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ABSTRACT 

Revising the Taxonomy and Biology of Ornamental Worms (Polychaeta: Sabellidae) in 

the Arabian Peninsula  

Shannon Brown 

 

Polychaetes are among the most abundant and diverse groups in the benthic environment; 

however, the diversity of marine polychaetes remains underexplored. On coral reef 

ecosystems, scientists predict 80-90% of species are still undescribed due to low 

sampling efforts in certain regions and the understudied nature of smaller invertebrates, 

such as polychaetes. Sabellidae, a prominent family of polychaetes, are known for their 

widespread distribution and are recognized as an ornamental worm due to their feather-

like appendages. Here, we detail the diversity of Sabellidae around the understudied 

Arabian Peninsula. The Arabian Peninsula is surrounded by diverse marine ecosystems 

(e.g., coral reefs, seagrass beds) occurring in extreme environmental conditions (e.g., 

higher seawater temperature and strong seasonal variation). Our samples included 178 

sabellids from the Saudi Arabian Red Sea, the Arabian Sea, and the Arabian Gulf. 

Collected from February 2019 to February 2020, these sabellids were sampled from hard 

and soft substrate on coral reefs and their associated habitats. We used two molecular 

markers, the cytochrome c oxidase subunit I (COI) and 16S ribosomal DNA alongside an 

array of morphological analyses, including widely used characters, meristic counts, and 

morphometric measurements, to identify seven morphotypes. Environmental and 

biological information was also recorded to understand more about the ecology of these 

relatively understudied polychaetes. Our combined morphological and genetic analyses 

acknowledge the presence of six species from the genera Sabellastarte, Bispira, 
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Branchiomma, and Acromegalomma. Our study identified the existence of potential 

undescribed species in the region and proposed expanded geographic ranges for three 

accepted species, Sabellastarte sanctijosephi, Branchiomma luctuosum, and 

Acromegalomma nechamae. The present work increases the current knowledge about the 

overall systematics of marine polychaetes in the Arabian Peninsula and ultimately 

contributes to the reassessment of the family’s biogeography. 
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DEFINITIONS OF KEY TERMINOLOGY 
 

Branchial lobes proximal part of the radiolar crown attached to the anterior end of 

the body; generally arranged as two semicircles 

Dorsal lip paired rounded lappets extending from the dorsal margins of the 

mouth; used to sort particles collected by the branchial crown 

Chaetae chitinous bristles protruding from parapodia 

Chaetiger segment that bears chaetae 

Collar anteriorly projecting membranous extension from the peristomium; 

sometimes covers the base of the radiolar crown 

Fecal groove  ciliated groove in which fecal matter is moved from the anus to the 

anterior tube opening 

Interramal structure located between the notopodium and neuropodium 

Lappet lobe or flap-like extension 

Neuropodium  ventral branch or ramus of a parapodium 

Notopodium  dorsal branch or ramus of a parapodium 

Ocelli photoreceptive organs, otherwise known as eyespots 

Parapodium fleshy lateral projection from body wall that bears chaetae 

Peristomium non-segmented region that occurs between the radiolar crown and 

first thoracic chaetiger 

Pinnules ciliated, paired branches on the oral side of a radiole 

Prostomium  anterior-most portion of the worm (radiolar crown in Sabellidae) 

Pygidium  post-segmental terminal part of the body surrounding the anus  

Radiolar appendage  modified radioles fused to dorsal lips 

Radiolar eyes ocelli on the radiolar crown 

Radioles feather-like extensions that form the branchial crown; attached to 

branchial lobes and bearing pinnules 

Stylodes small, outward appendages from the aboral surface of radioles 

Uncini deeply-embedded, short, beak-like chaetae characteristic of 

neuropodia, usually in transverse rows 

Ventral sacs vesicles between the branchial lobes that are filled with sediment 

and used for tube building  

Ventral shields segmentally arranged ventral pads on the thorax  

 

Definitions originated from Cochrane (2000) and Wong et al. (2014). 
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1. Introduction 

1.1 Coral Reef Ecosystems and their Stressors 

Coral reef ecosystems are diverse, productive marine habitats that support thousands of 

species. While they only occupy about 0.2% of our oceans, these ecosystems house a 

large percentage of known marine species (Hoegh-Guldberg 1999, Reaka-Kudla 2005). 

In shallow waters, reef-building corals provide a solid substrate upon which other 

organisms settle (Carpenter 1997, Spalding et al. 2001). Coral dominated benthic 

assemblages are associated with other nearby habitats, such as rocky patches, seagrass 

beds, and mangroves, which provide additional seascape complexity and contribute to the 

high biodiversity on coral reefs (Duckworth and Wolff 2011, Glynn and Enochs 2011, 

Fisher et al. 2015). From fish communities to invertebrate fauna, coral reefs and their 

associated habitats provide breeding, feeding, and nursery grounds for marine organisms 

(Reaka-Kudla 1997). Humans worldwide economically benefit from coral reefs as they 

provide income via tourism and fishing (Spurgeon 1992, Spalding et al. 2017). Coral reef 

ecosystems also provide coastal protection, offer navigational routes, and support a 

variety of organisms (e.g., sponges, corals) that have pharmaceutical and industrial 

applications (Kühlmann 1988, Spurgeon 1992, Reaka-Kudla 2005).  

Despite their high diversity and benefit to the human and marine world, coral 

reefs are one of the most threatened marine ecosystems (Hoegh-Guldberg 1999, 

Wilkinson 2000). Globally, the increase in sea surface temperature and acidification 

results in higher rates of coral bleaching and disease (Knowlton 2001, Hughes et al. 2003, 

2017), in addition to the reduction of coral calcification rates (Cooper et al. 2008, Doney 

et al. 2009). On a local scale, anthropogenic impacts such as overfishing, overexploitation 
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of marine species, increased sedimentation, and eutrophication have led to the 

degradation of coral reefs (Kühlmann 1988, Pandolfi et al. 2003, Reaka-Kudla 2005, 

Hughes 2010). Overall, these stressors generally interact synergistically and negatively 

affect our marine ecosystems (Hoegh-Guldberg 1999, Crain et al. 2008). When global 

and local stressors impact coral reef ecosystems, all organisms that utilize these habitats 

are directly or indirectly affected (Glynn 1993, Johnston and Roberts 2009). 

Based on the knowledge of taxonomic experts, Fisher et al. (2015) proposed that 

only ~10% of multicellular species inhabiting coral reef ecosystems have been described, 

therefore, highlighting a significant knowledge gap and need for continued research 

(Appeltans et al. 2012, Hoeksema 2017). The high percentage of undescribed species can 

be attributed to smaller marine invertebrates that inhabit more cryptic environments and 

account for a majority of reef biodiversity (Reaka-Kudla 1997, Appeltans et al. 2012). 

Organisms such as nematodes, isopods, mollusks, copepods, and polychaetes exhibit 

some of the highest species richness on a coral reef and are likely significant large 

representatives of cryptic diversity (Glynn and Enochs 2011, Fisher et al. 2015, 

Pamungkas et al. 2019). In addition, numerous reefs are still undersampled and 

understudied, which contributes to the large knowledge gap (May 2004, Glynn and 

Enochs 2011).  For example, in New Caledonia, after extensive sampling, Bouchet et al. 

(2002) attributed the previously overlooked species richness of marine mollusks to the 

prior low sampling efforts in the region. Due to the continued threats (e.g., overfishing, 

invasive species) against coral reefs and their associated habitats (Wilkinson 2000), it is 

important to recognize the extensive diversity of these marine ecosystems before we lose 

them. 
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1.2 The Arabian Peninsula 

The Arabian Peninsula is the largest peninsula in the world and forms the southwest 

margin of Asia. The peninsula includes several countries, including Saudi Arabia, Oman, 

Yemen, Bahrain, Kuwait, and the United Arab Emirates. The Arabian Peninsula is 

bordered by the Red Sea, the Gulf of Aden, the Arabian Sea, the Gulf of Oman, and the 

Arabian Gulf (Fig. 1). The Red Sea is a narrow, semi-enclosed body of water that 

bifurcates into the Gulfs of Suez and Gulf of Aqaba in the north and opens into the Gulf 

of Aden in the south (Berumen et al. 2019). The Red Sea supports a wide variety of 

habitats (e.g., coral reefs, mangroves, seagrass beds) and is known for its high 

temperature and salinity with higher salinity and lower temperatures toward the north 

(Sofianos et al. 2002, Chaidez et al. 2017, Berumen et al. 2019). Hosting one of the most 

extensive fringing reef systems in the world, the Red Sea is recognized for its high 

biodiversity and endemism (DiBattista et al. 2016, Berumen et al. 2019).  

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of the Arabian Peninsula with bodies of water bolded and sampling regions labeled. 
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The Arabian Sea is a region of the northern Indian Ocean. The Gulf of Aden 

connects the Arabian Sea to the Red Sea in the west, and the Gulf of Oman connects the 

Arabian Sea to the Arabian Gulf in the east. As an extension of the Indian Ocean, the 

Arabian Sea reaches greater depths and experiences distinct seasonality with regional 

upwelling from June-September that leads to colder water and more productivity along 

the southern Arabian coastline (Qasim 1982, Madhupratap et al. 2001). The Arabian Gulf 

is a shallow, semi-enclosed body of water that connects to the Indian Ocean through the 

Strait of Hormuz (Riegl and Purkis 2012). With a maximum depth of 90 m, coral reefs 

and their associated habitats in the Arabian Gulf experience higher temperatures and 

greater temperature fluctuation than most regions (Riegl and Purkis 2012). Like the Red 

Sea, the Arabian Gulf also has limited riverine input and precipitation, which leads to 

higher salinity levels (Kinsman 1964, Shinn 1976, Riegl and Purkis 2012, Berumen et al. 

2019). While the Arabian Gulf exhibits lower species richness and lower endemism when 

compared to the Red Sea (Sheppard et al. 1992, DiBattista et al. 2016), certain 

invertebrates (e.g., polychaetes and echinoderms) in the Arabian Gulf have shown more 

comparable levels of diversity and endemism (Price and Izsak 2005, DiBattista et al. 

2016).  

The Arabian Peninsula, recognized for its rapid population growth rates, is 

expected to reach 120 million people by 2050 due to high oil revenues and increased 

immigration as new developments demand a larger workforce (Odhiambo 2017). As the 

population grows, countries within the Arabian Peninsula are expected to develop land 

and build more infrastructure. Saudi Arabia, for example, is currently turning towards 

luxury tourism and started constructing several major developments along the coastline, 
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including NEOM and the Red Sea Project (Anon 2017). Anthropogenic pressures are 

likely to increase due to these developments; therefore, we must understand more about 

the species diversity of the Arabian Peninsula, with a focus on smaller, more species-rich 

groups (e.g., polychaetes). 

 

1.3 Family Sabellidae 

Polychaetes are a highly abundant and diverse group in the marine benthic environment  

(Hutchings 1998). With around 12,000 species of polychaetes recognized worldwide 

(Read and Fauchald 2020), additional research is likely to unveil more species within the 

group (Hutchings 1998, Fisher et al. 2015, Pamungkas et al. 2019). Sabellidae, otherwise 

known as feather duster worms, are tube-dwelling sedentary polychaetes found in polar 

to tropical marine ecosystems (Rouse and Pleijel 2001). The family includes 499 

accepted species distributed across 39 genera (Read & Fauchald 2020); therefore, 

sabellids encompass a sizable percentage of known polychaetes (Giangrande and 

Licciano 2004). Sabellids, known for their widespread distribution and diversity, are 

often used as indicators of ecosystem health (Young et al. 1981, Dean 2008, Piazzolla et 

al. 2020). In addition, marine ornamental species, such as Sabellidae, are part of a multi-

million dollar industry in which they are harvested for the aquarium trade (Friedlander 

2004, Murray et al. 2012).  

Sabellidae inhabit hard and soft substrate from the intertidal to the deep ocean, 

and they are characterized by their feather-like anterior appendages, called radioles, used 

for feeding and respiration (Rouse and Pleijel 2001, Pechenik 2015). On each radiole, 

there are two descending rows of pinnules laden with cilia that create a filtering current, 
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which allows large quantities of water to be passed through the branchial crown (Merz 

1984, Tamaru et al. 2011). When food particles are captured, they are transported by the 

ciliated food groove to the mouth at the base of the branchial crown (Rouse and Pleijel 

2001). A distinguishing feature in some genera are photoreceptors called radiolar eyes 

that are distributed on the aboral side of radioles (Fitzhugh 1989). A parchment tube 

surrounds the worm and protects it from predators and physical forces (Kicklighter and 

Hay 2007). When retracting into their tubes, these worms rely on muscle contractions, 

while anchoring themselves against their tube with chaetae, chitinous bristles extended 

from the body wall (Kicklighter and Hay 2007, Merz 2015). In terms of reproduction, 

larger species of Sabellidae (e.g.. Sabellastarte) tend to be broadcast spawners, whereas 

many smaller species (e.g., Amphicorina) are brooders (Schroeder and Hermans 1975, 

Rouse and Fitzhugh 1994). Unfortunately, there are relatively few studies on the ecology 

and population dynamics of feather duster worms (Rouse and Pleijel 2001, Lezzi et al. 

2016, Dávila-Jiménez et al. 2017).  

Traditional taxonomy mainly used morphological characters, such as radiolar eyes 

and chaetae, to identify and describe sabellids (Fitzhugh 1989, Sheth and Thaker 2017). 

However, solely relying upon these characters can be insufficient as variability within 

species has been observed as the result of growth (Knight-Jones 1983, Perkins 1984, 

Capa et al. 2010), fixation (Costa-Paiva et al. 2007), and regeneration (Knight-Jones and 

Giangrande 2003, Knight-Jones and Mackie 2003). Reliance on early taxonomic works 

has also resulted in numerous misidentification (Fitzhugh et al. 1994, Knight-Jones and 

Perkins 1998, Nogueira et al. 2006, Tovar-Hernández and Knight-Jones 2006), and the 

generalization that many species have widespread distributions (Hutchings and 
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Kupriyanova 2018). Recent studies on sabellids (Capa and Murray 2015b, 2016, Del 

Pasqua et al. 2018, Tilic et al. 2019) have integrated both morphological and genetic 

techniques to resolve these issues. The geographic scale of sampling has also been 

increased to better assess diversity and species boundaries (Patti and Gambi 2001, 

Ahyong et al. 2017). Combined approach studies with extensive sampling, therefore, can 

be used to examine the speciation and distribution of sabellids. 

 

1.4 Regional Polychaete Literature 

Despite high species richness and endemism, the Red Sea, the Arabian Sea, and the 

Arabian Gulf are understudied (Sale et al. 2011, Berumen et al. 2019), particularly with 

regards to the benthic diversity. Macrobenthic biodiversity studies are infrequent in the 

region (Price and Izsak 2005, Naser 2011, Berumen et al. 2013), especially when 

considering the number of undescribed species on coral reefs and their associated habitats 

(Reaka-Kudla 1997, Mora et al. 2011). As previously mentioned, polychaetes are one of 

the most diverse and abundant taxa in the marine benthos. Nevertheless, around the 

Arabian Peninsula, there are fewer studies on polychaetes in comparison to the 

Mediterranean Sea, which is one of the most studied regions in regard to polychaetes 

(Fig. 2). And while important research on polychaetes has been completed in the Arabian 

Peninsula, a majority of the studies are polychaete checklists (Fishelson 1971, Ben-

Eliahu 1975, Mohammad 1980, Ishaq and Mustaquim 1996, Mustaquim 1997, Wehe and 

Fiege 2002, Kazmi and Naushaba 2013, Al-Kandari et al. 2019), which provide little 

information about the evolutionary history or ecology of polychaetes. There are also few 
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studies that offer a comprehensive overview of the region’s polychaete diversity 

(Hartman 1974, Wehe and Fiege 2002). 

Within Sabellidae, a prominent family of polychaetes, there are 38 species across 

19 genera recorded throughout the Arabian Peninsula (Appendix A). Due to limited 

sabellid research in the region and the resulting dependence on taxonomic guides from 

other areas (Hutchings and Kupriyanova 2018), the regional identifications are plagued 

with cosmopolitan species and misidentifications (Appendix A). Additional research is 

required to validate sabellid identifications and distributions throughout the Arabian 

Peninsula. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cumulative number of Web of Knowledge listed publications from 1968 to 2019 that 

mention polychaetes within four regions. Studies based in multiple regions were counted for both 

regions. For the Arabian Gulf, keywords included the “Arabian Gulf” and “Persian Gulf.” For the 

Arabian Sea, the “Arabian Sea” or “Gulf of Oman” or “Gulf of Aden” were keywords. 

 

1.5 Objectives 

The primary goal of this study was to examine the diversity of the ornamental feather 

duster worm (Sabellidae) in the coral reef ecosystems around the Arabian Peninsula. We 
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used two molecular markers, the cytochrome c oxidase subunit I (COI) and 16S 

ribosomal DNA and well-documented morphological characters to examine seven 

morphotypes collected throughout the Arabian Peninsula. In addition to investigating an 

understudied group of ornamental worms in the region, we aimed to learn more about 

their ecology, specifically their distribution and habitat. 

 

2. Methods 

2.1 Sample Collection 

Sabellidae were collected from six regions throughout the Arabian Peninsula from March 

2019 to February 2020 (Fig. 1). A total of 178 specimens were collected at 34 sites 

(Appendix B) between 1 m and 15 m depth in coral reef ecosystems, except in the Gulf of 

Oman where specimens were collected from soft substrate or rubble (Table 1, Fig. 3). We 

sampled 118 specimens in the Red Sea from Thuwal and the Farasan Banks, 36 

specimens in the Gulf of Oman from Muscat and Fujairah, 21 specimens in the Strait of 

Hormuz around the Musandam Governorate, and three specimens in the Arabian Gulf 

around Abu Dhabi (Appendix B). Photographs of each sabellid were taken underwater 

with a Canon PowerShot G7x camera. While being careful not to damage the nearby 

environment, we used a hammer and chisel to remove specimens inhabiting hard 

substrate, whereas specimens in the soft substrate were removed by digging around the 

tube. After collection, the tube of the sabellid was removed with forceps before 

processing. Intact specimens were preferred for morphological analyses; however, partial 

specimens (i.e., branchial crowns) were also collected. We recorded the depth, substrate 

composition, and color morph for each specimen sampled. 
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Worms were photographed with a Canon EOS 5D Mark III in a glass aquarium 

for morphological measurements. Then specimens were relaxed in MgCl2 for 20-60 

minutes, and radioles or abdominal tissue was removed with a razor blade and stored in 

95% ethanol for genetic analysis. Worms were fixed in 3.8% formaldehyde (or 80% 

ethanol if formalin was not available) for morphological analyses, then transferred to and 

stored in 75% ethanol. 

 

 

Table 1: The number of samples, sampling region (see Fig. 1), sampling depth, and substrate  
composition recorded for all seven morphotypes. Morphotypes were assigned based on initial 

assessment of gross morphology. 

 

 
 

 

 

 

 

 

Morphotype Samples (#) Sampling region Depth (m) Substrate composition 

Acromegalomma sp. 1 1 Muscat 16 sand 

Acromegalomma sp. 2 17 Muscat and Furijarh 3-7 hard substrate and rubble 

Acromegalomma sp. 3 1 Muscat 4 sand and rubble 

Bispira sp. 1 43 Farasan Banks 1-13 hard substrate 

Bispira sp. 2 10 
Muscat and Musandam 

Governorate 
6-11 hard substrate 

Branchiomma sp. 1 9 Furijarh 6-8 sand 

Sabellastarte sp. 1 87 
Thuwal, Farasan Banks, and 

Musandam Governorate 
1-15 hard substrate 
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Figure 3: Photographs of typical substrates in which sabellids were collected. (A) Sabellastarte 

sanctijospehi inhabiting hard substrate environment in the Red Sea (Photo: Morgan Bennett-

Smith). (B) Sabella sp. found in a soft substrate in the Red Sea (Photo: Science Photo Library). 

 

2.2 Morphological Analyses 

Full specimens were examined with a Leica IC80 HD stereomicroscope and were scored 

using a morphological matrix, consisting of 27 characters (Appendix C). The 

morphological matrix was created based on previous cladistic analysis on sabellids (Capa 

and Murray 2009, Capa et al. 2010, 2011, 2013, Tovar‐Hernández and Carrera-Parra 

2011), specifically, those used to identify species of Acromegalomma Gil & Nishi, 2017, 

Bispira Krøyer, 1856, Branchiomma Kölliker, 1858, Pseudobranchiomma Jones, 1962, 

Sabella Linnaeus, 1767, and Sabellastarte Krøyer, 1856. Original descriptions and recent 

literature on Sabellidae (Knight-Jones 1983, Knight-Jones and Perkins 1998, Knight-

Jones and Mackie 2003, Tovar-Hernández and Knight-Jones 2006, Capa 2008, 

Giangrande and Licciano 2008, Licciano and Giangrande 2008, Capa and Murray 2009) 

were used to provide taxonomic assignments for each morphotype. 

  In addition to the morphological matrix, the analysis included photomicrographs, 

meristics, and morphometrics (Table 2). Photomicrographs of set regions (Fig. 4) were 

captured with a Leica IC80 HD stereomicroscope to highlight specific characters (e.g., 

A B 
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dorsal pockets, radiolar appendages) from the morphological matrix (Fig. 4). Meristic 

variables, such as the number of radioles and the total number of thoracic chaetigers, 

were counted from in situ or whole specimen photos, or directly from the specimen under 

a Carl Zeiss Stemi 2000-C stereomicroscope. Radiole counts were performed twice and 

averaged. Thoracic chaetigers are defined as a segment bearing thoracic chaetae and are a 

prominent anterior feature used in the taxonomy of sabellids. Four morphometric 

measurements (Table 3; Fig. 5) were taken with ImageJ 1.6 software (Schneider et al. 

2012) from specimens assigned to four of the seven morphotypes (n = 40; Table 2). 

Measurements were not taken from damaged/partial individuals to avoid an incomplete 

dataset. 

 

 

 

Table 2: Detailed breakdown of the morphological and molecular analyses used to examine the 

seven morphotypes collected throughout the Arabian Peninsula. A bolded ‘x’ signifies analysis is 

complete; whereas, a light red ‘x’ signifies that ongoing work is in progress. 

 

 

 

 

 

 

 

 

 Morphological analyses Molecular analyses 

Morphotype Matrix Meristic Morphometrics 16S COI 

Acromegalomma sp. 1 x x x x x 

Acromegalomma sp. 2 x x x x x 

Acromegalomma sp. 3 x x x x x 

Bispira sp. 1 x x x x x 

Bispira sp. 2 x x x x x 

Branchiomma sp. 1 x x x x x 

Sabellastarte sp. 1 x x x x x 
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Figure 4: Set regions were photographed by a microscope on all seven morphotypes. Segments 

of interest (boxes) are shown on the live Acromegalomma sp. 2 (dorsal view) and include the (A) 

anterior thoracic region, dorsal view; (B) anterior thoracic region, ventral view; (C) mid-

abdominal chaetiger, lateral view; (D) posterior abdominal segments; (E) the branchial crown. 

 

 

 

 

Table 3: Variables measured for morphometric analysis and their measurement method (see Fig. 

5 for additional detail). 
 

Abbreviation Morphometric variables Measurement methodology 

TL Total length without branchial crown 
measured from the base of the collar to the end 

of pygidium 

BC Length of branchial crown 
measured from the tip of the longest radiole to 

the base of branchial lobe 

THL Length of thorax 
measured from the base of the collar to the last 

thoracic chaetiger 

THW Width of thorax 
measured at the width of the 4th chaetiger which 

represents the middle of the thorax 
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Figure 5: Acromegalomma sp. 2 with the features used for morphometric measurements 

highlighted. 

 

2.3 Molecular Analyses 

Mitochondrial DNA was extracted from several radioles or abdominal tissue using the 

DNeasy Blood and Tissue Kit (QIAGEN, Germany) following the manufacturer’s 

instructions. However, we tested different incubation time for the DNA extractions for 

each tissue type (i.e., 4 hrs, 12 hrs, and overnight). Digesting our samples overnight (~18 

hrs) and reducing our final elution volume to 100 µL led to high DNA yield. The quantity 

of the extracted DNA (ng/µL) was measured with a Qubit dsDNA high sensitivity assay 

before moving on to DNA amplification.  

 Based on previous literature (Capa et al. 2010, Ahyong et al. 2017, Tilic et al. 

2019) and available sequences in GenBank, two markers were amplified from the 

specimen: 16S ribosomal DNA (16S rDNA; ~470 bp) and cytochrome c oxidase subunit 

I (COI; ~670 bp). Primers for 16S rDNA were 16Sa and 16Sb (Table 4; Simon et al. 

1994), and the polymerase chain reaction (PCR) conditions were as follows: initial 
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denaturation at 95°C for 15 min; followed by 40 cycles of 95°C for 20 sec, 50°C for 40 

sec, and 72°C for 50 sec; a final extension of 72°C for 5 min. Primers for COI were 

LCO1490, and HCO2198 (Table 4; Folmer et al. 1994), and the PCR protocol consisted 

of an initial denaturation step for 95°C for 15 min, followed by 40 cycles of 95°C for 1 

min, 50°C for 1 min, and 72°C for 1 min; 72°C for 5 min. For both 16Sa/16Sb and 

LCO1490/ HCO2198, two different annealing temperatures were tested (45°C and 50°C); 

the higher annealing temperature resulted in more specificity. PCRs were performed 

using a Multiplex PCR Kit (QIAGEN, Germany) in a Mastercycler® Pro S thermocycler. 

The PCR master mix contained 7.5 µL of Master Mix (QIAGEN Multiplex), 3.3 µL of 

RNA/DNA-free water, 1.5 µL of each primer, and 1.2 µL of DNA. All PCR products 

were checked for amplification on a fragment analyzer (i.e., QIAxcel Advanced System 

using the QIAxcel DNA Screening kit). PCR products were purified by adding 1.2 µL of 

Illustra ExoStar 1-Step to 7 µL of PCR product, which then was submitted to the KAUST 

CoreLabs for Sanger sequencing. 

We encountered several amplification issues with the first set of COI primers and 

decided to test new primers. The new primers, known to work previously on Sabellidae 

(Ekin Tilic pers. comm.), included polyLCO, polyHCO, dgLCO, and dgHCO (Table 4). 

All six COI primers (Table 4) were tested at various annealing temperatures (44-51°C) 

and different DNA yields (e.g., 15 ng/µL, 60 ng/µL). PCR products were checked and 

submitted for Sanger sequencing following the same protocol as described above. 

Raw sequences for 16S and COI were assembled using de novo assembly and 

trimmed using Geneious Prime 2019.1.3 (Biomatters Ltd., Auckland, New Zealand). 

Sequences were then exported as a single contig for alignment in MUSCLE (Edgar 
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2004). Sequences were checked against available sequences on GenBank (NCBI) and 

BOLD (Ratnasingham and Hebert 2007). A median-joining network was created with 

NETWORK 5.0.1.1 (Bandelt et al. 1999) to examine the relationship among haplotypes 

based on 16S data. For preliminary COI analysis, phylogenetic trees were constructed 

with COI sequences using the phylogenetic tree-building plug-in on Geneious Prime 

2019.1.3 (Biomatters Ltd., Auckland, New Zealand). The Tamura-Nei genetic distance 

model was used to create a neighbor-joining tree (Tamura and Nei 1993). One hundred 

replicates were resampled using the bootstrap method, and the support threshold was set 

to 75% (Zharkikh and Lit 1992). Phylogenetic trees for the available COI sequences were 

constructed independently for each lineage observed in the 16S haplotype network. In 

accordance with previous studies (Capa et al. 2010, Capa and Murray 2015b), a 

Pseudopotamilla sp. sequence was downloaded from GenBank (KP938253.1) and used 

as an outgroup for COI analysis. An additional 19 COI sequences from select genera, 

namely, Bispira, Sabellastarte, Acromegalomma, Branchiomma were downloaded from 

the same database and used in downstream analysis. 

Table 4: List of 16S and COI primers used for PCR. Sequence reactions and original references 

are listed for each primer. All markers used for analysis are in bold. 

 

Gene Primer name Sequence Reference 

16S 
16Sa 5’-CGC CTG TTT ATC AAA AAC AT-3’ (Simon et al. 1994) 

16Sb 5’-CTC CGG TTT GAA CTC AGA TCA-3’ (Simon et al. 1994) 

COI 

LCO1490 5’-GGT CAA ATC ATA AAG ATA TTG G-3’ (Folmer et al. 1994) 

HCO2198 5’-TAA ACT TCA GGG TGA CCA AAA AAT CA-3’ (Folmer et al. 1994) 

polyLCO 5’-GAY TAT WTT CAA ATC ATA AAG ATA TTG G-3’ (Carr et al. 2011) 

polyHCO 5’-TAM ACT TCW GGG TGA CCA AAR AAT CA-3’ (Carr et al. 2011) 

dgLCO 5’-GGT CAA ATC ATA AAG AYA TYG G-3’ (Poupin and Malay 2009) 

dgHCO 5’-TAA ACT TCA GGG TGA CCA AAR AAY CA-3’ (Poupin and Malay 2009) 
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2.4 Statistics 

For the meristic data, the mean and standard deviation was calculated and rounded to the 

nearest whole number to account for the entire appendages (i.e., radioles). A principal 

component analysis (PCA) was executed on log-transformed morphometric 

measurements with R version 3.6.3 (R Core Team 2019). A biplot of the first two 

principal components with 95% confidence ellipses was evaluated to determine whether 

morphotypes were distinguishable. Measurements from Acromegalomma sp. 3 (n = 1) 

and Branchiomma sp. 1 (n = 1) were removed from analysis due to their low sample size. 

 

3. Results 

3.1  Morphological Analyses 

Specimens were identified as the genera Acromegalomma, Bispira, Branchiomma, and 

Sabellastarte. Based on morphological characteristics, samples were then assigned to 

seven morphotypes that putatively correspond to species-level taxa (Fig. 6, Appendix D). 

Acromegalomma species have subdistal, compound eyes on their radioles (Knight-Jones 

1997, Tovar‐Hernández and Carrera-Parra 2011). Bispira species are recognized due to 

interramal eyespots on the thorax and abdomen, the c-shaped arrangement of abdominal 

chaetae, and the conical lobed neuropodia (Fitzhugh 1989, Capa 2008).  Branchiomma 

species have stylodes and radiolar eyespots (Fitzhugh 1989, Tovar-Hernández and 

Knight-Jones 2006). Whereas Sabellastarte species are distinguished by the absence of 

radiolar eyes and the fusion of the collar to the fecal groove resulting in the formation of 

dorsal pockets (Knight-Jones and Mackie 2003).  
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Figure 6: Photographs of the seven morphotypes collected in this study: (A) Acromegalomma sp. 

1, (B) Acromegalomma sp. 2, (C) Acromegalomma sp. 3, (D) Bispira sp. 1, (E) Bispira sp. 2, (F) 

Branchiomma sp. 1, (G) Sabellastarte sp. 1. The scale bar is 2 cm. The colored outline 

corresponds to the sampling region (see Fig. 1).  

 

Acromegalomma sp. 1 had a yellow body with dark brown pigmentation on the 

thorax, and the yellow branchial lobes formed two semicircles (Fig. 6A). On most 

radioles, the specimen had subterminal, compound eyes of equal size; radioles had no 

stylodes and were yellow with brown transverse bands (Fig. 7E). The rounded, dorsal 
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collar was fused with the fecal groove, which resulted in the formation of vestigial 

pockets that expose the peristomium (Fig. 7A). The ventral shields were equal in width, 

and small rounded, non-overlapping lappets were present on the ventral collar (Fig. 7B). 

On the abdomen, chaetae were structured in a straight-line arrangement, and no 

interramal eyespots were apparent (Fig. 7C). Maroon spots on the dorsum of the 

abdominal notopodia signified the presence of notopodial eyespots (Fig. 7C). The rim-

shaped pygidium was pigmented, and the presence of pygidial eyespots was not 

confirmed (Fig. 7D). Acromegalomma sp. 1 was comparable to Acromegalomma 

claparedei (Gravier, 1906) due to subglobular eyes on most radioles, long radiolar tips, 

and dorsal pockets (Appendix D; Tovar‐Hernández & Carrera-Parra 2011). The deep, 

dorsal pockets of Acromegalomma sp. 1 were more similar to Acromegalomma heterops 

(Perkins, 1984) and Acromegalomma multioculatum (Fitzhugh, 2002), but 

Acromegalomma sp. 1 was dissimilar from these species, due to features such as ventral 

lappet shape and radiolar eye distribution (Appendix D; Tovar‐Hernández & Carrera-

Parra 2011). 

 

 

 

 

Figure 7: Photomicrographs of set regions (x-axis; see Fig. 4) on all seven morphotypes (y-axis; 

see Fig. 6). Gray boxes indicate that no photograph was available for this region. All samples 

were photographed after preservation, so true coloration has changed. The scale bar is 1 mm. (A) 

Anterior thoracic region, dorsal view; distinguishing anterior feature (i.e., pockets, cushion-like 

masses, and dorsal lappets), white arrow. (B) Anterior thoracic region, ventral view; ventral 

lappets, white arrow. (C) Mid-abdominal chaetigers showing chaetae arrangement, lateral view; 

chaeta, white arrow. (D) Posterior abdominal segments; pygidium, white arrow. (E) Branchial 

crown; radiolar eyes, white arrow. 
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The branchial crown of Acromegalomma sp. 2 had two color morphs: maroon 

(Fig. 6B) and cream with horizontal maroon bands. On the distal end of each radiole, 

there were subglobular, stalked eyespots (Fig. 7E). The radiolar appendage, a modified 

radiole attached to the dorsal lip, was less than ¼ of the length of the branchial crown. 

The dorsal margins of the collar were separated and not fused to the fecal groove (Fig. 

7A). Free-standing L-shaped lappets, which likely arose from the peristomium, flanked 

the fecal groove and covered the semi-circular branchial lobes (Fig. 7A). The dorsal 

lappets and a portion of the collar were maroon in color with irregular white speckles 

reaching the second chaetiger (Fig. 7A; coloration prominent before preservation). Well-

developed, rounded ventral lappets overlapped, and ventral shields were equal in width 

(Fig. 7B). Acromegalomma sp. 2 had interramal eyespots on the thoracic region and 

abdominal region, and the dark pigmentation on abdominal neuropodia and notopodia 

implied the existence of neuropodial and notopodial eyespots (Fig. 7C). Abdominal 

chaetae were arranged in a straight line (Fig. 7C), and the rim-shaped pygidium had 

eyespots (Fig. 7D). Multiple Acromegalomma species, such as Acromegalomma 

lanigerum (Grube, 1846), Acromegalomma mushaense (Gravier, 1906), Acromegalomma 

nechamae (Knight-Jones, 1997), and Acromegalomma quadrioculatum (Willey, 1905) 

have distinct dorsal lappets (Appendix D; Tovar‐Hernández & Carrera-Parra 2011). 

However, Acromegalomma sp. 2 was identified as A. nechamae due to the wide gap 

between the dorsal collar margins, interramal eyespots, and the pronounced L-shape of 

the dorsal lappets (Appendix D; Knight-Jones 1997). 

Acromegalomma sp. 3 had branchial lobes that were dorsally involuted but never 

resulted in more than a semicircle. The radioles were brown and cream banded with a 
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thick brown patch located proximally (Fig. 6C). Most radioles of Acromegalomma sp. 3 

had subdistal, compound eyes and no stylodes. Dorsal collar margins were rounded and 

widely separated (Fig. 7A). Asymmetrical L-shaped lappets arose beside the fecal groove 

and pointed outwards; these lappets were partially enveloped by the dorsal collar margins 

(Fig. 7A). Both the collar and dorsal lappets were maroon with an irregular white 

speckled pattern (Fig. 7A; coloration prominent before preservation). A radiolar 

appendage longer than ¼ of the crown was also visible. Acromegalomma sp. 3 had 

thoracic interramal eyespots. On the abdominal region, chaetae were arranged in a 

straight line, and the dark pigmentation indicated the existence of neuropodial and 

notopodial eyespots (Fig. 7C). The posterior of the worm included a rim-shaped 

pygidium and pygidial eyespots (Fig. 7D). Acromegalomma sp. 3 was morphologically 

similar to Acromegalomma sp. 2 except for the distinct rounded, collar margins (Fig. 7A), 

lack of abdominal, interramal eyespots (Fig. 7C) and the longer radiolar appendage 

(Appendix D). Upon comparison to other Acromegalomma with lappets, 

Acromegalomma sp. 3 was most similar to A. nechamae (Appendix D; Tovar‐Hernández 

& Carrera-Parra 2011).  

Bispira sp. 1 had a branchial crown that spiraled inwards ventrally to form one 

whorl, which is recognized as the circular arrangement of the branchial lobes (Appendix 

C). Radioles were cream with a thick, dark maroon banding pattern and had no eyespots 

(Fig. 6D). Prominent spongy cushions were apparent on the dorsal side; these cushions 

began at the second thoracic chaetiger and extended upwards past the branchial lobes 

(Fig. 7A). While not fused to the fecal groove, the dorsal margins formed two large, 

irregular lappets that cover a majority of the spongy mass (Fig. 7A). The thoracic ventral 
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shields decreased in size posteriorly, and distinct, subtriangular ventral lappets located on 

the anterior were separated by a mid-ventral incision (Fig. 7B). Interramal eyes were 

conspicuous on the abdominal chaetigers but not visible on the thorax (Fig 7C). 

However, eyespots were visible on the rim-shaped pygidium of one specimen. For 

Bispira sp. 2, the branchial crown was recognized for its bright yellow radioles with 

maroon banding concentrated on the bottom half of the crown (Fig. 6E). Radioles had no 

eyespots, and the branchial lobes of the specimen spiraled inwards ventrally to form a 

whorl. Elongated cushion-like masses, which were bright red anteriorly and transition to 

white after the first chaetiger (coloration prominent before preservation), were separated 

by a fecal groove and extended more than halfway down the thorax (Fig. 7A). The dorsal 

collar margins were widely separated, and the collar was surpassed by the masses on the 

dorsal side (Fig. 7A). Compared to the dorsal side, the collar extended higher ventrally 

(Fig. 7B). Two subtriangular lappets extended from the collar and were overlapping (Fig. 

7B). Bispira sp. 2 had interramal eyespots on the thorax and abdomen; abdominal chaetae 

were structured in a c-shaped arrangement (Fig. 7C). Also, the rim-shaped pygidium had 

eyespots on the lateral-ventral side (Fig. 7D).  

Bispira sp. 1 was distinguishable from Bispira sp. 2 due to the unique shape of the 

spongy masses (Fig. 7A), the lack of interramal eyespots on the thorax (Appendix D), 

and two irregular lappets extended from the dorsal collar margins (Fig. 7A). In terms of 

identification, several Bispira species, including Bispira porifera (Grube, 1878), Bispira 

paraporifera Tovar-Hernandez & Salazar-Vallejo, 2006, and Bispira klautae Costa-Paiva 

& Paiva, 2007, have conspicuous cushion-like masses on their dorsal thorax (Costa-Paiva 

and Costa-Paiva 2007, Capa 2008). However, only B. porifera is recognized for the 
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absence of radiolar eyes and cushion-like masses that extend towards the ventral sacs, 

features predominant in Bispira sp. 1 and Bispira sp. 2 (Knight-Jones and Perkins 1998). 

Bispira sp. 1 and Bispira sp. 2 were comparable to B. porifera but differed in spongy 

mass shape and coloration, and unlike both Bispira species examined, the thoracic tori of 

B. porifera are separated from the ventral shields (Fig. 7A, Appendix D; Knight-Jones & 

Perkins 1998, Capa 2008). 

 Branchiomma sp. 1 had a white pigmentation with brown speckles, and the 

branchial crown was white with brown spots located at the dorsal end of the branchial 

lobes (Fig. 6F). Branchial lobes formed two semicircles. Segmented radioles were 

covered in paired, compound eyes and small, digitiform stylodes, but radiolar eyes were 

evenly spaced and were not covered by stylodes (Fig. 7E). The dorsal radiolar appendage 

was more than ¼ of the length of the branchial crown. The collar had a large dorsal gap 

and extended in height ventrally with subtriangular lappets that overlapped in larger 

specimens (Fig. 7A-B). The thoracic ventral shields were all equal in width (Fig. 7B). 

Conspicuous maroon interramal eyespots were visible on the thorax and abdomen, but no 

notopodial or neuropodial eyespots were apparent (Fig. 7B). The specimen’s pygidium 

was bilobed-shaped, and while the brown speckling was abundant, no pygidial eyespots 

were visible (Fig. 7D). Branchiomma sp. 1, based on morphological features, occurs 

within a complex that includes Branchiomma cingulatum (Grube, 1870), Branchiomma 

corolliferum (Ehlers, 1913) Branchiomma luctuosum (Grube, 1870), Branchiomma 

nigromaculatum (Baird, 1865). Species within this complex lack dorsal lappets, have a 

wide gap between the collar dorsal margins, and have digitiform stylodes that do not 

overlap the compound eyes (Knight-Jones 1994, Tovar-Hernández and Knight-Jones 
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2006). However, B. corolliferum has extensive, basal stylodes (Tovar‐Hernández 2010), 

and B. nigromaculatum has single basal stylodes (Tovar-Hernández and Knight-Jones 

2006, Capa et al. 2011), features which were not visible on Branchiomma sp. 1 

(Appendix D). Branchiomma sp. 1 was most similar to B. cingulatum and B. luctuosum 

due to the digitiform stylodes distributed across the segmented radiole (Fitzhugh 2002, 

Licciano and Giangrande 2008, Tovar-Hernández and Dean 2010). 

Sabellastarte sp. 1 had a variety of color morphs, including white, light brown, 

and cream with brown transverse bands (Fig. 6G). The branchial lobes were involuted on 

the ventral side but never resulted in more than a semicircle. The branchial crown 

exhibited no interdigitation, and radioles had no eyespots or stylodes (Fig. 7A). The 

dorsal radiolar appendage was longer than ¼ of the total crown length. The dorsal 

margins of the collar were fused to the fecal grove to form two deep dorsal pockets that 

expose the peristomium (Fig. 7A). Thoracic ventral shields decreased in size posteriorly, 

and two non-overlapping, subtriangular lappets extended from the ventral collar (Fig. 

7B). Interramal eyes were apparent in the thoracic and abdominal regions but were less 

prominent on the abdomen due to pigmentation (Fig. 7C). Dark spots on the dorsum of 

the abdominal notopodia indicate the potential existence of notopodial eyespots (Fig. 

7C). Abdominal chaetae were structured in a c-shaped arrangement (Fig. 7C), and the 

pygidium was rim-shaped and had no pygidial eyespots (Fig. 7D). Upon comparison to 

the literature, Sabellastarte sp. 1 was identified as Sabellastarte sanctijosephi (Gravier, 

1906). While morphologically similar to Sabellastarte spectabilis (Grube, 1878), 

Sabellastarte sp. 1 lacked interdigitated (Appendix D), had a lower dorsal collar (Fig. 

7A), and had overlapping ventral lappets (Fig. 7B), which are all features that distinguish 
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S. sanctijosephi from S. spectabilis (Appendix D; Knight-Jones & Mackie 2003). 

Across the seven morphotypes, the number of radioles ranged between 25-138, 

and the number of thoracic chaetigers ranged from 3-10 (Table 5). A PCA of the 

morphometric data was performed; the first two PCA axes accounted for 84.6% of the 

total variance (Fig. 8). Principal component 1 (PC1) had positive associations with all 

four variables (i.e., total length, length of the branchial crown, thorax length, and thorax 

width); principal component 2 (PC2) was positively associated with a single variable, the 

length of the branchial crown (BC). Acromegalomma sp. 2 and Sabellastarte sp. 1 

clustered, but there was an overlap between these morphotypes. Sabellastarte sp. 1 

showed the greatest spread. The low number of samples (n = 2) representing Bispira sp. 1 

and Bispira sp. 2 resulted in no definitive pattern in the PCA. Acromegalomma sp. 3 (n = 

1) and Branchiomma sp. 1 (n = 1) were removed from analysis due to low sample size. 

 

 

 

Table 5: Meristic data for all seven morphotypes, including the average (Avg), standard 

deviation (SD), and the number of samples used for the counts (n). 

 Number of Radioles Number of Thoracic Chaetigers 

Morphotype Avg SD n Avg SD n 

Acromegalomma sp. 1 25 - 1 7 - 1 

Acromegalomma sp. 2 65 6 6 7 1 15 

Acromegalomma sp. 3 - - - 7 - 1 

Bispira sp. 1 98 22 39 8 1 4 

Bispira sp. 2 104 10 5 7 1 3 

Branchiomma sp. 1 49 7 9 6 2 4 

Sabellastarte sp. 1 56 14 74 7 1 34 
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Figure 8: The results of a principal component analysis (PCA) on the log-transformed 

morphometric measurements of four morphotypes (n = 40). Ninety-five percent confidence 

ellipses were used to distinguish the separation between morphotypes. The morphometric 

variables (arrows; Table 3) include total length (TL), length of the branchial crown (BC), thorax 

length (THL), and thorax width (THW). 

 

3.2 Molecular Analyses 

In total, 47 specimens were successfully sequenced for 16S and 48 for COI, although 

only 36 and 18 of these were successfully sequenced in both directions and assembled as 

contigs. After trimming, the average read length of 16S sequences was 649 bp, and the 

average read length of COI sequences was 742 bp. None of the sequences had a match 

above 90% in GenBank, including to the regional specimen (Appendix A). The 16S data 

revealed five divergent lineages among the morphotypes successfully sequenced (Fig. 9). 

Intra-lineage variation varied from 0-3%, while inter-lineage divergence ranged between 
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25-39%. Due to low-quality COI sequences, the phylogenetic trees constructed for 

Acromegalomma sp. 1, Acromegalomma sp. 2, Bispira sp. 2, and Branchiomma sp. 1 

were too poor to use. However, when the COI sequences for Sabellastarte sp. 1, collected 

in the Red Sea and Strait of Hormuz, were aligned with several Sabellastarte species, 

sequences from both sampling region clustered within the same lineage (Fig. 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Phylogenetic relationships of sample haplotypes represented in a median-joining 

network based on 16S data. Each circle represents a unique haplotype, and the size is proportional 

to its total frequency. The color of each circle corresponds to the sampling region found on the 

map in the bottom right corner. The yellow rhombus represents missing haplotypes. Each branch 

connection represents a single nucleotide mutation; black cross-bars represent an additional 

mutation; black double bars have the exact number of mutations indicated. Dashed circles 

highlight the six morphotypes represented in the haplotype network (see Fig. 6). 
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Figure 10: Phylogenetic tree constructed with COI sequences from Sabellastarte sp. 1. Six COI 

sequences from closely related sabellids in the genus, Sabellastarte, were downloaded from 

GenBank to be included in the analysis. An additional COI sequence, Sabellastarte spectabilis, 

from the Florida Museum of Natural History (FLMNH) was included. Color code corresponds to 

the sampling region (see Fig. 1). The code in the brackets indicates the GenBank code or FLMNH 

code for downloaded sequences. Note that this is not a definitive phylogenetic tree for the genus, 

but a preliminary representation of COI results. 

 

4. Discussion 
 

4.1 Sabellidae around the Arabian Peninsula 

Even with the high regional endemism and species richness, the Arabian Peninsula 

remains critically understudied, especially in regards to Sabellidae. Giangrande & 

Licciano (2004) concluded that the species richness of sabellids increases towards the 

tropics. In addition, the study supported the conclusion that species richness in the 

Mediterranean is high because the region is one of the most studied in regard to 

polychaete fauna (Giangrande & Licciano 2004; see also Fig. 2). In the Mediterranean, 

recent polychaete checklists found 38 species of Sabellidae on the coastlines of Greece 
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(Faulwetter et al. 2017), and 40 species of Sabellidae in the waters surrounding Turkey 

(Çinar et al. 2014). While our current checklist (Appendix A) proposes a similar richness, 

with 38 species across 19 genera recorded throughout the Arabian Peninsula, our current 

records are plagued with misidentifications.  

 The poor understanding of polychaetes around the Arabian Peninsula can be 

attributed to four main reasons. Firstly, due to limited ID guides for the region, 

identifications are often made using keys from South Africa or the Mediterranean 

(Appendix A; Fauvel 1927, Day 1955), therefore, perpetuating misidentifications 

(Hutchings and Kupriyanova 2018). Secondly, the reliance on written descriptions versus 

the type material results in errors since descriptions do not always provide sufficient 

detail. For example, the original description of Branchiomma gravelyi (Aziz, 1938) lacks 

detail about the shape of the dorsal collar margins and the stylodes, two features that are 

now highlighted when examining Branchiomma (Aziz 1938). The undersampled nature 

of the region has also contributed to the lack of Sabellidae knowledge (Ludt et al. 2018). 

Regional instability and limited resources have caused certain areas of the Arabian region 

(e.g., Gulf of Aden, Arabian Sea) to experience low sampling efforts. Increased sampling 

effort would likely have a dramatic impact on recorded species richness. A previous 

study around Lizard Island saw a 650% increase in Sabellidae diversity after sampling 

efforts were drastically increased (Capa and Murray 2015a). Lastly, the lack of regional 

taxonomic work is another contributing reason for an insufficient understanding of 

regional sabellids. In the region, a majority of the studies are checklists, which provide a 

list of species and add little information regarding the identification or evolutionary 

history of the species (Wehe and Fiege 2002). Molecular research on Sabellidae in the 
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Arabian Peninsula is also almost non-existent. In the Red Sea, genetic analysis has been 

completed on several sabellids from the Florida Museum of Natural History (FLMNH) 

(Gustav Paulay pers. comm.); in addition, autonomous reef monitoring structures 

(ARMS) from KAUST have yielded sequences for sabellids (Carvalho et al. 2019; 

Susana Carvalho pers. comm.). Other than that, only a single sequence for an unidentified 

Branchiomma species is available on BOLD. 

Our study aimed to increase our knowledge of Sabellidae diversity for the 

Arabian Peninsula. Our sampling was limited to six regions and coral reef ecosystems; 

therefore, we did not expect to encounter all previously recorded species (Appendix A). 

However, with limited research completed in the region on sabellids, we assumed that 

new species might be uncovered during this study. Morphological analysis was able to 

separate seven morphotypes: Acromegalomma sp. 1, Acromegalomma sp. 2, 

Acromegalomma sp. 3, Bispira sp. 1, Bispira sp. 2, Branchiomma sp. 1, and Sabellastarte 

sp. 1. Genetic analysis helped validate five of these morphotypes, but two morphotypes, 

Acromegalomma sp. 3 and Bispira sp. 1., were not differentiated by sequence data as no 

successful sequences were obtained.  

 

4.2 Review of Sampled Sabellidae 

Four species of Acromegalomma have been reported around the Arabian Peninsula: A. 

claparedei, A. nechamae, A. mushaense, and Acromegalomma quadrimaculatum (Willey, 

1905) (Appendix A). Acromegalomma sp. 1 was morphologically similar to A. 

claparedei, except for the presence of U-shaped pockets that exposed the peristomium 

(Fig. 7A). Unfortunately, no sequences for A. claparedei were available for comparison. 
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Originally described from Djibouti, A. claparedei is reported throughout the Red Sea and 

the Adriatic Sea in the Mediterranean region (Appendix A; Wehe and Fiege 2002). 

Acromegalomma claparedei exhibits morphological variability as descriptions based on 

Mediterranean material include dorsal lappets and well-developed ventral lappets, two 

features not observed on the Red Sea material (Giangrande and Licciano 2008, Tovar‐

Hernández and Carrera-Parra 2011). Based on our analyses, we hypothesize that 

Acromegalomma sp. 1 is either a new species or is an ecological morph of the previously 

described A. claparedei, which has already shown its propensity to change 

morphologically in the Mediterranean Sea. More sequencing and morphological analysis 

will likely reveal a definitive answer. 

Based on morphological descriptions and 16S data, Acromegalomma sp. 1 was 

distinguishable from Acromegalomma sp. 2. Acromegalomma sp. 2 shared morphological 

features with A. nechamae, and while few sequences were available for Acromegalomma 

species on GenBank, the available COI sequence for Acromegalomma sp. 2 did not align 

with A. quadrimaculatum, a species recognized to exhibit similar features (Appendix D). 

Acromegalomma sp. 3 was visibly similar to Acromegalomma sp. 2, except for the 

distinct rounded, collar margins (Fig 7A) and a longer radiolar appendage (Appendix D). 

In Knight-Jones (1997), a diagram of the dorsal anterior region of A. nechamae appears 

to include rounded, collar margins, which signifies that these two morphotypes might be 

the same species. Therefore, based on our analysis, we hypothesize that Acromegalomma 

sp. 2 and Acromegalomma sp. 3 are both A. nechamae, but more Acromegalomma sp. 3 

are required to confirm this identification. Acromegalomma nechamae, originally 

described from the Gulf of Suez, is recognized as a potential endemic to the Red Sea 



45 
 

(Appendix A; Wehe and Fiege 2002). The collection of Acromegalomma sp. 2 and 

Acromegalomma sp. 3 in the Gulf of Oman implies that the range of A. nechamae 

extends into the Arabian Sea and the Gulf of Oman. Acromegalomma nechamae was 

likely overlooked outside the Red Sea due to limited sampling. 

Three species of Bispira have been reported around the Arabian Peninsula: 

Bispira melanostigma (Schmarda, 1861), B. porifera, and Bispira tricyclia (Schmarda, 

1861) (Appendix A). Based on morphological features, specifically the conspicuous 

cushion-like masses and lack of radiolar eyes, Bispira sp. 1 and Bispira sp. 2 were similar 

to B. porifera. Bispira porifera, originally described in the Philippines, is recognized as a 

cosmopolitan species; its widespread distribution includes the Indian Ocean and 

southwest Pacific (Appendix A; Knight-Jones and Perkins 1998, Wehe and Fiege 2002), 

so it is likely that novel, regional species have been overlooked. Bispira sp. 1 was 

distinguishable from Bispira sp. 2 due to uniquely shaped spongy masses (Fig. 7A), and 

the two irregular lappets extended from the dorsal collar margins (Fig. 7A). In Knight-

Jones and Perkins (1998), dorsal extensions, similar to the lappets on Bispira sp. 1, were 

apparent on a schematic of a specimen (i.e., B. porifera) collected from Madagascar. 

Since these extensions were not mentioned in the description, a comparison to the 

original specimen, located at the Amsterdam Zoological Institute, is necessary (Knight-

Jones and Perkins 1998). Both Bispira sp. 1 and Bispira sp. 2 had details such as the 

shape of their spongy masses (Fig. 7A) and the distribution of the thoracic neuropodia 

(Fig. 7B) that indicate these morphotypes were not B. porifera, but instead new closely 

related species.  

Based on preliminary COI sequences, Bispira sp. 2 did not align with the 
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available sequence for B. porifera, further suggesting this specimen is an undescribed 

species. Unfortunately, Bispria sp. 1 was not successfully sequenced in this study. Based 

on morphological and genetic analysis, we conclude that Bispira sp. 1 is either a new 

species or an ecological morph of B. porifera, and additional analysis and comparison to 

the type material will clarify the speciation of Bispira sp. 1. On the other hand, Bispira 

sp. 2 is distinguishable from Bispira sp. 1 and is likely a close relative of B. porifera with 

a current recognized distribution of the Gulf of Oman and Strait of Hormuz. Due to the 

cosmopolitan nature of B. porifera, Bispira sp. 2 probably has a larger distribution and 

has been observed in other regions but has been misidentified due to limited ID guides 

and sequencing work. 

Five Branchiomma species have been recorded around the Arabian Peninsula: B. 

cingulatum, B. gravelyi, B. luctuosum, Branchiomma lucullanum (Delle Chiaje, 1828), 

and B. nigromaculatum (Appendix A). After morphological examination, Branchiomma 

sp. 1 was identified as either B. luctuosum or B. cingulatum, two species with similar 

features (Knight-Jones 1994, Tovar-Hernández and Knight-Jones 2006). To further 

validate this analysis, when compared to the available 16S sequences for B. lucullanum 

and B. nigromaculatum, the percentage of identical sites with Branchiomma sp. 1 was too 

low to confirm a match. Branchiomma luctuosum, originally described from the Red Sea, 

is distributed as far south as the Gulf of Aden and as far north as the Mediterranean Sea, 

where the species is recognized to have spread as a Lessepsian migrant through the Suez 

canal (Appendix A; Wehe and Fiege 2002, Licciano and Giangrande 2008, Çinar 2013). 

Branchiomma cingulatum, with a type locality of the Philippines, is recognized for its 

widespread distribution through the Indian and Pacific Oceans (Knight-Jones 1994, 



47 
 

Fitzhugh 2002, Al-Kandari et al. 2019). Due to the similar appearance of these two 

species, we hypothesize that Branchiomma sp. 1 is B. luctuosum and, therefore, we 

suggest that the species range should be extended to the Gulf of Oman. In previous 

literature, taxonomists have discussed the likely misidentification of B. luctuosum as B. 

cingulatum throughout the Arabian Peninsula (Ishaq and Mustaquim 1996, Keppel et al. 

2015); additional sequencing for the cytochrome b gene can be performed and compared 

to the available sequence for B. luctuosum on GenBank to validate these conclusions. 

Two Sabellastarte species have been recorded around the Arabian Peninsula: S. 

sanctijosephi and S. spectabilis (Appendix A). Based on morphological features such as 

prominent dorsal pockets and no interdigitation, Sabellastarte sp. 1 was identified as S. 

sanctijosephi. The distribution of S. sanctijosephi, originally described from Djibouti, has 

been debated in recent literature (Mackie et al. 2011) with certain sources concluding that 

the species is a Red Sea endemic (Knight-Jones and Mackie 2003), while others state the 

species can be found in the Arabian Sea and Indian Ocean (Pleijel 2007, Kazmi and 

Naushaba 2013). On the other hand, S. spectabilis, originally described from the 

Philippines, has a widespread distribution (Appendix A; Knight-Jones and Mackie 2003) 

and is often referred to as a cosmopolitan species. While no sabellids are truly distributed 

worldwide, several species are recognized as having widespread ranges due to 

misidentifications (Hutchings and Kupriyanova 2018). In Knight-Jones and Mackie 2003, 

after analysis, the taxonomists concluded that juvenile S. sanctijosephi are often mistaken 

for S. spectabilis. While there were no sequences available for S. sanctijosephi, 

Sabellastarte sp. 1 did not align with the available 16S and COI sequences for S. 

spectabilis from GenBank and FLMNH, respectively, which supports our morphological 
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conclusion. In the end, with a combined approach, Sabellastarte sp. 1 was identified as S. 

sanctijosephi, and the distribution of the species was confirmed to extend out of the Red 

Sea and into the Gulf of Oman and the Arabian Sea. Due to the frequency of 

misidentifications and understudied nature of the Arabian Peninsula, more sampling will 

reveal more definitive range limits for both S. sanctijosephi and S. spectabilis. 

 

4.3 Implications for Sabellidae Research 

In terms of morphological analysis, morphometric measurements have been used in 

taxonomic studies to investigate the difference between species and populations (Debuse 

et al. 2001, Saunders et al. 2008, Bagheri et al. 2020). However, these studies have only 

recently become popular for polychaete taxonomy (Martin et al. 2003, Dávila-Jiménez et 

al. 2017, Del Pasqua et al. 2018, 2019, Teixeira et al. 2020). For example, Dávila-

Jiménez et al. (2017) used morphometrics to examine the aggregations of Bispira 

brunnea (Treadwell, 1917) in the Caribbean. Within our study, morphometric data was of 

limited utility for differentiating morphotypes likely due to two reasons. Firstly, we did 

not employ a standardized relaxation time for all specimens. As a result, the 

measurements may have been impacted by variable levels of contraction since fixation 

and relaxation affect soft-bodied organisms, such as sabellids (Howe 2002, Costa-Paiva 

et al. 2007). Secondly, previous literature on Sabellidae determined that these worms 

exhibit allometric growth (Bick and Randel 2005, Dávila-Jiménez et al. 2017). For 

example, older, longer individuals have more radioles (Abele et al. 1983). The size of 

each sabellid was not accounted for in this study; therefore, smaller specimens may have 

contributed to meristic and morphometric variability. If future taxonomic studies plan to 
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utilize morphometrics for identification, the influence of relaxation must be accounted 

for, and additional research on juveniles needs to be completed to define their size range. 

 While recognized as an abundant and diverse family, unless targeted sampling is 

performed, sabellids are often missed with visual survey methods. One reason is that 

sessile, suspension feeders are known to dominate vertical faces and overhangs (Lindal 

Jørgensen and Gulliksen 2001, Porter et al. 2017), making them difficult to see during a 

survey. The branchial crown of sabellids also completely retracts into their tube as a 

result of nearby movement or shadows (Kicklighter and Hay 2007), and even when their 

crown is extended, certain species camouflage into the substrate (Shannon Brown pers. 

obser.). New survey methods for sabellids are required to overcome these difficulties. 

Autonomous reef monitoring structures (ARMS), for example, are a standardized tool 

used to assess invertebrate biodiversity. These artificial settlement structures are 

deployed for long-term periods, and metabarcoding is completed upon collection 

(Knowlton et al. 2010, Pearman et al. 2016). While ARMS are effective at measuring 

diversity (Knowlton et al. 2010), they represent only a hard substrate environment and 

lack an overhang, the preferred habitat of sabellids. Consequently, in terms of 

investigating Sabellidae diversity, ARMS should only be used alongside other sabellid 

sampling efforts. Another potential method for studying sabellids is environmental DNA 

(eDNA), which are small fragments of DNA that can be extracted from sediment and 

water samples (Rees et al. 2014). Studies that use eDNA for identification may employ 

both species-specific DNA barcoding and next‐generation sequencing techniques for 

multiple organisms (Koziol et al. 2019). In the Mediterranean, Wood et al. (2017) 

successfully developed a real-time PCR assay targeting the COI gene to detect the 
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presence of Sabella spallanzanii (Gmelin, 1791), an invasive species. Unfortunately, the 

amplification of molecular markers, such as COI, has been difficult for some sabellids 

(Sun et al. 2012), and species-specific primers are often required (Ekin Tilic pers. 

comm.). So, while eDNA can, in principle, be used for Sabellidae, for the technique to be 

used within the region to study sabellid diversity, more genetic research is required.  

 

4.4 Future Directions 

We performed genetic analyses with two molecular markers (COI and 16S), which were 

selected due to their prevalence in the literature (Capa et al. 2010, Ahyong et al. 2017, 

Tilic et al. 2019) and were simultaneously used to increase the robustness of our analysis. 

COI is a widely used marker for species delineation (Avise 1994), especially since the 

speed of COI evolution in Sabellidae allows for the discrimination between closely 

related species (Bucklin et al. 2011, Sun et al. 2012). In our study, limited high-quality 

COI reads were obtained, so more molecular analysis is required. Specimens from the 

FLMNH, including additional material from the Arabian region, will be incorporated to 

overcome issues with sequencing. Low quality reads for COI were likely due to 

inconsistent relaxation methods. Before tissue subsampling, sabellids must be completely 

relaxed; otherwise, stress inhibitors negatively impact DNA amplification (Glafira 

Kolbasova pers. comm.). Additional markers (e.g., cytochrome b and 18S) will also be 

incorporated for genera, such as Branchiomma, in which COI is less successful. In 

addition to this study, Sabellastarte sp. 1 and  Bispira sp. 1 will be used in a population 

connectivity study involving restriction site‐associated DNA sequencing (RADseq). 

Previous polychaete literature using next-generation sequencing is limited (Marsh and 
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Pasqualone 2014, Richter et al. 2015, Valvassori 2017); therefore, this future population 

connectivity study will hopefully shed more light on the use of next-generation 

sequencing on polychaetes and the genetic diversity of Sabellidae. 

Morphological and genetic analyses will be performed on specimens collected 

from the Gulf of Tadjoura in March 2020. Preliminary identifications indicate the 

collection of Bispira sp. 1, Branchiomma sp. 2 (new morphotype), and S. sanctijosephi 

around Djibouti. The Gulf of Tadjoura is a type locality for many sabellids found in the 

Arabian Peninsula: A. claparedei, A. mushaense, Laonome elegans (Gravier, 1906), 

Notaulax pigmentata (Gravier, 1906), Notaulax marenzelleri (Gravier, 1906), Sabella 

lamyi (Gravier, 1906), and S. sanctijosephi (Appendix A). Several regional sabellids, 

such as B. porifera and B. luctuosum, have no available holotype. Specimens collected 

from Djibouti and type localities around the Arabian Peninsula can be used to establish 

lectotypes and neotypes to aid in further identification efforts. Lastly, within Sabellidae 

taxonomy, the structure of chaetae often plays a vital role in classification. Due to the 

diversity and variability within and between genera, the examination of chaetae was 

excluded from this study, but it will be incorporated for future publications. 

 

5. Conclusions 

Using a combined morphological and genetic approach, we examined six species 

collected throughout the Arabian Peninsula. Our study identified three new putative 

species: Acromegalomma sp. 1, Bispira sp. 1, and Bispira sp. 2. In addition, we propose 

expanded geographic ranges for several species, including S. sanctijosephi, B. luctuosum, 

and A. nechamae. As one of the most abundant and diverse groups inhabiting the marine 
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benthos (Hutchings 1998), it is important to study polychaete diversity, especially in 

lesser-studied regions such as the Arabian Peninsula. The Arabian Peninsula has a wide 

variety of habitats which support high levels of diversity and endemism (Sale et al. 2011, 

Riegl and Purkis 2012, Berumen et al. 2013, DiBattista et al. 2016), and the region is 

undergoing massive changes due to rapid population growth (Odhiambo 2017) and new 

large-scale coastal developments (Anon 2017). Overall, the current study increased our 

knowledge of sabellids around the Arabian Peninsula. In addition, identifications and 

geographic extensions proposed in this study can serve as a basis for accurate 

identifications worldwide. 
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APPENDICES 
 

Appendix A: List of all Sabellidae recorded around the Arabian Peninsula. Only accepted species 

are reported (Read & Fauchald 2020), and available sequences are from GenBank or BOLD. 

Within the recorded distribution, bodies of water around the Arabian Peninsula are bolded. 

 

 Type Locality 
Available 

Sequences 
Distribution References Notes 

Acromegalomma 

claparedei 

(Grube, 1906) 

Djibouti, 

Gulf of Aden 
 

Mediterranean Sea 

and Gulf of Aden 

(Wehe and Fiege 

2002, Tovar‐

Hernández and 

Carrera-Parra 

2011) 

Likely a Lessepsian migrant 

recorded only in the Adriatic Sea 

(Giangrande and Licciano 2008) 

Acromegalomma 

mushaense 

(Gravier, 1906) 

Djibouti, 

Gulf of Aden 
 

Red Sea and Gulf 

of  Aden 

(Wehe and Fiege 

2002) 

A. mushaense was referred to as A. 

quadrioculatum by Day (1955) but 

was listed as a separate species by 

Hartman (1959) 

Acromegalomma 

nechamae 

(Knight-Jones, 1997) 

Egypt, 

Gulf Of Suez 
 Red Sea 

(Wehe and Fiege 

2002) 
 

Acromegalomma 

quadrioculatum 

(Willey, 1905) 

Sri Lanka, 

Indian Ocean 
COI 

Red Sea, Arabian 

Sea, Arabian Gulf, 

and Indian Ocean 

(Wehe and Fiege 

2002, Gil and 

Nishi 2017) 

A. mushaense was likely 

misidentified as this species 

(Hartman 1974) 

Amphicorina 

armandi 

(Claparède, 1864) 

France, 

Mediterranean Sea 
 

Atlantic Ocean, 

Mediterranean Sea, 

Red Sea, and 

Pacific Ocean 

(Wehe and Fiege 

2002, Selim 2008) 

Previously recognized as Oriopsis 

armandi (Claparède, 1864); 

synonymized with A. armandi 

unless specimen show variation 

(Giangrande et al. 1999) 

Amphiglena 

mediterranea 

(Leydig, 1851) 

France, 

Mediterranean Sea 
18S, COI 

Atlantic Ocean, 

Arctic Ocean, 

Mediterranean Sea, 

Red Sea, and 

Arabian Gulf 

(Wehe and Fiege 

2002, Al-Kandari 

et al. 2019) 

Future analysis likely to unveil 

cryptic speciation (Tilic et al. 2019) 
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Bispira 

melanostigma 

(Schmarda, 1861) 

Jamaica, 

Caribbean Sea 
18S, 28S 

Caribbean Sea, 

Atlantic Ocean, 

Red Sea, and 

Arabian Sea 

(Knight-Jones and 

Perkins 1998, 

Wehe and Fiege 

2002, Kazmi and 

Naushaba 2013) 

Multiple records were based on 

misidentifications, and the 

specimen from Indonesia was too 

damaged to validate (Knight-Jones 

and Perkins 1998) 

Bispira porifera 

(Grube, 1878) 

Philippines,  

Pacific Ocean 

16S, 18S, 

COI 

Red Sea, Gulf of 

Aden, Indian 

Ocean, and Pacific 

Ocean 

(Knight-Jones and 

Perkins 1998, 

Wehe and Fiege 

2002) 

 

Bispira tricyclia 

(Schmarda, 1861) 

Sri Lanka, 

Indian Ocean 
 

Arabian Sea, 

Indian Ocean, and 

Pacific Ocean 

(Ishaq and 

Mustaquim 1996, 

Knight-Jones and 

Perkins 1998) 

B. tricyclia may be a junior 

synonym of Bispira manicata 

(Grube, 1878) but examination of 

the type specimen is required (Capa 

2008) 

Branchiomma 

boholense 

(Grube, 1878) 

Philippines, 

Pacific Ocean 
COI 

Mediterranean Sea, 

Gulf of Aden, 

Indian Ocean, and 

Pacific Ocean 

(Román et al. 

2009, Tovar‐

Hernández 2010) 

Introduced to the Mediterranean 

Sea, potentially via the Suez Canal 

(Çinar 2009) 

Branchiomma 

cingulatum 

(Grube, 1870) 

Fiji Islands, 

Pacific Ocean 
 

Mediterranean Sea, 

Red Sea, Arabian 

Sea, Arabian Gulf, 

Indian Ocean, and 

Pacific Ocean 

(Wehe and Fiege 

2002, Streftaris et 

al. 2005, Al-

Kandari et al. 

2019) 

Previous records were based on 

misidentifications, therefore, full 

distribution may be inaccurate 

(Ishaq and Mustaquim 1996) 

Branchiomma 

gravelyi 

(Aziz, 1938) 

Pakistan, 

Arabian Sea 
 Arabian Sea 

(Keppel et al. 

2015) 
 

Branchiomma 

luctuosum 

(Grube, 1870) 

Egypt, 

Red Sea 
cyt-b 

Atlantic Ocean, 

Mediterranean Sea, 

Red Sea, and Gulf 

of Aden 

(Wehe and Fiege 

2002, Giangrande 

et al. 2012) 

Likely introduced to the 

Mediterranean Sea and Atlantic 

Ocean via ballast water (Nogueira 

et al. 2006) 

Branchiomma 

lucullanum 

(Dells Chiaje, 1822) 

Italy, 

Mediterranean Sea 
18S, cyt-b 

Mediterranean Sea, 

Suez Canal, and 

Red Sea 

(Wehe and Fiege 

2002, Keppel et al. 

2015) 

Reported as an invasive species in 

the Red Sea, but additional analysis 

is required (Keppel et al. 2015) 
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Branchiomma 

nigromaculatum 

(Baird, 1865) 

St. Vincent, 

Caribbean Sea 
16S, 28S 

Caribbean Sea, 

Atlantic Ocean, and 

Gulf of Aden 

(Wehe and Fiege 

2002, Tovar-

Hernández and 

Knight-Jones 

2006) 

Branchiomma corolliferum (Ehlers, 

1913) was misidentified as B. 

nigromaculatum in Day (1967) 

resulting in future errors (Tovar-

Hernández and Knight-Jones 2006) 

Chone filicaudata 

Southern, 1914 

Ireland, 

Atlantic Ocean 
 

Atlantic Ocean, 

Mediterranean Sea, 

and Red Sea 

(Giangrande 1992, 

Wehe and Fiege 

2002) 

Wasson et al. (2017) authenticated 

C. filicaudata material and 

proposed that this species is 

confined to the coastlines of Ireland 

and the United Kingdom 

Chone 

infundibuliformis 

Kroyer, 1856 

Greenland, 

Arctic Ocean 

ITS1, 28S, 

COI 

Atlantic Ocean, 

Arctic Ocean, 

Mediterranean Sea, 

and Suez Canal 

(Wehe and Fiege 

2002) 

Giangrande (1992) examined 

available type material from the 

Mediterranean Sea and concluded 

C. infundibuliformis is likely only 

found in Arctic waters 

Dialychone arabica 

Tovar-Hernández & 

Dean, 2010 

Arabian Sea  Arabian Sea 
(Tovar-Hernández 

and Dean 2010) 
 

Dialychone collaris 

(Langerhans, 1881) 

Portugal, 

Atlantic Ocean 
 

Atlantic Ocean, 

Arctic Sea, 

Mediterranean Sea, 

Red Sea, Arabian 

Gulf, and Indian 

Ocean 

(Giangrande 1992, 

Wehe and Fiege 

2002, Munkeby 

2018) 

Knight-Jones (1990) observed 

morphological differences between 

Atlantic specimen, so additional 

analysis is required (Munkeby 

2018) 

Hypsicomus 

stichophthalmos 

(Grube, 1863) 

Croatia, 

Mediterranean Sea 
 

Mediterranean Sea 

and Red Sea 

(Perkins 1984, 

Wehe and Fiege 

2002) 

Introduced to the Red Sea through 

the Suez Canal (Çinar 2013) 

Jasmineira elegans 

Saint-Joseph, 1984 

France, 

Atlantic Ocean 
 

Atlantic Ocean, 

Arctic Ocean, 

Mediterranean Sea, 

Red Sea, and 

Indian Ocean 

(Hartman 1974, 

Knight-Jones 

1990, Wehe and 

Fiege 2002, 

Ambrose et al. 

2009) 

Jasmineira caducibranchiata 

Willey, 1905 was synonymized 

with J. elegans (Day 1973), so 

additional analysis is required to 

confirm the distribution of J. 

elegans 

Laonome elegans 

Gravier, 1906 

Djibouti, 

Gulf of Aden 
 

Mediterranean Sea 

and Gulf of Aden 

(Wehe and Fiege 

2002) 

Introduced to the Mediterranean 

Sea, likely via the Suez Canal 

(Zenetos et al. 2010) 
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Myxicola fauveli 

Potts, 1928 

Egypt, 

Suez Canal 
 

Red Sea and Indian 

Ocean 

(Hartman 1959, 

Wehe and Fiege 

2002) 

Additional research is required to 

confirm potential Red Sea 

endemism (Wehe and Fiege 2002) 

Notaulax alticollis 

(Grube, 1868) 
Red Sea  Red Sea 

(Wehe and Fiege 

2002) 

Perkins (1984) reclassified Sabella 

alticollis as N. alticollis 

Notaulax 

marenzelleri 

(Gravier, 1906) 

Djibouti, 

Gulf of Aden 
 Gulf of Aden 

(Wehe and Fiege 

2002) 

Perkins (1984) reclassified 

Hypsicomus marenzelleri as N. 

marenzelleri 

Notaulax 

phaeotaenia 

(Schmarda, 1861) 

Sri Lanka, 

Indian Ocean 
 

Atlantic Ocean, 

Mediterranean Sea, 

Red Sea, Gulf of 

Aden, Arabian 

Sea, Arabian Gulf, 

Indian Ocean, and 

Pacific Ocean 

(Ishaq and 

Mustaquim 1996, 

Wehe and Fiege 

2002) 

Previous records were based on 

misidentifications, therefore, full 

distribution may be wrong (Perkins 

1984) 

Notaulax pigmentata 

(Gravier, 1906) 

Djibouti, 

Gulf of Aden 
 Gulf of Aden 

(Wehe and Fiege 

2002) 

Perkins (1984) reclassified 

Hypsicomus pigmentatus as N. 

pigmentata 

Parasabella 

leucaspis 

(Kinberg, 1867) 

Peru, 

Pacific Ocean 
 

Arabian Sea and 

Pacific Ocean 

(Perkins 1984, 

Wehe and Fiege 

2002) 

Introduced to Australia potentially 

as a result of the shipping industry 

(Çinar 2013) 

Perkinsiana 

ceylonica 

(Augener, 1926) 

Sri Lanka, 

Indian Ocean 
 

Arabian Gulf and 

Indian Ocean 

(Knight-Jones 

1983, Wehe and 

Fiege 2002) 

 

Potamilla 

leptochaeta 

Southern, 1921 

India, 

Indian Ocean 
 

Arabian Sea, 

Indian Ocean, and 

Pacific Ocean 

(Arakawa 1971, 

Knight-Jones 

1983, Ishaq and 

Mustaquim 1996) 
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Potamilla torelli 

(Malmgren, 1866) 

Iceland, 

Atlantic Ocean 
 

Atlantic Ocean, 

Mediterranean 

Ocean, Red Sea, 

and Pacific Ocean 

(Knight-Jones 

1983, Wehe and 

Fiege 2002, Pleijel 

2007) 

Misidentified in Pacific Ocean, 

Atlantic Ocean, and Mediterranean 

Sea; therefore, the distribution is 

likely erroneous (Knight-Jones 

1983, Knight-Jones and Ergen 

1991) 

Pseudobranchiomma 

orientalis 

(McIntosh, 1885) 

Hong Kong, 

Pacific Ocean 
 

Arabian Sea and 

Pacific Ocean 

(Kazmi and 

Naushaba 2013, 

Capa and Murray 

2016) 

B. gravelyi was likely misidentified 

as this species (Keppel et al. 2015) 

Pseudobranchiomma 

serratibranchis 

(Grube, 1878) 

Philippines, 

Pacific Ocean 
 

Red Sea, Arabian 

Sea, Indian Ocean, 

and Pacific Ocean 

(Day 1973, 

Mustaquim 1997, 

Wehe and Fiege 

2002) 

Future analysis is likely to unveil 

cryptic speciation as not all P. 

serratibranchis match the 

description of the type specimen 

(Knight-Jones and Mackie 2003) 

Pseudopotamilla 

saxicava 

(Quatrefages, 1866) 

France, 

Atlantic Ocean 
 

Atlantic Ocean, 

Mediterranean Sea, 

Red Sea, Gulf of 

Aden, Arabian 

Sea, and Arabian 

Gulf 

(Wehe and Fiege 

2002, Knight-

Jones et al. 2017) 

Recently re-established by Knight-

Jones et al. (2017); additional work 

is required to distinguish 

Pseudopotamilla reniformis 

(Bruguière, 1789) from P. saxicava 

Sabella fusca 

Grube, 1870 
Red Sea  

Red Sea and 

Arabian Gulf 

(Wehe and Fiege 

2002, Knight-

Jones and Mackie 

2003) 

Bispira, Sabella, and Sabellastarte 

species were often misidentified as 

S. fusca;  holotype is missing 

(Knight-Jones and Perkins 1998, 

Knight-Jones and Mackie 2003) 

Sabella lamyi 

Gravier, 1906 

Djibouti, 

Gulf of Aden 
 Gulf of Aden 

(Wehe and Fiege 

2002) 

Potentially an undescribed genus 

(Knight-Jones and Perkins 1998) 

Sabellastarte 

sanctijosephi 

(Gravier, 1906) 

Djibouti, 

Gulf of Aden 
 

Red Sea, Arabian 

Sea, Indian Ocean, 

and Pacific Ocean 

(Knight-Jones and 

Mackie 2003, 

Pleijel 2007, 

Kazmi and 

Naushaba 2013) 

Species is mistaken for juvenile S. 

spectabilis, and the name is often 

used as a placeholder; additional 

analysis required to validate 

distribution (Knight-Jones and 

Mackie 2003) 

Sabellastarte 

spectabilis 

(Grube, 1878) 

Philippines, 

Pacific Ocean 

16S, 18S, 

28S 

Atlantic Ocean, 

Red Sea, Gulf of 

Aden, Arabian 

Sea, Indian Ocean, 

and Pacific Ocean 

(Knight-Jones and 

Mackie 2003, 

Kazmi and 

Naushaba 2013) 

Several previous records were 

based on misidentifications, 

therefore, distribution may be 

inaccurate (Knight-Jones and 

Mackie 2003) 
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Appendix B: Detailed list of all sampling sites visited during this study. Sites are organized into 

regions throughout the Arabian Peninsula (see Fig. 1). 

 

Region Site Name Latitude (°N) Longitude (°E) Samples (#) 

Thuwal, 

Saudi Arabia 

Al Fahal North 22.29756 38.96959 4 

Al Fahal South 22.23794 28.96347 4 

Al Mtarbj 22.43170 38.94933 4 

KAEC Reef 22.22111 39.03743 2 

Tahla North 22.28361 39.05111 3 

Shark Reef 22.42606 38.99612 1 

Unnamed Reef 22.40951 38.85555 2 

Farasan Banks, 

Saudi Arabia 

Dolphin Lagoon 19.00576 40.14463 7 

Ellis Reef 19.73920 40.29307 11 

Freddie’s Reef 19.39032 40.54957 1 

Long Island Mangrove 19.34835 40.88638 16 

Long Island No Mangroves 19.39282 40.86088 15 

Murabba 19.42237 40.40557 2 

Malathu 19.74921 39.90390 2 

Midshelf II 19.66947 40.44348 2 

Minke Reef 19.61235 40.39762 5 

Moray Reef 19.26657 40.91432 11 

Shib Aladeen 19.78952 40.14255 2 

Shib Ammar 19.56185 39.99740 2 

Shib Makatub 19.27290 40.44190 7 

Sirryan Island Wall 19.60660 40.66793 10 

Wrinkle Dog Reef 19.25923 40.67475 5 

Fujairah, UAE Al Aqah Beach 25.48930 56.36525 12 

Abu Dhabi, 

UAE 

Dhabiya 24.36550 54.10081 1 

Ras Ghanada 24.84811 54.69060 2 

Muscat, Oman 

Al Bustan 23.56359 58.63880 5 

Bandar Jissah 23.55726 58.64949 10 

Banda Khayran 23.51205 58.76019 3 

Shangri La 23.55704 58.66141 4 

Fahal Island 23.68342 58.50068 2 

Musandam 

Governorate, 

Oman 

Coral Garden 26.37612 56.41572 2 

Eagle Bay 26.38235 56.41793 5 

Radio Tower Landing 26.24102 56.19728 14 
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Appendix C: Sketches and code for 27 characters used the morphological matrix (Appendix D). 
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