gives rise to three long secondary 

polyps (measuring up to 21 mm in length), while the other primary polyp gives rise to 

one secondary polyp, measuring 12 mm in length. A third long polyp, broken off from 

the main colony, measures 45 mm in length and gives rise to three secondary polyps, 
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measuring up to 14 mm in length. Small daughter polyps arise in both an alternating and 

opposite fashion from the main polyp, with calyces measuring up to 4 mm in length. 

From these calyces extend white polyp heads approximately 1-1.5 mm in length. Polyps 

were pale pink in situ (Fig. 41), while the whole colony is pale brown in ethanol. Sclerites 

are also present in the polyps of this specimen. Several of the colonies belonging to this 

species are encrusted by a pale sponge. The method of attachment of this species is 

uncertain, as each specimen is present only as individual or joined primary polyps, with 

no visible attachment structure. One colony, QVM 2015:20:0012, exists as two separate 

primary polyps, one arising from thin leathery encrusting material. Whether this 

represents an interconnecting stolon joining and giving rise to the polyps, or merely an 

encrusting organism, is uncertain. 

Figure 41: Clavulariidae gen. nov. A sp. nov, QVM 2015:20:003, in situ. 

 



89 

 

Remarks 

The growth form of this species is similar to Carijoa operculata Bayer, 1961 (originally 

described as Telesto operculata), in that colonies are sparsely arborescent, with slender 

primary polyps giving rise to branching lateral polyps (Bayer 1961). Similar to C. 

operculata, Clavulariidae gen. nov. A sp. nov. possesses sclerites in the polyps and 

tentacles. The slender spinose rods in the polyps and, occasionally, the body wall, of this 

species resemble those characteristic of Carijoa, including both C. operculata and C. riisei, 

previously Telesto riisei Duchassaing and Michelotti, 1860. In contrast, the wartier rods 

found in the body walls of this species do not occur in the Carijoa species described by 

Bayer (1961), and more closely align with those of Telesto. However, they are less ovate 

in form, and more rod-like. The body walls of this colony lack the distinct longitudinal 

grooves characteristic of the Telesto species described by Bayer (1961).  

 

Clavulariidae gen. nov. B 

Colonies consist of short polyps that rarely produce secondary polyps, joined by a basal 

interconnecting stolon. This stolon is often concealed by an encrusting sponge. When 

alive, the polyps of this genus are able to fully retract into a brown sheath-like calyx, and, 

when extended, they bear slender white tentacles and pinnules (Fig. 42). No sclerites 

occur in the polyps of this genus, apart from a small number of flattened plates lining the 

tentacle rachis. Slender rods occur in the distal margin of the calyx and stout, warty rods 

in the upper and lower parts of the calyx. 
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Clavulariidae gen. nov. B sp. nov. 

Figs. 42-47 

Material examined 

QVM 2015:20:0009, Honduras Bank, Tamar River estuary, 41°05'.827S, 146°48'.072E, 

18.9 m depth, M. Dykman, 23 October 2014; QVM 2015:20:0004, Hospital Point, Tamar 

River estuary, 41°06'.755S, 146°49'.291E, 30.0 m depth, M. Dykman, 20 October 2014. 

Description of QVM 2015:20:0009 

This specimen consists of ten calyces measuring 4-12 mm in length and 1 mm in 

diameter, into which the polyps are completely retracted. These calyces are joined by a 

thin ribbon-like interconnecting stolon. The calyces are coloured brown in ethanol, 

becoming paler distally from their base. The upper margin of each calyx is slightly 

invaginated and longitudinally grooved. Each of the calyces arises separately, apart from 

three calyces branching from a single point. The polyps lack sclerites, apart from a few 

slender crescent-shaped rods and small plates in the tentacle rachis (Fig. 43A). Sclerites 

at the very upper margin of the calyx are small simple rods (Fig. 43B-D). Further down 

the calyx, these sclerites become stout rods and clusters with rounded warty tubercles 

(Figs. 44, 45, 47).  Rods and clusters, some quite spiny and some with rounder warts, are 

present in the interconnecting stolon (Fig. 46), and are occasionally fused together to 

form clumps. These rods are often cylindrical, but occasionally possess tapered ends. 
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Figure 42: Clavulariidae gen. nov. B sp. nov., QVM 2015:20:0009, in situ. 
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Figure 43: Clavulariidae gen. nov. B sp. nov. specimen QVM 2015:20:0009, sclerites: A, plates and rods of 
the tentacle rachis; B-D, rods of the upper margin of the calyx.  
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Figure 44: Clavulariidae gen. nov. B sp. nov. specimen QVM 2015:20:0009, upper calyx rods and clusters. 
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Figure 45: Clavulariidae gen. nov. B sp. nov. specimen QVM 2015:20:0009, lower calyx sclerites: A, rods 
and clusters; B, clubs. 
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Figure 46: Clavulariidae gen. nov. B sp. nov. specimen QVM 2015:20:0009, stolon rods and clusters. 

Figure 47: Clavulariidae gen. nov. B sp. nov., SEM images of sclerite examples from the calyx. 
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Variation 

Specimen QVM 2015:20:0004 consists of approximately 45 short polyps still attached to 

a rock by a thin ribbon-like interconnecting stolon. Each of these polyps occurs 

individually, apart from one polyp which gives rise to a single secondary polyp. Calyces 

measure 3-12 mm in length. Polyps are entirely retracted into the calyces and are not 

visible in the ethanol-preserved specimen. Similar to QVM 2015:20:0009, calyces are 

brown, becoming paler toward their distal ends. The ends of the calyces are invaginated 

and possess faint lengthwise striations. Several developing calyces, measuring 1 mm or 

less, arise along the stolon. The polyps of this colony bear slender white tentacles and 

pinnules. 

Remarks 

While the sclerites of the stoloniferous Clavulariidae gen. nov. B sp. nov. resemble that of 

Telesto flavula Deichmann, 1936; T. sanguinea Deichmann, 1936; and T. nelleae Bayer, 

1961, the colony growth form differs from Telesto species. All Telesto species described 

by Bayer (1961) are arborescent with shorter lateral polyps branching from taller axial 

polyps. In contrast, both specimens of Clavulariidae gen. nov. B sp. nov. consist of short 

individual polyps joined by a thin encrusting stolon. The absence of sclerites in the polyp 

head of Clavulariidae gen. nov. B sp. nov. also distinguish it from Telesto species, which 

all possess some degree of polyp spiculation (Bayer 1961). 
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Family MELITHAEIDAE Gray, 1870 

 

Genus Mopsella Gray, 1857 

Mopsella zimmeri Kükenthal, 1908 

Figs. 48-51 

Mopsella zimmeri Kükenthal, 1908: 199.  

Mopsella zimmeri Kükenthal 1919: 133, plate 36, fig. 32. 

Mopsella zimmeri Kükenthal 1924: 68, fig. 50. 

Mopsella zimmeri Hickson 1937: 146. 

Mopsella zimmeri Tixier-Durivault 1970: 328. 

Mopsella zimmeri Utinomi 1972: 12-13, fig. 4. 

Mopsella zimmeri Grasshoff 1982: 203. 

 

Material examined 

QVM 2015:20:0007, Fish Beacon, Tamar River estuary, 41°06'.756S, 146°49'.337E, 14.4 

m depth, M. Dykman, 21 October 2014; QVM 2015:20:0006, Fish Beacon, Tamar River 

estuary, 41°06'.756S, 146°49'.337E, 17.8 m depth, M. Dykman, 21 October 2014; QVM 

2015:20:0030, Fish Beacon, Tamar River estuary, 41°06'.756S, 146°49'.337E, 23.0 m 

depth, M. Dykman, 21 October 2014; QVM 2015:20:0035, Fish Beacon, Tamar River 

estuary, 41°06'.756S, 146°49'.337E, 21.8 m depth, M. Dykman, 21 October 2014; QVM 

2015:20:0036, Fish Beacon, Tamar River estuary, 41°06'.756S, 146°49'.337E, 21.8 m 

depth, M. Dykman, 21 October 2014. 

 

Description of QVM 2015:20:0007 

This colony inhabited a small vertical wall, with fans largely developed in a single plane. 

The colony is red and measures approximately 255 mm in height (Fig. 49). The branches 

measure 1.5-3.0 mm in diameter and appear to occasionally anastamose to form a net-

like structure. Small white polyps are positioned densely along each branch. 

Occasionally one side of the branch is without polyps along its length, with polyps only 

occurring along the other three sides. Flattened plate-like sclerites are present in the 

tentacles (Fig. 50A). This species possesses a collaret; a circle of transversely arranged 
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sclerites, at the base of the polyp (Fig. 48). Above the collaret, eight rows of sclerites are 

arranged, often en chevron. These rows are known as the ‘points’ (Fig. 48). The point 

sclerites often have one flattened end, and one end modified with spiny projections (Fig. 

50B), while the collaret sclerites are often flattened at both ends (Fig. 50C).  Leafy clubs 

(spindles enlarged at one end with foliose projections) are the dominant sclerite type in 

the branch coenenchyme (Fig. 50E-G, I). These clubs either possess long or short 

handles, and in several cases, the foliose projections are asymmetrical.  

 

 

 

 

 

 

 

 

Figure 48: Generalised diagram of the anatomy of a gorgonian polyp, showing arrangement of the point 
and collaret (or ‘crown’) sclerites (Source: Brill and Backhuys 1983). The anthocodia is herein referred to 
as the ‘polyp’. 
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Figure 49: Mopsella zimmeri, QVM 2015:20:0007, in situ. 
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Figure 50: Mopsella zimmeri specimen QVM 2015:20:0007, sclerites: A, tentacle plates; B, point spindles; 
C, collaret spindles; D, polyp spindles; E-G, I, leafy clubs of the branch coenenchyme; H, internode rods. 
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Variation 

Among the Mopsella zimmeri colonies collected, colours range from yellow, through 

orange and red. The colour of the sclerites generally matches the colour of the overall 

colony. Colony growth form occurs largely in a single plane. The different Mopsella 

zimmeri colonies possess different abundances of leafy clubs, but in all cases, leafy clubs 

are more dominant than standard clubs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 51: Mopsella zimmeri, SEM images of sclerite examples: A, point spindle; B, leafy clubs of the 
branch coenenchyme; C, internode rods. 
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Genus Acabaria Gray, 1859 

Acabaria sp.  

Figs. 52-57 

Material examined 

QVM 2015:20:0005, Hospital Point, Tamar River estuary, 41°06'.755S, 146°49'.291E, 

28.4 m depth, M. Dykman, 20 October 2014; QVM 2014:20:0034, Fish Beacon, Tamar 

River estuary, 41°04'.039S, 146°47'.451E, 22.9 m depth, M. Dykman, 25 September 

2014; QVM 2014:20:0035, Fish Beacon, Tamar River estuary, 41°04'.039S, 

146°47'.451E, 22.9 m depth, M. Dykman, 25 September 2014; QVM 2014:20:0042, Fish 

Beacon, Tamar River estuary, 41°04'.039S, 146°47'.451E, 23.8 m depth, M. Dykman, 25 

September 2014; QVM 2015:20:0028, Fish Beacon, Tamar River estuary, 41°06'.756S, 

146°49'.337E, 25.5 m depth, M. Dykman, 21 October 2014; QVM 2015:20:0032, Hospital 

Point, Tamar River estuary, 41°06'.755S, 146°49'.291E, 31.1 m depth, M. Dykman, 20 

October 2014; QVM 2015:20:0011, Hospital Point, Tamar River estuary, 41°06'.755S, 

146°49'.291E, 22.6 m depth, M. Dykman, 20 October 2014. 

Description of QVM 2015:20:0005 

This white, bramble-like colony exhibits multiplanar growth and measures 

approximately 170 mm in height (Fig. 52). Branch diameter is 1-1.5 mm with slightly 

swollen nodes, darker in colour than the remainder of the colony. Branching is 

significantly sparser than in the Mopsella zimmeri colonies, and the branches are 

slender, with polyps more sparingly distributed. Branches do not anastomose. In the 

ethanol-preserved specimen, all polyps are fully contracted and appear only as small 

raised lumps along the branches. Stick-like rods are present in the pinnules (Fig. 53A), 

while tentacle sclerites are flattened, often crescent-shaped plates (Fig. 53B, C). Collaret 

sclerites are modified at one end with spiny projections (Fig. 53D, E). The dominant 

sclerite types in the branch coenenchyme are clubs and spindles (Figs. 54, 55A). These 

clubs and spindles bear complex warts, and often unilateral tooth-like projections (Fig. 

55A), but no leafy projections. The SEM images provide a detailed representation of this 

surface ornamentation (Figs. 56, 57). 
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Figure 52: Acabaria sp., QVM 2015:20:0005, in situ. 
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Figure 53: Acabaria sp. specimen QVM 2015:20:0005, polyp sclerites: A, pinnule rods and plates; B-C, 
tentacle plates; D-E, collaret spindles and clubs. 
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Figure 54: Acabaria sp. specimen QVM 2015:20:0005, spindles of the branch coenenchyme. 
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Figure 55: Acabaria sp. specimen QVM 2015:20:0005, sclerites: A, branch coenenchyme spindles and 
clubs; B, internode rods; C, node rods. 
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Figure 56: Acabaria sp., SEM images of examples of branch coenenchyme spindles. 
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Figure 57: Acabaria sp., SEM images of sclerite examples: A, branch coenenchyme clubs; B, branch 
coenenchyme leafy club; C, branch coenenchyme spindles; D, internode rods. 
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 Variation  

The Acabaria colonies collected are either cream or orange in colour. Leafy clubs are 

present, but uncommon, in the branch coenenchyme of several specimens. 

Remarks 

Fewer leafy clubs are present in the Acabaria colonies than in the Mopsella colonies, 

with normal clubs and spindles dominating instead.  

3.1. Molecular analyses 

In total, mtMutS sequences were obtained for ten specimens (Table 2). DNA extraction 

and amplification proved particularly difficult for Clavulariidae gen. nov. B sp. nov., 

Acabaria sp. and Mopsella zimmeri specimens, and no sequences were obtained for these 

species. All mtMutS sequences were of similar length with short inserts/deletions 

(indels in multiples of 3 bp) and could be unambiguously aligned. In contrast, the 

nuclear rDNA-ITS sequences could not be reliably aligned due to numerous indels of 

various lengths and a high degree of sequence divergence. Therefore, these sequences 

were excluded from further analyses. Sequences from McFadden et al. (2014a) and 

BLAST searches included in the phylogenetic analyses are shown in Appendix 2. 

Table 2: The specimens for which mtMutS sequences were obtained, including the primers used, and the 
length of the resulting sequence. bp = base pairs, CG = cytosine and guanine.  

Taxa QVM Primer (F) Primer (R) 
Length 

(bp) 
CG 

(%) 

Drifa gaboensis QVM 2015:20:0002 ND4L2475F MUT3458R 738 37.5 

Drifa sp. nov. 1 QVM 2014:20:0032 ND4L2475F MUT3458R 738 37.7 

Drifa sp. nov. 1 QVM 2015:20:0014 ND4L2475F MUT3458R 738 37.7 

Drifa sp. nov. 1 QVM 2015:20:0013 ND4L2475F MUT3458R 738 37.7 

Drifa sp. nov. 2 QVM 2015:20:0001 ND4L2475F MUT3458R 738 37.7 

Drifa sp. nov. 4 QVM 2015:20:0008 ND4L2475F MUT3458R 738 37.7 

Clavulariidae gen. nov. A sp. nov. QVM 2014:20:0037 ND4L2475F MUT3458R 735 35.4 

Clavulariidae gen. nov. A sp. nov. QVM 2014:20:0039 ND4L2475F MUT3458R 771 34.5 

Clavulariidae gen. nov. A sp. nov. QVM 2015:20:0003 ND4L2475F MUT3458R 735 35.4 

Clavulariidae gen. nov. A sp. nov. QVM 2015:20:0012 ND4L2475F MUT3458R 735 35.4 
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3.1.1. Drifa spp. 

Five of the Drifa specimens, belonging to Drifa sp. nov. 1 (x3), Drifa sp. nov. 2 (x1) and 

Drifa sp. nov. 4 (x1) possessed identical mtMutS sequences. One Drifa specimen, QVM 

2015:20:0002, identified as Drifa gaboensis, differed from the four other Drifa specimens 

by four base pairs (Table 3). An alignment between the six Drifa sequences obtained in 

this study and the sequences for the five Capnella species represented on GenBank 

revealed a total of 62 variable nucleotide positions (Table 4). The Drifa sp. nov. 1, 2 and 

4 sequences obtained herein were most similar to Capnella sp. 2, differing by two base 

pairs. No Drifa sequences were available on GenBank. 

 

Table 3: Variable nucleotide positions among the six Drifa sequences obtained in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specimen Species 

Position 

2
8

 

1
4
9

 

3
9
9

 

6
9
7

 

1. QVM 2014:20:0032  Drifa sp. nov. 1 T G A G 

2. QVM 2015:20:0014  Drifa sp. nov. 1 T G A G 

3. QVM 2015:20:0013  Drifa sp. nov. 1 T G A G 

4. QVM 2015:20:0001  Drifa sp. nov. 2 T G A G 

5. QVM 2015:20:0002  Drifa gaboensis D A G A 

6. QVM 2015:20:0008  Drifa sp. nov. 4 T G A G 
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Table 4: Variable nucleotide positions among the Capnella sequences downloaded from GenBank and the Drifa sequences obtained in this study (in bold). 

  

 

Specimen/taxa Position 

 

2
8

 

3
1

 

3
5

 

4
4

 

7
2

 

1
1
1

 

1
4
1

 

1
4
5

 

1
4
7

 

1
4
9

 

1
5
4

 

1
5
5

 

1
6
5

 

1
7
0

 

1
7
1

 

1
8
6

 

1
9
7

 

1
9
8

 

2
0
6

 

2
2
7

 

2
3
7

 

2
7
9

 

3
1
7

 

3
3
1

 

3
4
9

 

3
7
2

 

3
8
5

 

3
8
9

 

3
9
6

 

3
9
9

 

4
5
9

 

1. Capnella imbricata  G A C G C T C C A T T C T T T A T G T G T C A C C T T T A A 

2. Capnella parva 
 

A G C A C T T T A C C A C A G A G T C T G T G T A T T G A C 

3. Capnella cf. spicata 
 

A G C A C T T T A C C A C A G A G T C T G T G T A T T G A C 

4. Capnella sp. 1 
 

A G T A T G T T C C C A C A G A G T T T G T G T A T C T A C 

5. Capnella sp. 2 
 

A G C A C T C T A C C A C A G G G T T T G T G T A C T T A C 

6. Drifa sp. nov. 1 T A G C A C T C T G C C A C A G G G T T T G T G T A T T T A C 

7. Drifa sp. nov. 1 T A G C A C T C T G C C A C A G G G T T T G T G T A T T T A C 

8. Drifa sp. nov. 1 T A G C A C T C T G C C A C A G G G T T T G T G T A T T T A C 

9. Drifa sp. nov. 2 T A G C A C T C T G C C A C A G G G T T T S T G T A T T T A C 

10. Drifa gaboensis A A G C A C T C T A C C A C A G G G T T T G T G T A T T T G C 

11. Drifa sp. nov. 4 T A G C A C T C T G C C A C A G G G T T T G T G T A T T T A C 
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Specimen/taxa Position (cont.) 

 

4
6
4

 

4
7
1

 

4
8
1

 

5
0
0

 

5
1
3

 

5
1
9

 

5
3
1

 

5
3
9

 

5
5
3

 

5
5
9

 

5
6
1

 

5
6
7

 

5
7
0

 

5
7
7

 

5
9
4

 

6
0
4

 

6
1
1

 

6
2
7

 

6
3
5

 

6
3
6

 

6
3
7

 

6
4
7

 

6
5
4

 

6
5
7

 

6
6
7

 

6
7
9

 

6
8
2

 

6
9
0

 

6
9
7

 

7
0
0

 

7
0
5

 

1. Capnella imbricata T G T G A C G A A C C C G C A G A G C C C C G T T G C T A C C 

2. Capnella parva C A G A G T A A A T T T A A G A G A C A A T A G A A T G A T C 

3. Capnella cf. spicata C A G A G T A A A T T T A A G A G A C A A T A G A A T G A T C 

4. Capnella sp. 1 C A T A G T A G G T T T G A G A A A T G A T A G A A T G A T T 

5. Capnella sp. 2 C A T A A T A A A C T T G A G A G A T A A T A G A A T T G T C 

6. Drifa sp. nov. 1 C A T A A T A A A C T T G A G A G A T A A T A G A A T T G T C 

7. Drifa sp. nov. 1 C A T A A T A A A C T T G A G A G A T A A T A G A A T T G T C 

8. Drifa sp. nov. 1 C A T A A T A A A C T T G A G A G A T A A T A G A A T T G T C 

9. Drifa sp. nov. 2 C A T A A T A A A C T T G A G A G A T A A T A G A A T T G T C 

10. Drifa gaboensis C A T A A T A A A C T T G A G A G A T A A T A G A A T T A T C 

11. Drifa sp. nov. 4 C A T A A T A A A C T T G A G A G A T A A T A G A A T T G T C 

.
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Both the ML and BI trees grouped the species into three well-supported clusters (>88% 

bootstrap, posterior probabilities >0.96; Figs. 58, 59). The Drifa specimens collected in 

this study clustered with sequences from five Capnella species and four Eunephthya 

species. Four Drifa sequences (from Drifa sp. nov. 1, Drifa sp. nov. 2 and Drifa sp. nov. 4) 

clustered particularly with Capnella sp. 2 (71% bootstrap). Included within this cluster, 

but branching earlier, was Drifa gaboensis (specimen QVM 2015:20:0002). The 

remaining Dendronephthya spp., Nephthea spp., Stereonephthya spp., Scleronephthya 

spp. and Calcigorgia spp. sequences all comprised a second cluster. Basal to both of 

these clusters were the outgroup taxa Paralcyonium spinulosum and Studeriotes sp.  
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Figure 58: Molecular phylogenetic analysis of the Drifa spp. mtMutS sequences by the maximum 
likelihood method, based on the Tamura 3-parameter model with gamma distribution. Numbers on 
branches are bootstrap values from 1000 replicates. Specimens collected in this study are shown in bold. 
Coloured bars indicate the family and suborder to which each species belongs. 
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Figure 59: Molecular phylogenetic analysis of the Drifa spp. mtMutS sequences, using the Bayesian 
inference method based on the HKY85 model with gamma distribution. Node labels are posterior 
probabilities.  Specimens collected in this study are shown in bold. Coloured bars indicate the family and 
suborder to which each species belongs. 
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3.1.2. Clavulariidae gen. nov. A sp. nov. 

The mtMutS sequences obtained from three Clavulariidae gen. nov. A sp. nov. specimens 

were identical. These sequences were also identical to the ?Telesto sp. sequence 

downloaded from GenBank. Within the 500 base pair (bp) overlapping alignment, there 

were 70 variable nucleotide positions between the single Clavulariidae gen. nov. A sp. 

nov. haplotype and the three Carijoa sequences downloaded from GenBank (Carijoa 

riisei, Carijoa sp. [South Africa] and Carijoa sp. [West Papua]). In both the ML and BI 

trees, the Clavulariidae gen. nov. A sp. nov. specimens and ?Telesto sp. formed a well-

supported clade (100% bootstrap, posterior probability =1) distant from the three 

Carijoa sequences (Figs. 60, 61). Strong support (95% bootstrap, posterior probability 

=1) existed for the grouping of the Clavulariidae gen. nov. A sp. nov. and ?Telesto sp. 

sequences with the stoloniferans Rhodelinda sp. and Tubipora sp. (Figs. 60, 61). Both 

trees were rooted using Alcyonium haddoni as an outgroup. 
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Figure 60: Molecular phylogenetic analysis of the Clavulariidae gen. nov. A sp. nov. mtMutS sequences by 
the maximum likelihood (ML) method, based on the Tamura 3-parameter model with gamma distribution. 
Numbers on branches are bootstrap values from 1000 replicates. Specimens collected in this study are 
shown in bold. Coloured bars indicate the family and suborder to which each species belongs. 
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Figure 61: Molecular phylogenetic analysis of the Clavulariidae gen. nov. A sp. nov. mtMutS sequences 

using the Bayesian inference method, based on the HKY85 model with gamma distribution. Node labels 

are posterior probabilities. Specimens collected in this study are shown in bold. Coloured bars indicate the 

family and suborder to which each species belongs.  
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3.2. Diversity and community structure of major benthic taxa 

446 photoquadrat images were analysed for the percentage cover of benthic taxa, with 

at least 15 replicate images per depth category at each of the five sites. The results of the 

PCoA for the unpooled data are shown in Figure 62. The PCO1 axis accounted for 24.3% 

of variation, while the PCO2 axis accounted for 12.9% (explaining a total of 37.2% of 

variation among the groups; Fig. 62). The PCO1 axis largely corresponded with depth, 

with replicates from shallower depth categories positioned on the left hand side of the 

axis, while deeper categories grouped toward the right. The PCO2 axis indicates 

separation more according to site differences, with the Honduras Bank replicates 

occurring toward the top of the axis, and the Shag Rock replicates occurring toward the 

bottom (Fig. 62). Replicates from the 5 m depth category at Hospital Point grouped 

toward the bottom of the plot, whereas the other depth categories from this site were 

more centrally positioned along the PCO2 axis. Replicates from each of the depth 

categories for Fish Beacon and Garden Island grouped quite centrally on the PCO2 axis. 
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Figure 62: Results of the principal coordinates analysis demonstrating relationships among the 
percentage covers of benthic biota across depth categories at five different sites. This plot includes all 
replicates for each depth category at each site. 

 

The pooled PCoA plot is similar to the unpooled plot, in that depth corresponds closely 

with PCO1 (which accounts for 36.7% of variation), while site differences align with 

PCO2 (which accounts for 15.2% of variation; Fig. 63). A Spearman correlation vector 

was overlaid on the pooled PCoA plot (Fig. 63). This vector was simplified to include 

only the taxa which had correlations >0.7. Shallower depth categories grouped toward 

the left hand side of the PCO1 axis, correlating with erect coarse-branching brown algae 

and canopy-forming brown algae, which have a negative relationship with both the 

PCO1 and PCO2 axes. Conversely, replicates from the deeper depth categories grouped 

toward the right hand side of the PCO1 axis, corresponding to higher abundances of 
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several invertebrate groups, including five sponge groups, Drifa spp., hydroids, and soft 

foliaceous bryozoa (Fig. 63). These invertebrate groups demonstrate a positive 

relationship with the PCO1 axis (indicating increasing relative abundances with 

increasing depths), but either a weak or neutral relationship with the PCO2 axis. The 

size of the site effect appears stronger for the depth categories of the most upriver site, 

Shag Rock, which are grouped quite separately from the other sites, apart from the 5 m 

depth category. This grouping demonstrates a correlation with higher abundances of 

coarse sand and drift algae or seagrass. Fish Beacon and Honduras Bank (the two sites 

closest to the mouth of the estuary) are grouped closely together toward the bottom of 

the PCO2 axis. This grouping demonstrates a weaker correlation with higher 

abundances of both erect coarse-branching and canopy-forming brown algae. Both 

Hospital Point and Garden Island fall between these two groupings on the PCO2 axis.  

 

 

 

 

 

 

 

 

 

 

 

Figure 63: Results of the principal coordinates analysis demonstrating relationships among the 
percentage covers of benthic biota across depth categories at five sites. Replicates for each depth category 
across each site have been pooled, producing a mean percentage cover for each taxon. Correlations with 
the first two axes are shown for those taxa which had correlations >0.7. 
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The PERMANOVA demonstrated that all three factors (Depth, Site and the interaction 

between depth and site) were significant (Table 5). The significant interaction term 

(Depth x Site) indicates that the effects of depth on community structure vary according 

to site. That is, the effect of depth is not equal across all sites and, similarly, site 

differences are not equal across all depth categories. The presence of significant 

interaction means that tests of the effects of the individual factors cannot be examined in 

isolation (Clarke and Warwick 2001). 

Table 5: Results of the PERMANOVA analysis using factors Depth, Site and Depth x Site. 

Variable df SS MS Pseudo-F P 
Unique 
perms 

% total variation 
(effect size) 

Depth 5 3.38E+05 67618 69.18 0.0001 9891 25.67 

Site 4 2.35E+05 58833 60.19 0.0001 9872 21.86 

Depth x Site 19 2.85E+05 15025 15.37 0.0001 9730 25.80 

Residual 417 4.08E+05 977.34 
   

26.65 

 

Depth had a slightly larger effect size than site (25.68% and 21.86%, respectively; Table 

5). This is reflected in the pooled PCoA plot, which demonstrates that the PCO1 axis 

(which aligns more closely with depth differences) accounts for a greater proportion of 

variation (36.7%) than the PCO2 axis, which aligns more closely with site differences 

and explains 15.2% of variation. The interaction and residual terms contributed 25.80% 

and 26.65% of total variation, respectively. 

The PERMDISP produced a significant result (df1=4, df2=441, F=12.025, P<0.0001), 

indicating heterogeneity of multivariate dispersions among the groups. PERMANOVAs 

are sensitive to differences in the dispersion among groups in the data set (Clarke and 

Warwick 2001). However, a significant value produced by a PERMDISP analysis does not 

necessarily mean that differences in dispersion are severe enough to undermine a 

PERMANOVA (Clarke and Warwick 2001). The significant value of the PERMDISP does 
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indicate that the differences between groups demonstrated by the PERMANOVA may be 

partially due to differences in dispersion, along with true differences due to the effects of 

depth and site (Clarke and Warwick 2001). Thus, PERMANOVA and PERMDISP analyses 

used alongside an ordination plot, such as a PCoA, provide the best opportunity to 

delineate differences among groups within a dataset (Clarke and Warwick 2001). 

Subsequent pair-wise comparisons for the interaction term (Depth x Site) by both depth 

and site indicated significant differences between all depth and site combinations 

(P<0.001 for most comparisons), apart from the comparison of the Garden Island and 

Shag Rock community at 5 m depth (t=1.55, P=0.053). Although still significant, support 

for differences in community structure was lower for the comparison between the 25 m 

and 30 m depth categories at Garden Island (t=1.79, P=0.0041) and the 25 m and 30 m 

depth categories at Honduras Bank (t=1.62, P=0.0024). SIMPER analysis revealed that 

differences between sites largely corresponded with the geographic distances between 

them. Shag Rock was the most dissimilar to the other four sites (from 50.91% dissimilar 

from the next downstream site, Garden Island, up to 63.77% dissimilar from the most 

oceanic site, Fish Beacon). The higher coverage of coarse sand at Shag Rock compared 

with the other sites contributed the most (between 8.11-14.80%) to these overall 

differences. Differences between Fish Beacon and the other four sites were mainly 

accounted for by the higher abundances of canopy-forming and coarse-branching brown 

algae at Fish Beacon. In terms of differences between depth categories, the abundance of 

red algae (membranous, erect fine-branching and filamentous) increased from 20 m up 

to 10 m depth, and contributed the most to differences between the 10 and 15 m depth 

categories, and the deeper depth categories (20 m, 25 m, and 30 m). Above 10 m, red 
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algae were less abundant, with the higher abundances of seagrass and filamentous 

brown algae at 5 m differentiating this depth category from the next deepest. 

3.3. Distribution and abundance of major benthic taxa 

At all sites, but particularly at Hospital Point and Honduras Bank, red algae formed an 

important component of the benthic assemblage between depths of 5-15 m (Fig. 64). At 

the 5 m depth category, seagrass occurred at Garden Island, Shag Rock and Hospital 

Point, while brown algae dominated at Fish Beacon, and to a lesser extent, Honduras 

Bank. At Shag Rock, the brown and red algae at shallower depth categories (5 and 10 m) 

were largely filamentous. Below 10-15 m, the community structure transitioned to an 

invertebrate assemblage, largely dominated by sponges (except for Shag Rock, where 

soft substrates became dominant). The highest abundance of sponges was recorded at 

Honduras Bank, where percentage cover ranged from 57-62% at depths greater than 15 

m. Other groups recorded at greater depths included hard substrates, bryozoa, 

ascidians, octocorals, tube worms and hydroids. The percentage cover of soft sediment 

was greatest at Shag Rock, followed by Garden Island, Hospital Point and Fish Beacon, 

and finally Honduras Bank, which recorded the lowest proportion of soft sediment. 
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Figure 64: 
Percentage cover of 
major benthic taxa 
across each site and 
depth combination. 
Only taxa with 
percentage covers 
>3% within at least 
one depth category 
were included. 
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3.4. Distribution and abundance of alcyonaceans 

For the abundance data, the two novel genera (Clavulariidae gen. nov. A and 

Clavulariidae gen. nov. B) were grouped, as it was impossible to distinguish these two 

genera from the photoquadrat images. These genera were collectively called 

‘Clavulariidae gen. nov.’. At all sites, alcyonaceans were most abundant in the 20 m, 25 m 

and 30 m depth categories (Fig. 65). The highest diversity and abundance of 

alcyonaceans was recorded at Fish Beacon, the site closest to the river mouth, where 

alcyonaceans comprised up to 14% of benthic biota at 30 m. As with all sites, Drifa was 

the most abundant genus at Fish Beacon. Fish Beacon was also the only site where 

Mopsella zimmeri colonies were observed, with this species being particularly abundant 

on vertical walls. The greatest abundance of alcyonaceans at Fish Beacon was recorded 

at the maximum depth category, 30 m, while Drifa colonies were recorded up to 10 m.  

Drifa was the only alcyonacean genera recorded at Honduras Bank.  During the second 

dive at this site, two Clavulariidae gen. nov. colonies and one Acabaria colony were 

collected, however, these genera were not scored in the photoquadrat images and 

occurred at low abundances. Although less abundant than at other sites, Drifa colonies 

were observed to a minimum depth of approximately 18 m at Hospital Point. A low 

abundance of Acabaria sp. was also observed at this site. Only Drifa colonies (at the 20 

m, 25 m and 30 m depth categories) and a very low abundance of Clavulariidae gen. nov. 

(at the 20 m depth category) were recorded at Garden Island. While the majority of 

colonies at this site were observed perched on the edge of ledges or on rocky outcrops, 

colonies were also observed growing in areas of settled sediment, suggesting underlying 

consolidated substrate. Although Drifa colonies were sampled at Shag Rock, no 

alcyonacean colonies were scored in the photoquadrat images. During sampling at this 
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site, it was noted that the Drifa colonies were observed to a minimum depth of 

approximately 15 m. Several of these colonies were observed on small vertical walls.  

Figure 65: Mean percentage cover of alcyonaceans across six depth categories at four sites. No results are 
shown for Shag Rock, as there were no alcyonaceans recorded at this site.  

 

Drifa colonies were considerably more abundant than all other alcyonacean taxa at Fish 

Beacon, Honduras Bank, Garden Island and Hospital Point, with a maximum percentage 

cover of 8.1% at 30 m at Fish Beacon (Fig. 66). No alcyonaceans were recorded at Shag 

Rock. The next most abundant taxon was Clavulariidae gen. nov., occurring primarily at 

Fish Beacon. Both Acabaria sp. and Mopsella zimmeri colonies were recorded at low 

abundances (≤0.3% and 0.67%, respectively). 
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Figure 66: Mean 

percentage cover (±SE) of 

the four alcyonacean taxa 

scored in the photoquadrat 

imagery data (Drifa spp., 

Clavulariidae gen. nov., 

Acabaria sp., and Mopsella 

zimmeri) across all depth 

and site combinations.  
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4. Discussion 

This study is the first of its kind to examine the alcyonacean assemblage of the Tamar 

River estuary. As a result, nine species of Alcyonacea have been described, six of which 

are novel and have not previously been described. As much as possible, combined data 

on colony and sclerite morphology and DNA analysis were used to classify each species. 

However, where DNA sequences could not be obtained, grouping occurred on the basis 

of robust morphological evidence. Here, the description of the nine species, and the 

morphological (colony and sclerite) and molecular evidence for their classification will 

be discussed. Patterns in the abundance and distribution of the alcyonacean assemblage 

and the wider community structure across the five rocky reef sites in the Tamar River 

estuary will also be described. 

4.1. Drifa  

The generic identity of temperate and cold-water Drifa species has been the source of 

significant confusion. The genus name Capnella has been widely used for several 

southern Australian species, such as Capnella erecta, C. johnstonei and C. gaboensis 

(Maynard and Gaston 2010; Edgar 2012). The genus Capnella was originally established 

by Gray in 1869 for a tropical species of Alcyonium, but was later used to describe 

nephtheids from northern boreal waters (Utinomi 1961). Indeed, many tropical Capnella 

species are highly similar in growth form to corals from northern waters (previously 

allocated to the genus Eunephthya), with both groups possessing non-retractile polyps 

(Utinomi 1960). Many of the Capnella species described by Verseveldt (1977) have since 

been reassigned to another nephtheid genus, Drifa, as Capnella became recognised as an 

exclusively tropical genus (P. Alderslade 2015, pers. comm., 22 January). The genus Drifa 

was established by Danielssen (1887), along with several other genera. Despite most of 
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these genera being rejected since, the genus Drifa has been retained, and used to 

describe a northern species, Drifa glomerata, previously included in Capnella (Utinomi 

1961). The tropical (Capnella) and northern (Drifa) species can be distinguished by 

differences in sclerite arrangement and morphology in both the polyps and base interior 

(Utinomi 1961). Capnella species possess a more heavily spiculated base interior, 

consisting of large tuberculate spheres and ovals (Utinomi 1961). Drifa species, 

however, possess tuberculate rods (i.e. capstans) in the base exterior and, more 

sparsely, in the base interior (Utinomi 1961). One of the species described by Verseveldt 

(1977), Capnella garretti, does possess warty ovals in the base interior and is tropical, 

and so can be retained as a ‘true’ Capnella species. Based on these distinctions and the 

geographical distributions of both genera, the specimens described in this study, which 

possess a small number of simple capstans in the base interior, rather than tuberculate 

spheres or ovals, align more closely with Drifa than Capnella. Despite Capnella being 

widely recognised as a tropical genus, inconsistencies remain with its application, and 

its relationship to Drifa (Utinomi 1960; van Ofwegen and Groenenberg 2007; P. 

Alderslade 2015, pers. comm., 22 January). Different sources (i.e. the World Register of 

Marine Species and Codes for Australian Aquatic Biota) variably assign the same species 

to either genus. 

Five Drifa species were collected and identified from the Tamar River estuary sites. One 

of the species identified was Drifa gaboensis; the four remaining Drifa species differ in 

both colony and sclerite morphology, and do not match any previously described 

species. Each of the five Drifa species demonstrated considerable variation in sclerite 

morphology, necessitating the imaging of a large number of sclerites for each specimen. 

Such variation, even within the same colony region, is characteristic of nephtheid 
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colonies (P. Alderslade 2015, pers. comm., 22 January). The magnitude of differences in 

colony and sclerite morphology of the Drifa species described here is comparable with 

the differences described by Verseveldt (1977) to distinguish seven Drifa species from 

Australian waters. Thorough specimen descriptions are provided which will benefit 

later workers seeking to compare and assign specimens to species. Several of the major 

morphological characters which distinguish the novel Drifa species, both from each 

other and from previously described Drifa, are summarised in Table 6. Unfortunately, no 

DNA sequences are available for any Drifa species outside of this study. This limits 

interpretation of the molecular analyses, therefore, when considering the Drifa species 

described here. 

Table 6: Summary of the major morphological characters which separate the novel Drifa species from 
each other, and from previously described Drifa species. Species names in brackets are those which can be 
differentiated from the listed species by the described character. 

 
Drifa sp. nov. 1 Drifa sp. nov. 2 Drifa sp. nov. 3 Drifa sp. nov. 4 

Representative 

specimens 
21 1 1 1 

Colony 

morphology  

No distinct 

longitudinal 

grooves on polyps 

(D. erecta) 

Significantly larger, 

no distinct 

longitudinal 

grooves on polyps 

(D. erecta) 

Presence of second 

significantly larger 

polyp type (dark 

colour in situ). 

Normal polyps very 

small and densely 

arranged. Colony 

pale in ethanol 

Polyps thinner, 

longer, darker, and 

splayed out, rather 

than curved inward 

Sclerite 

morphology 

Leafy projections 

commonly branch 

out in all directions, 

instead of three 

transverse rows. 

Small number of 

base exterior 

capstans with small 

leafy projections, 

spiny base interior 

capstans  

Leafy projections 

on spindles and 

clubs often 

arranged in three 

transverse rows, 

lacks leafy capstans 

in base exterior (D. 

erecta, D. 

johnstonei) 

Sclerites from large 

polyp larger than 

those from small 

polyp, with very 

prominent leafy 

projections. Simple 

clubs are common 

Simpler spindles 

and clubs more 

common, with 

smaller leafy 

projections, high 

proportion of 

spindles with 

bifurcating ends 
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4.1.1. Drifa gaboensis 

This species was differentiated from the other Drifa specimens on the basis of colony 

size and growth form, sclerite morphologies and four base pair differences in mtMutS 

sequences. The morphology of specimen QVM 2015:20:0002 matches closely with 

Verseveldt’s (1977) description of Drifa gaboensis, including the bushy colony growth 

form, slender cone-shaped lobes and pale colour in ethanol.  

4.1.2. Drifa sp. nov. 1 

Drifa sp. nov. 1 was the most common Drifa species sampled, with 21 representative 

specimens, determined through similarities in colony and sclerite morphology. This 

species is most similar to Drifa erecta, as described by Verseveldt (1977), however, 

polyp shape and sclerite ornamentation differ. Therefore, this group of specimens have 

been classified as a novel Drifa species.  

4.1.3. Drifa spp. nov. 2-4 

Each of the other novel Drifa species described (Drifa sp. nov. 2, Drifa sp. nov. 3 and 

Drifa sp. nov. 4) can be differentiated from previously described Drifa species based on 

variations in both colony and sclerite morphologies (Table 6). In particular, the second 

polyp type possessed by the Drifa sp. nov. 3 colony QVM 2014:20:0043 is highly unusual 

in its significantly larger size and darker colour in situ. The most similar instance of such 

polyp morphology in the literature is recorded for Drifa sp. from the northwest Atlantic. 

This species was the first nephtheid found to brood planulae larvae in specialised polyps 

that are significantly larger than the other polyps in the colony (Sun et al. 2009). 

However, unlike Drifa sp. nov. 3, the specialised polyps of Drifa sp. do not possess 

tentacles. Thus, this unusual morphology requires further investigation (i.e. whether it 

plays a role in reproduction via the storage or release of gametes). 
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4.1.4. DNA analysis 

A large number of closely related sequences from other genera were available on 

GenBank to compare with the Drifa sequences obtained in this study. The majority of 

most similar sequences also belonged to family Nephtheidae, however, a small number 

of sequences with relatively close identities belonged to the Holaxonia, Paralcyoniidae 

and Viguieriotidae families. The large number of closely related sequences may indicate 

the genetic similarity of the Drifa species described herein with other octocoral species, 

but may also reflect the higher sampling coverage within family Nephtheidae.  

The two specimens representing Drifa sp. nov. 2 and Drifa sp. nov. 4 (QVM 

2015:20:0001 and QVM 2015:20:0008, respectively) possessed identical mtMutS 

sequences to three Drifa sp. nov. 1 specimens. Whether this lack of distinction disputes 

the morphological data by suggesting the conspecificity of these specimens, or is due to 

the insufficient resolution of the mtMutS marker, remains uncertain. Several other 

GenBank mtMutS sequences from different species (e.g. Capnella parva and Capnella cf. 

spicata, and all Stereonephthya spp. sequences) were identical to each other, perhaps 

suggesting that mtMutS may lack the resolution to distinguish species within this genus. 

Previously, mtMutS has been capable of correctly distinguishing 70-75% of species 

differentiated based on morphology (McFadden et al. 2011; McFadden et al. 2014a). In 

some cases, separate species within the same genus have exhibited pair-wise genetic 

distances of 0.05-0.07 at mtMutS (McFadden et al. 2006a), however, in other cases, 

congeneric species have possessed identical mtMutS haplotypes (McFadden et al. 2010). 

The inability to distinguish individuals as different species (i.e. ‘false negatives’) may 

arise as a result of overlap between maximum intraspecific and minimum interspecific 

genetic distances (McFadden et al. 2011). Thus, further examination of additional 
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markers for this group is necessary in order to better define the relationships among 

species/specimens.   

4.1.5. Phylogeny of Drifa and Capnella 

While the Drifa specimens described herein appear morphologically distinct from true 

Capnella species, the alignment of the Drifa sequences with GenBank Capnella sequences 

does not reveal any substantial genetic distinctions. Only two base pairs differed 

between the Drifa sp. nov. 1, 2 and 4 sequences and Capnella sp. 2. One of the variable 

nucleotide positions in Capnella sp. 2 matched with the Drifa gaboensis sequence, while 

another two base pair differences were exclusive to D. gaboensis. The fact that only four 

base pairs separated D. gaboensis from the other Drifa haplotype (which colony and 

sclerite morphology uphold as different species) suggests that the minor sequence 

differences between Capnella sp. 2 and the Tamar Drifa specimens may also separate 

them at the species level. The Drifa specimens grouped more closely with Capnella spp. 

than with the Eunephthya spp. sequences, which were obtained from specimens 

endemic to South Africa (McFadden and van Ofwegen 2012a). These South African 

species were reassigned from Capnella to the reinstated genus, Eunephthya, based on 

molecular and morphological distinctions. In terms of biogeography and morphology, 

these Eunephthya species align more closely with the Drifa specimens described herein, 

in that they occur in temperate waters and also possess capstans, rather than 

tuberculate spheres, in the base interior (McFadden and van Ofwegen 2012a). However, 

unlike the Drifa specimens described herein, which demonstrated no clear genetic 

distinctions from Capnella spp., the Eunephthya species formed a clade separate to C. 

imbricata, the type species of Capnella (McFadden and van Ofwegen 2012a).  
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The absence of Drifa sequences on GenBank prohibits the genetic comparison of the 

Drifa species described herein with known Drifa species. Thus, it remains uncertain 

whether species included in Capnella and Drifa are genetically distinct, or whether the 

two genera are part of an unresolved species complex. The specimens are therefore 

described as Drifa based on established morphological and geographic distinctions. This 

example of inconclusive taxonomy is characteristic of the Nephtheidae, which remains 

amongst the most taxonomically perplexing of all alcyonacean families, largely due to a 

lack of detailed species descriptions and nomenclatural inconsistencies (Utinomi 1960).  

4.2. Clavulariidae gen. nov. A and B 

The two novel genera described, although bearing superficial resemblances to both the 

genera Carijoa and Telesto, do not fit discretely in either of these groups, and are distinct 

in both colony and sclerite morphology, and, for Clavulariidae gen. nov. A, mtMutS 

sequences. A summary of differences between Clavulariidae gen. nov. A and B, Telesto 

spp. and Carijoa spp. is shown in Table 7. The characteristics of Clavulariidae gen. nov. A 

and Clavulariidae gen. nov. B has led to their inclusion in family Clavulariidae (suborder 

Stolonifera). Specifically, the colony growth form of Clavulariidae gen. nov. A., with its 

slender, branching primary and secondary polyps, and its genetic similarity to known 

clavulariids, and the stoloniferous growth of Clavulariidae gen. nov. B, support this 

determination. Clavulariid colonies are generally small, and polyps are often connected 

by a stolon or membrane (Fabricius and Alderslade 2001). This family, and particularly 

clavulariid genera from shallow waters in the Indo-West-Pacific region, are quite 

distinct from all other alcyonacean families (Fabricius and Alderslade 2001). 
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Table 7: Summary of major morphological distinctions between the two novel genera described in this 
study (Clavulariidae gen. nov. A and B), and Carijoa and Telesto, as described by Bayer (1961).  

 

4.2.1. Clavulariidae gen. nov. A sp. nov. 

Significant morphological and, in the case of separation from Carijoa, molecular, 

distinctions between Clavulariidae gen. nov. A and two of the most similar genera 

(Carijoa and Telesto) indicate these specimens represent a novel genus. Colonies 

resembling Clavulariidae gen. nov. A sp. nov. have previously been described as Carijoa 

sp. 2 by Edgar (2012), with a recorded distribution from South Australia to New South 

Wales, including northern Tasmanian waters. The growth form of this species somewhat 

resembles both Carijoa and Telesto species, many of which exhibit similarities in colony 

morphology (Bayer 1961). However, Clavulariidae gen. nov. A sp. nov.  is distinct from 

both in its sclerite morphologies, which are intermediary between both Carijoa and 

Telesto. The polyps of this species contain slender spinose rods and stick-like sclerites 

typical of Carijoa, however, the body wall is characterised by wartier rods more similar 

 
Carijoa 

 (Bayer 1961) 
Telesto 

 (Bayer 1961) 
Clavulariidae gen. 

nov. A  
Clavulariidae gen. 

nov. B 

Representative 
specimens 

  7 2 

Growth form 
Long axial polyps 

with daughter 
polyps 

Long axial polyps 
with daughter 

polyps 

Long axial polyps 
with daughter 

polyps 

Short individual 
polyps joined by 
interconnecting 

stolon 

Body wall 
morphology 

Body walls 
longitudinally 

grooved 

Body walls 
longitudinally 

grooved (apart 
from T. corallina) 

No longitudinal 
grooves on body 

wall 

No longitudinal 
grooves on body 

wall 

Sclerite 
arrangement 

Sclerites present in 
polyp head, 
tentacles (C. 

operculata), and 
tentacle base (C. 

riisei) 

Sclerites present in 
polyp head and 

tentacles 

Sclerites present in 
polyp head and 

tentacles 

No sclerites in 
polyp head, 

sclerites present in 
tentacle rachis 

Sclerite 
morphology 

Sclerites are 
spinose rods 

throughout, long 
slender rods in 

polyp head 

Sclerites are 
mainly warty ovals 

Long slender rods 
in polyp head, and 
warty rods in body 

wall 

Small simple rods 
in upper margin of 
calyx, warty rods 

throughout rest of 
calyx 



 

 

137 

 

to Telesto, although less ovate. Alcyonaceans of the genus Telesto have previously been 

recorded in Palau, Fiji Islands, Torres Strait, Aru Islands, Maldive Islands (Telesto 

trichostemma; Utinomi 1956), central Great Barrier Reef (Dinesen 1983), Puerto Rico to 

Barbados, North Carolina to the Straits of Florida, Gulf of Mexico and Brazil, in depths of 

0 to almost 300 m (Bayer 1961). Carijoa species, including C. operculata and C. riisei, are 

previously known from Cuba, Florida to Brazil, Hawaii, the Caribbean, and the Indo-

Pacific (Bayer 1961; Concepcion et al. 2010). Few records are available from temperate 

areas and thus it appears these genera are predominantly tropical.  

4.2.2. DNA analysis – Clavulariidae gen. nov. A sp. nov. 

Unlike Drifa, the Clavulariidae gen. nov. A sp. nov.  sequences were distinct from all 

other sequences available on GenBank apart from the single sequence identified as 

?Telesto sp. The next most closely related sequences belonged to a diverse range of 

families and suborders, including Scleraxonia, Stolonifera, Alcyoniina and Holaxonia. 

This likely reflects the large distance between the Clavulariidae gen. nov. A sp. nov. 

sequences and other alcyonacean taxa, but also perhaps the low sampling coverage 

characterising this portion of the Octocorallia phylogeny.  

Along with the morphological differences described above, the large genetic divergence 

of the Clavulariidae gen. nov. A sp. nov. specimens from the three Carijoa species 

represented on GenBank provide strong evidence to suggest that this species does not 

belong to Carijoa, as previously thought. The mtMutS sequences from the four 

Clavulariidae gen. nov. A sp. nov. specimens (QVM 2014:20:0037, QVM 2014:20:0039, 

QVM 2015:20:0003 and QVM 2015:20:0012) were identical. Although mtMutS 

occasionally lacks the resolution necessary to delineate relationships below the genus 
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level, the absence of variation in this marker, together with similarities in colony and 

sclerite morphologies, provide several lines of evidence to suggest these specimens all 

belong to the same species (van Ofwegen and Groenenberg 2007). The Clavulariidae 

gen. nov. A sp. nov. sequences were identical to the ?Telesto sp. sequence of McFadden et 

al. (2006b). This specimen was also noted as appearing unusual in that it bore 

similarities to, but was not entirely consistent with, either Carijoa or Telesto (P. 

Alderslade 2015, pers. comm., 11 February). In McFadden et al.’s (2006b) study, this 

sequence aligned most closely with the stoloniferans Tubipora sp. (Tubiporidae) and 

Rhodelinda sp. (Clavulariidae). These two sequences were included in ML and BI 

phylogenetic trees, where their grouping with the ?Telesto sp. sequence and the 

Clavulariidae gen. nov. A sp. nov. sequences mirrored the strongly supported clade 

reported by McFadden et al. (2006b). Interestingly, a separate study documented that 

two specimens from Australia, originally believed to belong to Carijoa, exhibited nd2 and 

nd6 haplotypes that were highly divergent from other Carijoa species, and so these 

specimens were excluded from the genus Carijoa and subsequent analyses (Concepcion 

et al. 2008). Similar to the findings of McFadden et al. (2006b), these two haplotypes 

aligned most closely with two Tubipora species (Tubipora sp. 1 and Tubipora sp. 2). 

Therefore, it is likely that these two specimens are identical to the ?Telesto sp. specimen 

sequenced by McFadden et al. 2006b, and to the Clavulariidae gen. nov. A sp. nov. 

described herein.  

4.2.3. Clavulariidae gen. nov. B sp. nov.  

Similar to Clavulariidae gen. nov. A sp. nov., this species is distinct from the next most 

similar genera, Carijoa and Telesto. With regard to colony and sclerite morphology and 

arrangement, this taxon is not recognisable from any previous descriptions. Specifically, 
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the sclerite morphology of this group aligns more closely with Telesto, however, the 

growth form is distinct. Thus, this novel species has also been assigned to a new genus. 

This species does not appear to be included in the main field guides for temperate 

marine communities (Gowlett-Holmes 2008; Edgar 2012). Consisting only of short 

polyps joined via an interconnecting stolon often concealed by an encrusting sponge, 

this species is likely to be easily overlooked during surveys. It is also possible that this 

species may have simply been grouped in ‘Carijoa sp.’, a taxa previously described from 

southern Australia, which is acknowledged as requiring further investigation (Gowlett-

Holmes 2008).  

4.3. Mopsella zimmeri and Acabaria sp.  

The two melithaeid species, Mopsella zimmeri and Acabaria sp., were predominantly 

distinguished by colony growth form, with Mopsella zimmeri specimens exhibiting 

largely planar growth, while Acabaria sp., a more bramble-like growth form. The sclerite 

morphologies of these two genera are consistent with those described by Fabricius and 

Alderslade (2001), in that leafy clubs are dominant in the M. zimmeri specimens, while 

Acabaria sp. possesses mainly spindles. Sclerites in both groups were often 

asymmetrical, with both complex warts and unilateral spiny projections. 

Based on colony form and sclerite morphology, the Mopsella specimens collected in this 

study have been assigned to M. zimmeri. This is the most common Mopsella species 

known to occur in relatively shallow, southern Australian waters (Edgar 2012; P. 

Alderslade 2015, pers. comm., 22 January). Although clearly identified by growth form 

and sclerite morphology as belonging to the genus Acabaria, species designation of 

Acabaria sp. is not possible, due to the paucity of literature at the species level for this 

taxon. Mopsella zimmeri and Acabaria sp. have previously been recorded from Victoria 



 

 

140 

 

(Edmunds et al. 2000; Edmunds et al. 2010), Bass Strait (Andrew 1999), Western 

Australia, New South Wales and northern Tasmania (Edgar 2012; Shepherd and Edgar 

2013). Acabaria sp. has also previously been recorded from Bathurst Channel, 

southwest Tasmania (Barrett et al. 2010) and D’Entrecasteaux Channel, southeast 

Tasmania (Lucieer and Pender 2014).  

Significant morphological overlap (in both colony and sclerite morphology) obscures the 

distinction between five melithaeid genera, Melithaea, Mopsella, Clathraria, Acabaria and 

Wrightella (Fabricius and Alderslade 2001). The synonymy of five genera (Melithaea, 

Acabaria, Clathraria, Mopsella and Wrightella) into a single genus (the original 

Melithaea) has since been proposed, based on a lack of variation in the mitochondrial 

molecular markers, COI, mtMutS and nd6, and the nuclear 28S rDNA marker (Reijnen et 

al. 2014). Thus, despite the relatively large morphological differences between the 

genera (as seen here for Mopsella and Acabaria), in some cases, they do not appear 

genetically distinct.  

4.4. Comments on alcyonacean systematics 

4.4.1. Morphology 

The large range of variation and possible effects of environmental conditions upon 

characters considered important in octocoral taxonomy continue to confuse groupings 

within this taxon. Such discrepancies potentially lead to erroneous decisions, including 

the establishment of redundant species, or the synonymisation of morphologically 

similar species with distinct evolutionary lineages (Bayer 1961). Thus, in order to best 

describe and relate species, the full range of variation in each of multiple characters 

must be assessed and presented (Aguilar and Sánchez 2007a). For example, within a 
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single individual (and even within the same colony region within an individual), sclerite 

morphology may vary according to several factors, including habitat type, polyp size and 

position in regards to the colony axis (Aguilar and Sánchez 2007a). Thus, relative 

variation within and between individuals, species and genera becomes important. The 

fact that earlier species descriptions lack in situ photographs of specimens and provide 

only written descriptions of gross morphology also generate difficulty in comparing and 

aligning collected specimens. As such, ongoing studies of octocoral taxonomy should 

endeavour to include as much detail as possible for each species, as has been attempted 

here.  

4.4.2. Molecular analyses 

No single gene region has proven effective as a molecular marker across all taxa within 

order Alcyonacea (Aguilar-Hurtado et al. 2012). While the mtMutS region sequenced 

well, and was able to distinguish one of the Drifa species, it proved difficult to amplify 

reliably across all specimens. In addition, uncertainty remains as to whether this marker 

possesses adequate resolution to distinguish between species within the same genus 

(e.g. between the different Drifa species). Conversely, although the rDNA-ITS2 region 

proved easier to amplify using the universal ITS1 and ITS4 primers, the sequences were 

too divergent to align with any degree of confidence. Though such variability may allow 

distinctions at the species level, further analyses exploring secondary structures and 

compensatory base changes (CBCs) may prove more informative. Analysis of CBCs has 

emerged as a potentially powerful tool within taxonomy, and has already been 

employed in taxonomic studies of gorgoniid octocorals (Aguilar and Sánchez 2007b; 

Torres-Suárez 2014) and the deep sea species, Paragorgia arborea (Herrera et al. 2012). 

The use of RNA-predicted secondary structures (known as ‘molecular morphometrics’) 
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overcomes the issue of sequence saturation and multiple indels characterising rDNA-ITS 

sequences (Aguilar and Sánchez 2007a). This method has been shown to be effective in 

determining phylogenetic relationships at the intra-familial and intra-generic levels, 

where other markers often lack sufficient resolution (Aguilar and Sánchez 2007a; 

McFadden et al. 2010).  

Genetic distances are known to vary among different markers, and some markers are 

capable of revealing distinctions not visible in other markers (Aguilar-Hurtado et al. 

2012). Thus, currently, the best option available is to employ multiple markers to best 

delineate relationships among taxa. In this study, more time was needed to allow further 

PCR optimisation and the possible design of primers specific to the genera examined 

herein. The trialling of a larger range of molecular markers with the specimens collected 

would be a useful future avenue, in order to test the resolution and suitability of 

individual markers among these genera. 

4.4.3. Consensus between morphological and molecular data 

As is the case for several alcyonacean taxa (including the melithaeids), the emergence of 

DNA analysis as an important taxonomic tool has meant that previous phylogenies 

based on morphology alone are not always reinforced, and may even be contradicted by, 

molecular data (Aguilar and Sánchez 2007a; McFadden et al. 2010; Reijnen et al. 2014). 

Thus, octocoral taxonomy may be at a cross-road, where the preferential weight given to 

both morphological and molecular data in determining species identities needs to be 

reassessed. Currently, the best available approach is an integrated one, where the use of 

multiple morphological and molecular metrics provides the most robust framework for 

classifying species. Ongoing taxonomic revision, further investigation of suitable 

molecular markers, increased sampling coverage, and the use of molecular analysis to 
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evaluate the taxonomic utility of morphological characters, are likely to promote further 

capacity for comparison and classification in the future (McFadden et al. 2006b; 

McFadden et al. 2010). 

4.5. Abiotic environment of the Tamar River estuary 

The mouth of the Tamar River estuary is characterised by a deep river channel, 

exposure to strong tidal currents, significant reef habitat and interaction of estuarine 

and marine waters (Lucieer et al. 2009). Basic environmental parameters measured 

from December 2013 to August 2014 at five TEER sampling sites (T14-T18; see Fig. 4), 

ranging from approximately 2.3 km upstream of Shag Rock to the mouth of the estuary, 

are shown in Figure 67 (TEER 2012). 

 

 

 

 

 

 

 

 

 

 

 

Figure 67: Trends in salinity (ppt), temperature (degrees Celsius), turbidity (NTU) and dissolved oxygen 

(mg/L) across a nine month period at the five TEER sampling sites (T14-T18) in the Tamar River estuary. 

Note: for some parameters and sites, data was not available for every month (TEER 2012). 
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4.5.1. Currents and tides 

The Tamar River estuary is characterised by strong semi-diurnal tidal currents, and is 

classified as partially to well-mixed (Aquenal and DEPHA 2008). Tides play a larger role 

than freshwater inputs in determining the physical and ecological characteristics of the 

Tamar River estuary (Ellison and Sheehan 2014). The flood tide produces higher current 

velocities, but for a shorter duration, than the ebb tide (Lara-Lopez 2006), however, 

little data is available on tidal current velocity at different sites throughout the estuary. 

Measurements from a single site within each of the upper, middle and lower regions of 

the Tamar River estuary demonstrated the highest current velocity at the lower estuary 

site, Ashmans Point (located between Garden Island and Shag Rock; Lara-Lopez 2006). 

During peak ebb tides, current velocities at this site ranged from -0.7 to 1.6 ms-1, and 

during peak flood tides, from -2 to 1.2 ms-1 (negative values indicate upstream water 

movement; Lara-Lopez 2006). As can be seen from Figure 68, current at this site does 

not appear to vary with depth. 
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Figure 68: Profiles of current velocity (ms-1) at Ashmans Point in the lower Tamar River estuary: a, spring 

ebb tide; b, spring flood tide. Negative velocity (       ) indicates upstream currents, while positive velocity     

(        ) indicates downstream currents (Source: Lara-Lopez 2006). 

4.5.2. Salinity  

In 2014, salinity along the length of the estuary relevant for this study ranged from a 

minimum of approximately 25 ppt near Shag Rock to approximately 35 ppt at the mouth 

of the estuary (Fig. 67a). Seasonal variations in salinity occur (Aquenal and DEPHA 

2008), though are not clear from the 2014 TEER data, and may be more pronounced in 

the upper reaches of the estuary (Attard et al. 2012, p. 22). Salinity is higher during 

a 
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summer, due to lower rainfall and freshwater inputs (Aquenal and DEPHA 2008). 

Between Rowella and George Town, the estuary is largely influenced by marine waters, 

with less stratification and influence on surface waters from freshwater inputs when 

compared with the upper reaches. The lower estuary, from George Town to beyond the 

mouth, is largely marine, and only influenced by freshwater inputs during flood events 

(Attard et al. 2012). 

4.5.3. Temperature 

Temperature is relatively constant from Beauty Point to the estuary mouth (Fig. 67b), 

but varies seasonally from a minimum of approximately 8-10°C (although a minimum of 

5.5°C was recorded in the upper reaches of the estuary in 2010-2011) to a maximum of 

approximately 22°C (Aquenal and DEPHA 2008; Attard et al. 2012).  

4.5.4. Turbidity  

High levels of turbidity and suspended particulate matter are recognised as a significant 

issue within the estuary, and particularly, its upper reaches (Aquenal and DEPHA 2008). 

Suspended sediment inputs into the estuary from a range of sources, along with the 

resuspension of sediments by tidal currents, contribute to high turbidity levels in the 

estuary (Aquenal and DEPHA 2008). Turbidity increases with increasing distance from 

the mouth of the estuary, with the most upstream site, T14, near Shag Rock, 

experiencing a turbidity of approximately 5 NTU (Fig. 67c). From 2010-2011, secchi 

depths ranged from a minimum of approximately 1.5 m at Beauty Point, to a maximum 

of approximately 9 m at Low Head (Attard et al. 2012).  

4.5.5. Dissolved oxygen 

Dissolved oxygen levels are relatively constant between Beauty Point and the mouth of 

the estuary, ranging from approximately 6.5-9.0 mg/L (Fig. 67d). This range is the same 
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as that specified by ANZECC (1992) as being considered healthy for estuarine 

environments. Hypoxic conditions (<3 mg/L) are likely to cause death for immobile 

organisms (Aquenal and DEPHA 2008). Dissolved oxygen levels within the estuary are 

likely to vary annually and seasonally, with declines during periods of high 

temperatures and lower rainfalls and flow rates (Attard et al. 2012). This can be seen in 

Figure 68d, where a peak in dissolved oxygen during winter likely relates to higher 

winter rainfalls, which result in an influx of colder, less saline water that has higher 

oxygen solubility. 

4.6. Community structure, abundance and distribution of major 

benthic taxa 

The lower reaches of the Tamar River estuary support a diverse and abundant 

invertebrate community, comparable only with a few other northern Tasmanian 

locations, including Rocky Cape and Sisters Beach (Lucieer et al. 2007). However, the 

rocky reefs of the Tamar River estuary have been the subject of only a handful of studies, 

and their resident biotic communities remain largely undescribed. This is despite 

increasing awareness of anthropogenic activity which has resulted in elevated turbidity 

levels and sedimentation rates, and pollution within the estuary (Aquenal and DEPHA 

2008). As such, no studies have focussed on assessing the structure of the rocky reef 

community to sufficient depth, and its variation according to depth and distance from 

the mouth of the estuary. This study, although limited to five sites, describes, in detail, 

rocky reef benthic assemblages to 30 m depth. 

Depth appears to be a primary determinant of benthic community structure on the 

rocky reefs of the Tamar River estuary, accounting for a greater proportion of variation 

than site differences, as seen in both the PCoA plots and PERMANOVA. A range of 
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invertebrate groups increased in abundance with increasing depth, while both erect 

coarse-branching and canopy-forming brown algae were more abundant at shallower 

depths. Light availability and wave action are the primary environmental factors 

influencing macroalgae coverage, which exhibits positive correlations with increasing 

water clarity and wave action (Fabricius and McCorry 2006). Wave action is responsible 

for preventing sediment settling on macroalgae and increasing the exchange rate of 

gases and nutrients with the surrounding water column (Fabricius and McCorry 2006). 

The highest coverage of brown algae occurred at the 5 m depth category for all sites, 

apart from Fish Beacon (10 m depth category), while red algae tended to dominate the 

10 and 15 m depth categories, particularly at Hospital Point and Honduras Bank.  

Below 10m, sponges dominated the invertebrate assemblage, accounting for as much as 

62 percent of the total benthic community at Honduras Bank in 30 m. This reflects 

previous studies of the lower reaches of the Tamar River estuary, and similar areas of 

southern Australia (Roberts et al. 2006; Lucieer et al. 2009). The depth distribution of 

the invertebrate assemblage is likely influenced by competition with algae for space, 

with macroalgae growth governed by light availability (Barrett et al. 2010). At Garden 

Island (the second most upstream site), brown and red algae were dominant at 5 m, 

however at 10 m, both red algae and sponges were almost equally represented. Below 

this depth, sponges became dominant. At Hospital Point, Honduras Bank and Fish 

Beacon (sites progressing closer toward the mouth of the estuary), red algae was 

dominant to 15 m instead, and sponges (particularly at Honduras Bank) only became 

dominant below 20 m. Thus, the transition from a macroalgae- to a sponge-dominated 

invertebrate assemblage appears associated with water clarity (and thus light 

availability) at each site, with this transition occurring deeper at sites closer to the 
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mouth of the estuary, where turbidity is also lower (Fig. 67c). Although still dominated 

by sponges, the invertebrate assemblage at the 20-30 m depth categories at Fish Beacon 

was notably more diverse than the other sites, comprising higher relative abundances of 

ascidians, hydroids and octocorals. Species richness and variability in marine 

communities are often related to levels of environmental disturbance, such as storms 

and wave energy (Roberts et al. 2006). Fish Beacon, located close to the mouth of the 

estuary, is likely to experience the greatest exposure to wave energy, which may 

influence the invertebrate diversity at this site. 

Site differences are most likely to be influenced by differences in water quality along the 

length of the estuary. Rock substrates, coarse-branching brown algae and canopy-

forming brown algae were more abundant at sites closer to the mouth of the estuary, 

while coarse sand and drift algae increased in abundance at sites further upstream.  

Previous surveys relating algal and octocoral coverage to water quality have 

demonstrated that macroalgae do not occur in areas where visibility is <3 m, due to light 

attenuation (Fabricius and McCorry 2006). Along with reduced salinity and availability 

of hard substrates, increasing turbidity is a likely explanation for the lower macroalgal 

cover further upstream, where visibility may drop as low as 1.5 m. Conversely, the 

highest abundances of coarse-branching and canopy-forming algae occurred at Fish 

Beacon, which exhibited the lowest turbidity. Fish Beacon is also likely to be exposed to 

the strongest wave action, due to its proximity to open Bass Strait waters.  

Shag Rock appeared quite dissimilar from the remaining four sites. The 10-25 m depth 

categories at Shag Rock were dominated by soft substrates, whereas these depth 

categories at other sites were dominated by invertebrate assemblages, particularly 
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sponges. However, the relatively steep gradient from 5-25 m at this site suggests that 

the soft sediments may represent a veneer over underlying hard substratum. The 

predominance of a sediment veneer at Shag Rock may reflect different current regimes 

at this site. Shag Rock is the most upstream rocky reef habitat within the expected 

salinity and turbidity range suitable for the growth of marine invertebrate communities. 

Beyond this point, the substrate becomes dominated by silty sand and silt (SOER 2010).  

4.7. Distribution and abundance of alcyonaceans 

Despite the fact that the Tamar River estuary alcyonacean assemblage appears unique 

and includes several species not previously described, this community has received little 

or no mention in previous reports and management plans for the area. This is likely due 

to the fact that current knowledge of this assemblage is based largely on anecdotal 

information. Physical factors play a large role in controlling the distribution and 

abundance of soft coral assemblages, more so than biotic factors (Fabricius 1997; 

Fabricius and De’ath 2001). Distribution of the alcyonacean species in the Tamar River 

estuary is likely to be influenced by a range of such factors, including wave exposure and 

currents, water quality (especially salinity and turbidity), light availability (particularly 

for zooxanthellate species) and the slope and profile of the substrate. 

Soft corals are sessile suspension feeders which rely upon the capture of particles in the 

passing water. Stronger currents facilitate higher feeding efficiency, by maximising 

capture rate (Fabricius 1997). In Bathurst Channel, southwest Tasmania, sites exposed 

to stronger currents have greater species diversity and high abundances of Drifa spp. 

(Barrett et al. 2010). Similarly, on the Great Barrier Reef, soft coral cover at sites 

exposed to strong currents is higher than at sites in more sheltered waters of the same 

depth (12-17% and 2-5% cover, respectively; Fabricius 1997). Such patterns are also 
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evident in this study, where the highest abundance (up to 14% cover) and diversity of 

alcyonaceans was observed at Fish Beacon. This site is located closest to the mouth of 

the estuary and on the edge of the narrowest and deepest section of the main channel 

(Fig. 2). Highest current velocities in the Tamar River estuary have been recorded in 

areas with narrow channels, and therefore, it is likely that Fish Beacon is exposed to 

stronger tidal currents than the other four sites (Lara-Lopez 2006). Fish Beacon was 

also the only site where Mopsella zimmeri was recorded (0.67% cover at 20 m). 

Suspension feeders with erect growth forms, such as gorgonians, require high rates of 

current flow (Gili and Coma 1998). Mopsella spp. colonies, which are azooxanthellate 

and so rely on the capture of particulate food, are more typically found in areas with 

unidirectional water flow (Fabricius and Alderslade 2001; Shepherd and Edgar 2013). 

The potentially higher current velocities at Fish Beacon may also correspond with a 

more unidirectional current flow, favouring the growth of M. zimmeri. Conversely, 

Acabaria spp., with its more bramble-like multiplanar growth, is better known from 

areas with more turbulent and multidirectional water flow (Shepherd and Edgar 2013). 

Water movement is also known to influence colony size among individuals of the same 

species, with larger colony sizes occurring in areas with higher current velocities 

(Sebens 1984; West et al. 1993). This demonstrates the potential among alcyonaceans 

for intraspecific variation to arise as a result of environmental factors.  

Substrate topography also plays an important role in influencing feeding efficiency 

among suspension feeders, as it determines localised flow rates and turbulence, and 

consequently, contact rate with particles in the water column (Gili and Coma 1998). 

Mopsella colonies demonstrate preferences for vertical walls and overhangs, which, 

along with their orientation perpendicular to the current, maximises their exposure to 
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currents and their capture rate of passing particles (Gili and Coma 1998; Shepherd and 

Edgar 2013). Mopsella colonies were only observed at Fish Beacon, which was the only 

site to exhibit areas of moderate and high relief reef, including ledges and vertical walls. 

All other sites were characterised by low to moderate relief reefs, with small rocky 

outcrops and ledges <1 m in height. This habitat preference of M. zimmeri may also 

explain the relatively low abundances recorded in the photoquadrat images, in that it 

was difficult to capture photoquadrats on vertical surfaces, and the majority of images 

were taken on a gradient of <90°.  The planar growth of M. zimmeri may also lead to its 

underrepresentation in the photoquadrats, as even a large colony, if photographed from 

above, may comprise only a small proportion of the image.  

Similar to the overall community structure, differences among sites in the abundance 

and diversity of alcyonaceans in the Tamar River estuary is most likely influenced by 

gradients in water quality (e.g. turbidity and salinity). Trends in turbidity correspond 

with distance from the mouth of the estuary, with the lowest turbidity levels (ranging 

from 0.0 NTU to approximately 2.5 NTU) recorded at site T18,  the most oceanic site 

located in close proximity to Fish Beacon (Fig. 53c). Alcyonacean species diversity often 

decreases with an increase in sedimentation and turbidity, while soft coral coverage 

may remain unaffected (Fabricius and De’ath 2001). This suggests species replacement, 

whereby more tolerant species replace less tolerant ones. In the Tamar River estuary, 

the highest alcyonacean diversity was recorded at Fish Beacon (the site closest to the 

estuary mouth, with the lowest turbidity), with diversity declining moving up the 

estuary. At Shag Rock (the site furthest upstream and most affected by increased 

turbidity), no alcyonacean species were recorded in the photoquadrat images, although 

Drifa spp. (but no other species) were observed and collected at this site. This may be 
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due to the lower abundance of alcyonaceans at this site, but also the poor visibility, 

which occasionally resulted in difficulties in discerning taxa from the photoquadrat 

images. Patchiness of invertebrate habitat also increases moving up the estuary. 

Invertebrate cover decreases dramatically upriver of Beauty Point and becomes more 

patchily distributed (Lucieer et al. 2009). Salinities less than 25 ppt are known to be 

lethal for most alcyonacean species (Fabricius and Alderslade 2001). It can be seen in 

Figure 63a, that salinity at site T14 drops to approximately 25 ppt in August, suggesting 

winter declines in salinity may restrict the growth of alcyonacean assemblages this far 

upstream. Further surveys of Shag Rock and other sites further upstream, are necessary 

to identify the upper distributional limit of alcyonaceans within the estuary, and their 

tolerance levels to environmental variables. Nonetheless, the fact that only Drifa 

colonies were observed at the further upstream sites may suggest that this taxon 

exhibits higher tolerance levels for turbidity and salinity than the other species 

observed. 

The greatest abundance of alcyonaceans recorded in the photoquadrat images occurred 

in the 20-30 m depth range. A previous survey conducted in the Tamar River estuary 

indicated that alcyonaceans were observed to 55-60 m, the maximum depth category 

surveyed (Lucieer et al. 2009). The lower abundance of alcyonaceans in shallow areas 

likely reflects competition with algae, which generally restricts corals on temperate 

rocky reefs to deeper, low-light environments (Johannes et al. 1983; Miller and Hay 

1996; Miller 1998). The presence of macroalgae may inhibit coral growth through 

competition for space, shading (particularly for zooxanthellate species), abrasion 

associated with water movement, and the increased deposition of sediments, preventing 

coral settlement (Johannes et al. 1983). Temperate corals have been shown to become 
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dominant in shallow waters following the removal of the macroalgae canopy, but exhibit 

slow or static growth while the canopy remains (Miller and Hay 1996). The depth 

distribution of alcyonaceans is also influenced by the presence or absence of 

zooxanthellae within the colonies (Fabricius and McCorry 2006). Zooxanthellate 

alcyonaceans, which depend on photosynthesis, are generally confined to areas with 

high water clarity, sufficient light availability and low wave action (Fabricius and 

McCorry 2006). Thus, the depth distribution of zooxanthellate alcyonaceans is likely to 

relate to water clarity, which in turn influences light availability (Fabricius and 

Alderslade 2001). Conversely, azooxanthellate alcyonaceans, which rely on 

heterotrophy, require sufficient levels of particulate food in the surrounding water 

column. The Drifa gaboensis colony collected in this study occurred at 27.8 m; quite deep 

for a zooxanthellate species, especially given that the relationship of D. gaboensis with 

symbiotic algae is considered obligate (Farrant et al. 1987a). However, the fact that 

zooxanthellae are estimated to provide <50% of the daily carbon requirement of D. 

gaboensis across all seasons, suggests that this species has adapted to survive in low 

light conditions by depending upon both autotrophic and heterotrophic sources of 

nutrition (Farrant et al. 1987b). The abundance and distribution of zooxanthellate 

alcyonaceans may also be influenced by the aspect and slope of the substrate, which 

again influences light availability (Fabricius 1997).  

The highest abundances of soft corals on the Great Barrier Reef have been recorded in 

areas sheltered from wave action (Fabricius 1997). Thus, in addition to competition 

with macroalgae, wave action may also restrict alcyonaceans to deeper waters, 

particularly as they lack the hard skeletons affording protection to their scleractinian 

counterparts.  
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Previous surveys in the Tamar River estuary across a range of habitat types found that 

alcyonaceans comprised between 18-26% cover of reef and cobble habitat between 

depths of 20-50 m from Low Head to Lagoon Bay, and were the second most abundant 

invertebrate taxa after sponges (Lucieer et al. 2009). The lower percentage cover of 

alcyonaceans recorded in this study may be due in part to the nature of the point-

intercept method, which can result in the underestimation of smaller cryptic taxa. 

Equally, as technology develops, more detailed imagery may allow for smaller organisms 

to be included in this assessment method. When rare species are recorded under points, 

the subsequent calculated percentage cover often overestimates their true abundance 

(Dethier et al. 1993). In order to best estimate the coverage of species, a combination of 

methods may be required. This could include remotely-operated still and video 

photography alongside diver transect surveys (Kingsford and Battershill 1998).  

4.7.1. Biogeography and range extensions 

One of the Drifa specimens collected (QVM 2015:20:0002) has been identified as Drifa 

gaboensis based on colony and sclerite morphology, and mtMutS sequence divergence 

from the other Drifa specimens. D. gaboensis represents one of the most well 

documented temperate Australian alcyonacean species, having been the subject of 

several studies by Farrant (1985, 1986, 1987) and Farrant et al. (1987). This octocoral 

has only previously been observed from New South Wales to South Australia, with the 

southernmost record from Erith Island, Bass Strait (Edgar 2012). Thus, the specimen 

described herein represents a new record of this species from mainland Tasmanian 

waters (Edgar 2012). Whether this indicates range extension, or is merely the product of 

previous low sampling effort, remains unknown. This debate currently surrounds 

several marine taxa sighted in Tasmanian waters, including alcyonaceans (Maynard 
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2014). Changes in the structure of marine communities as a result of climate-driven 

changes in ocean currents, including distributional shifts and range expansions, have 

been documented for several marine taxa, including the long-spined sea urchin 

Centrostephanus rodgersii, 45 fish species, and zooplankton communities (Banks et al. 

2010; Johnson et al. 2011; Last et al. 2011). During winter, Bass Strait and northern 

Tasmanian inshore waters are largely affected by both the South Australian Current 

(SAC) and West Wind Drift, causing easterly current flow through the Bass Strait 

(Shepherd and Edgar 2013). Throughout summer, currents through the Bass Strait are 

weaker and tend westward, as a result of wind, tides and offshoots of the warm East 

Australian Current (EAC) flowing in an westerly direction through the Strait (Shepherd 

and Edgar 2013). Thus, northern Tasmanian may be influenced by waters from both the 

eastern and southern coasts of Australia. However, baseline information and historical 

records of alcyonacean species from northern Tasmania, including the Tamar River 

estuary, and understanding of larval dispersal among temperate alcyonacean species is 

lacking. This means the true origin and biogeography of the alcyonacean species 

observed in the Tamar River estuary remains unknown.  

Little is known about the reproductive strategies of the species inhabiting the Tamar 

River estuary. Drifa species are believed to be brooders which spawn continuously, with 

a peak in larval release occurring from September to December (Sun et al. 2010). 

However, alcyonaceans appear flexible in their modes of reproduction, which may vary 

even within the same genus e.g. Alcyonium (McFadden et al. 2001). A better knowledge 

of the reproductive mechanisms of these species would enable understanding of their 

capacity for dispersal and range extension. Temperate cnidarians have been the subject 

of only a few population genetics studies, and the dispersal capacity of cold-water 
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octocorals is largely unknown (Calderón et al. 2006; Watling et al. 2011). Limited 

dispersal capacity is common among some alcyonacean taxa, especially brooding 

species, potentially leading to high degrees of endemism. Such endemism characterises 

the temperate southern coastline of Australia, especially in comparison with tropical 

regions (Shepherd and Edgar 2013). Thus, it may be possible that several of the novel 

species described in this study are endemic to southern Australian, or even northern 

Tasmanian, waters. 

4.8. Future directions for research 

Although this study has provided extensive baseline data on the alcyonacean community 

of the Tamar River estuary, significant knowledge gaps remain, particularly in regards to 

the ecology of these taxa. Addressing these knowledge gaps would enable better 

understanding of the responses of these organisms to environmental pressures and 

changes, and assessment of their potential as indicator species within the estuary. As 

illustrated here, there remains a lot to be done to adequately describe the subtidal 

habitats of the Tamar River estuary. A detailed understanding of the structure of these 

communities and habitats, and their responses to environmental change (particularly 

anthropogenic disturbances) is needed to manage human impacts on the estuary. 

Several of the novel Drifa species proposed in this study remain represented by only a 

single specimen (e.g. Drifa sp. nov. 2 and Drifa sp. nov. 3). Thus, further sampling of 

alcyonacean colonies within the estuary would allow better characterisation of these 

species, and quantification of intraspecific variation.  

Identifying suitable indicator taxa is a high priority for the management of the Tamar 

River estuary (Attard et al. 2012). Due to their sensitivity to environmental factors, the 
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abundance and species richness of alcyonaceans (particularly zooxanthellate species), 

and community shifts from zooxanthellate to azooxanthellate species, have the potential 

to act as biological indicators of water quality in estuarine environments (Fabricius and 

McCorry 2006). A better understanding of the ecological requirements of the 

alcyonaceans inhabiting the Tamar River estuary would benefit from an examination of 

the presence or absence of zooxanthellae in the colonies, as this largely influences 

alcyonacean ecology (Fabricius and Alderslade 2001). Apart from Drifa gaboensis (which 

is known to be zooxanthellate) and Acabaria sp. and Mopsella zimmeri (which are 

azooxanthellate) it is uncertain whether the other alcyonacean species examined in this 

study possess zooxanthellae (Farrant et al. 1987a; Fabricius and Alderslade 2001). 

Studies of the epifaunal communities associated with the alcyonacean species collected 

from the Tamar River estuary would also allow further insight into their ecological role. 

Epifaunal taxa observed on the colonies collected during this study included ophiuroids, 

crustaceans and platyhelminthes. 

5. Conclusion 

Prior to this study, virtually nothing was known about the alcyonacean assemblage of 

the Tamar River estuary, and it is not particularly surprising that collections yielded a 

number of potentially novel species and genera. This study has provided detailed 

morphological descriptions and phylogenetic analyses of several species occurring in 

the Tamar River estuary. In total, nine species were identified from the 46 alcyonacean 

colonies collected. As a result, two new genera, and six new species have been described, 

along with a first record of Drifa gaboensis in Tasmanian waters. The systematics of 

these specimens are complicated by a large range of variation and overlap in 

morphological characters, lack of detail in previous species descriptions, a convoluted 
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taxonomic history and nomenclatural inconsistencies among relevant taxa. In general, 

these factors have contributed to subclass Octocorallia remaining one of the most poorly 

understood and classified cnidarian groups (McFadden et al. 2010).  

Octocoral research has largely been directed toward either shallow tropical 

assemblages, or deep-water assemblages (particularly in high latitudes) (Fabricius and 

Alderslade 2001; Freiwald et al. 2004). The inshore temperate alcyonacean assemblage 

in the Tamar River estuary is atypical and falls outside of these better characterised 

assemblages. The Tamar alcyonacean assemblage is also distinctive in that it occurs in 

an estuarine environment, at depths considered shallow for a cold-water assemblage. 

The frequent synonymisation of ‘cold-water corals’ with ‘deep-water corals’ (Freiwald et 

al. 2004) may lead to such temperate soft coral assemblages in shallow waters being 

overlooked. As such, this community, and other similar assemblages in Tasmanian 

waters, deserve more attention.  

The survey data presented in this study provides a baseline for future monitoring of the 

rocky reef communities of the Tamar River estuary. The survey methods outlined can be 

replicated across different temporal and spatial scales, and the photoquadrat images 

provide a useful reference library of rocky reef benthic species within the estuary, and 

may be revisited for further analysis. It is hoped that improved awareness and 

understanding of the rocky reef communities, and particularly, their highly unique 

alcyonacean inhabitants, may promote ongoing monitoring and inform management of 

the natural values of the Tamar River estuary. 
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Appendices 

Appendix 1: RNA:DNA extraction protocol for Ecklonia radiata  

1. Into a 2 mL round-bottom tube, pipette 500 μL urea buffer. 

2. Cut <5 mg (ideally 3-6 mg) section of tissue from sample and dab dry with Kim 

Wipes. 

3. Transfer section to tube with urea buffer. 

4. Use drill and pestle or tissue pulveriser to grind the section until no particles can be 

seen. 

5. Place tube with section in ice while other samples are being ground down. 

6. Add 5 μL proteinase K to each tube and vortex for 10 s. 

7. Transfer tubes to heat block set at 37°C for 30 min. Occasionally vortex tubes during 

incubation. 

8. Following incubation, centrifuge tubes for 2 min at 8000 x g and pour off and retain 

the supernatant while discarding the pellet. 

9. Transfer tube with supernatant to ice for 3 min. 

10. Pipette 250 μL of ammonium acetate (or 50% of the original urea volume) into each 

tube. 

11. Vortex the tube for 20 seconds. White precipitate should be visible, and solution 

should become milky. 

12. Centrifuge the tube at 14000 x g for 5 min at 18°C. 

13. Pour the solution off the tube into a fresh labelled 1.5 mL tube, and pipette out any 

remaining solution into the new tube. 

14. Discard the pellet. 

15. Add 800 μL of isopropanol and gently invert tube 40 times. Pink co-precipitant may 

also be added at this step. 

16. Centrifuge the tubes at 14000 x g for 10 min. 

17. Pour the supernatant off the resulting pellet, and discard the supernatant while 

retaining the pellet. 

18. Add 500 μL of 70% ethanol to the tube and flick the tube. 

19. Centrifuge the tube at 14000 x g for 2 min, and then pour off and discard the 

ethanol. 

20. Add another 500 μL of 70% ethanol and flick the tube. 

21. Centrifuge the tube at 14000 x g for 5 min. Remove as much ethanol as possible 

while retaining the pellet. 

22. Elute the DNA by adding 200 μL water or elution buffer, and incubating the tube at 

55°C for 5 mins. 

23. Gently flick the tube. 

24. DNA is now ready for downstream processing. 
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Appendix 2: Voucher specimens and GenBank accession numbers for the alcyonacean 
sequences included in the phylogenetic analyses. 

Family  Genus/species Voucher specimen 
GenBank 
accession 
number 

Authors 

Alcyoniidae Alcyonium haddoni 
 

GU355974.1 McFadden et al. 2010 

Alcyoniidae Alcyonium roseum ZSM 20061195 GQ342468.1 Parrin et al. 2009 

Xeniidae 
Asterospicularia 
randalli 

RMNH:Coel. 41520 KF915555.1 McFadden et al. 2014a 

Xeniidae 
Asterospicularia 
randalli (1) 

RMNH:Coel. 41521 KF915556.1 McFadden et al. 2014a 

Acanthogorgiidae Calcigorgia beringi Isolate AKPB401-1 KF856121.1 Thoma & France 2013 

Acanthogorgiidae Calcigorgia japonica Isolate J2099-4-1 KF856110.1 Thoma & France 2013 

Acanthogorgiidae Calcigorgia sp. Isolate BOI-09-13-2 KF856115.1 Thoma & France 2013 

Acanthogorgiidae Calcigorgia spiculifera Isolate AKSI101-1 KF856114.1 Thoma & France 2013 

Acanthogorgiidae 
Calcigorgia spiculifera 
(1) 

Isolate AKDI101-1 KF856119.1 Thoma & France 2013 

Nephtheidae Capnella cf. spicata USNM 1178393 JX124372.1 
McFadden & van Ofwegen 

2012a 

Nephtheidae Capnella imbricata RMNH Coel.38645 JX124367.1 
McFadden & van Ofwegen 

2012a 

Nephtheidae Capnella parva NTM C12393 JX124370.1 
McFadden & van Ofwegen 

2012a 

Nephtheidae Capnella sp. 1 NTM C12280 JX124368.1 
McFadden & van Ofwegen 

2012a 

Nephtheidae Capnella sp. 2 NTM C12669 JX124369.1 
McFadden & van Ofwegen 

2012a 

Clavulariidae Carijoa riisei RMNH Coel. 40807 JX203775 
McFadden & van Ofwegen 

2012b 

Clavulariidae 
Carijoa sp. (South 
Africa) 

CSM-SAF336 JX203777.1 
McFadden & van Ofwegen 

2012b 

Clavulariidae 
Carijoa sp. (West 
Papua) 

RMNH Coel.40031 JX203776.1 
McFadden & van Ofwegen 

2012b 

Nephtheidae Dendronephthya cf. B RMNH:Coel. 40910 KF915599.1 McFadden et al. 2014a 

Nephtheidae 
Dendronephthya cf. B 
(1) 

RMNH:Coel. 40911 KF915605.1 McFadden et al. 2014a 

Nephtheidae 
Dendronephthya cf. B 
(2) 

RMNH:Coel. 40912 KF915606.1 McFadden et al. 2014a 

Nephtheidae 
Dendronephthya cf. B 
(2) 

RMNH:Coel. 40913 KF915607.1 McFadden et al. 2014a 

Nephtheidae Dendronephthya sp. A RMNH:Coel. 40907 KF915597.1 McFadden et al. 2014a 

Nephtheidae Dendronephthya sp. B RMNH:Coel. 40908 KF915598.1 McFadden et al. 2014a 

Nephtheidae Dendronephthya sp. C RMNH:Coel. 40909 KF915600.1 McFadden et al. 2014a 

Nephtheidae Dendronephthya sp. D RMNH:Coel. 40914 KF915601.1 McFadden et al. 2014a 

Nephtheidae 
Dendronephthya sp. D 
(1) 

RMNH:Coel. 40915 KF915602.1 McFadden et al. 2014a 

Nephtheidae Dendronephthya sp. E RMNH:Coel. 40916 KF915603.1 McFadden et al. 2014a 

Nephtheidae Dendronephthya sp. F RMNH:Coel. 40917 KF915604.1 McFadden et al. 2014a 

Nephtheidae Eunephthya celata RMNH Coel.40177 JX124352.1 
McFadden & van Ofwegen 

2012a 

Nephtheidae 
Eunephthya 
granulata 

RMNH Coel.40179 JX124356.1 
McFadden & van Ofwegen 

2012a 
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Nephtheidae Eunephthya shirleyae RMNH Coel.40181 JX124357.1 
McFadden & van Ofwegen 

2012a 

Nephtheidae 
Eunephthya 
thyrsoidea 

RMNH Coel.40182 JX124364.1 
McFadden & van Ofwegen 

2012b 

Xeniidae Heteroxenia sp. A CASIZ 188787 KF915618.1 McFadden et al. 2014a 

Xeniidae Heteroxenia sp. A (1) CASIZ 188788 KF915619.1 McFadden et al. 2014a 

Xeniidae Heteroxenia sp. A (2) ZMTAU:CO 35434 KF915620.1 McFadden et al. 2014a 

Xeniidae Heteroxenia sp. A (3) RMNH:Coel. 41527 KF915621.1 McFadden et al. 2014a 

Clavulariidae Incrustatus niarchosi 
AMNH:65678-

Cnid6040 
JQ904901.1 

McFadden & van Ofwegen 
2013 

Nephtheidae Nephthea sp. B RMNH:Coel. 40972 KF915652.1 McFadden et al. 2014a 

Nephtheidae Nephthea sp. C RMNH:Coel. 40973 KF915653.1 McFadden et al. 2014a 

Nidaliidae Nidalia sp. A RMNH:Coel. 40975 KF915655.1 McFadden et al. 2014a 

Nidaliidae Nidalia sp. B RMNH:Coel. 40974 KF915654.1 McFadden et al. 2014a 

Paralcyoniidae 
Paralcyonium 
spinulosum 

CSM-PASP DQ302833.1 McFadden et al. 2006b 

Nephtheidae Scleronephthya sp. A RMNH:Coel. 41038 KF915721.1 McFadden et al. 2014a 

Nephtheidae 
Scleronephthya sp. A 
(1) 

RMNH:Coel. 41039 KF915722.1 McFadden et al. 2014a 

Nephtheidae Scleronephthya sp. B RMNH:Coel. 41040 KF915723.1 McFadden et al. 2014a 

Nephtheidae Stereonephthya sp. A RMNH:Coel. 41056 KF915782.1 McFadden et al. 2014a 

Nephtheidae 
Stereonephthya sp. A 
(1) 

RMNH:Coel. 41057 KF915783.1 McFadden et al. 2014a 

Nephtheidae 
Stereonephthya sp. A 
(2) 

RMNH:Coel. 41058 KF915784.1 McFadden et al. 2014a 

Nephtheidae 
Stereonephthya sp. A 
(3) 

RMNH:Coel. 41060 KF915785.1 McFadden et al. 2014a 

Nephtheidae 
Stereonephthya sp. A 
(4) 

RMNH:Coel. 41063 KF915786.1 McFadden et al. 2014a 

Nephtheidae Stereonephthya sp. B RMNH:Coel. 41061 KF915787.1 McFadden et al. 2014a 

Nephtheidae Stereonephthya sp. C RMNH:Coel. 41062 KF915788.1 McFadden et al. 2014a 

Viguieriotidae Studeriotes sp. NTM-C011441 DQ302834.1 McFadden et al. 2006b 

Subergorgiidae Subergorgia rubra RMNH:Coel. 40870 KF915789.1 McFadden et al. 2014a 

Subergorgiidae Subergorgia rubra (1) RMNH:Coel. 41064 KF915790.1 McFadden et al. 2014a 

Subergorgiidae Subergorgia suberosa RMNH:Coel. 41066 KF915791.1 McFadden et al. 2014a 

Subergorgiidae 
Subergorgia suberosa 
(1) 

RMNH:Coel. 41068 KF915792.1 McFadden et al. 2014a 

Plexauridae Swiftia exserta Isolate LII-10-397 KC984582.1 Quattrini et al. 2014 

Clavulariidae ?Telesto sp. NTM-C012710 DQ302802.1 McFadden et al. 2006b 
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Appendix 3: Attributes, with their relevant CATAMI classification hierarchy and CAAB codes, assigned to each point in the photoquadrat 
images. Condensed groups (used to produce percentage cover graphs for the major benthic taxa across all sites and depths) are shown in 
the last column. Several taxa (e.g. solitary attached stony corals, crinoids and bony fishes) were excluded from the condensed categories, 
due to their extremely low abundances. 

Attribute name 
CATAMI 
Level 1 

CATAMI Level 2 CATAMI Level 3 CATAMI Level 4 
CATAMI 
Level 5 

CATAMI 
Level 6 

CATAMI 
CAAB 
Codes 

Condensed 
categories 

Stalked colonial ascidians Ascidians Stalked Colonial 
   

35000906 

Ascidians 
Stalked solitary ascidians Ascidians Stalked Solitary 

   
35000905 

Unstalked colonial ascidians Ascidians Unstalked Colonial 
   

35000903 
Unstalked solitary ascidians Ascidians Unstalked Solitary 

   
35000902 

Hard fenestrate bryozoa Bryozoa Hard Fenestrate 
   

20000903 

Bryozoa 
Hard massive bryozoa Bryozoa Hard Massive 

   
20000904 

Soft dendroid bryozoa Bryozoa Soft Dendroid 
   

20000906 
Soft foliaceous bryozoa Bryozoa Soft Foliaceous 

   
20000907 

Bryozoa/hydroid matrix 

Bryozoa/ 
Cnidaria: 
Hydroid 
MATRIX 

     
4 

Bryozoa/ 
hydroid 
matrix 

Colonial anenomes 
(corallimorphs) 

Cnidaria 
Colonial 
anemones 

Corallimorphs 
   

11500901 
Anemones 

Colonial anemones (zoanthids) Cnidaria 
Colonial 
anemones 

Zoanthids 
   

11500902 

True anemones Cnidaria True anemones 
Other 
Anemones 

 
  

11229903 Anemones 

Solitary attached stony corals Cnidaria Corals Stony corals 
Solitary/ 
mushroom 

Solitary Attached 11290903 Stony corals 

Hydroids Cnidaria Hydroids 
    

11001000 Hydroids 
Acabaria sp. Cnidaria Octocorals Acabaria sp. 

   
11168919 

Octocorals 

Capnella gaboensis Cnidaria Octocorals Capnella gaboensis 
  

11168907 
Capnella sp. 2 (granular grey soft 
coral) 

Cnidaria Octocorals Capnella 
sp. 2 (granular 
grey soft coral) 

 
 

11168909 

Capnella unidentified Cnidaria Octocorals Capnella unidentified 
  

11168910 
Carijoa sp. 1 Cnidaria Octocorals Carijoa sp. 1 

  
11168912 
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Mopsella zimmeri Cnidaria Octocorals Mopsella zimmeri 
  

11168916 Octocorals 
Biscuit stars Echinoderms Asteroids Biscuit stars 

   
25102001 

Asteroids Button stars Echinoderms Asteroids Button stars 
   

25102003 
Sea stars Echinoderms Asteroids Seastars 

   
25102002 

Crinoids Echinoderms Feather stars 
Unstalked 
crinoids 

 
  

25001902 Crinoids 

Regular sea urchins Echinoderms Sea urchins Regular urchins 
   

25200001 
Echinoids 

Pencil urchins Echinoderms Sea urchins Regular urchins Pencil urchins 
  

25200002 
Bony fishes Fishes Bony fishes 

    
37990083 Bony fishes 

Erect coarse branching brown 
macroalgae 

Macroalgae 
Erect coarse 
branching 

Brown 
   

80300904 Brown algae 

Erect fine branching brown 
macroalgae 

Macroalgae 
Erect fine 
branching 

Brown 
   

80300908 

Brown algae 
Filamentous brown macroalgae Macroalgae 

Filamentous / 
filiform 

Brown 
   

80300931 

Laminate brown macroalgae Macroalgae Laminate Brown 
   

80300919 
Large canopy-forming brown 
macroalgae 

Macroalgae 
Large canopy-
forming 

Brown 
   

80300902 

Erect coarse branching green 
macroalgae 

Macroalgae 
Erect coarse 
branching 

Green 
   

80300905 

Green algae Filamentous green macroalgae Macroalgae 
Filamentous / 
filiform 

Green 
   

80300932 

Sheet-like/membranous green 
macroalgae 

Macroalgae 
Sheet-like / 
membranous 

Green 
   

80300924 

Encrusting red macroalgae Macroalgae Encrusting Red 
   

80300929 

Red algae 

Erect coarse branching red 
macroalgae 

Macroalgae 
Erect coarse 
branching 

Red 
   

80300906 

Erect fine branching red 
macroalgae 

Macroalgae 
Erect fine 
branching 

Red 
   

80300910 

Filamentous red macroalgae Macroalgae 
Filamentous / 
filiform 

Red 
   

80300933 

Laminate red macroalgae Macroalgae Laminate Red 
   

80300921 
Sheet-like/membranous red 
macroalgae 

Macroalgae 
Sheet-like / 
membranous 

Red 
   

80300925 

Drift Drift 
     

7 Drift 
Bivalves Molluscs Bivalves 

    
23199000 Bivalves 
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Gastropods (abalone) Molluscs Gastropods Abalone 
   

24000001 

Gastropods 
Gastropods (cowries) Molluscs Gastropods Cowries 

   
24000006 

Gastropods (top shell) Molluscs Gastropods Top shell 
   

24000003 
Gastropods (triton shell) Molluscs Gastropods Triton shells 

   
24000007 

Gastropods (volute) Molluscs Gastropods Volutes 
   

24000008 
Seagrasses (elliptical leaves) Seagrasses Elliptical leaves 

    
63600902 

Seagrass 
Seagrasses (strap-like leaves) Seagrasses 

Strap-like 
leaves     

63600903 

Creeping ramose sponge Sponges Crusts 
Creeping 
ramose 

 
  

10000917 

Sponges 
Encrusting sponge Sponges Crusts Encrusting 

   
10000902 

Erect branching sponge Sponges Erect forms Branching 
   

10000915 
Erect laminar sponge Sponges Erect forms Laminar 

   
10000913 

Hollow barrel sponge Sponges Hollow forms Barrels 
   

10000907 
Hollow cup/goblet sponge Sponges Hollow forms Cups and alikes Cup/ goblet 

  
10000919 

Hollow tube/chimney sponge Sponges Hollow forms 
Tubes and 
chimneys 

 
  

10000911 

Sponges Massive ball sponge Sponges Massive forms Balls 
   

10000905 
Massive cryptic sponge Sponges Massive forms Cryptic 

   
10000908 

Massive simple sponge Sponges Massive forms Simple 
   

10000904 

Cobbles Substrate 
Consolidated 
(hard) 

Cobbles 
   

82001004 
Hard 

substrates 
Rock Substrate 

Consolidated 
(hard) 

Rock 
   

82001002 

Coquina/shell hash Substrate 
Unconsolidated 
(soft) 

Pebble/gravel Biogenic 
Coquina/ 
shell hash  

82001008 

Soft substrates 

Gravel(2-10mm) Substrate 
Unconsolidated 
(soft) 

Pebble/gravel 
Gravel(2-
10mm)   

82001011 

Pebble (10-64mm) Substrate 
Unconsolidated 
(soft) 

Pebble/gravel 
Pebble(10-
64mm) 

 
 

82001012 

Coarse sand (with shell 
fragments) 

Substrate 
Unconsolidated 
(soft) 

Sand/mud(<2m
m) 

Coarse sand 
(with shell 
fragments) 

 
 

82001014 

Fine sand (no shell fragments) Substrate 
Unconsolidated 
(soft) 

Sand/mud(<2m
m) 

Fine sand (no 
shell 
fragments) 

 
 

82001015 
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Unscorable Unscorable 
     

1 Unscorable 
Tube worms Worms Polychaetes Tube worms 

   
22000901 Tube worms 


