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ABSTRACT 
 

Phylogenetic Diversity of Cephalopoda (Animalia:Mollusca) Along the Saudi Red Sea 
Coastline 

Gordon Byron 

Although the Red Sea presents a unique environment with high temperature and salinity, 

it remains an area that is understudied. This lack of information is reflected in many 

areas, one which is biodiversity. Despite increasing work on biodiversity throughout the 

Red Sea and an increase in Cephalopoda studies, Cephalopoda in the Red Sea remain 

underrepresented, which is especially pronounced in molecular analyses. Members of the 

class Cephalopoda are considered to be major contributors to coral reef ecosystems, 

serving as part of the food chain and exhibiting population increases due to targeted 

teleost fisheries and global climate change. In order to assess the biodiversity of 

Cephalopoda in the Saudi Arabian Red Sea, 87 specimens were collected from 25 reef 

locations between 17°N and 28°N latitude, as well as from the largest fish market in the 

Kingdom of Saudi Arabia. Taxonomic identification of specimens was determined using 

morphological comparisons with previously reported species in the Red Sea and the 

molecular barcoding region Cytochrome Oxidase I. 84 Red Sea sequences were 

compared with sequences from GenBank and analyzed using a complement of Neighbor- 

Joining, Maximum-Likelihood, and Bayesian inference trees. Species complexes were 

also investigated for Sepia pharaonis and Sepioteuthis lessoniana, which had been 

previously reported. From 17 cuttlefish, our study yielded three species, two of which 

matched previously reported species in GenBank. In addition, two distinct clades of Sepia 

pharaonis were identified. Of 35 squid collected, four species were identified, one of 

which did not match any other accepted species in literature, while Sepioteuthis 
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lessoniana in the Red Sea formed a distinct clade. From 30 different specimens a total of 

five genera of Octopoda were present, forming six distinct species. Five Octopoda 

species collected did not match previously reported species, although many specimens 

were paralarvae or juveniles, so morphologically we could not compare to previously 

described species in the Red Sea. Cephalopoda fisheries in the Red Sea is low, and as 

their populations increase worldwide, this could be a viable fishery for Saudi Arabia. As 

such, further investigation into the role which cephalopods play in supporting 

biodiversity in the Red Sea is essential. 
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1. Introduction 

 
 Globally, coral reefs are considered hotspots for biodiversity, hosting an extensive 

variety of fish and invertebrate species (Roberts et al. 2002). Interest in the health of 

these fragile ecosystems created an interest in the study of biodiversity as it has been 

hypothesized as a factor related to ecosystem health (May 1986; Currie and Paquin 

1987). Although there are many methods that can be used to assess the health of an 

ecosystem, an understanding of the abundance and variety of species found within a 

region can serve as one potential proxy. In theory, if a large number of species occur in a 

location, more functional roles will be filled within this ecosystem (Bellwood et al. 2004; 

Nyström et al. 2008). As humans have historically and at this time continue to impact the 

environment, disturbances and shifts in habitat structure occur. If members of specific 

functional groups are lacking or have been removed, devastating consequences can lead 

to further habitat degradation, eventually leading to an overall loss in diversity within the 

ecosystem (Schulze and Mooney 1994; McCann 2000). In this way biodiversity plays a 

large role in the resilience and stability of ecosystems, especially when considering coral 

reefs (Nystrom et al. 2008). However, documenting marine biodiversity can be 

challenging due to poorly defined species boundaries, vast number of samples required, 

and limited historical data especially due to difficulties accessing some biodiverse 

locations. As oceans continue to face increasing stressors, such as warming and 

acidification, documenting and understanding biodiversity from a reef to global level 

remains a scientific priority (Appeltans et al. 2012). 

An important aspect of analyzing and understanding biodiversity includes 

documenting species in a given location, by resolving species identification and 
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describing undocumented organisms. This is increasing in importance, particularly in 

coral reef ecosystems, as they continue to face extreme stressors, including bleaching 

events, due to environmental and anthropogenic influences. Cataloguing and 

understanding the species composition and diversity within reef ecosystems has been 

increasing, with notable examples including: Osteichthyes fishes (Rocha et al. 2008; 

DiBattista et al. 2013; Roberts et al. 2015), cnidarians (Huang et al. 2016; Arrigoni et al. 

2015), and zoantharians (Reimer et al. 2014). Conversely, invertebrate species such as 

cephalopods, copepods, and demosponges (Norman and Hochberg 2005; Knowlton et al. 

2010; LeRay and Knowlton 2015; Erpenbeck et al. 2016) remain chronically 

undocumented.  

The class Cephalopoda belongs to the phylum Mollusca and is thought to have 

arisen from a modified placophoran ancestor approximately 500mya (Salvini-Plawen 

1980; Young et al. 1998). Cephalopods are commonly separated into two main 

taxonomic groups; Nautiloidea which have an external shell and is comprised of the 

nautilus species, and Coleoidea which have a reduced or internal shell. Furthermore, 

Coleoidea contains two superorders, Decapodiformes and Octopodiformes. Both 

superorders have eight arms with the former also exhibiting two tentacles (Berthold and 

Engeser 1987). Current taxonomic analyses split Decapodiformes into four distinct 

orders: Oegopsida (open eyed squid), Myopsida (closed eyed squid), and Spirulindae 

(ram’s horn squid). The fourth order, Sepiolidae, is made up of two groups; Sepiidae 

(cuttlefish) and Sepiolidae (Bobtail squid). The superorder Octopodiformes is split into 

two orders Vampyromorpha (vampire squid) and Octopoda (octopus) (Yokobori et al. 

2007). Octopoda is further made up of two sub-orders Cirrata and Incirrata, which are 
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differentiated by the latter lacking cirri on their arms and fin on their bodies (Roper 

2014). Diagnostic characteristics for paleontological and morphological identification of 

Cephalopoda is in constant revision, due to phenotypic plasticity, lack of hard structures, 

and the color changing abilities of these organisms (Bonnaud et al. 1997; Ward 2003; 

Strugnell et al. 2005). Re-identification of a previously identified specimens can also 

prove problematic due to their phenotypic plasticity (Scheel et al. 2016). As such, 

taxonomy for this class of animals has proved extremely difficult and volatile, with a 

constant resolving and re-characterization of cephalopod groups. Despite these 

difficulties most higher classifications of cephalopods can be differentiated with very 

specific morphological characteristics. 

Molecular work has recently been undertaken by the scientific community in 

order to resolve species identification and phylogenetic relationships for both marine and 

terrestrial organisms (Cheng et al. 2014; Andersen et al. 2010; Kaneko et al. 2011). 

Cephalopoda are no exception to this move towards molecular identification to resolve 

morphological identification issues, although the progression of molecular identification 

(COI barcoding) when compared to other higher-order species seems to be slower. A 

foundational approach to alpha taxonomy (Norman and Hochberg 2005) in conjunction 

with molecular barcoding can aid to resolve species identification and taxonomic 

relationships within Cephalopoda. 

Cephalopoda have biological traits which include quick growth, a short life span, 

and an ability to adapt to different environments. This allows for cephalopods to be 

successful in the ongoing oceanographic changes influenced by anthropogenic factors 

(Doubleday et al. 2016). Worldwide fisheries data suggests a global increase in 
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cephalopod populations as a result of their life-history traits being favorable in a 

changing environment, as they can easily adapt. The current oceanographic trend of an 

increase in ocean temperature, could be a potentially important factor to increasing 

population numbers (Forsythe and Hanlon 1988, Doubleday et al. 2016, Caddy and 

Rodhouse 1998). 

The Red Sea is bordered by Egypt, Jordan, Israel, Eritrea, Yemen, Sudan, 

Djibouti, and the Kingdom of Saudi Arabia. Saudi Arabia has >1,500km2 of Red Sea 

coastline that runs from 16˚23’ N to 29˚16’N. The Red Sea opened approximately five 

million years ago making one of the most recently opened bodies of water. The recent 

spreading of the continents and subsequent filling of the Red Sea could give clues to 

successional patterns in the ocean, and explain the large amounts of endemism found 

within the Red Sea (DiBattista et al. 2015). The main input of ‘fresher’ nutrient rich 

water is through the southern Bab-el Mandeb which is a 25km wide, 160m deep strait, 

into the Gulf of Aden (Sofianos and Johns 2003; Zhan et al. 2014), which also allows for 

older deep Red Sea water to exit. There is little freshwater input from rain and there are 

no significant riverine inputs into the Red Sea making it a highly saline environment 

(Sofianos and Johns 2003; Raitsos et al. 2013). Since Bab-el-Mandeb is the main input of 

water, the Red Sea has a unique gradient of environmental factors including salinity, 

temperature, and primary productivity (Raitsos et al. 2013; Racault et al. 2015). The Red 

Sea is also one of the warmest bodies of ocean water, experiencing a summer sea surface 

temperature (SST) high of over 32˚C, while in the winter, lows of 20˚C. This extreme 

SST range is argued to give insight into how organisms will adapt to global climate 

change and the raising of SST. The Red Sea houses an extensive coral reef network 
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surrounding its coastline, and despite being outside of the coral triangle is arguably a hot 

spot for biodiversity (Randall & DiBattista 2013; DiBattista et al. 2016). Despite these 

anomalous aspects, the Red Sea and its extensive reef network are understudied, as 

shown by the lack of international publications (Berumen et al. 2013). Although recently 

research from the region has increased, strained political relations within the region and 

lack of easy access for international visitors has historically limited potential research 

gains in the Red Sea.  

12 species of Cephalopoda were originally described by Ehrenberg 1831, Gray in 

1849, and d’Orbigny, 1841, these included five cuttlefish, four squid and three octopus. 

In 1933-1934 the John Murray Expedition was undertaken throughout the Indian Ocean 

and surrounding waters. This expedition was used to confirm original species 

identifications of Sepiidae that were stored in the British Museum of Natural History 

confirming nine species within the Red Sea, three of which were described as endemic to 

the region. Cephalopoda of the World (Jareb and Roper 2005; Jareb and Roper 2010; 

Jareb et al. 2014) lists 11 species of cuttlefish found in the Red Sea, 11 squid, and seven 

octopus (Table 1.1). In contrast to the Cephalopoda of the World, the World Register of 

Marine Species (WoRMS) indicates 12 cuttlefish species, 13 squid species, and eight 

octopus species currently inhabiting the Red Sea. These include one endemic cuttlefish 

species, two endemic squid, and three endemic octopus (Gofas 2009; WoRMS database 

2016). Due to the lack of international access and current political boundaries, some 

species included in these lists have only been collected once and type specimens have 

since been destroyed (Norman and Hochberg 2005). This makes comparisons to confirm 

species identification difficult and in some cases unfeasible. Cephalopoda diversity 
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studies have sampled species from local fish markets, on fisheries boats or collect data 

from historical fisheries information. Using the local fish markets of a region can be 

helpful in assessments of species identification. Unfortunately, in the northern and central 

Red Sea there is no fisheries data on Cephalopoda and what is caught is bycatch and used 

as bait for larger fish (pers. obs.). In the southern Red Sea there has been some targeted 

fisheries for squid, although no further research has been done on species identification or 

abundance (Jin et al. 2012). The local fishermen will sometimes bring their Cephalopoda 

catch to the local smaller fish markets, which are then moved into the bigger markets, if 

they remain unsold. Although Jeddah hosts the kingdoms largest fish market (Spaet and 

Berumen 2015), which can be used to collect and identify Cephalopoda species, it can be 

very difficult to ensure that the catch was taken from the Red Sea and not from 

surrounding bodies of water (Indian Ocean, Mediterranean, Arabian Sea for example). It 

is with extreme caution any fish market samples recorded are used and identified as Red 

Sea specimens.  

 
Table 1.1: Described species of Cephalopoda found in the Red Sea 
 
 Genus Species Authority Source 
Cuttlefish (Order: Sepiidae) 
1 Sepia arabica Massy 1916 Jareb and 

Roper 2005 
2 Sepia australis Rochebrune 

1884 
Jareb and 
Roper 2005 

3 Sepia dollfusi Adam 1941 Jareb and 
Roper 2005 

4 Sepia elongata d’Orbigny Jareb and 
Roper 2005 

5 Sepia gibba Ehrenberg 1831 Jareb and 
Roper 2005 

6 Sepia latimanus Quoy and 
Galmard 1832 

Jareb and 
Roper 2005 

7 Sepia murrayi Adam and Rees Jareb and 
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1966 Roper 2005 
8 Sepia pharaonis Ehrenberg 1831 Jareb and 

Roper 2005 
9 Sepia prashadi Winckworth 

1936 
Jareb and 
Roper 2005 

10 Sepia savignyi Blainville 1827 Jareb and 
Roper 2005 

11 Sepiella inermis Van Hasselt 
1835 

Jareb and 
Roper 2005 

Squid (Suborder: Myopsida) 
1 

Sepioteuthis lessoniana 
Ferrusac in 
Lesson 1831 

Jareb and 
Roper 2010 

2 
Uroteuthis abulati 

Adam 1955 Jareb and 
Roper 2010 

3 
Uroteuthis arabica 

Ehrenberg 1831 Jareb and 
Roper 2010 

4 
Uroteuthis duvaucelii 

d’Orbigny 1835 Jareb and 
Roper 2010 

5 
Uroteuthis singhalensis 

Ortmann 1891 Jareb and 
Roper 2010 

Squid (Suborder: Oegopsida) 
1 

Abralia andamanica 
Goodrich 1896 Jareb and 

Roper 2010 
2 

Abralia dubia 
Adam 1960 Jareb and 

Roper 2010 
3 

Abralia steindachneri 
Weindl 1912 Jareb and 

Roper 2010 
4 

Ancistrocheirus lesueurii 
d’Orbigny 1835 Jareb and 

Roper 2010 
5 

Brachioteuthis picta 
Chun 1910 Jareb and 

Roper 2010 
6 

Brachioteuthis riisei 
Steenstrup 1882 Jareb and 

Roper 2010 
Octopus (order: Octopoda) 
1 

Abdopus horridus 
d’Orbigny 1826 Jareb et al. 

2014 
2 

Amphioctopus aegina 
Gray 1849 Jareb et al. 

2014 
3 

Amphioctopus robsoni 
Adam 1941 Jareb et al. 

2014 
4 

Callistoctopus macropus 
Risso 1826 Jareb et al. 

2014 
5 

Callistoctopus ornatus 
Gould 1852 Jareb et al. 

2014 
6 

Eledone moschata 
Lamarck 1798 Jareb et al. 

2014 
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7 
Hapalochlaena maculosa 

Hoyle 1883 Jareb et al. 
2014 

8 
Octopus cyanea 

Gray 1849 Jareb et al. 
2014 

 
This study aims to investigate the biodiversity of the class Cephalopoda from the 

Saudi Arabian Red Sea coastline. Sequencing technology has improved, and access to 

molecular work has recently been shown to assist in species identification. This study 

will use a combination of identification techniques including traditional analyses of 

morphological characteristics and the more recently developed molecular barcoding. 

These techniques will be used to classify specimens from the Red Sea to their lowest 

possible taxonomic unit. The COI barcoding region can be used to identify species clades 

found within the Red Sea, and compare them to those previously identified in other 

geographic regions. This is the first combined morphological and molecular study of 

Cephalopoda in the Red Sea. As such, this data will increase the currently limited 

information on cephalopod species found within the Red Sea region. Given the 

understudied nature of the Red Sea and the group, it is expected that there are many new 

records/species exist in this region. 

 

 

 

 

 

 

 

2. Materials and Methods 

2.1 Collection and Locality 
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Eighty-nine specimens were collected including egg sacs, paralarvae, juveniles, 

and adult Cephalopoda from the Saudi Red Sea during five expeditions along the coast. 

Specimens were collected using SCUBA, spear fishing, squid jigging, light traps, and 

autonomous reef monitoring structures (ARMS). In some cases, octopuses were 

chemically removed from their dens by incapacitating them using a 10% magnesium 

chloride solution. A few select Cephalopoda were collected and sequenced from the fish 

market located Jeddah, KSA. The expeditions were run from 2013-2016 along the Saudi 

Arabian Red Sea coast from 17˚N to 28.1˚N, which spanned approximately 1500 

kilometers of coastline (Figure 2.1). This broad latitudinal range was chosen to take into 

account the gradient difference in temperature, salinity, and primary productivity (Raitsos 

et al. 2014) that occurs from north to south in the Red Sea. 
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Figure 2.1: Map of Cephalopoda collection locations along the Saudi Arabian Red Sea 
coastline from 2013-2016 

 

2.2 Morphological Characteristics 

Photographs were taken in situ when possible and stored in the University of 

Florida public database. Collected specimens were stored within a mixture of 10% 

formalin 90% seawater solution for further laboratory analysis, and transferred to a >90% 

ethanol solution and stored as voucher specimens. These voucher specimens are stored at 
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either the University of Florida (http://specifyportal.flmnh.ufl.edu/iz/) or King Abdullah 

University of Science and Technology. Specimens were measured and photographed for 

comparison to previously described species in the Red Sea. Measurements and 

abbreviations are described in Table 2.1. Measurements were only taken when deemed 

necessary to identify to their lowest taxonomic classification. 

Table 2.1: Identification measurements, abbreviations, and how to measure 
morphological characteristics of Cephalopoda 

Measurement Abbreviation How it is measured Units 
Mantle length ML In Decopoda from 

medio-anterio point 
of mantle margin to 
posterior apex of 
body or fins 
(whichever is 
longest), in 
Octopoda measured 
from posterior apex 
to midpoint between 
eyes 

mm 

Length of arms A1, A2, A3, A4 Decopoda from first 
basal sucker or hook 
to tip of arm, 
Octopoda from 
mouth to arm tip 

% of mantle length 

Length of tenticular 
club 

CLI From base to tip of 
tenticular club 

% of mantle length 

Length of greatest 
fin 

FLI From base to tip of 
greatest fin 

% of mantle length 

Location of sucker 
series in manus 

SS Locate manus and 
determine where 
sucker series resides 

Medial, distal or 
proximal 

Length of greatest 
total fin width 

FWI Measured at widest 
point 

% of mantle length 

Length of shell GL From tip to base mm 
Thickness of 
cuttlebone 

GThI Measured at 
greatest thickness 

% shell length 

Width of shell GWI Measured at 
greatest width 

% shell length 

Length of 
hectocotylus 

HcLI From base to tip of 
modified portion 

% hectocotylus arm 

http://specifyportal.flmnh.ufl.edu/iz/
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Length of head HL From anterior point 
of nuchal cartilage 
to margin of web 
between dorsal arms 
in Decopoda, 
measured from 
midpoint of eyes to 
margin of dorsal 
web sector in 
Octopoda 

mm 

Number of pairs of 
hooks of tenticular 
club 

Htp Locate tentacular 
club and count pairs 
of hooks 

Count 

Arm Autotomy at 
distinct plane 

AA Determine if there is 
arm autotomy and if 
occurs in same 
region for all arms 

Yes or No 

Greatest head width HWI Measured at point 
of greatest width 

% mantle length 

Length of ligula in 
Octopoda 

LLI Measured from base 
of ligula to tip 

% total length of 
hectocotylized arm 

Greatest mantle 
width 

MWI Measured at point 
of greatest width of 
mantle 

% of mantle length 

Number of pairs of 
suckers on 
hectocotylized arm 

Nps Locate hectocotylus 
and count pairs of 
suckers from base to 
start of modified 
portion 

Count 

Number of Ocular 
photophores 

NOP Count all ocular 
photophores if 
present 

Count 

Zebra stripe banding 
on arm (Octopoda 
only) 

ZB Presence or absence 
of Zebra stripe 
banding 

Yes or No 

Attachment of 
Buccal connective 
to arm III 

Ba-3 Locate arm III and 
determine where 
tissue connects to 
arm III 

Ventral or Dorsal 

Depth of deepest 
web sector 
(Octopoda only) 

WDI Determine which 
web sector is 
deepest, and 
measure from base 
of web sector to tip 

In % of longest arm 
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2.3 Extraction/Sequencing/Barcoding 

Each specimen that was collected, either on the cruises or at the fish market, had 

approximately 5mm square piece of tissue removed and stored in >90% ethanol. DNA 

was extracted from tissue samples either with Qiagen DNEasy blood and tissue kit 

following provided instructions (Qiagen, Hilden, Germany) or using a Chelex (Walsh et 

al. 1991) extraction technique. The barcoding portion of the mitochondrial gene, 

cytochrome oxidase I (COI, COXI) was chosen for amplification. This mitochondrial 

gene was chosen by manually searching the Cephalopoda databases at National Center 

for Biological Information (NCBI) for congruency with the gene that had been sequenced 

the most in Cephalopoda, as well as following the Barcode of Life project 

(www.barcodeoflife.org). The COI gene was amplified using a standard 10ul reaction 

using the universal forward LCO-1490 and reverse HCO-2198 primers (Folmer et al. 

1994), with 5μl Qiagen Multiplex PCR kit mix, .125ul of each primer at 10pmol 

concentration, 3.75μl of milli Q water and 1μl of DNA(30-120ng/μl). Polymerase chain 

reaction (PCR) cycling conditions were used following a touchdown procedure of: 15 

min at 72˚C, followed by eight cycles of 1 min at 72˚C, 48-44˚C (-.5 degree per cycle) for 

30s, and 72˚C for 30s, followed by 27 cycles of 1 min at 72˚C, 44˚C for 30s, then 72˚C 

for 30s, followed by a final extension step of 72˚C for 5 minutes. PCR products were then 

checked on agarose gel, and successful products were cleaned using 2μl of Illustra 

ExoProStar 1-step (ExoFAP; USB, Cleveland, OH, USA) in a PCR cycle of 15 minutes 

at 37˚C followed by 15 minutes at 80˚C. 

2.4 DNA Analysis and DNA Taxonomy 

http://www.barcodeoflife.org/
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Both forward and reverse DNA sequences were checked, compared and edited in 

BioEdit 7.2.5 (Hall 1997). Gene sequences were aligned using the CLUSTALW feature 

inside of BioEdit, and manually edited when either forward or reverse sequences did not 

match. COI alignments were then processed through MEGA7 (Tamura 1993) for 

Neighbor-Joining and Maximum-Likelihood trees. These trees were analyzed using a 

bootstrap method with 1000 replicates. For Bayesian Inference and Maximum-

Likelihood, sequences were first checked to indicate which model of DNA evolution was 

the best fit using jModelTest 2.1.4 (Darriba 2012). The model which showed the 

maximum parsimony was always the General Time Reversal model gamma distributed 

with invariant sites. MrBayes 3.1.2 (Huelsenbeck and Ronquist 2011) was then run with 

the GTR + I + gamma, with 1,000,000 generations, discarding the first 2500 as the “burn 

in” stage, saving trees every 100 iterations, generating a total of 7500 trees per run. The 

program was stopped when the “standard deviation of split frequencies fell below the 

stop value of 0.01” (Cheng et al. 2014). A full complement of all Cephalopoda sequences 

from GenBank was initially used to confer the ‘best’ identification to genus level. The 

sequences were then divided into Sepiidae, Oegopsida and Myopsida, and Octopoda 

groups. These groups were run individually with the corresponding genus sequences that 

had matched. Finally, the sequences were then compiled with an outgroup and run for a 

more compressed and robust tree (Tables 2.2 to 2.6). For branch node support, a node 

value of less than 70 was removed from tree branches. 

 

 

Table 2.2: Outgroups and downloaded COI sequences from GenBank used for Sepiidae 
molecular analysis 
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Genus Species Location Accession 
Number 

Argonauta nodosa Unknown AY557517 
Sepia gibba Red Sea AB430405 
Sepia pharaonis Egypt KJ879307 
Sepia pharaonis Egypt KJ879306 
Sepia pharaonis Gulf of Oman HM164538 
Sepia pharaonis Gulf of Aden HM164536 
Sepia pharaonis Gulf of Aden HM164527 
Sepia pharaonis Gulf of Aden HM164525 
Sepia pharaonis Gulf of Aden HM164524 
Sepia pharaonis Red Sea HM164522 
Sepia pharaonis Red Sea HM164521 
Sepia pharaonis Red Sea HM164520 
Sepia pharaonis Gulf of Aden HM164519 
Sepia pharaonis Red Sea HM164526 
Sepia pharaonis Egypt KJ879308 
Sepia pharaonis Egypt KJ879305 
Sepia pharaonis Egypt KJ879304 
Sepia pharaonis China HQ846149 
 

Table 2.3: Outgroups and downloaded COI sequences from GenBank used for Sepia 
pharaonis clade analysis 

ID Location Accession Number 
RS Yemen 1-4 Red Sea HM164520-523, 

HM164536 
GOA Yemen 1-4 Gulf of Aden HM164519, HM164524, 

HM164525, HM164527, 
HM164536 

PG Iran Persian Gulf HM164528 
GOO south Gulf of Oman HM164534 

GOO north 1-3 Gulf of Oman 
HM164505, HM164506, 
HM164537, 
HM164538 

India Kochi 1-4 Kochi 
HM164489, HM164491, 
HM164492, 
HM164532, HM164533 

India Tuticorin,1 Tuticorin HM164515, HM164518 
India Verival 1-2 Verival HM164490, HM164516, 

HM164531 
India_Vishakapatanam 
1-2 

Vishakapatanam HM164500, HM164501, 
HM164517 

Thailand Phuket 1-6 Phuket HM164508–HM164513, 
HM164535 
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Thailand_Chumphon 
1-3 Chumphon 

HM164493, HM164494, 
HM164502, 
HM164503 

Thailand Prachuap, 1 Prachuap HM164499, HM164514 

GOC Australia 1-3 Gulf of 
Carpentaria 

HM164495–HM164497, 
HM164504 

NEQueens Australia, 
1 

Northeast 
Queensland HM164498, HM164507 

ramani Tuticorin, 1 Tuticorin HM164529, HM164530 
 

Table 2.4: Outgroups and downloaded COI sequences from GenBank used for Oegopsida 
and Myopsida molecular analysis 

Genus Species Location Accession 
Number 

Abralia andamanica Andaman Sea JX297202 
Abralia multihamata  N/A 
Abralia veranyi Unknown EU735394 
Argonauta nodosa Unknown AY557517 
Loligo forbesii North Sea KM517924 
Loligo forbesii North Sea KM517925 
Sepioteuthis lessoniana Unknown AY131037 
Sepioteuthis lessoniana Southern 

Atlantic Ocean 
KF854086 

Sepioteuthis lessoniana Southern 
Atlantic Ocean 

KF854087 

Uroteuthis chinensis China HQ529528 
Uroteuthis duvauceli Hong Kong EU349464 
Uroteuthis edulis Unknown KC409366 
Uroteuthis edulis Arabian Sea KC409367 
 

Table 2.5: Outgroups and downloaded COI sequences from GenBank used for 
Sepioteuthis lessoniana clade analysis 

ID Location Accession 
Number 

ACEH59 India KF052359 
ACEH60 India KF052360 
ACEH61 India KF052361 
ACEH62 India KF052362 
BAL63 Bali KF052363 
BAL64 Bali KF052364 
BAL65 Bali KF052365 
BAL66 Bali KF052366 
DON96 Indonesia KF052396 
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DON97 Indonesia KF052397 
DON98 Indonesia KF052398 
MAN426 Indonesia KF052426 
Sepioteuthis.australis Unknown AF075401 
Sepioteuthis sepiodia Unknown AF075392 
Loligo forbesi Unknown AF075402 
 

 

Table 2.6: Outgroups and downloaded COI sequences from GenBank used for Octopoda 
molecular analysis 

 

Genus Speices Location Accession 
Number 

Abdopus abaculus Okinawa AB430513 
Abdopus aculeatus Okinawa AB430514 
Abdopus aculeatus Unknown HM104254 
Amphioctopus  aegina  China HQ846132 
Amphioctopus aegina  Taiwan AB430515 
Amphioctopus kagoshimensis  China HQ846125 
Amphioctopus marginatus Vietnam AB385870 
Amphioctopus marginatus China KP976308 
Amphioctopus ovulum  China HQ846157 
Argonauta nodosa Unknown AY557517 
Callistoctopus luteus  India KF489434 
Callistoctopus luteus  Vietnam AB385874 
Callistoctopus minor  Japan AB430540 
Callistoctopus ornatus  Okinawa AB430528 
Callistoctopus ornatus  Unknown HM104257 
Cistopus chinensis  China HQ846131 
Cistopus indicus  Vietnam AB385878 
Cistopus indicus  India KF489437 
Cistopus taiwanicus  China HQ846142 
Cistopus taiwanicus China HQ846143 
Octopus cyanea Japan AB430534 
Octopus cyanea Japan AB191280 
  

 

2.5 Clade Delineation 
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All sequences for Sepia pharaonis and Sepioteuthis lessoniana were compared to 

selected representative sequences published in previous literature in order to assess clade 

groups with Red Sea specimens. For these analyses, outgroups were selected from Cheng 

et al. 2014 and Anderson et al. 2010 for consistency (Table 2.3 and 2.5). MEGA7 was 

used to calculate the intra and interspecies genetic distances between Red Sea collected 

specimens and other specimens of the same species in different parts of the world. 

Uncorrected p-distances were chosen over Kimura-2-parameter (Srivathsan and Meier 

2011) and a cut-off of >1% intergenetic distance was used to indicate different clade 

support, while a >2% intergenetic distance cut-off was used to indicate species 

delineation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results 
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3.1 Sepiidae 

3.1.1 Morphological analysis 

Fourteen out of a total of 87 specimens collected were identified as Sepiidae and 

measured with selective diagnostic metrics listed in Table 2.1 which are shown in Table 

3.1. As only important diagnostic characteristics were measured and used to classify to 

lowest taxonomic unit, only six distinct features were measured.  

Table 3.1: Important morphological diagnostic characteristics of Sepia species found 
within the Red Sea region. ^ indicates fish market specimen 

Specimen Sex ML GL GThI GWI HcLI MWI 
Sepia pharaonis  <420 140-

300 
 18-28  50-75 

Sepia gibba  <100 <100 50-75    
Sepia dollfusi  <110 <100     
Sepia elongata  <97 63 11.1 12.7  35 
Sepia inermis  <125 <100 16 30-43   
Sepia latimanus  <500 <500 10 20-30  75-90 
Sepia prashadi  <140 <140 5-7 25-30  60-75 
Sepia savignyi  <190     40-55 
Sepia trygonina  <140 <140 12 10-20  45-60 
ContigRSWS04 Juvenile 26 25.8 7.3 20.1  76.9 
ContigFM02^ F 182.4 182 7 21.6  60.1 
ContigFM03^ Unknown 75.2 75 6.9 20.5  64 
ContigFM04^ M 108.1 108 7.5 22.3 45.7 55.5 
ContigFM05^ Unknown 67.5 67.3 7.1 21.2  60.4 
ContigFM06^ Unknown 49.3 49.1 6.8 20.9  61.5 
ContigFM11^ F 105.6 105.4 6.3 22.1  60.6 
ContigFM12^ F 169 168.8 6.5 23.2  54.9 
ContigFM13^ M 182.7 182.5 6.3 20.1 48.2 60 
ContigRSWS06 Juvenile 23 22.8 60 48  85 
ContigRSWS07 Juvenile 38 37.7 60.2 45  70 
ContigRSWS10 F 70 69 40.7 23  63.1 
ContigRSWS11 F 84 83.1 42 21.6  75 
ContigRSWS15 F 65 70.4 43 21.4  70 
 

 

3.1.1.1 Sepia pharaonis Ehrenberg 1831 
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Most of the collected specimens of Sepiidae were morphologically identified as 

Sepia pharaonis (70%), as their mantle length, gladius length, gladius width, and mantle 

width were all within the ranges previously reported. Most fish market specimens that 

were collected had the feeding tentacles/hectocotylus removed or damaged therefore sex 

identification was unknown for these collections. As five different Sepiidae specimens 

only had tissue samples taken they could not be used for morphological analysis. This 

species has previously been reported in the Red Sea.  

3.1.1.2 Sepia gibba Ehrenberg 1831 

Sepia gibba was morphologically identified to be collected within this study. All 

measurements fit with the previously reported S. gibba measurements, but most 

importantly the thickness of the cuttlebone matched other reported S. gibba. This was the 

second most common identifiable Sepiidae species found in the coastal waters of the 

Saudi Red Sea, which entailed 25% of the collected specimens. Specimens were collected 

dead and alive from shallow sandy substrate to sheltered reef habitats using pole spear or 

by hand. The cuttlebone of S. gibba has an enlarged bump protruding vertically. This is 

the only known Sepiidae species to exhibit this characteristic, enabling quick positive 

identifications. This species had been previously reported in the Red Sea.  

3.1.2 COI Barcoding 

The full complement of 19 collected Sepiidae specimens were successfully 

barcoded. 13 Sepia pharaonis specimens were collected, five Sepia gibba, and one 

unresolved species.  
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Figure 3.1 shows three distinct species found in our collection from the Saudi Red 

Sea Coastline. Sepia pharaonis, also known as the Pharaoh cuttlefish, is a common 

cuttlefish in the Indo-west pacific, as well as Sepia gibba which was originally endemic 

to the Red Sea. A 3rd type of cuttlefish was also found in the Red Sea, but did not match 

any other NCBI cuttlefish that had been previously sequenced. It is noted that this Sepia 

sp. 1 (Sample 6130) did form a sister group to Sepia gibba with 6.1% intraspecific 

genetic distance (Table 3.2). These results confirm our morphological identification of 

Sepiidae, although Sepia sp. 1 did not have morphological identification possible. 
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Figure 3.1: Bayesian Inference tree of Sepiidae COI sequences with combined node 
support from Maximum Likelihood and Neighbor Joining analysis. Circles represent 
collected specimens from this study in the Red Sea. Fish market collected species are 
labelled with FM in their title. 
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Table 3.2: Interspecific genetic distances calculated for Sepiidae collected in the Red Sea 
in Mega7. Intraspecific genetic distance shown at intersections. Standard deviation values 
inside parentheses  

Species 
group 

Outgroup Sepia 
Pharaonis 
1 

Sepia 
Pharaonis 
2 

Sepia 
Pharaonis 
3 

Sepia 
Pharaonis 
4 

Sepia 
Pharaonis 
5 

Pharaonis 
1 

0.199 
(0.017) 

0.001 
(0.0005)     

Pharaonis 
2 

0.196 
(0.017) 

0.005 
(0.003) 

0.001 
(0.001)    

Pharaonis 
3 

0.205 
(0.017) 

0.031 
(0.007) 

0.031 
(0.007) 0 (0)   

Pharaonis 
4 

0.185 
(0.016) 

0.027 
(0.007) 

0.027 
(0.007) 

0.034 
(0.008) 0 (0)  

Pharaonis 
5 

0.184 
(0.017) 

0.047 
(0.009) 

0.047 
(0.009) 

0.050 
(0.009) 

0.043 
(0.009) 

0.003 
(.001) 

6130 0.195 
(0.017) 

0.086 
(0.012) 

0.087 
(0.012) 

0.090 
(0.011) 

0.088 
(0.012) 

0.087 
(0.012) 

Sepia 
gibba 

0.199 
(0.017) 

0.074 
(0.011) 

0.074 
(0.011) 

0.076 
(0.011) 

0.069 
(0.010) 

0.068 
(0.010) 

 

Sepia sp. 1 
(6130) 

Sepia 
gibba 

  
  
  
  
  

  
0.061 (0.009) 0.011 (0.002) 
 

3.1.3 Clade Delineation 

Analysis of Sepia pharaonis suggests there are 2 unique clade types that are found 

in the Red Sea, while one fish market specimen grouped within the Western Indian 

Ocean lineage (Figure 3.2). Table 3.3 indicates the “Red Sea 1” clade has 1.1% 

intragenetic distance, where “Red Sea 2” has 0% intragenetic distance. Table 3.3 

indicates that the “Red Sea 1” clade has a 2.7% genetic distance from the “Red Sea 2” 
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clade. “Red Sea 1” clade has 3.9% genetic distance from it’s closest relative clade 

Western Indian Ocean, while “Red Sea 2” clade has 3.4% genetic distance from the 

Western Indian Ocean clade. 
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Figure 3.2: Bayesian Inference tree of Sepia pharaonis COI clade delineation with 
combined node support from Maximum Likelihood and Neighbor Joining analysis. 



35 
 

Circles represent collected specimens from this study in the Red Sea. Fish market 
collected species are labelled with FM in their collection ID. 

 

Table 3.3: Interspecific genetic distances calculated for Sepia pharaonis clades in Mega7. 
Intraspecific genetic distance shown at intersections. Standard deviation values inside 
parentheses 

Clade 
group Outgroup 

Western 
Indian 
Ocean Iranian 

Central 
Indian 
Ocean 

Western 
Pacific 
Ocean 

NE 
Australia 

Red 
Sea 1 

Red 
Sea 2 

Western 
Indian 
Ocean 

0.177 
(0.016) 

0.007 
(0.002)       

Iranian 
0.191 

(0.016) 
0.079 

(0.011) 
0.007 

(0.002)      
Central 
Indian 
Ocean 

0.200 
(0.016) 

0.083 
(0.011) 

0.041 
(0.008) 

0.007 
(0.002)     

Western 
Pacific 
Ocean 

0.195 
(0.016) 

0.091 
(0.012) 

0.044 
(0.008) 

0.041 
(0.008) 

0.003 
(0.002)    

NE 
Australia 

0.197 
(0.016) 

0.081 
(0.011) 

0.087 
(0.011) 

0.093 
(0.011) 

0.089 
(0.012) 

0.003 
(0.001)   

Red Sea 
1 

0.192 
(0.016) 

0.039 
(0.008) 

0.090 
(0.012) 

0.094 
(0.012) 

0.100 
(0.013) 

0.083 
(0.011) 

0.011 
(0.002)  

Red Sea 
2 

0.181 
(0.016) 

0.034 
(0.008) 

0.085 
(0.012) 

0.092 
(0.012) 

0.098 
(0.013) 

0.075 
(0.011) 

0.027 
(0.006) 0 (0) 

 

3.2 Myopsida and Oegopsida Squid: 

3.2.1 Morphological Analysis 

Thirteen out of a total of 87 specimens collected were identified as Myopsida or 
Oegopsida squid and measured with selective diagnostic metrics listed in Table 2.1 which 
are shown in Table 3.4. As only important diagnostic characteristics were measured and 
used to classify to lowest taxonomic unit, only nine distinct features were measured.  
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Table 3.4: Morphological characteristics of Sepioteuthis 

Specimen Sex ML FLI FWI MWI CLI 
Sepioteuthis 
lessoniana 

 <422 90-
100 

<75 40 30-
40 

ContigRSWS01 Unknown 305 92.9 19.1 34 34 
ContigFM01^ F 235 99 23.6 38 32 
478457 M  95    
478455 F  93    
 

3.2.1.1 Sepioteuthis lessoniana Lesson 1830 

The only accepted species of Sepioteuthis found in the Red Sea is Sepioteuthis 

lessoniana. All of our species matched previously described morphological features of S. 

lessoniana, although the major morphological diagnostic characteristic of this species in 

the fin length with is 90-100% of mantle length. Most Sepioteuthis lessoniana in this 

study were collected using squid jigs. When individuals were caught they were 

immediately identified onboard, a tissue sample was taken, and released back into the 

wild. Therefore, for 14 out of 21 samples, no further morphological analysis was 

possible. Furthermore, three paralarvae specimens were collected with light traps, and 

molecularly grouped within S. lessoniana, therefore no morphological analysis was done. 

Seven specimens were caught, photographed, and preserved in formalin/ethanol for later 

analysis. Despite the small sample size, it was the most common squid species collected 

for this Saudi Red Sea study representing 60% of the squid species collected. This 

species has been previously reported in the Red Sea. 
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Table 3.5: Important diagnostic morphological characteristics of Uroteuthis found in the 
Red Sea region. ^ indicates specimen collected in the fish market. 

Specimen Sex ML FLI MWI SS CLI 
Uroteuthis 
arabica 

  60-65 12-20 Proximal 30 

Uroteuthis 
duvaucelii 

  50-60 40 Medial 45-50 

Uroteuthis 
singhalensis 

  50-60 20-40 Medial 20 

ContigFM7^ Unknown 115 52.2 25 Medial 24 
ContigFM8^ Unknown 205 51.2 22.8 Medial 22 
ContigFM14^ F 187 61.3 14.2 Medial 29 
ContigFM17^ F 80 53.6 25.6 Medial 24.5 
 

3.2.1.2 Uroteuthis singhalensis Ortman 1891 

Morphological characteristics indicate three specimens of the genus Uroteuthis 

are singhalensis as they all have medial sucker series and a tentacular club length around 

20% of mantle length. All Uroteuthis singhalensis specimens collected were from the 

Fish Market so extreme caution is used when assigning these to the Red Sea. U. 

singhalensis has been previously reported in the Red Sea.  

3.2.1.3 Uroteuthis arabica Ehrenberg 1831 

Morphological characteristics indicate one specimen of the genus Uroteuthis is 

arabica due to having medial sucker series and a mantle width that is <20% of the mantle 

length, and a fin length that is >60% of mantle length. This Uroteuthis specimen was also 

collected from the fish market and previously reported in the Red Sea. 

Table 3.6: Important diagnostic morphological characteristics of Abralia found in the Red 
Sea region  

Specimen Sex ML Htp NOP Ba-3 FLI 
Abralia 
andamanica 

  2-3 2 Ventral  
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Abralia dubia   >5 1 Dorsal  
Abralia 
steindachneri 

  5-7 2 Ventral  

479263 Juvenile 54 7 2 Ventral  
479213 Juvenile 52 7 2 Ventral  
ContigRSWS03 F 55.5 6 2 Ventral 39.7 
ContigRSWS08 F 44.5 6 2 Ventral 45 
ContigRSWS09 F 60.2 6 2 Ventral 43.7 
 

 

3.2.1.4 Abralia steindachneri Weindl 1912 

Morphological diagnostics indicate our collected specimens were Abralia 

steindachneri due to having five to seven club hooks, two ocular photophores, and 

ventral buccal connective tissue to arm three, Abralia steindachneri were captured using 

a heavy light at the surface during night and caught with a net. Fluorescence was seen 

briefly when collected on the dorsal side of the squid. Only 21% of squid caught in this 

Red Sea study was identified as Abralia steindachneri. This species has been previously 

reported in the Red Sea.  

3.2.2 COI Barcoding 

A total of 35 specimens were successfully barcoded, while three specimens could 

not be sequenced due to degraded DNA or poor sequence resolution. 21 Sepioteuthis 

specimens were collected, 10 Uroteuthis, and four Abralia. 

Figure 3.3 represents the Bayesian inference tree with node supports from 

BI/ML/NJ respectively, which shows three different genera of squid; Abralia, 

Sepioteuthis, and Uroteuthis. The Sepioteuthis grouping were separated into Sepioteuthis 

lessoniana and a second lessoniana group which did not match any previously recorded 

Sepioteuthis species, which will be now referred to as Sepioteuthis cf. lessoniana. Which 
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matches our S. lessoniana morphological analysis, unfortunately all S. cf lessoniana 

specimens that were barcoded could not be morphologically assessed. The Abralia and 

Uroteuthis specimens that were collected also did not match any previous COI sequenced 

squid within the NCBI database, which coincides with our morphological analysis of A. 

steindachneri and U. singhalensis, as they have not been uploaded previously. Table 3.7 

shows Sepioteuthis lessoniana having a 1.5% intragenetic distance, while Sepioteuthis cf. 

lessoniana has a .2% intragenetic distance, and the Abralia species collected has a 7.6% 

intragenetic distance. Table 3.7 shows S. lessoniana is 13.6% genetically distant than 

Sepioteuthis cf. lessoniana, while the two Abralia specimen groups collected were 11.4% 

genetically distant indicating these are distinct species. The Uroteuthis specimen groups 

showed a 13.3% genetic distance indicating these are distinct species.  
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Figure 3.3: A COI combined Bayesian tree with Maximum Likelihood and Neighbor 
Joining for Myopsid and Oegiopsid squid found within the Red Sea  
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Table 3.7: Interspecific genetic distances calculated for Myopsida and Oegopsida squid 
collected in the Red Sea in Mega7. Intraspecific genetic distance shown at intersections. 
Standard deviation values inside parentheses 

Species 
Group Outgroup Uroteuthis 

sp. 1 
Uroteuthis 

sp. 2 
Abralia 

multihamata 
Sepioteuthis 
lessoniana 

Outgroup 
 

    
Uroteuthis 

sp. 1 
0.222 
(0.02) 

0.003 
(0.002)    

Uroteuthis 
sp. 2 

0.208 
(0.018) 

0.133 
(0.015) 

0.001 
(0.0005)   

Abralia 
multihamata 

0.207 
(0.019) 

0.164 
(0.018) 

0.178 
(0.018) 

 
 

Sepioteuthis 
lessoniana 

0.174 
(0.017) 

0.174 
(0.017) 

0.185 
(0.018) 

0.172 
(0.018) 

0.015 
(0.002) 

Sepioteuthis 
cf. 

lessoniana 
0.205 

(0.019) 
0.179 

(0.018) 
0.180 

(0.018) 
0.148 
(0.016) 

0.136 
(0.016) 

Abralia sp. 
1 

0.203 
(0.018) 

0.164 
(0.017) 

0.187 
(0.018) 

0.085 
(0.013) 

0.163 
(0.017) 

Uroteuthis 
edulis 

0.220 
(0.020) 

0.092 
(0.013) 

0.139 
(0.016) 

0.181 
(0.018) 

0.190 
(0.018) 

Abralia sp. 
2 

0.209 
(0.017) 

0.188 
(0.017) 

0.188 
(0.017) 

0.119 
(0.014) 

0.177 
(0.017) 

Loligo 
0.188 

(0.018) 
0.139 

(0.016) 
0.144 

(0.016) 
0.186 
(0.018) 

0.172 
(0.018) 

Uroteuthis 
duvauceli 

0.203 
(0.019) 

0.133 
(0.016) 

0.080 
(0.012) 

0.175 
(0.017) 

0.175 
(0.017) 
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Sepioteuthis 
cf. 

lessoniana 

Abralia 
sp. 1 

 
Uroteuthis 
edulis 

Abralia 
sp. 2 

Loligo 
 

Uroteuthis 
duvauceli 

      
      
      
      
      
      

0.002 
(0.001) 

 
    

0.160 
(0.018) 

0.002 
(0.001)     

0.188 
(0.018) 

0.168 
(0.017) 

0.183 
(0.017) 

0.077 
(0.012)   

0.174 
(0.017) 

0.114 
(0.014) 

0.143 
(0.016) 

0.182 
(0.016) 0 (0)  

0.179 
(0.019) 

0.165 
(0.017) 

0.136 
(0.016) 

0.181 
(0.017) 

0.134 
(0.015)  

0.179 
(0.019) 

0.173 
(0.017)     

 

3.2.3 Clade Delineation 

Sepioteuthis lessoniana and Sepioteuthis cf. lessoniana specimens were analyzed 

against the three previously reported clades of S. lessoniana completed by Andersen et al. 

2010. A separate clade grouping of lessoniana from our Red Sea specimens is distinctly 

different from all other specimens and as such is designated as Clade “D”. The 

Sepioteuthis cf. lessoniana completely separates from all other lessoniana species as well 

as all the outgroups from Andersen et al. 2010. Table 3.8 shows that Clade “D” has 9% 

genetic distance than Clade A. Sepioteuthis cf. lessoniana is 13.7% genetically distant 

than the Red Sea Clade “D”, compared to a 12% genetic distance from Clade A.  
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Figure 3.4: A COI combined Bayesian tree with Maximum Likelihood and Neighbor 
Joining for Sepioteuthis lessoniana species clades found in their geographical range 
including the Red Sea 



44 
 

Table 3.8: Interspecific genetic distances calculated for Sepioteuthis lessoniana clades in 
Mega7. Intraspecific genetic distance shown at intersections. Standard deviation values 
inside parentheses 

Clade Group Outgroup 
Clade 

C Clade B Clade A Clade D 

Sepioteuthis 
cf. 

lessoniana 

outgroup 
0.177 
(0.012)      

Clade C 
0.185 

(0.013) 
0.005 

(0.002)     

Clade B 
0.182 

(0.013) 
0.107 

(0.012) 
0.001 

(0.0008)    

Clade A 
0.174 

(0.012) 
0.123 

(0.013) 
0.122 

(0.013) 
0.001 

(0.0008)   

Clade D 
0.176 

(0.012) 
0.131 

(0.013) 
0.114 

(0.013) 
0.090 

(0.011) 
0.002 

(0.0008) 
 Sepioteuthis cf. 

lessoniana 
0.178 

(0.013) 
0.142 

(0.014) 
0.151 

(0.014) 
0.120 

(0.013) 
0.137 

(0.014) 
0.004 

(0.001) 
 

3.3 Octopus: 

3.3.1 Morphological Analysis 

Fourteen out of a total of 87 specimens collected were identified as Octopoda, and 

measured with selective diagnostic metrics listed in Table 2.1 which are shown in Table 

3.4. As only important diagnostic characteristics were measured and used to classify to 

lowest taxonomic unit, only nine distinct features were measured. 

Table 3.9: Important diagnostic morphological characteristics of Abdopus found in the 
Red Sea region 

Specimen Sex ML A1, A2, A3, A4 AA 
ContigRSWS05 Paralarvae 4.2 A1<A4<A2<A3 No 
 

 

3.3.1.1 Abdopus sp. Norman and Finn 2001 

There were 12 collected specimens of Abdopus; one being a juvenile found within 

coral rubble, and another 11 were taken as only a tissue samples, so species descriptions 
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are not successful in aiding morphological identification. These twelve were sequenced 

individually and then placed within the Abdopus genus based on this and the arm length 

formula of the paralarvae sample. 

Table 3.10: Important diagnostic morphological characteristics of Callistoctopus found in 
the Red Sea region 

Specimen Sex ML A1, A2, A3, A4 AA Interbranchial 
Web Pouches 

Occelus 

Callistoctopus 
ornatus 

 <130 A1>A2>A3>A4 No No No 

Callistoctopus 
luteus 

 <125 A1>A2>A3>A4  No No 

ContigRSWS13 Paralarvae 28 A1>A2>A3>A4 No No No 
475991 Female 65 A1>A2>A3>A4 No No No 
476094 Male 58 A1>A2>A3>A4 No No No 
 

3.3.1.2 Callistoctopus Taki 1964 

Four Callistoctopus species were collected in this study. One was photographed 

and a small tissue sample taken so no morphological analysis can be provided (475996), 

but it was photo identified as Callistoctopus luteus. There is one species in the Red Sea 

that is currently accepted in the WoRMS database and the Cephalopoda of the World V3 

(Jareb et al. 2014) Callistoctopus ornatus, although when morphologically identifying 

this species our samples did not have the white striping indicative of C. ornatus.  

 

 

 

Table 3.11: Important diagnostic morphological characteristics of Cistopus found in the 
Red Sea region. ^ indicates specimen collected from fish market. 

Specimen Sex ML Interbranchial 
Web Pouches 

A1, A2, A3, A4 AA Sucker 
Count 

ContigFM09^ Female 155.2 Yes A1>A2>A3>A4 
A4 = 3.2 

No 75 
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3.3.1.3 Cistopus sp. Gray 1849 

One fish market sample that was collected was within the genus Cistopus, but did 

not morphologically match any previously reported species found within the Red Sea. As 

this was a female specimen it is impossible to distinguish this specimen to the newly 

described Cistopus platinoidus species, as many distinguishing metrics were male only 

(Sreeja et al. 2015). It is noted that this is a fish market specimen, and could potentially 

have been imported from another region. Cistopus has not been reported within the Red 

Sea previously.  

Table 3.12: Important diagnostic morphological characteristics of Amphioctopus (Amph) 
found in the Red Sea region. ^ indicates specimen collected from fish market 

Specimen Sex ML Interbranchial 
Web Pouches 

A1, A2, A3, 
A4 

AA Sucker 
Count 

Ocellus 

Amph 
aegina 

 <90 No A3=A4>A2>
A1 

No 110-
130 

No 

Amph 
robsoni 

 <60  A1>A2>A3>
A4 

 N/A  

Amph 
marginatus 

 <10
0 

No A3>A4=A2>
A1 

No 150 No 

ContigFM1
0^ 

Female 75.6 No A2=A3=A4>
A1 

No 94 No 

 

3.3.1.4 Amphioctopus Fischer 1882 

One fish market sample that was collected was identified to be the genus 

Amphioctopus, but could not be morphologically matched to the species level. There are 

two species of Amphioctopus that have previously been reported in the Red Sea 

according to the Cephalopoda of the World V3 (Jareb et al. 2014); Amphioctopus robsoni 

Adam, 1941 and Amphioctopus marginatus Taki, 1964, although the species description 

of Amphioctopus marginatus does not match the ContigFM10 specimen due to arm 
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length formula. This leaves the possibility of A. robsoni as the species for this specimen. 

It must be noted that Amphioctopus robsoni was collected and described once, so all 

measurements are from the type specimen. 

Table 3.13: Diagnostic morphological characteristics of Octopus found in the Red Sea 
region 

Specimen Sex ML Occelus AA A1, A2, 
A3, A4 

HL ZB 

Octopus cyanea  <160 Yes No   Yes 
Octopus nanus  <13      
Octopus 
vulgaris 

 <250 No No 4-5  No 

ContigRSWO01 Female 100 Yes No 3.1, 
4.2, 
4.15, 
4.08 

42.8 Yes 

ContigRSWS02 Female 88 Yes Yes 3.3, 
4.1, 
4.15, 
4.10 

38.7 Yes 

ContigRSWS12 Paralarvae 9.8 No No 1.3, 
1.4, 
1.36, 
1.42 

2 No 

ContigRSWS14 Paralarvae 9.5 No No 1.2, 
1.35, 
1.36, 
1.39 

1.9 No 

463261 Male  Yes No   Yes 
476091 Male  Yes No   Yes 
5823 Female  Yes No   Yes 
476092 Female  Yes No   Yes 
 

 

3.3.1.5 Octopus cyanea Gray 1849 

Morphological analysis of Octopus species showed all collected specimens within 

the Octopus genus to be O. cyanea due to their zebra banding on the arms, occelus, and 

mantle length. Paralarvae and juvenile specimens were collected, but are morphologically 
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different than their adult counterparts. Two paralarvae were measured before molecular 

barcoding, and measurements added post molecular identification. Mature specimens are 

relatively easy to identify as they are a larger Octopus species with an occelus eyespot, 

zebra type banding on their arms, and arm 1 length noticeably shorter than 2, 3, and 4 

which are all approximately equal.  

3.3.2 COI Barcoding 

A total of 30 specimens were successfully barcoded, while four specimens could 

not be sequenced due to degraded DNA or poor sequence resolution. A total of 12 

Abdopus specimens were collected, four Callistoctopus, two Cistopus, one 

Amphioctopus, and 11 Octopus. 

The Abdopus genus had three separate representatives collected, but all did not 

match any species that had been sequenced in the NCBI database. Table 3.14 shows 

Abdopus sp. 1 to be 8.7% genetically distant than Abdopus aculeatus, while Abdopus sp. 

2, and Abdopus sp. 3 were 8.7 and 4.8% genetically distant from Abdopus abaculus. 

Abdopus sp. 2 and Abdopus sp. 3 were only 2.1% genetically distant from each other. 

Curiously, there is only one other Abdopus species that has been reported in the Red Sea 

previously which has not been previously barcoded in the NCBI database. Four 

Callistoctopus specimens were collected and they formed one group, but did not match 

any other sequences in the NCBI database, which confirmed our morphological 

identification. Table 3.15 shows this group to be 7% genetically distant than 

Callistoctopus luteus. No other Callistoctopus species have been reported in the Red Sea, 

which has not been previously barcoded in the NCBI database. Photo identification for 
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the Callistoctopus sp. group when compared to molecular work did not match, as 

molecular work indicates it is neither Callistoctopus ornatus nor Callistoctopus luteus. 

Unfortunately, one specimen collected was a paralarvae with no distinct guide to identify 

to species level, and the other two specimens collected were also not able to be identified 

down to species level, just to genus, so are designated as Callistoctopus sp.. One 

Octopoda species that was collected in the Jeddah fish market belonged to the genus 

Cistopus. It unfortunately did not match any other species that were in the NCBI 

database. Table 3.16 shows Cistopus sp. 1 is 13% genetically distant than Cistopus 

indicus, while Cistopus sp. 2 (ARMS) was 9.7% genetically distant than Cistopus 

indicus, but was not morphologically identified due to it being a juvenile specimen. The 

Amphioctopus species that was collected does not match any other species that was in the 

NCBI database, which agrees with our morphological identification. It is noted that this 

specimen was collected from the fish market in Jeddah. Table 3.17 shows Amphioctopus 

has the least genetic distance from Amphioctopus aegina at 3.8%. The most specious 

Octopoda that was collected was Octopus cyanea representing 50% of the Octopoda 

sampled, which matched with the O. cyanea registered in the NCBI database, which 

corresponded to the morphological identification of the genus Octopus. 
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Figure 3.5: A COI combined Bayesian tree with Maximum Likelihood and Neighbor 
Joining for Octopoda found within the Red Sea 
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Table 3.14: Interspecific genetic distances calculated for Abdopus genus in Mega7. 
Intraspecific genetic distance shown at intersections. Standard deviation values inside 
parentheses 

 
Outgroup 

Abdopus 
sp. 1 

Abdopus 
sp. 2 

Abdopus 
abaculus 

Abdopus 
aculeatus 

Abdopus 
sp. 3 

Outgroup 
 

     

Abdopus sp. 1 
0.167 

(0.014) 
 

    

Abdopus sp. 2 
0.139 

(0.013) 
0.112 

(0.012) 0 (0)    
Abdopus 
abaculus 

0.145 
(0.013) 

0.109 
(0.012) 

0.046 
(0.009) 

 
  

Abdopus 
aculeatus 

0.169 
(0.014) 

0.087 
(0.010) 

0.121 
(0.012) 

0.113 
(0.012) 0.06 (0.01)  

Abdopus sp. 3 
0.154 

(0.014) 
0.111 

(0.012) 
0.021 

(0.006) 
0.048 

(0.009) 0.126 (0.012) 
0.001 

(0.001) 
 

Table 3.15: Interspecific genetic distances calculated for Callistoctopus genus in Mega7. 
Intraspecific genetic distance shown at intersections. Standard deviation values inside 
parentheses 

 
Outgrou
p 

Callistoctopu
s sp. 1 

Callistoctopu
s luteus 

Callistoctopu
s ornatus 

Callistoctopu
s minor 

Outgroup 
 

    
Callistoctopus 
sp. 1 

0.180 
(0.015) 0 (0)    

Callistoctopus 
luteus 

0.187 
(0.016) 

0.070  
(0.009) 0.05 (0.01)   

Callistoctopus 
ornatus 

0.179 
(0.015) 

0.133  
(0.013) 

0.138  
(0.013) 0 (0) 

 Callistoctopus 
minor 

0.187 
(0.016) 

0.124  
(0.013) 

0.121  
(0.012) 

0.093  
(0.011) 

  

Table 3.16: Interspecific genetic distances calculated for Cistopus genus in Mega7. 
Intraspecific genetic distance shown at intersections. Standard deviation values inside 
parentheses 

 
Outgroup 

Cistopus 
sp. 2 

Cistopus 
chinensis 

Cistopus 
indicus 

Cistopus 
taiwanicus 

Cistopus 
sp. 1 

Outgroup 
 

     

Cistopus sp. 2 
0.161 

(0.016) 
 

    
Cistopus 
chinensis 

0.196 
(0.018) 

0.116 
(0.015) 
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Cistopus 
indicus 

0.161 
(0.016) 

0.097 
(0.013) 

0.105 
(0.014) 

0.04 
(0.01)   

Cistopus 
taiwanicus 

0.168 
(0.017) 

0.105 
(0.014) 

0.110 
(0.014) 

0.017 
(0.004) 0 (0) 

 
Cistopus sp. 1 

0.178 
(0.017) 

0.131 
(0.015) 

0.131 
(0.014) 

0.130 
(0.014) 

0.133 
(0.015) 

  

Table 3.17: Interspecific genetic distances calculated for Amphioctopus (Amph.) genus in 
Mega7. Intraspecific genetic distance shown at intersections. Standard deviation values 
inside parentheses 

 
Outgroup 

Amph. 
sp. 1 Amph. aegina 

Amph. 
kagoshimensis 

Amph. 
marginatus 

Amph. 
ovulum 

Outgroup 
 

     

Amph. sp. 1 
0.183 

(0.015) 
 

    

Amph. aegina 
0.183 

(0.015) 
0.038 

(0.007) 
0.05  

(0.01)    
Amph. 
kagohshimensis 

0.185 
(0.015) 

0.113 
(0.013) 

0.105  
(0.012) 

 
  

Amph. 
marginatus 

0.171 
(0.014) 

0.110 
(0.014) 

0.109  
(0.012) 0.127 (0.014) 0 (0) 

 
Amph. ovulum 

0.179 
(0.015) 

0.133 
(0.014) 

0.132  
(0.013) 0.140 (0.014) 

0.119 
(0.013) 
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4. Discussion 

Species previously recorded in the Red Sea, which were confirmed in this study, 

include: Sepia pharaonis, Sepia gibba, Sepioteuthis lessoniana, Abralia steindachneri, 

Uroteuthis singhalensis, and Octopus cyanea. Unresolved species in this study include 

one undetermined Sepiidae, one group of Sepioteuthis cf. lessoniana, three Abdopus spp. 

groups, two Cistopus spp., one Amphioctopus sp., and one Callistoctopus species. The 

current status of Cephalopoda taxonomy is under constant revision due to phenotypic 

plasticity, lack of hard structures, and underexplored molecular sequencing. Despite 

restricted access to the majority of coastline of the Red Sea there are 33 Cephalopoda 

species currently accepted in WoRMS and Tree of Life. Many early studies have 

described cephalopod species in detail, but as technology has improved there have been 

very few molecular studies to confirm their appropriate taxonomic identification, which 

is especially true throughout the Saudi Arabian Red Sea coast. As this location is difficult 

to access and collected specimens are commonly shipped away from the region, many 

type specimens, and original collections have been damaged and/or destroyed (Norman 

and Hochberg 2004).  

4.1 Order Sepiidae: 

Morphological and molecular identification indicates Sepia pharaonis was the 

most commonly collected Red Sea species representing 68% of Sepiidae (Table 3.1, 

Figure 3.1). Sepia pharaonis was previously described in the Red Sea by Adam and Rees 

(1966). Sepia pharaonis were caught mostly during the night, using SCUBA with pole 

spear at approximately 10m, as well as in the daytime as by-catch in rotenone sampling 

stations. It is a common cuttlefish species throughout the Indo-Pacific and is also 
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geographically found in Japanese waters, and is targeted for fisheries throughout its 

distribution (Jareb and Roper 2005), excluding the Red Sea, indicating potential 

commercial value. As this species is found in the Red Sea, it is tolerant of extreme 

environments and latitudinal gradients, therefore indicating that it could be successful in 

oceanographic variations caused by climate change. Distribution of S. pharaonis is 

throughout the entire Red Sea coastline, but spawning timing is unknown in the area. It is 

postulated to be an irregular multiple spawner, which occurs when there is a minimum of 

two separate egg-laying events, and oocytes mature between the two egg-laying events 

(Harman et al. 1989; Maxwell et al. 1998), and has a life span of approximately ten 

months (Jareb and Roper 2005). Molecular work indicates a large amount of variation in 

genetic distance of our collected Sepia pharaonis and GenBank sequences downloaded 

(Figure 3.1). Andersen et al. (2015) found S. pharaonis to have five distinct lineages in 

the Indo-Pacific, but was missing Red Sea specimens. Comparing our samples to the 

specimens used in Andersen et al. (2015), shows two distinct clade types which we 

labelled as “Red Sea 1 and Red Sea 2” as they were 3.4 and 3.9% genetically distant 

respectively than their next closest lineage of the Western Indian Ocean, and 2.7% distant 

from each other (Table 3.3). Temperature was identified as one of the environmental 

factors which would evolutionarily push this species to adapt, amongst other 

environmental factors (Andersen et al., 2015). As the Red Sea has an environmental 

gradient which hosts one of the highest mean SST, coincides with the research of 

Andersen et al. (2015). Although this does not explain why there are two distinct clades 

within the Red Sea. Research has suggested (Acker et al. 2008; Ngugi et al. 2012; Raitsos 

et al. 2013) that there is a north to south latitudinal gradient within the Red Sea. During 
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the summer the winds blow southwest (Raitsos et al. 2013), while in the winter the wind 

blows north to south in the north, and south to north in the south converging at 

approximately 17°N latitude. A latitude of approximately 19°N has been suggested as 

splitting the Red Sea into this north to south latitudinal gradient, but has been considered 

a gross oversimplification of the actual situation (Spalding et al. 2007; Roberts et al. 

2015). As most Red Sea clade 2 was collected in the fish market, we are not able to 

comment on this north/south gradient, as not enough specimens were collected from 

either the northern or southern Red Sea. 

Sepia gibba was originally collected and described by Ehrenberg in 1831, and 

formally re-described by Adam and Rees (1966). Sepia gibba is a small cuttlefish found 

in shallow, sandy substrate or reef habitats (Jareb and Roper 2004), which is consistent 

with our collections on both sandy bottoms and within the reefs. It was previously 

thought to be an endemic species in the Red Sea but has recently moved into the 

Mediterranean Sea via the Suez Canal (Lessepsian migration), which is thought to be 

occurring due to the warming of the Mediterranean Sea (Zenetos et al. 

2008). Morphological and molecular identification indicates 26% of Sepiidae species 

collected were S. gibba (Table 3.1, Figure 3.1). Specimens were collected using SCUBA 

and a pole spear as well as collected in shallow sandy substrate <1m deep using a net. No 

juveniles or egg casings were collected. Sepia gibba is the only cuttlefish known to have 

a vertical spine running through the middle of its cuttlebone, which enables quick and 

easy identification. As S. gibba is easily identified through their cuttlebone, it can be 

noted that these cuttlefish had a mortality event during early winter (pers. obs.) as many 

cuttlebones of varying lengths and species were found washed up on the beach. This 
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could potentially indicate the reproductive period of these cuttlefish, and a subsequent 

post-reproduction mortality that is common with Cephalopoda. Our collection of S. 

gibba from these cuttlebones, when compared to the washed up samples, have 

approximately the same abundance ratio, indicating S. gibba could be a common species 

in the Red Sea. S. gibba is not currently targeted by fisheries in the area, and because of 

its small size, lack of distribution data, and little known biology including reproductive 

cycles, it is currently not recommended as a fisheries species. As our collections and 

observations indicate the possibility of S. gibba being a common cuttlefish species in the 

Red Sea, there is potential for an artisanal fishery, although it is recommended that 

reproductive and abundance data be collected before fishing this cuttlefish species.   

Specimen 6130 (Sepia sp1) was collected in 2014 and a small tissue sample was 

taken but no photograph could be used for morphological identification. Molecular work 

suggests it forms a sister group to Sepia gibba, having a 6.1% genetic distance (Table 

3.2). Since no molecular sequences matched this species, and there are 5 Red Sea 

Sepiidae which have sequences in GenBank, it leaves 6 possible species of Sepiidae; S. 

arabica, S. australis, S. dollfusi, S. elongata, and S. murrayi (Table 1.1). No further 

taxonomic identification can resolve this unknown species group.  

4.2 Suborder Myopsida and Oegopsida: 

Morphological and molecular identification of the Sepioteuthis genus indicates 

two distinct species groups found in the Red Sea. Sepioteuthis lessoniana has been 

previously reported in the Red Sea, and one group in our collections matched 

morphologically and molecularly (Table 3.4, Figure 3.3). The other Sepioteuthis group 
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collected did not match molecularly to any other species of Sepioteuthis currently 

accepted, which we label as Sepioteuthis cf. lessoniana which was 13.6% genetically 

distant from Sepioteuthis lessoniana (Table 3.7). Sepioteuthis lessoniana species were the 

most common in our collections representing 37% of the squid collected, it is known as 

the big-fin reef squid and has a large geographic distribution within the Indo-West Pacific 

(Jareb and Roper 2010). It is heavily fished commercially throughout its distribution, but 

has not been specifically targeted in the Saudi Red Sea coastline, according to any 

fisheries reports that have been completed. It is frequently found in the Jeddah fish 

market, however (pers. obs. 2015), which indicates a possible fishery in the southern Red 

Sea. Rearing experiments have shown the life cycle of this squid to be complete from 

100-115 days depending on the region and can grow to 200 mm mantle length (Jareb and 

Roper 2010). Red Sea species have not been tested in the laboratory for life cycle timing, 

but with their short life cycle in other waterways and distribution throughout the Red Sea 

this could be a viable fisheries target for the entire Saudi Arabian Red Sea coastline. 

Molecular work indicates a large amount of variation in genetic distance of our collected 

Sepioteuthis lessoniana and GenBank sequences downloaded. Cheng et al. (2012) 

described different species clades within the entire Sepioteuthis lessoniana distribution, 

but did not include Saudi Red Sea specimens. When comparing our collected specimens 

of Sepioteuthis lessoniana to the specimens used in Cheng et al. (2012), all specimens 

collected in the Red Sea cluster together forming their own monophyletic clade, which 

we classify as “Clade D” (Other than Sepioteuthis cf. lessoniana) (Figure 3.4). This group 

was genetically least distant with species that were collected in Sulawesi and West Papua 

(Cheng et al. 2012), but not the closer geographically India species clade. Izuka et al. 
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(1996), describes temperature as an important factor of species delimitations which 

supports the Red Sea individuals forming their own distinct clade. Despite the latitudinal 

gradient in the Red Sea, it appears as though all the Sepioteuthis lessoniana specimens 

that were caught for this study formed one clade. Cheng et al. (2012) mentions S. 

lessoniana as a Lessepsian migrant; therefore, comparing specimens from the 

Mediterranean Sea to those collected in the Red Sea from this study could determine if 

these are indeed Red Sea migrants, a cryptic species lineage from a different area, or a 

new clade.  

Sepioteuthis cf. lessoniana species group represented 23% of the squid caught in 

this Red Sea study (Figure 3.3). The Red Sea had a second member of Sepioteuthis which 

was previously described by Ruppel and Leuckard (1828), which they called Sepioteuthis 

loliginiformis, which was only collected in the Red Sea. Currently, no adequate studies 

have been performed to prove that this Sepioteuthis species is different than S. 

lessoniana, therefore it was removed as an accepted species. Sepioteuthis loliginiformis 

could be the other species group of Sepioteuthis which was collected in the Red Sea 

which we labeled Sepioteuthis cf. lessoniana. In a recent study (Stein unpublished) 

identified a large group of squid which were found at 150m using sonar. The squid which 

were captured by squid jigging in the area were morphologically identified to be S. 

lessoniana, although it was not known at the time that there could be two distinct species 

groups of Sepioteuthis. It is likely that these could be S. cf. lessoniana as they were 

shown to be schooling at approximately 150m where the lowest known depth of S. 

lessoniana is 100m (Jareb and Roper 2010).  
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Morphological identification indicated one squid species group to match Abralia 

steindachneri, which was 8.5% of the collected squid in the Red Sea (Table 3.6). It is 

broadly distributed throughout the Indo-West Pacific, and the original type specimen was 

collected in the Red Sea. Molecularly this Abralia species did not match previously 

uploaded species in the NCBI database, and as A. steindachneri had not been previously 

uploaded this potentially matches with the morphological diagnosis. Therefore, these 

specimens will be uploaded to the NCBI database as A. steindachneri. As little is known 

of their biology and reproductive strategy it is currently not recommended as a fisheries 

target. 

Morphological and molecular identification indicates two distinct groups of 

Uroteuthis collected in the Red Sea. The first group is morphologically identified as 

Uroteuthis singhalensis which has been previously reported in the Red Sea and 

represented 20% of our collection (Table 3.5, Figure 3.3). It is widely distributed through 

the Indo-Pacific, and all specimens were collected in the fish market indicating probable 

fisheries in the southern Red Sea. No U. singhalensis were uploaded in the NCBI 

database, although morphological and COI analysis confirms they belong to the genus 

Uroteuthis. As they did not match any other Uroteuthis that have been previously 

uploaded, and morphologically they match U. singhalensis these specimens will be 

uploaded as U. singhalensis to the NCBI database. Uroteuthis are a major fishing target 

in other areas of the Indo-West Pacific, and are thought to spawn from October to April 

as juveniles have been captured in January/February to June (Jareb and Roper 2010). 

Nothing is known of the reproductive/biology of these species within the Red Sea, and 

since it is such an extreme environment it is likely different than other regions. 
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The second group of Uroteuthis morphologically matches Uroteuthis arabica 

which has been previously reported in the Red Sea and represents 8.6% of our collection 

(Table 3.5, Figure 3.3). It has only been reported in three locations (Red Sea, Gulf of 

Aden, and Mozambique), but was collected for this study in the fish market indicating 

probable fisheries in the Red Sea. No U. arabica has been uploaded to the NCBI database 

so molecular work could not resolve the species. They did not match any other 

Uroteuthis species uploaded, and with morphological identification they will be uploaded 

to the GenBank. No reproductive or biology is known of these species so caution should 

be undertaken if these are fished in the Red Sea. 

4.3 Order Octopoda: 

Morphological and Molecular identification indicates five genera of Octopoda 

collected in this study. Molecular analysis indicated three different groups of Abdopus 

species that were collected in the Red Sea which represented 3%, 13% and 40% of our 

collected Octopoda (Figure 3.5). Abdopus horridus, which is endemic to the Red Sea, is 

currently the only Abdopus species that has been recorded previously within the Red Sea, 

although A. horridus does not have a representative sequence in GenBank. As such, 

Molecular analysis could not help resolve species identification for this Octopoda genus 

as our species groups did not match any previously uploaded Abdopus species within 

GenBank. Abdopus sp. 2 and A. sp. 3 are only 2.1% genetically distant from each other 

(Table 3.14) so caution is used when assigning these as different species. This would 

indicate that there are at least two distinct, with possibly three separate species of 

Abdopus found within the Red Sea. It is likely one of the specimens of Abdopus that was 

collected in this study is A. horridus, but since collected specimens were 
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paralarvae/juveniles, we are unable to morphologically identify them, so we cannot be 

certain (Table 3.9). Abdopus species group was erected in 2001, which was previously 

described as the Octopus horridus species group (Norman and Finn 2001). Abdopus 

genera have commonly been misidentified and currently only have seven accepted 

species, which hasn’t changed since 2001 (Norman and Finn 2001; Jareb et al. 2014). As 

these species are small, have excellent camouflage, and limited activity on the reef they 

are potentially underrepresented, although they are the most diverse group of Octopoda in 

the Indo Pacific (Norman and Finn 2001). Abdopus are found distributed in the Pacific 

region and the tropical Indo-West Pacific on intertidal reef flats and shallow waters 

(Jareb et al. 2014). They are generally a small genus recording a maximum weight of 

65g, and are known to be ‘day active’. 

Morphological and molecular work did not help resolve the species group 

collected in the Red Sea for the genus Callistoctopus. There is currently only one species 

of Callistoctopus found in the Red Sea which is Callistoctopus ornatus, but 

morphological (Table 3.10) and molecular (Figure 3.5) analysis shows Callistoctopus sp. 

1 is a different species and genetically 13.3% distant (Table 3.15). Callistoctopus sp. 1 

represented 13% of the Octopoda collected. Callistoctopus is found throughout the world 

in shallow waters of temperate and tropical locations in all habitats from reef, seagrasses, 

and soft sediments (Jareb et al. 2014). There was a report of Callistoctopus macropus in 

the Red Sea (Adam 1973) but it was removed as an accepted species as only one was 

ever collected and the species description was not conclusive that it was in fact C. 

macropus. Morphological and molecular analysis indicate that there is indeed a different 

species of Callistoctopus within the Red Sea, which could be C. macropus. It is noted 
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that by photograph identification this specimen collection appeared to be C. luteus by two 

different invertebrate experts. This gives evidence towards the previous studies showing 

morphological identification can be very troublesome, and gives an insight to why the 

status of Cephalopod taxonomy is under constant revision, and why a combined 

morphological and molecular work can help aid in resolving taxonomic issues. 

Morphological and molecular analysis of the Cistopus genus did not resolve the 

species collected in the Red Sea. Two specimens were collected, and had 13.1% genetic 

distance from each other (Table 3.16). Morphologically only one specimen could be 

measured (Table 3.11) and did not match any other Cistopus species previously 

described. Although it is to be noted that a new species of Cistopus (platinoidus) (Sreeja 

et al. 2015) was recently described in India, which was not been molecularly sequenced 

or uploaded. Unfortunately, our sample was a female and the distinguishing diagnostic 

features in Cistopus platinoidus were related to the reproductive appendage in the male; 

therefore, further comparison could not be completed (Sreeja et al. 2015). Cistopus has 

not been reported in the Red Sea previously, which could be due to the fact it is 

commonly found in shallow mud/sandy bottom environments. As the Red Sea artisanal 

fisheries target areas on or near reef habitats, it is not surprising that this genus has never 

been reported in the Red Sea previously. Cistopus species are distributed throughout 

coastal waters of Asia and through to India. However, it is noted by the authors that one 

specimen was collected from the fish market in Jeddah; therefore, the specific geographic 

location from which this specimen originated is not certain. Cistopus species in other 

regions of the world have are heavily harvested by fisheries, and could provide a valuable 

resource for artisanal fisheries. 
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Two species of Amphioctopus (marginatus and robsoni Adam 1941) are currently 

accepted species found within the Red Sea. Morphological analysis of our fish market 

specimen does not match the two species reported in the Red Sea mainly due to their arm 

length metrics not matching (Table 3.12). Molecular analysis reveals our Amphioctopus 

species did not match Amphioctopus marginatus, or the widely spread Amphioctopus 

aegina being 11% and 3.8% genetically distant respectively (Table 3.17). Unfortunately, 

a COI reference sequence Amphioctopus robsoni has never been uploaded into the NCBI 

database. Amphioctopus species are distributed within tropical and subtropical waters of 

all oceans in sand or muddy substrates of shallow waters (Jareb et al. 2014). Despite 

being a smaller sized Octopoda, Amphioctopus species are a valuable commercial species 

to fisheries in eastern Asia (Jareb et al. 2014). Currently there are no fisheries for 

Amphioctopus within the Red Sea, and with the high commercial value associated with 

the genus in Asia these species could be targeted for artisanal fisheries. 

Octopus cyanea morphologically and molecular is the only representative from 

the genus Octopus, representing 37% of our collection (Table 3.13, Figure 3.5) and has 

been previously reported in the Red Sea. It is a widely distributed species throughout the 

tropical Indo-West Pacific including Japan, Africa, Hawaii and Australia. As this species 

is found in the Red Sea, it is tolerant of extreme environments and latitudinal gradients, 

therefore indicating that it could be successful in oceanographic variations caused by 

climate change. Octopus cyanea is known as a ‘day octopus’ which is due to its common 

activity levels in the day time. It is therefore common for O. cyanea to be collected with 

spears and lures (Jareb et al. 2014). Paralarvae of O cyanea was collected during two 

different seasons suggesting a continual reproductive strategy within the Red Sea. 
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Currently no commercial fisheries for this octopus occurs although it is reported to be an 

artisanal fisheries species throughout its distribution (Jareb et al. 2014). 

As many species found in the Red Sea have an active fisheries component in other 

areas, the possibility of a Cephalopoda targeted fisheries could be successful. Recent 

studies have shown Cephalopoda populations increasing for most of the worlds fisheries 

(Caddy and Rodhouse 1998; Doubleday et al. 2016). As more fisheries studies occur 

worldwide, it has been shown that the reduction in fish populations (Caddy and Rodhouse 

1998) due to overfishing could be a major cause in the increase in all Cephalopoda 

populations, as well as changing environmental factors (Halpern et al. 2008, Doubleday 

et al. 2016). While increasing temperature gives evidence towards increase Cephalopoda 

growth rates (Ikeda 2016), the current trend of a lowering of ocean pH (increase in 

acidity) may negatively impact cephalopod survival (Rodhouse et al. 2014). These 

studies suggest that Cephalopoda could potentially become a more significant part of the 

diet of the global population, while an increase in fishing pressure could be very 

detrimental to the populations and stocks of Cephalopoda (Anderson et al. 2011) as they 

are understood to have a “boom or bust” life cycle. 

This study represents only the Cephalopoda that were caught relatively close to 

the Saudi Red Sea coastline. Further studies could be done to show the biodiversity of 

Cephalopoda in the mesopelagic and deep-sea regions of the Red Sea. The Red Sea 

remains an interesting and anomalous environment below 1000m depth as water 

temperatures remain warm (~20˚C) even at the deepest points (Edwards and Head 

1987)). Most deep-sea Cephalopods have very low metabolic rates to compensate for the 

low temperatures (Seibel et al. 2000), and as the Red Sea deeper waters is an 



65 
 

environment different than anywhere else in the world, it would be fascinating to 

investigate the Cephalopoda found at extreme depths within the Red Sea. Deep sea corals 

have been described in the Red Sea (Roder et al. 2013) and it has been shown that their 

metabolic rate was much higher than other deep cold water corals. It therefore stands to 

reason, that a similar analysis concerning Red Sea deep sea cephalopod metabolism could 

be performed if specimens were collected. Future work could focus on catching multiple 

specimens from a few schools from 150m and morphologically and molecularly identify 

them, and describe them as either loliginiformis or a new species within the Red Sea. 

Need to look into gradient studies between north and south Cephalopoda species, like 

sponges (Giles et al. 2015) and clownfish (Nanninga et al. 2014).  
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5. Conclusions 

Despite various Cephalopoda studies throughout history and the morphological 

work that has been undertaken, taxonomy of the class Cephalopoda is still in disorder. 

Molecular analysis can assist in proper Cephalopoda identification, but cannot be used 

alone. Only when proper morphological work is done in conjunction with molecular 

work, can you ensure an accurate genus/species identification. This is especially true with 

invertebrates which lack hard structures, have the ability to mimic other animals, and 

have a high phenotypic plasticity. Molecular work has not yet been sufficiently used for 

Cephalopoda databases, especially with endemic or remote regions, are still not robust. 

Currently there are 33 accepted species of Cephalopoda in the Red Sea. This study shows 

the potential to add one Sepiidae, one Oegopsid squid, and eight new octopus species to 

the Red Sea. Although this work has enhanced the few studies that have been done on 

Cephalopoda of the Red Sea, this area of investigation is a far from complete. As more 

specimens continue to be collected in efforts to understand biodiversity, and more 

sequences are added to online databases, further comparisons can be made. This could 

allow for more species descriptions and clarification of questionable species delineations 

which are currently plaguing Cephalopoda taxonomy. However, there are cases in which 

molecular identification of organisms must be carefully considered, because this method 

cannot solely be used to resolve taxonomy, so caution must be undertaken.  
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