
1  

Distributional and dietary overlap between two 

common squaloid sharks, Squalus acutipinnis and 

Squalus bassi, caught as bycatch off the coast of 

South Africa 

 

By 
 
 

Aseeqah Davids 
 
 

A dissertation submitted in fulfilment of the requirements for the 

degree of Magister Scientiae in Biodiversity and Conservation 

Biology, at the Department of Biodiversity and Conservation Biology 

 
 

University of the Western Cape 

2020 

 

http://etd.uwc.ac.za/ 
 



2  

Distributional and dietary overlap between two common squaloid sharks, Squalus 

acutipinnis and Squalus bassi, caught as bycatch off the coast of South Africa 

A. Davids 
 

MSc. Dissertation, Department of Biodiversity and Conservation Biology, University of the 

Western Cape 

Abstract 
 

Squalus acutipinnis and S. bassi may be the most common dogfish species around 

South Africa, and show overlap in their latitudinal and bathymetric distributions. Even 

though these sharks are likely endemics, they are also the common bycatch species and still, 

species-specific studies are lacking. The overall objective of this thesis was to understand the 

intraspecific and interspecific variability in the distribution and feeding ecology of these two 

species around the West and South coasts of South Africa. All species catch records and 

samples were collected during routine demersal hake biomass research surveys, conducted by 

the Department of Forestry Fisheries and the Environment (DFFE). Distributional patterns 

were evaluated using catch records, dating from 1984 to 2015. These results indicated that S. 

acutipinnis were commonly caught on the South coast whereas S. bassi was more abundant 

on the West coast. There were significant differences in the overall distribution of small, 

medium and large sharks with depth, as well as between sexes. Overlap in the distribution of 

these species also revealed significant differences in the size compositions of sharks with 

depth. Squalus acutipinnis appears to be distributed over a narrow depth bin whereas S. bassi 

occupied a broader depth bin. Males of both species were more abundant than females on the 

West coast, while the opposite was true for the South coast. 

The feeding ecology of these species was analysed by the use of both stomach content 

(diet) and stable isotope (trophic) analyses. All stomach samples analysed, were collected 

from research surveys conducted between 1984 - 1994 and 2014 – 2016. Results of the 

stomach content analyses revealed that teleosts, crustaceans, cephalopods and polychaetes, 

were the diet categories that were of overall importance in the diet of these sharks, with the 

degree of importance varying by coast, depth sampled and size class. Whilst the results 

indicate that males and females have similar diets (p > 0.05), there were marked changes in 

diet with ontogeny that mirror differential depth occupation. Small sharks were found in 

shallower water than large sharks and tended to feed less regularly on teleosts than their 

larger counterparts. There were also differences in the diet of sharks between the West and 
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South coast, which likely reflect changes in the ambient food environment. Interspecific 

differences were also evident as co-occurring sharks fed on the same resources, but in 

different proportions. 

All muscle tissue analysed, were collected from research surveys conducted 

between2014 – 2016. Similarly, the stable isotope data indicated varying degrees of 

intraspecific variability in the isotopic signatures of δ15N and δ13C by coast, depth and size. 

Both species displayed significantly greater δ15N and significantly lower δ13C values on the 

West coast than the South coast. Depth played a role in isotope expression with significantly 

greater δ15N signatures and lower δ13C signatures, being evident in deep water Squalus 

acutipinnis, rather than these sharks found in shallow waters. Moreover, the δ15N signatures 

were significantly greater in the large sharks, while a significant (negative) effect in δ13C 

signatures was only true for S. acutipinnis, on both coasts. Interspecific variability in the 

signatures were also noted. Overall, there was pronounced differential habitat use as well as 

dietary resource-use, at both the intra and interspecific levels. Intraspecific and interspecific 

habitat differences observed seemingly mirror dietary differences. Competition may be a 

reason for the observed patterns, with sharks partitioning their habitat and dietary resources 

to allow for co-existence, though differences may also simply be due to ontogenetic shifts in 

resource requirements with growth/survival. It is important to note that it was difficult to 

attribute the observed variability in distribution and feeding ecology to competitive 

interactions alone, and the likelihood of varying environmental conditions, present off each 

coast, having greatly influenced the observations made, was also acknowledged. 

Keywords: Bycatch, Competition, Co-occur, Diet, Distribution, Habitat use, Interspecific 

competition, Intraspecific competition, Overlap, Resource-use, Segregation, Separation, 

Stable isotope analysis, Stomach content analysis, Trawl 
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Chapter One 

General Introduction 

The evolution and diversity of Chondrichthyes 
 

Chondrichthyes is an evolutionary conserved and successful class of jawed vertebrates, 

representing one of the two groupings of extant fish (Carroll, 1988; Simpfendorfer and 

Heupel, 2012), forming a monophyletic sister-taxon to Osteichthyes. Due to their possession 

of jaws, Chondrichthyes and Osteichthyes are termed the crown Gnathostomata (Motta et al., 

1997; Meyer and Zardoya, 2003; Carrier et al., 2012; Boisvert et al., 2019). The class 

Chondrichthyes includes sharks, skates, rays and chimaeras (Thompson and Springer, 1965; 

Heinicke et al., 2009; Carrier et al., 2012; Ebert and Stehman, 2013; Walker, 2020). 

Chondrichthyans made their first appearance during the late Silurian period, over 400 

million years ago, and are presumed to have derived from the Acanthodians (Compagno, 

1990b, 1999; Brett and Walker, 2002; Last and Stevens, 2009; Grogan et al., 2012; Hastings 

et al., 2015). The earliest record of chondrichthyans is “chondrichthyan-like scales” (Carrier 

et al., 2012). This finding suggests that early species may not have been well mineralised, 

which results in the lack of fossils found today (Carrier et al., 2012). While other faunal 

groups were dying out, chondrichthyans radiated during the Permian-Triassic and 

Cretaceous-Triassic periods of mass extinction and have shown spikes in their diversity, 

increasing and decreasing over time (Carroll, 1988; Fowler et al., 2005; Carrier et al., 2012; 

Hastings et al., 2015). These fishes have occupied and survived in diverse ecosystems, and 

have shown remarkable evolutionary plasticity and resilience with time (Fowler et al., 2005; 

Carrier et al., 2012). 

Presently, Chondrichthyes is comprised of 14 Orders, over 60 Families, 188 Genera, 

and about 1200 species, with many species still being described (Compagno, 1990b; a; Last 

and Stevens, 2009; Grogan et al., 2012; Hastings et al., 2015). Even though chondrichthyan 

fishes comprise only 3% of the total fish diversity today, this class includes more than 10% of 

the known fish Orders, highlighting remarkable differences in morphology among relatively 

few species (Last and Stevens, 2009; Hastings et al., 2015). This class is split into two 

divergent evolutionary lines (sub-classes), namely the Holocephali (complete head - 

chimaeras; elephant fishes and ratfishes) and Elasmobranchii (strap gills - sharks, skates and 
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rays) (Lund and Grogan, 1997): Elasmobranchii comprises 96% of the overall diversity 

(Compagno, 1999; Klimley, 2013; Hastings et al., 2015). 

 

Unique biology and general ecology of Chondrichthyes 
 

Chondrichthyan fishes are distinguished from Osteichthyes by possessing a skeleton made of 

cartilage instead of bone, and a neurocranium without sutures (Carrier et al., 2012; Hastings 

et al., 2015). The cartilaginous skeleton gives the group its alternative name and they are 

more commonly referred to as cartilaginous fish. They have evolved well-developed electro- 

receptive senses, with numerous pores of the ampullae of Lorenzini. These receptive senses 

function in detecting weak electric fields emitted by prey, thus allowing for the detection of 

prey in the absence of olfactory and visual cues (Klimley, 2013). The ampullae of Lorenzini 

are especially well-pronounced around their mouth region (Klimley, 2013; Hastings et al., 

2015). 

 
All species of cartilaginous fish undergo internal fertilization (Ebert and Stehman, 

2013; Klimley, 2013). Depending on the species, females may be oviparous and release 

protective keratinized egg-cases in which their embryos develop; while others may be 

ovoviviparous - with embryos developing within the body of the females (Hastings et al., 

2015). Within ovoviviparous species, some embryos develop exclusively from nutrition 

supplied in the egg (yolk-viviparity); others develop from inter-uterine cannibalism; while the 

mothers of some species provide nutrition to developing embryos, either by placental 

viviparity, oophagy or lipid histotrophy (Hamlett, 2005; Musick, 2011). Musick and Ellis, 

(2005) concluded that the primitive state in chondrichthyans was yolk-sac viviparity, from 

which all other forms of ovo-viviparity had evolved. The males are modified for internal 

fertilization, as they possess a pelvic-fin clasper that aids in mating. Its sole function is to 

transfer sperm during mating (Klimley, 2013). Even though some species of chondrichthyan 

fish may have well-defined reproductive seasons, others do not and it is often difficult to 

determine the reproductive cycles for many species (Klimley, 2013). Importantly, the 

reproductive output of chondrichthyan fish tends to be limited, with small litter sizes being 

the general condition for most species (Klimley, 2013; Hastings et al., 2015). As a 

consequence, they are regarded as having k-selected life-history strategies (Klimley, 2013), 

characterised by slow growth, late age at maturity, low fecundity, long gestation periods and 

long lives (Compagno, 1990b; Klimley, 2013). This suite of life-history characteristics allows 
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for a low intrinsic rate of population increase, and consequently, a low reproductive potential, 

making them vulnerable to overexploitation (Compagno, 1990b; a; Stevens et al., 2000; 

Baum, 2003; Cavanagh and Gibson, 2007; Ferretti et al., 2010; Worm et al., 2013). 

 
Cartilaginous fish display a diverse range in size, with some fully-grown at ≤ 20 cm 

(e.g. Squaliolus aliae) and others only fully-grown at sizes ≥500 cm (e.g. Rhincodon typus; 

Colman, 1997; Kyne and Heupel, 2015; Pierce and Norman, 2016). Most species are 

predominantly found in marine environments (Klimley, 2013) and may occur either along 

continental shelves or continental slopes, with few species known to even occur along insular 

shelves. Even though some species may occur in inshore estuarine and freshwater habitats, 

only a few species have ranges that are restricted to such environments (Klimley, 2013). 

Estuarine and freshwater habitats are generally known to serve as birthing grounds and 

nurseries (Carrier et al., 2012; Klimley, 2013). Chondrichthyan fish are known to occur at all 

depths in the ocean, and even though they are highly mobile organisms, many have restricted 

distributions with only a few taking part in large-scale migrations (Cailliet et al., 2005; 

Cavanagh and Kyne, 2006). 

 
Chondrichthyans are entirely predacious and are well-known carnivorous hunters 

(Klimley, 2013). The teeth of sharks, skates, and rays are derived from placoid scales, which 

form replicating rows that are serially replaced. Chimaeras, on the other hand, have three 

pairs of permanent, grinding, non-mineralised tooth plates (Helfman et al., 2009; Lisney, 

2010; Hastings et al., 2015). Although some species may feed by filter-feeding (e.g. 

Rhincodon typus), most are regarded as predators and many occupy top or near-top roles in 

the food web (Compagno, 1990a; Stevens et al., 2000; Klimley, 2013). This top-predatory 

position is apparent, as they play key roles in predator-prey relations by affecting the 

population size of the prey species, thereby greatly influencing ecosystem structure and 

function (Stevens et al., 2000; Klimley, 2013). 

 

The Elasmobranchs 
 

Individuals belonging to the sub-class Elasmobranchii are characterised by several features 

including five to seven separate gill openings, a dorsal fin that is entirely rigid, spiracles, 

blind sac nostrils, a body that is covered in placoid scales with either amphistylic (upper jaw 

not fused to the cranium) or hyostylic jaws (upper jaw fused to the cranium; Hastings et al., 
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2015). In addition to this, males within this group lack cephalic claspers (Klimley, 2013). 

Elasmobranchii is comprised of 13 orders namely, Heterodontiformes (horn sharks), 

Orectolobiformes (nurse sharks), Carcharhiniformes (ground sharks), Lamniformes 

(mackerel sharks), Squaliformes (dogfish sharks), Hexanchiformes (cow sharks), 

Squantiniformes (angel sharks), Pristiophoriformes (saw sharks), Echinorhiniformes 

(bramble and prickly sharks), Rhinopristiformes (sawfishes), Rajiformes (skates), 

Torpediniformes (electric rays) and Myliobatiformes (stingrays; Klimley, 2013; Hastings et 

al., 2015; Fricke et al., 2020). 

 
While most collectively refer to the group as elasmobranchs, phylogenetic analyses 

have shown further split in this relationship, with the skates and rays comprising the group, 

Batoidea and the shark-like elasmobranchs comprising the sister-group, Selachii (Naylor et 

al., 2005; Aschliman et al., 2012). Interestingly, the numbers of extant elasmobranch species 

are almost evenly divided between Batoidea (54% of the total chondrichthyan diversity) and 

Selachii (42%) (Compagno, 1999; Hastings et al., 2015). Batoidea are characterized by 

having dorso-ventrally flattened heads and bodies; enlarged pectoral fins adjacent to the head, 

mouth, and gills; gill slits opening ventrally and the eyes and spiracles positioned on the 

dorsal region of the head (Hastings et al., 2015). By contrast, Selachii are characterized by 

having pectoral fins separate from the head and gills; gill-openings on the lateral side of their 

head, with eyes and spiracles positioned in the anterior region of the head (Nelson et al., 

2016; Hastings et al., 2015). 

 
The pronounced k-life-history characteristics of elasmobranchs highlight their 

intrinsic vulnerability (Compagno, 1990b; Klimley, 2013). Numerous studies have already 

indicated worldwide declines in elasmobranch populations as a result of direct and indirect 

anthropogenic activities (Stevens et al., 2000; Dulvy and Forrest, 2010; Hutchings et al., 

2010; Barausse et al., 2014). Unsustainable fishing practices and the consequent bycatch 

activities have been leading causes of widespread depletion of elasmobranch populations 

(Stevens et al., 2000; Frisk et al., 2001; Carrier et al., 2004; Frisk, 2010). In addition to this, 

the continued expansion of fishing into the deep-sea has raised concerns about the ability of 

deep-sea chondrichthyans to sustain fishing pressure (Morato et al., 2006). Of the global 

fauna of about 1200 described species of chondrichthyans, approximately 530 are deep-sea 

species (Hastings et al., 2015), with most deep-sea chondrichthyans yet to be studied (Frisk, 

2010). Therefore, urgent studies on the distribution, life history, population dynamics and 
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feeding habits of these species are required, as those currently available mainly deal with 

species of commercial importance. 

In most regions of the world, squaloid (dogfish) sharks are of no commercial 

importance but are readily removed in substantial quantities as bycatch (Compagno et al., 

2005; Petersen et al., 2008; Ebert, 2013; a; Ebert and Stehman, 2013; Oliver et al., 2015; 

Currie et al., 2020). In the few regions where dogfish are of commercial importance, these 

sharks are targeted for their meat, liver, oil, fins and sometimes leather (Compagno et al., 

2005; Ebert, 2013). Around the South African coastline, studies on commercially 

unimportant sharks are lacking, even although they do make a substantial contribution to the 

bycatch (Petersen et al., 2008; Reed et al., 2017; Currie et al., 2020). 

 

Dogfish taxonomy, distribution, and biology 
 

The family Squalidae consists of two genera, Cirrhigaleus and Squalus, which collectively 

comprises 36 species (Ebert and Stehman, 2013; Froese and Pauly, 2019). Over the years, 

there has been a tendency to group morphologically similar, but geographically separated 

Squalus populations in global “species complex sub-groups” (Leslie RW, pers comm., 

2015, DFFE), namely, S. acanthias, S. megalops and S. mitsukurii (Ebert et al., 2010; White 

and Iglésias, 2011; White et al., 2013; Viana et al., 2017). Recently, however, the genus 

Squalus has received a lot of attention, as many new species have been described and older 

taxa have been resurrected (Last et al., 2007; Ebert et al., 2010; Figueirêdo, 2011; 

Veríssimo et al., 2011; White and Iglésias, 2011; White et al., 2013; Viana and de 

Carvalho, 2016; Viana et al., 2017). While some studies have made use of morphology as 

the only aid in identifying species, others have also employed genetic techniques (Viana 

and de Carvalho, 2016; Veríssimo et al., 2017; Viana et al., 2017). Unfortunately, the 

taxonomy of Squalus remains unresolved in most regions of the world, and there have been 

recent spikes in taxonomic studies of Squalus species in southern African waters (Viana and 

de Carvalho, 2016; Veríssimo et al., 2017; Viana et al., 2017). 

 
Squalus sharks have short-nosed cylindrical “shark-bodies”. The presence of an un- 

grooved spine in front of their first and second dorsal fins, as well as the absence of an anal 

fin, are the key features used to distinguish this family in the field (Ebert and Stehman, 2013). 

Other diagnostic features used to further distinguish members within this genus include a 

broad and a flat head; five gills of equal size; short transverse mouth; powerful jaws with 
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sharp cutting teeth in their upper (21 – 30) and lower (21 – 27) jaw; the presence of an upper 

precaudal pit and the absence of a sub-terminal notch on the caudal fins (van der Elst, 1993; 

Heemstra and Heemstra, 2004; Ebert and Stehman, 2013). 

 
Dogfish colours range from grey to brown and bronze, with some having prominent 

markings on their body (Ebert and Stehmann, 2013). Like all other Chondrichthyes, 

reproduction in species of Squalus requires internal fertilization, with their mode of 

reproduction being ovoviviparity. Females produce between one and 32 pups per litter after a 

gestation period of between 18 - 24 months (van der Elst, 1993; Heemstra and Heemstra, 

2004; Ebert, 2013). The size at which maturity is reached ranges from between 60 cm and 

120 cm in length (Ebert, 2013). Females mature at larger sizes than the males, and all 

squaloid species are slow-growing, with some only maturing after 30 years: some species can 

live up to 100 years (Ebert, 2013; Ebert and Stehmann, 2013). Dogfish are limited to the 

tropical and temperate regions of the world’s oceans and are known to live around islands, 

continents, submarine peaks and ridges and are also known to live in close association with 

the sea-floor (benthic or demersal; Compagno, 1984; Compagno et al., 2005; Ebert, 2013; 

Ebert and Stehman, 2013). Most dogfish are regarded as deep-sea species and occur at depths 

greater than 200 m, though a few can be found at > 600 m (Compagno et al., 2005). A few 

species are also known to occur in the water column (pelagic), with some even shown to 

inhabit shallow water embayments along sandy beaches and rocky reefs. Some species of 

Squalus are social and form large “packs”, while others occur in smaller groupings, which are 

generally reported to segregate by size and sex (Heemstra and Heemstra, 2004; Compagno et 

al., 2005; Ebert, 2013; Ebert and Stehmann, 2013). Other species remain solitary (Heemstra 

and Heemstra, 2004; Compagno et al., 2005; Ebert, 2013; Ebert and Stehmann, 2013; 

Hastings et al., 2015). 

 
The diet of squaloids primarily consists of bony fish and invertebrates, though they 

may feed on other chondrichthyans and cetaceans (Ebert et al., 1992). They are often 

regarded as generalist feeders (Ebert et al., 1992; van der Elst, 1993; Heemstra and Heemstra, 

2004; Compagno et al., 2005; Ebert, 2013). The dogfish that occur in packs may be feeding 

communally and cooperatively work together to attack prey (Ebert, 2013). 

 
Like most sharks Squalus sharks have a low intrinsic rate of population increase, making them 

vulnerable to overfishing (Ebert et al., 1992; Gelsleichter et al., 1999; Stevens et al., 2000; 

Simpfendorfer and Kyne, 2009; Ebert, 2013; Dulvy et al., 2014). Unfortunately, squaloid 
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sharks are one of the most common bycatch species, being taken in mixed 

fisheries(Jakobsdóttir, 2001; Hutchings and Lamberth, 2002; Petersen et al., 2008; Attwood et 

al., 2011; Ebert, 2013; Ebert and Stehman, 2013; Reed et al., 2017; Currie et al., 2020). 

Although also taken as bycatch in pelagic trawls, gill/seine nets, they are most commonly 

caught as a bycatch of demersal trawl fisheries (Leslie RW, pers comm., 2015, DFFE; Currie 

et al., 2020). 

 
In South Africa, Squalus acutipinnis (formerly considered a junior synonym of S. 

megalops) (Regan 1908) and S. bassi (formerly known as S. cf mitsukurii, Jordan and Snyder 

1903) are two of the most common demersal bycatch species (Petersen et al., 2008). The 

taxonomy of Squalus around southern Africa is complicated and debates are ongoing (Viana 

and de Carvalho, 2016; Veríssimo et al., 2017; Viana et al., 2017, Leslie RW, pers comm., 

2019, DFFE). At the time this study was initiated, the taxonomy of species around South 

Africa was unresolved, and S. acutipinnis was regarded as S. megalops, and S. bassi was 

considered to be 

S. mitsukurii. 
 
 

The shortnose dogfish of southern Africa 
 

Regan (1908) had described the population of shortnose dogfish off South Africa as a distinct 

species, Squalus acutipinnis: Bass et al. (1976) designated this species as a junior synonym 

of S. megalops. In 2012, a study by Naylor et al., concluded that the species, S. cf megalops 

from South Africa is genetically distinct from Squalus megalops (Naylor et al., 2012). 

Eshmeyer’s Catalogue of Fishes (Eschmeyer, 2014) then accepted S. acutipinnis (Regan, 

1908) as a valid taxon and that has been used in various recent publications (eg. Dippenaar 

and Molele, 2015). Since then, Eshmeyer has changed his mind and has once again listed S. 

acutipinnis as a junior synonym of S. megalops, leaving a lot of taxonomic confusion around 

this species. This led to two studies that aimed at reassessing the phylogeny of the genus 

Squalus off South Africa, which in turn has led to the resurrection of S. acutipinnis (Viana 

and de Carvalho, 2016; Verissimo et al., 2017). 

Squalus acutipinnis has a distribution range from Angola to South Africa, occurring 

on or near the seafloor on the inner/outer continental shelves and the upper slopes, to a 

maximum of about 500 m (Heemstra and Heemstra, 2004; Ebert, 2013). The juveniles are 

pelagic and occur across the outer continental shelf (Watson and Smale, 1998, 1999; 
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Heemstra and Heemstra, 2004; Ebert, 2013; Dippenaar and Molele, 2015). Squalus 

acutipinnis can be recognized by its brown coloured upper body with a white underside. It 

is further distinguished from other squaloids by the length of the spines on the dorsal fins 

and the comparative distances between the nostril and the snout, to the nostril and the labial 

furrow. The spine of the first dorsal fin is considerably shorter than the height of its 

associated dorsal fin, while the length of the spine in front of the second dorsal fin is 

approximately the same as the height of this fin (Heemstra and Heemstra, 2004; Compagno 

et al., 2005; Ebert, 2013; Ebert and Stehman, 2013; Ebert and Mostarda, 2016). The 

distance between the snout and the nostril is greater than that between the nostril and the 

labial furrow (Heemstra and Heemstra, 2004; Compagno et al., 2005; Ebert, 2013; Ebert 

and Mostarda 2013, Ebert and Stehman, 2013; Ebert and Mostarda, 2016). 

 
Squalus acutipinnis may attain a maximum size of roughly 77 cm in total length (TL), 

although few individuals are longer than 65 cm (TL) (Watson and Smale, 1998, 1999; Ebert 

and Mostarda 2013 Leslie RW, pers comm., 2019, DFFE). Females reach maturity between 

49 cm and 55 cm, while males mature at a length of 40 cm (Watson and Smale, 1998, 1999; 

Heemstra and Heemstra, 2004; Compagno et al., 2005; Ebert and Mostarda, 2013; Ebert and 

Mostarda, 2016). The species is ovoviviparous, with females birthing between two and six 

pups during winter (Heemstra and Heemstra, 2004). After a two-year gestation period, pups 

measure between 23 – 24 cm (Watson and Smale, 1998, 1999; Heemstra and Heemstra, 2004; 

Compagno et al., 2005; Ebert and Mostarda, 2013; Ebert and Mostarda, 2016). Squalus 

acutipinnis grows very slowly, with females reaching a maximum age of about 32 years and 

males 29 years. These sharks aggregate in large and dense schools that segregate by size and 

sex (van der Elst, 1993; Watson and Smale, 1998, 1999; Heemstra and Heemstra, 2004; 

Compagno et al., 2005; Ebert and Mostarda, 2013; Ebert and Stehmann, 2013; Ebert and 

Mostarda, 2016). 

 
A preliminary study by Ebert et al. (1992) indicated that Squalus acutipinnis feed 

predominantly on bony fish, with some even feeding on cephalopods and to a lesser extent on 

crustaceans. Squalus acutipinnis is a regular by-catch, caught by shore-anglers but more 

commonly by bottom trawlers (Ebert and Stehmann, 2013). Although having no commercial 

status in South Africa, some S. acutipinnis are reportedly filleted and exported (Heemstra and 

Heemstra, 2004; Compagno et al., 2005; Ebert, 2013; Ebert and Stehmann, 2013). Squalus 

acutipinnis is regarded as a meso-predator within these waters and up until very recently 

possibly a regional endemic (Viana and de Carvalho, 2016; Leslie RW, pers comm., 2019, 
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DFFE). 

The short-spine dogfish of southern Africa 
 

The taxonomy of Squalus bassi can also be described as confusing. Initially, this species was 

called S. bassi in these waters, however, years later got reassessed and then got grouped into 

the S. mitsukurii species complex and referred to as S. c.f. mitsukurii in this region (Ebert et 

al., 1992). Years later again, Viana et al. (2017) resurrected the name S. bassi, as these 

authors found substantial differences between S. mitsukurii and S. bassi. 

The short-spined dogfish off southern Africa is distributed from Namibia to 

Mozambique. These sharks occur on continental and insular shelves, along upper slopes as 

well as around submarine ridges and seamounts, at a maximum depth of about 1000 m 

(Jordan and Snyder, 1903; Ebert, 2013, 2015; Ebert and Mostarda 2013; Ebert and Stehman, 

2013). Squalus bassi is distinguished from other species in the field by its pearl grey to grey- 

brown body and white underside (Ebert and Mostarda, 2013). It is distinguished from the rest 

of the squaloid species by having a relatively short-spine in front of the second dorsal fin, by 

comparison to the height of the fin itself. It is further distinguished by the short distance 

between the nostril and the snout relative to the distance between the nostril and the labial the 

furrow (Ebert and Mostarda, 2013). 

Short-spine dogfish attain a maximum size of 103 cm (TL) (Lucifora et al., 1999; Oddone 

et al., 2010; Ebert, 2013; Ebert and mostarda, 2013, 2016; Ebert and Stehman, 2013). 

Females reach maturity at a length of 72 cm, while males mature between 65 and 89 cm 

(Lucifora et al., 1999; Heemstra and Heemstra, 2004; Compango et al., 2005; Ebert and 

Stehmann, 2013). The mode of reproduction is ovoviviparity, with females birthing between 

four and nine pups during autumn (Ebert and Stehmann, 2013). After a two-year gestation 

period, pups are born measuring between 22 – 26 cm (van der Elst, 1993; Heemstra and 

Heemstra; 2004; Compagno et al., 2005). These sharks may aggregate in large, dense 

sexually segregated schools. A preliminary study by Ebert et al. (1992) has indicated that 

short-spine dogfish feed predominantly on bony fish and cephalopods, with some even 

feeding on crustaceans and polychaetes; they are regarded as mesopredators. Squalus bassi is 

a regular bycatch species, caught throughout its distributional range (Heemstra and Heemstra, 

2004; Cailliet et al., 2005; Compagno et al., 2005; Cavanagh and Gibson, 2007; Ebert, 2013; 

Ebert and Mostarda, 2013, 2016; Ebert and Stehman, 2013), and is considered a regional 

endemic (Viana et al., 2017; Leslie RW, pers comm., 2019, DFFE). 
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Study motivation and objective 
 

One of the biggest problems facing shark research, is that focus tends to be given to either the 

bigger and more charismatic nearshore species, or those of commercial value (Cortés and 

Gruber, 1990; Ebert et al., 1992; Platell et al., 1998; Stevens et al., 2000; Linke et al., 2001; 

Bethea et al., 2004; White et al., 2004; Rinewalt, 2007; Papastamatiou, 2008; Acuña and 

Villarroel, 2010; Vaudo and Heithaus, 2011; Kyne et al., 2011; Mulas et al., 2011; Dicken et 

al., 2017). Lesser attention is given to the uncharismatic, mesopredatory sharks, which are 

more likely than not regarded as “Data Deficient” by the International Union of the 

Conservation of Nature (IUCN) Red List (Cortés and Gruber, 1990; Ebert et al., 1992; 

Stevens, 2000; Bethea et al., 2004; Kyne et al., 2011; Mulas et al., 2011; Vaudo and 

Heithaus, 2011; Lopez et al., 2012). 

Yet mesopredatory sharks represent intermediate trophic-level predators that form the 

link between the upper and lower trophic levels (Ritchie and Johnson, 2009; Vaudo and 

Heithaus, 2011). Given this important ecological role, an understanding of their distribution, 

biology and ecology is important as it provides information on community dynamics and 

ecosystem functioning (Heithaus et al., 2002; Braccini et al., 2005; Acuña and Villarroel, 

2010; Vaudo and Heithaus, 2011; Brown et al., 2012; Lopez et al., 2012; Simpfendorfer et 

al., 2012). 

Fishing has a major impact on sharks, affecting populations through habitat 

disturbance, removal and ultimate death (Belleggia et al., 2012). As fish have become 

increasingly scarce in shallow and accessible waters, the fishing industry has begun moving 

offshore and has started fishing in deeper waters, where the mesopredatory species are 

predominantly found (Ferretti et al., 2010; Schoener et al., 2012). While squaloids make-up 

the second most significant component of the demersal fauna (in terms of trawl diversity), 

around southern Africa (Watson and Smale, 1999; Richardson et al., 2000; Veríssimo et 

al., 2011; Dunn et al., 2013), our knowledge of their intricate population dynamics, 

distribution, and ecology is depauperate. 

This study aims to examine the distribution and diet of Squalus acutipinnis and S. 

bassi along the West and South coasts of South Africa, in order to improve the knowledge 

base upon which management decisions about bycatch are based. Furthermore, because S. 

acutipinnis and S. bassi are described as being similar in morphology, habit and biology and 

are known to co-occur, overlapping in latitudinal and bathymetric distributions (Ebert and 
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Stehmann, 2013), it is hoped to shed light on the nature of interactions between them. This 

study will be the first of its kind on these dogfish in this region of the world’s oceans. Each 

data chapter will have its own introduction, materials and methods, results and discussion 

sections and are governed by the following set of objectives: 

 
Chapter Two: Distribution 

 
1. Determine sex-related differences in the distribution of Squalus acutipinnis and S. 

bassi around South Africa 

2. Analyse fishery-independent data to determine the geographic (South or West coast) 

and bathymetric (Depth) distribution and Size composition, in space of Squalus 

acutipinnis and S. bassi around the West and South Coast of South Africa 

3. Examine catch data to determine whether these species intraspecifically and 

interspecifically differ in the use of their physical habitat 

4. Quantify and compare species density around the West and South coast 

5. Compare the distribution of Squalus acutipinnis and S. bassi to that of the trawling 

effort, to estimate the potential for trawl impact 

 
Chapter Three: Diet by stomach content analyses 

 
1. Determine sex-related variability in the diet of Squalus acutipinnis and S. bassi 

that occur in the West and South coast waters of South Africa 

2. Determine intraspecific variability in the diet of Squalus acutipinnis and S. bassi 

that occur in the West and South coast waters of South Africa, by Coast, Depth 

and Size class 

3. Determine the interspecific variability in the diet between Squalus acutipinnis and 

S. bassi that occur in the West and South coast waters of South Africa, by Coast, 

Depth and Size class 

4. Examine diet data to determine if Squalus acutipinnis and S. bassi differ in the 

use of food resources, intraspecifically and interspecifically, in the waters of the 

West and South coast of South Africa 
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Chapter Four: Trophic ecology by stable isotope analyses 
 

1. Determine sex-related differences in the isotopic signatures of Squalus acutipinnis 

and S. basis that occur in the waters of the West and South coast of South Africa 

2. Determine intraspecific variability in isotopic signatures of δ15N and δ13C, by Coast, 

Depth and Size classes for both Squalus acutipinnis and S. bassi that occur in the 

waters of the West and South coast of South Africa 

3. Determine interspecific differences in isotopic signatures of δ15N and δ13C, by Coast, 

Depth and Size classes, between Squalus acutipinnis and S. bassi that occur in the 

waters of the West and South coast of South Africa 

4. Examine isotopic data to determine whether these species differ intraspecifically 

and interspecifically, in the use of their trophic habit 
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Chapter Two 

The distribution and population structure of the dogfish, Squalus 
acutipinnis and Squalus bassi on the West and South coasts of 

South Africa 
 

Introduction 
 

The manner in which species are non-randomly distributed within their environments is a 

fascinating aspect of ecology and has long intrigued ecologists (Guisan and Thuiller, 2005). 

Multiple studies carried out within the marine environment have indicated significant 

spatial and temporal variation in the abundance and distribution of fish, within their 

respective communities (Diaz, 2014). Depending on their size, sharks are regarded as either 

apex predators (top) or meso/near-top predators (mid-trophic level) and have been shown to 

have strong regulatory functions in marine ecosystems (Heithaus et al., 2002; 

Papastamatiou, 2008). Through their interactions, sharks may control the abundance of prey 

within their community, thus affecting the functioning and structure of their associated 

ecosystems (Ceccarelli et al., 2014; Diaz, 2014). 

Species distribution patterns, witnessed today, reflect multiple abiotic and biotic 

factors (Knip et al., 2010; Veríssimo et al., 2011; Broennimann et al., 2012; Mourier et al., 

2012). The real challenge for any distributional study is determining which factors are 

responsible for the distribution of the study-species (Mourier et al., 2012). This being said, 

competition has been shown to be a fundamental structuring force in communities, as it 

influences the realized niche of species which in turn facilitates community structure (Dulvy 

et al., 2000; Krebs, 2001; Papastamatiou et al., 2006; Fairclough et al., 2008). Competition 

is, however, a negative-negative species interaction, by which members of the same species 

(intraspecific competition) or different species (interspecific competition) compete for the 

same limiting resources within their environment. Competition only takes place when 

resources are limiting, and there is a niche (spatial and/or dietary) overlap (Colwell and 

Futuyma, 1971; Sale, 1974; Pianka, 1981; Macleod, 2005; Papastamatiou et al., 2006; 

Papastamatiou, 2008). 
 

As competition reduces the fitness of all involved it is best “avoided” (Pianka, 1981; 

Ross, 1986), and co-existence through the differential use of resources is promoted (Sale, 

http://etd.uwc.ac.za/ 
 



23  

1974; Pianka, 1981; Ross, 1986; Platell et al., 1998; Macleod, 2005; Pikitch et al., 2005; 

Knip et al., 2012). Papastamatiou et al. (2006) studied the distribution of the four most 

common carcharhinid sharks in Hawaii using catch data, and noted that three of the species 

exhibited a degree of intraspecific variability in habitat use, as differences in their distribution 

by size, depth and sex became apparent. In addition to this, interspecific variability in habitat 

use was also evident. Although all four species of shark were recorded throughout the study 

area, each species’ abundance peaked in a different region. These results led to the conclusion 

that these sharks may be spatially partitioning their physical habitat, both intraspecifically 

and interspecifically, thereby facilitating coexistence. As competition has been shown to play 

a strong role in habitat selection by sharks, habitat may always be a means by which shark 

species compete (Pianka, 1981; Methratta and Link, 2007; Knip et al., 2012), and to facilitate 

co-existence and reduce the intensity of competition, sharks may divide their physical habitat 

on a spatial and temporal scale by location, depth and even habitat types (Simpfendorfer et 

al., 2005; Flammang et al., 2011). Thus, the manner in which shark species compete may 

result in the distributions and population structures currently observed (Connell, 1983; 

Fairclough et al., 2008; Ruocco et al., 2012). 

As noted earlier, Squalus acutipinnis and S. bassi are common and co-occurring 

dogfish sharks, caught as bycatch off the West and South coasts of South Africa (Heemstra 

and Heemstra, 2004; Petersen et al., 2008). They are both deep-sea demersal sharks that are 

similar in morphology (Heemstra and Heemstra, 2004; Ebert and Stehmann, 2013), are 

presumed to have similar resource requirements and may be potential competitors (Platell et 

al., 1998; White et al., 2004; Bethea et al., 2007; Bizzarro et al., 2007; Veríssimo et al., 

2011; Bornatowski et al., 2014). In other parts of the world, the majority of dogfish are 

reported to have rather complex distribution structures (Braccini et al., 2006a), with 

segregation in space and time being observed by maturity, size and sex (Hanchet, 1988; 

Compagno, 1990a; Graham, 2005; Braccini et al., 2006a; Flammang et al., 2011). This study, 

therefore, aims to determine the spatial distributions of S. acutipinnis and S. bassi, around the 

West and South coasts of South Africa, using the annual hake biomass trawl data collected by 

the national Department of Forestry, Fisheries and the Environment (DFFE). This study will 

furthermore, investigate the potential intraspecific variability in habitat use by each species, 

as well as assess the likely interspecific variability in habitat use between species, being 

presupposed that morphologically similar species that occur within the same environment are 

likely to be competitors (White et al., 2004). It was hypothesized that: 
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H0: There is no intraspecific difference in the size distribution of each species, with changing 
bathymetry on the West and South coast 

H0: There is no intraspecific difference in the sex distribution of each species with changing 
bathymetry on the West and South coast 

H0: There is no intraspecific difference in the size distribution, with sex, of each species on 
the West and South coast 

H0: There is no interspecific difference in the size distribution, with changing bathymetry on 
the West and South coast 

H0: There is no interspecific difference in the sex distribution with changing bathymetry on 
the West and South coast 

H0: There is no interspecific difference in the size distribution, with sex, on the West and 
South coast 

 
 

Materials and methods 
 

Study survey area and sampling design 
 

All dog shark data samples were recorded/collected during routine demersal hake biomass 

surveys conducted by DFFE, on the West and South coasts of South Africa, between 1983 

and 2015. Surveys extended from the Orange River (OR) to Port Elizabeth (PE, Fig. 1). 

Prior to 2010, the offshore limit of the survey area was based on the 500 m isobath, but the 

survey area was subsequently extended to the 1000 m isobath. 
 

 
Figure 1: Survey grid used for demersal surveys conducted by DFFE. Grid cells are 5x5 minutes and are 
grouped into depth strata. The 20 °E meridian (Cape Agulhas) is the boundary between the West and South 
Coast surveys. PN=Port Nolloth, SHB=St. Helena Bay, SB=Saldana Bay, CT= Cape Town, GAN= Gansbaai, 
AG= Cape Agulhas, mB=Mossel Bay, PE=Port Elizabeth. Figure adapted from van der Heever 2017. 

OR 
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All trawls were conducted during daylight hours. Station selection followed a 

pseudorandom stratified sampling design, as explained by Payne et al. (1985). In summary: 

strata were defined by depth and latitude (West coast) or depth and longitude (South coast); 

the number of stations per stratum was directly proportional to the area of that stratum, and a 

proximity rule was applied to limit clumping of randomly selected positions. All trawls were 

intended to last up to a maximum of 30 min, but if the topography of the seabed was irregular 

and rough, trawls lasted for a shorter time. All West coast surveys were carried out annually, 

in summer (January and February), except during 1998 and 2012, when no surveys took 

place. All South coast surveys took place bi-annually, during autumn (March, April, May and 

June) and spring (September and October). No autumn surveys were conducted in 1998, 

2002, 2012 and 2013, and no spring surveys were conducted from 1996 to 2002, 2005, 

and between 2009 and 2015. 
 

Until 2003, the trawl gear consisted of a 2-panel 180-foot German trawl net with a 

rope-wrapped chain footrope and 50 m sweeps, 32 mm diameter trawl warp and 1.5 t WV 

otter boards (old gear). This was subsequently changed to a 4-panel 180-foot German trawl 

net with a modified rockhopper footrope and 9 m sweeps, 28 mm diameter trawl warps and 

1.5 t Multipurpose Mogere otter boards (new gear). A higher net opening of this new gear 

allows for more pelagic catches and the shorter sweeps reduce the effect of herding (Leslie 

RW, pers comm., 2019, DFFE; van der Heever, 2017). During 2006 and 2010, the old gear 

was used again in order to assist with the inter-calibration of the gears, as well as to 

provide overlap between the time series with the two gear types (Leslie et al., 2013; van 

der Heever, 2017). 

The West coast is considered to extend from the Orange River (29° 30’ S) to Cape 

Agulhas (20° 00’ E), whereas the South coast extends eastward from Cape Agulhas (20° E) 

to Port Elizabeth (25° 34’ E; Fig. 1). Environments east and west of the 20° 00’ E meridian at 

Cape Agulhas are considered distinct in terms of oceanography (Hutchings et al., 2009; van 

der Lingen and Miller, 2014). 

 
Data analyses 

 
In this chapter, patterns of habitat use were inferred from depth utilization. Once the trawl 

net was brought aboard the vessel, all sharks were counted, sexed, measured (TL, cm) and 

weighed; total weight per species per catch was determined and data expressed as density 

(number of sharks per square nautical mile; as Eq 1). 
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                     𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =  𝑛𝑛𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑡𝑡
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛 (𝑛𝑛𝑛𝑛2)

                                                                                    Eq 1 

 

In assessing patterns in the distribution of the two squaloid species, data were 

analysed by geographic region, depth, size and sex. Data were grouped into 100 m depth bins 

(0 m – 100 m; 101 m – 200 m; etc.), and depth bins are referenced by the midpoint of the 

depth bin (50 m, 150 m, etc.) in the text. Length data were grouped by size class, and 

considered the length at birth as well as the length at 50% maturity for Squalus acutipinnis 

(Lucifora et al., 1999; Watson and Smale, 1999). Three size classes were established, namely 

small, medium and large. The “small” class, grouped sharks that measured ≤ 30 cm in total 

length (TL), the “medium” class, grouped sharks that measured between 31 cm and 39 cm in 

TL, while the “large” class grouped sharks that measured ≥ 40 cm in TL. Although S. bassi 

matures at a greater average size and attains a greater maximum size than S. acutipinnis, the 

same size categories were used for both species on the assumption that sharks of the same 

size would have similar resource requirements regardless of differences in maturity.  Size 

classes do not relate to maturity levels. 

In order to examine spatial patterns in the variously aggregated data, Quantum GIS 

was used. Depth frequency diagrams detailing the average number of sharks caught were 

plotted for each species, coast, and sex. This was calculated as the number of individuals (per 

species and size classs) per trawl, summed over all trawls (per coast and depth bin) and then 

divided by the number of trawls. Non-parametric multivariate Mann-Whitney U tests were 

then used to determine whether there were significant differences in the sizes (TL) of 

Squalus acutipinnis and S. bassi sharks sampled between the two coasts. Due to the fact that 

the TL data of both species were not normally distributed, non-parametric tests were done. 

Intraspecific and interspecific variability in size distribution patterns, by depth and along 

each coast were evaluated by means of Chi-square (χ2) contingency tables (Zar, 1999, 2010). 

All data (male, female and unsexed) were collectively used in the analyses when overall 

results were provided, but data were also analysed separately by male and female. 

The average density of males and females were calculated at each depth bin for 

each coast, and sex ratios were calculated. Kruskal Wallis tests were then used to evaluate 

intraspecific and interspecific differences in density for each coast based on shark size and 

depth of occurrence. Significance was tested at an alpha level of 0.05. Between 1983 and 

http://etd.uwc.ac.za/ 
 



27  

2015, a total of 9 802 research survey trawls were conducted around South Africa by 

DFFE (Fig. 2), with 6 081 trawls being conducted on the West coast and 3 721 trawls on 

the South coast. 
 

 
Figure 2: The positions of all demersal research trawls that have been conducted by the Department of 
Forestry, Fisheries and the Environment (DFFE) on their demersal hake biomass surveys from 1983 – 
2015. The “gaps” in the distribution of the trawls are due to hard, rough ground that could not be 
sampled with the demersal trawl gear used during these surveys. 

 

 

Results 
 

Intraspecific evaluation of habitat use by Squalus acutipinnis 
 

Squalus acutipinnis were recorded in a total of 1 429 (14.6%) trawls; 259 (4.3%) on the West 

coast and 1 170 (31.4%) on the South coast (Fig. 3a). A total of 34 687 S. acutipinnis were 

caught, of which 15 539 were male, 17 215 were female and 1 933 could not be sexed. 

Sharks were caught between 24 m - 441 m on the South coast, and between 88 m - 407 m on 

the West coast. The results of the Mann-Whitney U test revealed significant differences in 

the sizes (TL) of S. acutipinnis between the coasts (U= 65.332; p <0.001). The majority of 

sharks inhabited the 150 m depth binbin on both coasts (Fig. 3a, 3b and 3c), and catches 

were dominated by medium-sized individuals (Fig. 3b and 3c). The results of the Chi-square 

contingency tests revealed significant differences in the size compositions with depth on 

both coasts (West; χ2= 371.595; df = 8; p <0.05; South; χ2= 601.359; df = 8; p <0.05). By 

comparison with larger sharks, small individuals were more frequently sampled at shallow 

depths, and as the depth increased, the average size of the sharks caught increased. This was 

noted for both coasts (Table 1; Fig. 3b and 3c). 
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Figure 3: The latitudinal and bathymetric distribution (a) of the stations where Squalus acutipinnis were caught 
around the coast of South Africa during demersal research surveys conducted by the Department of Forestry, 
Fisheries and the Environment (DFFE) between 1983 and 2015. The average number of individuals caught 
(±SE) per size category and depth binbin per trawl is illustrated for the West (b) and South (c) coasts. Stations 
were placed into 100 m depth bins by the depth of capture. Depth bins are referenced by the midpoint (0 m – 
100 m = 50 m; 101 m – 200 m = 150 m; etc.). 

 
 

Table 1: The mean size (total length to the nearest cm below, ±SE) of Squalus acutipinnis caught per depth 
bin (m), along the West and South coasts of South Africa 

 

 West coast South coast 
Depth bin (m) cm cm 

0 - 100 42.5±0.01 46.6±0.52 

101 - 200 39.8±0.73 44.3±0.36 

201 - 300 44.2±0.87 48.8±1.20 

301 - 400 48.3±1.36 53±3.45 

401 - 500 42.5±0.01 66.7±0.87 
 
 

Male Squalus acutipinnis were only sampled between 121 m – 407 m on the West 

coast, while males were recorded to occur between 24 m – 441 m on the South coast; and 
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were most abundant in the 150 m depth binbins on both coasts (Fig. 4a, 4b and 4c). There 

were significant differences in the size composition of male S. acutipinnis caught at the 

different depths on both coasts (West: χ2=136.737; df = 6; p <0.05; South: χ2= 100.765; df = 

6; p <0.05). Small males were more commonly recorded in shallow depths than other size 

classes and as the depth increased, the average size of the males caught increased (Table 2; 

Fig. 4b and 4c). 
 

 
Figure 4: The latitudinal and bathymetric distribution (a) of the stations where male Squalus acutipinnis were 
caught around the coast of South Africa, during demersal research surveys conducted by the Department of 
Forestry, Fisheries and the Environment (DFFE) between 1983 and 2015. The average number of individuals 
caught (±SE) per size category and depth bin per trawl is illustrated for the West (b) and South (c) coasts. 
Stations were placed into 100 m depth bins by depth of capture. Depth bins are referenced by the midpoint (0 
m - 100 m = 50 m; 101 m – 200 m = 150 m; etc.). 

 
 

Female Squalus acutipinnis were caught between 88 m – 331 m on the West coast and 

between 24 m - 441 m on the South coast, and although most sharks were recorded in the 150 

m depth binbin on the South coast, they peaked in abundance at both 150 m and 250 m on the 

West coast (Fig. 5a, 5b and 5c). As noted for the males, there were significant differences in 

the size composition of female S. acutipinnis caught at the different depths on both coasts 

(West: χ2= 328.669; df = 6; p <0.05; South: χ2= 564.955; df = 8; p <0.05). Small females 
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were more commonly found in shallower depths than medium and large-sized females. As 

the depth increased, the average size of the females caught increased (Table 2; Fig. 5b and 

5c). 

Table 2: The mean size (to the nearest cm below) of male and female Squalus acutipinnis caught per depth 
bin (m), along the West and South coasts of South Africa 

 
    Male  Female  

 West coast South coast  West coast  South coast  
 

Depth bin 
(m) cm cm cm cm 

0-100 - 40.5±0.29 42.5±0.01 47.6±0.40 
101-200 39.6±0.40 40.7±0.19 36.1±0.54 44.4±0.26 
201-300 43.8±0.54 44.6±0.95 44±0.63 48.7±0.87 
301-400 51.1±0.35 48.1±0.96 51.1±0.01 48.6±0.94 
401-500 42.5±0.01 72.5±0.01 - 65.8±0.87 

 

Figure 5: The latitudinal and bathymetric distribution (a) of the stations where female Squalus acutipinnis were 
caught around the coast of South Africa, during demersal research surveys conducted by the Department of 
Forestry, Fisheries and the Environment (DFFE) between 1983 and 2015. The average number of individuals 
caught (±SE) per size category and depth binbin per trawl is illustrated for the West (b) and South (c) coasts. 
Stations were placed into 100 m depth bins by depth of capture. Depth bins are referenced by the midpoint (0 m 
-100 m = 50 m; 101 m – 200 m = 150 m; etc.). 

 
 

The distribution of males and females show overlap in geographic and bathymetric 
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distributions (Fig. 6). There were significant differences in the size compositions of 

overlapping males and females at the 150 m and 250 m depth bins on the West coast and 

between 50 m, 150 m and 250 m depth bin on the South coast (Table 3). Males were better 

represented across size categories at these depths on the West coast while females were better 

represented on the South coast. Sex ratios indicated that males were more abundant than 

females on the West coast, while females were more abundant than males on the South coast 

(Table 4). 
 

 
Figure 6: The (a) overlapping distribution of (b) male and (c) female Squalus acutipinnis around the West and 
South Coast of South Africa. Distribution is based on the catch data of male and female sharks which were 
provided by the Department of Forestry, Fisheries and the Environment (DFFE). Records were recorded on the 
hake biomass survey that was conducted by DFFE from 1983 – 2015. 

 
 

Table 3: The chi-square (χ2) values for the overall change in the size composition of overlapping male and 
female Squalus acutipinnis, with a change in bathymetric distribution, on the West and South coasts of South 
Africa. Significance is deemed at an alpha level of 0.05. Bold text indicates significant results and a dash 
indicates no result 

 
West coast  South coast 

Depth bin (m) χ2 df p χ2 df p 

0-100 - - - 687.06 2 <0.05 
101-200 1425.69 2 <0.05 568.36 2 <0.05 
201-300 768.13 2 <0.05 54.13 2 <0.05 
301-400 1.07 2 >0.05 0 2 >0.05 
401-500 - - - 0 2 >0.05 
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Table 4: The ratio of the average density of male to that of female Squalus acutipinnis at various depth strata 
(m) along the West and South coasts of South Africa 

 
     West coast  South coast  

Depth bin 
  (m)  Male:Female Male:Female 

0-100 1.15:1 1:1.5 
201-200 1.85:1 1:1.1 
201-300 1.37:1 1:1.9 
301-400 4.00:1 1:1.2 
401-500 1.07:1 1:7.5 

 
 

The results of the Kruskal Wallis (H) tests revealed significant differences in the 

overall density of Squalus acutipinnis across depth bin, on the West and South coasts (Table 

5). Males displayed significant differences in the density distribution across depth bins, for 

each size category on both coasts, with the average number of small, medium and large males 

shown to peak at 150 m on both coasts (Table 6; Fig. 4b and 4c). Females, on the other hand, 

showed significant differences in density distribution across depth bins, for all size 

categories, except for medium-sized sharks on the West coast (Table 6). Moreover, the 

average number of small females peaked at 150 m, medium females at both 150 m and 250 m 

and large females at 250 m, on the West coast, while all three size categories peaked at 150 m 

on the South coast (Fig. 5b and 5c). 

 

Table 5: The Kruskal Wallis (H) values for the density differences of small, medium and large Squalus 
acutipinnis, across depths, along the West and South coasts of South Africa. Significance is deemed at an alpha 
level of 0.05 and indicated in bold text 

 
 West coast   South Coast  

size class 
(cm) H df p H df P 

small 67.252 4 <0.001 55.593 4 <0.001 
medium 26.425 4 <0.001 193.661 4 <0.001 
large 17.258 4 <0.001 12.646 4 <0.05 

 

 

Table 6: The Kruskal Wallis (H) values for the difference in density of small, medium and large male and 
females Squalus acutipinnis, across depths along the West and South coasts of South Africa. Significance is 
deemed at an alpha level of 0.05 and indicated in bold text 

 

West coast  South coast  
Size class (cm)  small medium large small medium large 

male H 61.99 30.1 24.32 36.21 151.99 129.39 
 df 3 3 3 4 4 4 
 p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

female H 57.8 6.23 16.44 44.65 157.71 12.16 
 df 3 3 3 4 4 4 
 p <0.001 >0.05 <0.001 <0.001 <0.001 <0.05 
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Intraspecific evaluation of habitat use by Squalus bassi 
 

Squalus bassi were recorded in a total of 302 (3.1%) trawls; 188 (1.9%) on the West coast 

and 114 (1.2%) on the South coast (Fig. 7a). A total of 2 420 Squalus bassi were caught, of 

which 998 were male, 1 122 were female, and 300 were not sexed. Sharks were caught 

between 179 m – 722 m on the West coast, and between 103 m - 695 m on the South coast. 

The results of the Mann-Whitney U test revealed significant differences in the sizes (TL) of 

S. bassi between the coasts (U= 502.57; p <0.001). The majority of sharks inhabited the 250 

m and 350 m depth bins on the West coast (Fig. 7b) and the 350 m, 450 m and 550 m depth 

bins on the South coast (Fig. 7c), and catches were dominated by large-sized individuals 

(Fig. 7b and 7c). The results of the chi-square contingency tests revealed significant 

differences in the size composition with depth on both coasts (West: χ2= 177.801; df = 10; p 

<0.05; South: χ2= 444.744; df = 10; p <0.05). Small individuals were more frequently 

sampled at shallow depths, and as the depths increased, the average size of sharks caught 

increased. This was noted for both coasts (Table 7; Fig. 7b and 7c). 
 

 
 

Figure 7: The latitudinal and bathymetric distribution (a) of the stations where Squalus bassi were caught around 
the coast of South Africa, during demersal research surveys conducted by the Department of Forestry, Fisheries 
and the Environment (DFFE) between 1983 and 2015. The average number of individuals caught (±SE) per size 
category and depth binbin per trawl is illustrated here for the West (b) and South coasts (c). Stations were placed 
into 100 m depth bins by depth of capture. Depth bins are referenced by the midpoint (0 m -100 m = 50 m; 101 
m – 200 m = 150 m; etc.). 
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Table 7: The mean size (total length to the nearest cm below ±SE) of Squalus bassi caught per depth bin 
(m), along the West and South coasts of South Africa. A dash indicates no sharks were caught 

 
  West coast South coast 

Depth bin (m) cm cm 
0-100 - - 

101-200 58.6±1.05 59.8±0.39 
201-300 59.0±0.96 65.4±0.45 
301-400 63.9±0.96 70.2±1.88 
401-500 70±0.71 72.1±1.73 
501-600 76.9±0.40 74.3±1.14 
601-700 82.1±0.36 74.7±0.30 
701-800 97.5±0.01 - 

 
Male Squalus bassi were only sampled between 189 m - 473 m on the West coast and 

151 m – 695 m on the South coast. Males were most abundant in the 250 m and 350 m depth 

bins on the West coast (Fig. 8a and 8b) and in the 450 m depth bin on the South coast (Fig. 

8a and 8c). There were significant differences in the size composition of male S. bassi caught 

at different depths on both coasts (West: χ2= 18.256; df = 6; p <0.05; South: χ2= 113.452; df 

= 10; p <0.05). Small males were more commonly recorded in shallow depths than other size 

classes and as the depth increases, the average size of the males caught increased (Table 8; 

Fig. 8b and 8c). 
 

Table 8: The mean size (to the nearest cm below) of male and female Squalus bassi caught per depth bin 
(m), along the West and South Coasts of South Africa. A dash indicates no sharks were caught 

 
  Male Female 

 West coast South coast West coast South coast 
Depth bin 

(m) cm cm cm cm 

0-100 - - - - 

101-200 62±0.56 48.5±1.91 36.1±0.27 58.4±1.44 

201-300 59.3±0.58 61.9±1.68 54.7±0.92 73.6±1.88 

301-400 61.3±0.56 70.8±0.75 64.8±0.84 69.4±1.81 

401-500 68.8±0.30 67±0.99 79.1±0.18 72.4±1.57 

501-600 - 71.2±0.49 79.5±0.38 74.8±1 

601-700 - 74.2±0.24 82.1±0.36 75±0.22 

701-800 - - 67.5±0.01 - 
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Figure 8: The latitudinal and bathymetric distribution (a) of the stations where male Squalus bassi were caught 
around the coast of South Africa, during demersal research surveys conducted by the Department of Forestry, 
Fisheries and the Environment (DFFE) between 1983 and 2015. The average number of individuals caught 
(±SE) per size category and depth binbin per trawl is illustrated here for the West (b) and South (c) coasts. 
Stations were placed into 100 m depth bins by depth of capture. Depth bins are referenced by the midpoint (0 
m -100 m = 50 m; 101 m – 200 m = 150 m; etc.). 

 

Female Squalus bassi were caught between 170 m - 722 m on the West coast and 

between 113 m – 695 m on the South coast. The abundance of females peaked at various 

depth binbins on both coasts, with abundances showing peaks in the 250 m and 350 m depth 

bins on the West coast (Fig. 9a and 9b), and in the 350 m, 450 m and 550 m depth binbins on 

the South coast (Fig. 9a and 9c). As noted for the males, there were significant differences in 

the size composition of female S. bassi caught at different depths on both coasts (West: 

χ2=108.142; df = 12; p <0.05; South: χ2=124.487; df = 10; p <0.05). Small females were more 

commonly found in shallower depths than medium and large-sized females. As the depth 

increased, the average size of the females caught increased (Table 8; Fig. 9b and 9c). 
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Figure 9: The latitudinal and bathymetric distribution (a) of the stations where female Squalus bassi were caught 
around the coast of South Africa, during demersal research surveys conducted by the Department of Forestry, 
Fisheries and the Environment (DFFE) between 1983 and 2015. The average number of individuals caught 
(±SE) per size category and depth binbin per trawl is illustrated here for the West (b) and South (c) coasts. 
Stations were placed into 100 m depth bins by depth of capture. Depth bins are referenced by the midpoint (0 m 
-100 m = 50 m; 101 m – 200 m = 150 m; etc.). 

 
 

The distribution of males and females overlap in geographic and bathymetric 

distributions (Fig. 10). There were significant differences in the size compositions of 

overlapping males and females at the 150 m, 350 m and 450 m depth bins on the West 

coast; and only between individuals occurring in the 150 m depth bin on the South coast 

(Table 9). Males were better represented across size categories at these depth bins on the 

West coast while large females were better represented in the catches at 150 m on the 

South coast. Sex ratios indicated that males were more abundant than females on the West 

coast whereas females were more abundant than males on the South coast (Table 10). 

The results of the Kruskal Wallis (H) test revealed significant differences in the 

overall density of Squalus bassi, across depth bins, on the West coast (Table 11). Males and 

females displayed significant differences in their density distribution across depths, for 

medium and large sharks on the West coast, with the average number of both medium males 

http://etd.uwc.ac.za/ 
 



37  

and females peaking at the 250 m depth bin and large sharks at both 250 m and 350 m depth 

bins on the West coast (Table 12; Fig. 8b and 9b). Moreover, significant differences in the 

density distribution were found for medium males on the South coast (Table 12). 

 
Table 10: The ratio of the average density of male to that of female Squalus bassi at various depth strata (m) 

along the West and South coasts of South Africa 
 

 West coast South coast 

Depth bin (m) Male:Female 

0-100 - - 

101-200 4.38:1 1:1.9 

201-300 1.60:1 1:1.3 

301-400 1.09:1 1:3.5 

401-500 1.67:1 1:1.8 

501-600 - 1:6.3 

601-700 - 1:1.3 

701-800 - - 

 
 

 

Table 11: The Kruskal Wallis (H) values for the density differences of small, medium and large Squalus bassi, 
across depth bins along the West and South coasts of South Africa. Significance is deemed at and an alpha level 

of 0.05 and indicated by bold text 
 

  West coast  South coast  

Size class (cm) H df p H df p 

small 14.36 6 <0.05 3.22 5 >0.05 

medium 38.11 6 <0.001 10.45 5 >0.05 

large 60.7 6 <0.001 10.06 5 >0.05 
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Table 12: The Kruskal Wallis (H) values for the difference in density of small, medium and large male and 

female Squalus bassi, across depth bins along the West and South coasts of South Africa. Significance is 

deemed at an alpha level of 0.05 and indicated by bold text. A dash indicates no result 
 

   West coast   South coast  

  small medium large small medium large 

male H 2.61 10.16 17.47 - 17.95 9.36 
 df 3 3 3 - 6 6 
 p >0.05 <0.05 <0.001 - <0.05 >0.05 

female H - 23.09 14.13 4.56 5.42 4.13 
 df - 6 6 5 5 5 
 p - <0.001 <0.05 >0.05 >0.05 >0.05 

 
 

Interspecific distribution of Squalus acutipinnis and S. bassi 
 

Even though Squalus bassi tends to occur offshore of S. acutipinnis, overlap zones in their 

distributions are evident at intermediate depths (Fig. 11). On the West coast, S. acutipinnis 

occurred offshore to 407 m while S. bassi occurred from 179 m – 722 m. On the South coast, 

S. acutipinnis occurred from inshore regions to 441 m, while S. bassi occurred from 103 m – 

695 m. Squalus acutipinnis appears to have a relatively narrower bathymetric distribution, 

while S. bassi has a broad depth distribution. It should be remembered that S. acutipinnis 

were common in the trawls on the South coast while S. bassi were common in the trawls on 

the West coast. 

 
 

Table 13: The chi-square (χ2) values for the overall change in the size composition of overlapping Squalus 
acutipinnis and S. bassi, with a change in the bathymetric distribution along the West and South coasts of South 
Africa. Significance is deemed at an alpha level of 0.05 and indicated by bold text 

 

West coast  South coast  
Depth bin 

(m) χ2 df p χ2 df p 

150 32.3 2 <0.05 32.83 2 <0.05 
250 578.83 2 <0.05 32.29 2 <0.05 
350 50.5 2 <0.05 61.79 2 <0.05 
450 37.99 2 <0.05 0.88 2 >0.05 
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Figure 11: The overlapping distribution of a) Squalus acutipinnis and b) S. bassi around the West and South 
Coast of South Africa. Distribution is based on the catch data provided by the Department of Forestry, 
Fisheries and the Environment (DFFE). Catch data were recorded on the hake biomass surveys that were 
conducted by DFFE from 1983 – 2015. 

 
here were significant differences in the size compositions of overlapping Squalus 

acutipinnis and S. bassi between 150 m – 450 m depth bins on the West coast, and 

between the 150 m – 350 m depth bins on the South coast (Table 13). Significant 

differences in the size compositions of overlapping males between 150 m – 450 m depth 

bins on the West coast and 250 m – 350 m depth bins on the South coast were detected 

using chi-square contingency tests (Table 14). Male S. acutipinnis dominated the catches 

(per average number individuals caught per trawl) across all three size categories, at 150 

m and 250 m on the West coast and 250 m on the South coast. Squalus bassi males 

dominated catches at the 350 m and 450 m depth bins on the West coast and at the 350 m 

depth bin on the South coast. Moreover, females showed significant differences in size 

compositions at the 250 m depth bin on the West coast and between the 150 m – 350 m 

depth bins on the South coast (Table 14). Female S. acutipinnis dominated catches across 

all three size categories at 250 m on the West coast and 150 m and 250 m depth binson the 

South coast. Large female S. bassi, however, dominated the catches at 350 m on the South 

coast. 
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Table 14: The chi-square (χ2) values for the overall change in the size composition of overlapping male and 
female Squalus acutipinnis and S. bassi, with a change in the bathymetric distribution along the West and South 
coasts of South Africa. Significance is deemed at an alpha level of 0.05 and indicated in bold text. A dash 
indicates no result 

 

  West coast   South coast  
Depth bin 

  (m)  χ2 df p χ2 df p 

male 101-200 39.16 2 <0.05 3.92 2 >0.05 
 201-300 342.61 2 <0.05 160.08 2 <0.05 
 301-400 11.26 2 <0.05 10.48 2 <0.05 
 401-500 31 2 <0.05 0.17 2 >0.05 

female 101-200 1.5 2 >0.05 24.68 2 <0.05 
 201-300 202.96 2 <0.05 25.56 2 <0.05 
 301-400 0.1 2 >0.05 22.88 2 <0.05 
 401-500 - - - 0.48 2 >0.05 

 
 

Moreover, the density of each species caught differed at each depth (Fig. 12). Kruskal 

Wallis tests then revealed significant interspecific differences in the overall density of small 

(H = 73.471; df = 1; p <0.001), medium (H = 253.306; df = 1; p <0.001) and large (H = 

4.627; df = 1; p <0.001) sharks on the West coast. Small and medium S. acutipinnis had 

greater densities compared to S. bassi of similar sizes whereas the density of large S. bassi 

was greater than that of large S. acutipinnis. On the South coast, significant differences were 

only evident between small (H = 53.318; df = 1; p <0.001) and medium (H = 248.854; df = 1; 

p <0.001) sharks. Here, both small and medium S. acutipinnis displayed greater densities 

than S. bassi. 
 

 
 

Midpoint of the depth bin (m) 

 
Figure 12: Average densities of small, medium and large Squalus acutipinnis and S. bassi, with depth (m), 
along the West (a, b, c) and South (d, e, f) coasts of South Africa. Stations were placed into 100 m depth bins 
by depth of capture. Depth bins are referenced by the midpoint (0 m -100 m = 50 m; 101 m – 200 m = 150 m; 
etc.). 
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Discussion 
 

Squalus acutipinnis and S. bassi were recorded, variably, within their previously described 

distribution range (Heemstra and Heemstra, 2004). Both species were caught more frequently 

on the South coast than on the West coast, even though the majority of the trawling effort 

occurred on the West coast. It is difficult to unambiguously interpret this result because the 

two regions support quite different environments and habitat mixes (Lutjeharms, 2006; 

Hutchings et al., 2009; van der Lingen and Miller, 2014). The South coast is characterised by 

a mix of warm Agulhas Current water and cooler upwelled water over the shelf; a 

pronounced seasonality in productivity (Lutjeharms, 2006; Hutchings et al., 2009; van der 

Lingen and Miller, 2014) and a greater area of hard, untrawlable ground that may favour 

increases in squaloid abundance as noted too by Petersen et al. (2008). 

Both species seem to be distributed more offshore on the West coast, while Squalus 

acutipinnis is shown to occur more inshore on the South coast. This could reflect the 

displacement of these species by other species with similar habits. Van der Heever (2017) 

examined the intraspecific and interspecific variability in the distribution of two catshark 

species, Holohalaelurus regani and Scyliorhinus capensis, around the coast of South 

Africa, finding an inverse relationship in their distributions: H. regani dominated catches 

on the West coast, while S. capensis dominated catches on the South coast. Holohalaelurus 

regani was also reported to occur at very high densities on the West coast (van der Heever, 

2017) and, speculating, it is possible that this species displaces S. acutipinnis and S. bassi 

from the inshore region there. Carrassón et al. (1992) noted in the Catalan Sea that 

Centroscymnus coelolepis was strictly distributed between a depth bin of 1500 m – 2250 

m, while in Japan it was confined to depths between 100 m – 1500 m. These authors 

concluded that C. coelelepis may have been displaced from its spatial niche to avoid 

competition with other species in Japanese waters. That said, these differences may also 

mirror changes in bottom substrate type, as habitats shallower than 200 m on the West 

coast mainly comprise sandy substrates (Leslie RW, pers comm., 2019, DFFE), whereas a 

greater variety of bottom substrates are available on the South coast, which include 

numerous low and high profile reefs (Heyns et al., 2016). Squalus species have previously 

been shown to occur in great abundances in untrawlable and mixed grounds (Petersen et 

al., 2008; Worm et al., 2013; Oliver et al., 2015). The shallow waters off the northern parts 

of the West coast are also often oxygen-depleted and these sharks may simply be avoiding 

stressful low oxygen conditions (Butler and Taylor, 1975; Diaz and Rosenberg, 2008; 
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Speers-Roesch et al., 2012; Zimmer and Wood, 2014). 

Smaller Squalus acutipinnis and S. bassi both tended to inhabit shallower depth strata 

than their larger conspecifics and significant differences in the size composition of catches 

with depth were found. This indicates segregation by size and supports the “Bigger-Deeper” 

phenomenon displayed by many deep-sea sharks and teleost species, which is assumed to 

limit competition between different size and age classes (Kazunari and Tanaka, 1988; 

Macpherson and Duarte, 1991; Jakobsdóttir, 2001; Pikitch et al., 2005; Oddone et al., 2010). 

Moreover, the witnessed change in depth distribution may thus be attributed to the 

morphological changes that occur with size, with accompanying changes in diet requirements 

(Sims, 2003; Knip et al., 2011; Espinoza et al., 2012; van der Heever, 2017). Around the 

world, shallow waters serve as a nursery for younger sharks and are vital for the well-being 

of the shark populations (Sims et al., 2001; Simpfendorfer et al., 2005; Braccini et al., 2006; 

Knip et al., 2010). These “nursery” areas provide refuge to the young from predation 

(including by conspecifics) as well as providing small sharks with access to smaller prey that 

they are likely more capable of handling (Helfman, 1978, Sims et al., 2001, Sims, 2003, Knip 

et al., 2010) - shallow habitats and embayments being not only nursery habitats for small 

sharks, but many species of other fish too (Valesini et al., 1997; White and Potter, 2004). 

Larger sharks, on the other hand, go deeper to increase their chances of obtaining larger prey 

that is likely more nutritious, and therefore, larger sharks are frequently caught in deeper 

waters and neonates in shallow waters (White and Potter, 2004; Simpfendorfer et al., 2005; 

DeAngelis et al., 2008). 

Pikitch et al. (2005) examined the population structure and habitat use of 

elasmobranchs around a Caribbean atoll. Their results revealed size/age-specific partitioning 

of the habitat by Carcharhinus perezi, Negaprion brevirostris and Ginglymostoma cirratum. 

The differing patterns of distribution displayed by each species were concluded to be a 

reflection of the differential use habitats by the different shark sizes. Depth was the means by 

which individuals of different sizes partitioned their environment. The movement of larger 

sharks to the deeper waters may also be explained by their requirement for more nutritious 

meals (Methratta and Link, 2007). Habitat separation by depth segregation among sharks is 

therefore not an uncommon phenomenon as Papastamatiou et al. (2006) also described this 

for the degree of depth segregation displayed by immature and mature individuals of a variety 

of species around Hawaii. 

Although it has previously been proposed that the Agulhas Bank (South coast) may be 
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serving as a nursery habitat for Squalus acutipinnis (Watson and Smale, 1999), catches of 

small Squalus acutipinnis were still relatively scarce, with catches of small S. bassi even 

scarcer still. It is unlikely that some individuals escaped through the cod end of the trawl 

while others were caught (Graham, 2005; Graham and Daley, 2011). The rarity of small 

individuals in catches is not uncommon when trawling is the method of data collection 

(Braccini et al., 2006a). This is because small (juvenile) dogfish have been said to be either 

mesopelagic or benthopelagic, thus spending most of their time feeding in the water column 

(Braccini et al., 2006b; Graham and Daley, 2011). Indeed, Compagno et al. (1991) 

considered the then, small S. megalops (now S. acutipinnis) to be bathypelagic. 

Caution should perhaps be exercised in interpreting the data for small Squalus bassi 

similarly, as their rarity may reflect a bias imposed by the sampling gear used (Wilson and 

Seki, 1994; Fischer et al., 2006; Oddone et al., 2010): skippers are reluctant to trawl on rough 

ground. For example, Squalus mitsukurii was the most abundant elasmobranch and 

consequently the most common bycatch species from 1985 – 1988 in the south-east Pacific 

Ocean, Hancock seamount (Wilson and Seki, 1994; Fischer et al., 2006; Simpfendorfer and 

Kyne, 2009; Oddone et al., 2010). During its “prime time,” and before significant declines in 

the catch, there was a scarcity of small-sized S. mitsukurii, which these authors related to gear 

selectivity (Oddone et al., 2010). The same could, therefore, apply to this study. 

Segregation by sex is another common phenomenon amongst sharks, especially deep- 

sea species such as Squalus (Springer, 1967; Kazunari and Tanaka, 1983; Klimley, 1987; 

Sims et al., 2001; Sims, 2003; Braccini et al., 2006; Oddone et al., 2010; Flammang et al., 

2011), with some species displaying sex-specific habitat requirements (Graham, 2005; 

Braccini et al., 2006a; Pajuelo et al., 2011; Jacoby et al., 2012; Bangley and Rulifson, 2014). 

Within both S. acutipinnis and S. bassi species, differences in the sex composition of sharks 

at various depths were observed and it is not unlikely that sex is another means by which 

these species are segregating their environment. Reports of size and sexual segregation have 

been documented for S. acutipinnis in South Africa (Compagno, 1990a; Ebert and Stehman, 

2013), and for S. megalops in New South Wales, where larger females segregate from 

juveniles and males (Graham, 2005). A study on Squalus acanthias off New Zealand 

(Ketchen, 1986), concluded that this species has an intricate population structure that is 

directly related to its reproductive cycles. Although ovulation, parturition, and mating occur 

in deep water, females spend their first year of pregnancy in shallower water (Ketchen, 1986; 

Hanchet, 1988; Braccini et al., 2006a). During their second year of pregnancy, these females 

then move to deeper waters (Ketchen, 1986; Hanchet, 1988; Braccini et al., 2006a). It was 
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suggested that shallower waters are warmer, which helps speed up embryonic development 

(Ketchen, 1986; Hanchet, 1988; Braccini et al., 2006a). Females are also have said to take 

refuge in shallow waters to avoid constant pursuit by males in the deeper water, as mating is 

exhausting and there is less competition in these waters (Ketchen, 1986; Hanchet, 1988; 

Braccini et al., 2006a). Another example of such intricate behaviour is exhibited by Squalus 

megalops off southeastern Australia (Braccini et al., 2006), where small male and female 

sharks segregate from the larger conspecific females, and females further segregated from 

one another depending on their term of gestation (Braccini et al., 2006). Female S. megalops 

that are in their first year of pregnancy were found separated from those in their second year 

of pregnancy (Braccini et al., 2006). This scenario may be what is occurring along the West 

and South coasts, as large, pregnant S. acutipinnis and S. bassi were found to occur in 

shallow and deep waters (Leslie RW, pers comm., 2019, DFFE). 

Intraspecific and interspecific habitat separation by Squalus acutipinnis and S. bassi 

was inferred from the combination of catch and density data collected along the West and 

South coasts. Habitat partitioning seems to have occurred by coast, depth of capture and size 

class. Squalus bassi was more common in the trawls on the West coast than S. acutipinnis 

and visa-versa for the South coast. As previously indicated, species that are similar in 

morphology and resource requirements may partition their environment, to reduce the effects 

of interspecific competition, but only if resources are limited (White et al., 2004; 

Papastamatiou et al., 2006). As a further example, resource separation among four species of 

Urolophidae was examined by Platell et al. (1998) in the coastal waters of Australia. Their 

results indicated that the abundance of each species was influenced by the abundance of the 

other (Platell et al., 1998). Habitat separation was achieved by one species being more 

abundant in one habitat along the coast, but less abundant in the other regions where other 

batoids were found, thus reducing the potential of interspecific competition (Platell et al., 

1998). In a study of Denia crepidalbus and D. calceus from the Southeast Atlantic 

(Namibia), Kazunari, (1991) noted that where the two species co-occurred, they segregated 

vertically. By separating and segregating the habitat by depth, co-existence was achieved. 

When S. acutipinnis and S. bassi co-occur, habitat separation may be achieved by the broader 

geographical range but narrower depth bin of the former; and vice versa for S. bassi. 

It should be remembered, however, that factors such as the physical and chemical 

parameters of the water column and physiological development may also contribute to the 

size-based population structure observed (Quigley, 1985; Butler and Taylor, 1975; Hopkins 

and Cech, 2003; Wiley and Simpfendorfer, 2007; Bizzarro et al., 2014). After all, while 
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significant differences in depth distributions by coast, size and sex were noted (both 

intraspecifically and interspecifically), there was still overlap. This overlap may have only 

been possible since resources were not limiting at that depth or because different sizes/sex fed 

on different foods available at that depth (Bethea et al., 2004; Vaudo and Heithaus, 2011; van 

der Heever, 2017). Van der Heever, (2017) noted a similar pattern and also alluded to the 

above explanation. 

Furthermore, two noticable features in the overall broad distribution patterns of the 

two species were the “breaks” in the distribution of both male and female S. acutipinnis on 

the West coast, as well the “break” in the distribution of male S. bassi on the West coast, 

which is not apparent in the distribution of the females. The break in male and female S. 

acutipinnis distributions may be as a result of species displacement by other shark species, 

whereas the break in the distribution of male S. bassi may be as a result of displacement by 

female S. bassi as well as other shark species. These reasons are however largely speculative 

and should definitely be noted as a topic for future research. 

This study was the first step in assessing the distribution patterns and population structure of 

Squalus acutipinnis and S. bassi, based on their trawl footprint, around the coast of South 

Africa. The results highlighted the fact that S. acutipinnis and S. bassi are not randomly 

distributed but rather distributed in a structured way and may possibly be partitioning their 

physical habitat both intraspecifically and interspecifically, by coast, sex,depth and size, in 

order to facilitate co-existence. Distribution patterns were shown to be size- based and were 

inferred to be as a result of intraspecific and interspecific competition; ontogenetic changes 

with growth, habitat and dietary requirements as well as a result of reduced predation risk. 

Although this study has provided useful information on the distribution and demography of 

these species, and an understanding of these distribution patterns by sex, and size, coupling 

information on the diet will enhance these results as it will provide further insight into the 

possible effects that competition for food has on the observed distributions. Together, this 

may be important in developing changes to the fishing strategies that may mitigate the impact 

of trawling on the populations of these species. 
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Chapter Three 

The dietary habits of two sympatric squaloid sharks, Squalus 
acutipinnis and Squalus bassi, off the South and West coasts of 

South Africa 
 
 

Introduction 
 

Knowledge on the feeding ecology of a species is important as it provides information on the 

role that a species plays within its environment (Wetherbee et al., 1990; Vaudo and Heithaus, 

2011; Espinoza et al., 2012). The influence of habitat on the distribution of species has been 

shown to vary markedly, within and between species but it is the diet that is generally 

considered as the major reason for the observed distributions of most species (Ross, 1986; 

Badenhorst and Smale, 1991; Platell et al., 1998; Hyndes et al., 1999). The distribution of a 

predator, therefore, relates quite strongly to the distribution of its prey, and the local 

availability of prey within the preferred habitat of the predator will have an influence on the 

distribution of the predator within its preferred habitat (Heithaus, 2001). 

As outlined previously, mesopredatory sharks serve as mid-trophic-level predators 

and play an important role in linking the lower and upper trophic levels and so play vital roles 

in ecosystem dynamics (Ritchie and Johnson, 2009; Tilley, 2011; Vaudo and Heithaus, 2011; 

Tilley et al., 2013). The elucidation of trophic interactions of these sharks may help interpret 

changes in the environment with time, as well as the consequences thereof (Wetherbee et al., 

1990; Belleggia et al., 2012). The latter is particularly important as we move towards an 

ecosystem approach to fisheries management (Cochrane et al., 2004; Pikitch et al., 2005; 

Mulas et al., 2011; Valls et al., 2011; López-García et al., 2012; Wetherbee et al., 2012; 

Bigman, 2013; Petersen et al., 2015). 

Unfortunately, due to increased fishing pressure and declining catches in shallow 

waters, fishing fleets have started fishing further offshore and in the deeper waters where 

these mesopredators are found in abundance (Ferretti et al., 2008, 2010; Simpfendorfer and 

Kyne, 2009; Norse et al., 2012; Schoener et al., 2012). Around the world, declines in the top 

predators as a result of unsustainable fishing practices have been reported to have cascading 

effects on ecosystems, but yet there is little literature available that focuses on the impacts of 

fishing on the mesopredator sharks of the deep (Stevens et al., 2000; Ferretti et al., 2008, 
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2013; Heithaus et al., 2008; Dulvy et al., 2014; Worm et al., 2013). Despite their importance 

in ecosystem stability, studies on the feeding ecology of these mesopredators are relatively 

scarce. This contrasts with the situation for larger and more charismatic species (Wetherbee 

et al., 1990, 2012; Bush, 2003; Hoffmayer and Parsons, 2003; Bethea et al., 2004; 

Papastamatiou et al., 2006), which limits our understanding of their ecological role and 

impact on marine ecosystem (Wetherbee et al., 1990, 2012; Hoffmayer and Parsons, 2003). 

Although Squalus acutipinnis and S. bassi are common around South Africa, 

information on the diet of these species is limited to a single study conducted 28 years ago, 

the results of which implied differential resource-use (Ebert et al., 1992). Both species fed on 

the same prey groups (teleosts, cephalopods and to a lesser extent, polychaetes and 

crustaceans) but there were differences in prey species (Ebert et al., 1992). Squalus 

acutipinnis fed mainly on myctophids and Octopus vulgaris, whereas S. bassi fed 

predominantly on hake and Todarodes angolensis (Ebert et al., 1992). 

When closely related species occur in sympatry, differences in their diet may become 

apparent (Schoener, 1974; Platell et al., 1998; Bethea et al., 2004, 2007; Papastamatiou et al., 

2006; Papastamatiou, 2008; Yick et al., 2011; Dunn et al., 2013; de Sousa Rangel et al., 

2019). It has been suggested that these differences have evolved to allow the species to 

separate or rather divide their physical environment and/or resources, thereby allowing co- 

existence (Schoener, 1974). Squalus acutipinnis and S. bassi are morphologically and 

biologically similar, closely related species which have been shown to overlap in latitudinal 

and bathymetric distributions (see Chapter Two). Their co-existence may be possible due to 

their differential use of resources within their environment. This chapter aims to describe the 

overall diet of both species and evaluate resource-use, by coast, sex, depth and size class. 

Resource separation by these potentially competing species will be inferred based on indirect 

evidence, viz. their diets as estimated by stomach contents. It was hypothesized that: 

H0: There is no difference in the intraspecific resource-use, of each species, by coast, 
sex, size and depth 

H0: There is no interspecific difference in resource-use, between the species, by coast, 
sex, size and depth 
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Materials and methods 
 
 

Study area and sampling design 
 

All stomach samples were collected during the 1984 – 1994 and 2014 – 2016 routine 

demersal hake biomass surveys conducted by DFFE on the West and South coasts of South 

Africa (Fig. 1). All stomach samples collected during 1984 – 1994, were collected on the 

South coast whereas stomach samples collected during the 2014 - 2016 surveys constituted 

samples that were collected on both the West and South coasts. An explanation of the study 

area as well as survey design follows Payne et al. (1985) and has been described in Chapter 

Two. 

 
 

Sample collection and laboratory analysis 
 

As the trawl net was brought aboard the vessel, all sharks were sexed, counted, measured 

(TL, cm) and weighed as described in Chapter Two. If fish were collected alive, they were 

then immediately returned to the sea, but if dead then between 1984 and 1994, the diet of all 

sharks was immediately assessed by stomach content analysis. Between 2014 and 2016, if 

catches were small then all animals were dissected and their stomach contents analysed, but if 

>25 specimens of the same species (approximate size and sex) were caught at the same 

station, the catch was sub-sampled and 10 sharks were chosen, at random. 

A ventral incision was made through the abdominal wall from the head to the cloaca: 

the stomach was removed and separated from the duodenum and oesophagus, blotted dry and 

weighed (g). When possible, stomach contents were immediately analysed in the ships 

laboratory and prey items were identified to the lowest taxonomic level, counted and 

weighed. When it was not possible to process the fish at sea, whole specimens were frozen at 

-20°C and then analysed back at the laboratory, where they were thawed and the stomach 

contents fixed and preserved in 10% formalin for 48 hours. Thereafter, prey items were 

rinsed in water and preserved in 70% ethanol until examination. Identifiable cephalopod 

beaks and otoliths were used to identify species and determine size at ingestion when the 

whole prey was well-digested and unidentifiable.  

 

Identification of prey 

Identification of the different prey items found in the stomachs was undertaken using field 
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guides, taxonomic keys and in some instances, expert advice, as prey items were at various 

stages of digestion. Six major prey categories were considered when identifying prey, 

namely polychaetes, crustaceans, cephalopods, teleosts, other and unidentified. The category, 

“other” contained all prey items that were rare in the combined diet of both species while the 

category “unidentified” contained all prey items that were in a digestion stage that made it 

impossible to identify. The diets of these sharks are all listed in appendices and grouped by 

phylum, except for unidentified taxa. The category ‘Other” is made up of all other phyla not 

explained above while the unidentified semi-digested material category in the appendices 

comprise all unidentified taxa. 

In order to examine relationships between squaloid length and prey size, Spearman 

Rank correlations were computed between TL and cephalopod beak length. Cephalopod 

beaks are hard and relatively indigestible, and they were viewed under a dissecting 

microscope and measured using a graticule at 16 x magnification, from which the total length 

of the mantle of the cephalopods could be determined using the linear and allometric 

relationships provided by Clarke, (1986). Cephalopod beaks can remain in the stomachs of 

predators for a relatively long period of time. Unfortunately, neither otoliths nor crustacean 

carapace fragments could be reliably used to infer original prey size, because the majority of 

otoliths were eroded and relationships to infer prey size from carapace fragments were not 

possible as fragments were heavily digested. 

 Data analyses 
 

In order to accurately describe the overall diet of these sharks, the minimum number of 

stomachs required to do so was determined using cumulative prey curves, following Ferry 

and Calliet (1996). The cumulative prey curves depicted the cumulative number of stomach 

sampled, against the cumulative diversity of identified prey, for each species of each size 

class, on each coast. Cumulative prey curves are founded on the fact that as the number of 

stomach sampled increases, variation in prey species diversity decreases, causing the curve to 

reach an asymptote, as new prey types are being introduced very rarely into the diet (Ferry 

and Calliet, 2021). As it is unreliable to visually inspect prey curves for asymptotes, the slope 

of the linear regression (b), through the last five samples was used as an unbiased criteria, 

where b≤0.05 signified an acceptable leveling-off of the prey curve for the characterization 

of diet (Bizzarro et al., 2009; Brown et al., 2012). Stomach orders were randomized 1000 

times before curves were plotted to avoid bias. The 1000 randomisations were done in 

PRIMER 6 and all regression graphs were computed in MSExcel. All stomachs that were 
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empty upon dissection were excluded from these analyses. Data were grouped by coast, size 

and depth classes following Chapter Two. 

The diet of each species, sex, on each coast, at each depth and size class, was 

quantified by three relative indices of prey importance namely, number (N), weight (W) and 

frequency of occurrence (FO), as described by Hyslop, (1980). Each index was reported by 

percentage i.e, %N (Eq 2), %W (Eq 3) and %FO (Eq 4; (Hyslop, 1980; Tirasin and 

Jørgensen, 1999; Bizzarro et al., 2007; Braccini, 2008; Baker et al., 2014)), and associated 

advantages and disadvantages are discussed below. These indices provide different insights 

into the feeding habit of these shark species. 

 

                   %𝑁𝑁 = 100 ×  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑖𝑖𝑖𝑖ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

                                             Eq 2 

The percentage number (%N) of each prey item was calculated as shown above. This 

method has the advantage of being easy to calculate and provides information on the feeding 

behaviour of predators as it reflects the density dependant acquisition of prey by predators 

(Hyslop, 1980; Macdonald and Green, 1983; Tirasin and Jørgensen, 1999). On the other 

hand, it only “works” if all prey items are identifiable, which is not always the case. In 

addition to this, if small prey items are to occur in great numbers in the diet of predators, its 

importance may be over-emphasized (Hyslop, 1980). 

 

                 %𝑊𝑊 = 100 × 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑖𝑖𝑖𝑖ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

                                            Eq 3 

The percentage weight (%W) of each prey item was calculated as described above. 

The advantage of this index is that it is easy to calculate and provides a sense of the 
nutritional value of prey consumed (Hyslop, 1980; Macdonald and Green, 1983; Tirasin and 

Jørgensen, 1999). However, it has many disadvantages. Firstly, it will only work if all prey 

items are identifiable and weights are known, which is seldomly the case. It may also 

overplay the importance of slowly digested, rare and/or heavy prey items, which neglects the 

importance of the easily digestible, small and abundant prey. Furthermore, trapped 

water/preservation chemicals inside prey may also result in skewed prey weights (Hyslop, 

1980; Braccini, 2008). 
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               %𝐹𝐹𝐹𝐹 = 100 ×  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡ℎ𝑒𝑒 𝑖𝑖𝑖𝑖ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

                               Eq 4 

 

The percentage frequency of occurrence of prey items was calculated as shown above. 

This method differs from the previous two indices as it does not describe the diet of the 

predators but rather indicates the variability of prey species in the diet of the predator 

(Hyslop, 1980; Macdonald and Green, 1983; Tirasin and Jørgensen, 1999). It is easy to 

calculate and self-explanatory. All prey items or their remnants are counted and the level of 

digestion doesn’t matter, as long as prey are identifiable. A disadvantage of this method is  

that it too favours slowly digested prey. In comparison with %N and %W however, this index 

provides the most robust index of dietary composition (Hyslop, 1980; Bizzarro et al., 2007; 

Baker et al., 2014). 

As each index has its own bias, a compound index, the index of relative importance 

(IRI; Eq 5) was further calculated (Hyslop, 1980; Pianka, 1981; Cortés, 1997; Tirasin and 

Jørgensen, 1999; Bizzarro et al., 2007). 

 

 
                   𝐼𝐼𝐼𝐼𝐼𝐼 = %𝐹𝐹𝐹𝐹 × (%𝑁𝑁 + %𝑊𝑊)                                                                                             Eq 5 

 
The %IRI (Eq 6) was then calculated as it allows for easy comparison with results 

from other studies (Cortés, 1997, 1998, 1999; Bizzarro et al., 2007; Baker et al., 2014). 

 
 

                  %𝐼𝐼𝐼𝐼𝐼𝐼 = 100 ×  𝐼𝐼𝐼𝐼𝐼𝐼 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑖𝑖𝑖𝑖ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝐼𝐼𝐼𝐼𝐼𝐼 𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

                                                                    Eq 6 

 

The main disadvantage associated with this method relates to possible taxonomic 

discrepancies and differing resolutions of prey identification between studies (Bizzarro et 

al., 2007; Fanelli et al., 2009; Brown et al., 2012; Baker et al., 2014; Bonnici et al., 2018). 

 
Intraspecific and interspecific variability in the diet of both species were evaluated by 

sex, coast, size class and depth class. As most stomach samples contained only one prey 

item, the stomach samples were pooled by species, coast, sex, depth and size to overcome 
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the problems associated with analysing stomachs containing just one prey species (Linke et 

al., 2001; Platell and Potter, 2001). 

Where possible, intraspecific and interspecific differences in the frequency of 

occurrence of prey items among the major prey categories were tested using Chi-square 

contingency tables (Zar, 2010): pools with less than five specimens were excluded. Tests 

compared stomach content data: 1) between coasts for sharks of the same size and depth of 

capture; 2) for each size class, on each coast, with changing depth; 3) and between the 

different size classes, caught at the same depth and on the same coast. Owing to the fact that 

the frequency of occurrence data was deemed the most robust (Baker et al., 2014), this index 

was used for all analyses, whereas %IRI was used to interpret some results, (following Baker 

et al., 2014). In any analysis where the sample sizes differed between the groups being 

compared, the diet data of the group with the greater number of stomach samples was 

randomised 99 times without replacement and subsampled, such that groups being compared 

had the same sample size. Significance was tested at an alpha level of 0.05, after adjusting 

for multiple testing using the Bonferroni correction (Cooper, 1968). 

 
 

Results 
 

The total number of stomachs collected and analysed for each species varied between coasts. 

Of a total of 159 stomachs of Squalus acutipinnis that were collected on the West coast, 34 

(21.4%) were empty; whereas only seven (7.5%) of the 93 stomachs of S. bassi were empty 

(Table 15). On the other hand, of the 868 stomachs of S. acutipinnis that were collected on 

the South coast, 108 (12.4%) were empty, whereas 41 (13.1%) of the 313 stomachs of S. 

bassi collected were empty (Table 15). Overall, across the six different prey categories, 118 

different prey items were observed, with teleosts, crustaceans and cephalopods being most 

common (Table 16). It is important to note that most of the samples collected between 1994 

and 1998 were of S. acutipinnis, from the South coast. 
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Table 15: The number of Squalus acutipinnis and S. bassi stomachs analysed for prey items from the West and 
South coasts. Samples were collected during the 1984 – 1992 and 2014 – 2016 annual hake biomass surveys 
conducted by the Department of Forestry, Fisheries and the Environment (DFFE) 

 

Squalus acutipinnis  Squalus bassi  
Coast Non-empty Empty Total Non-empty Empty Total 
West 125 34 159 86 7 93 
South 760 108 868 272 41 313 
Total 885 142 1027 358 48 406 

 
 
 
 

Table 16: The number of different prey by prey category found in the overall diet of Squalus acutipinnis 
and S. bassi on the West and South coast of South Africa 

 

Prey Category Taxa 
Polychaetes 4 
Crustaceans 25 
Cephalopods 25 
Teleosts 46 
Other 16 
Unidentified semi-digested material 2 

 
 

In general, the smallest and largest sharks of both species were caught on the South 

coast (Table 17). The mean TL (cm) for Squalus bassi was larger than that of S. acutipinnis 

for the size classes, medium and large on the West coast and only large on the South coast 

(Table 17). Small S. bassi were not sampled on either coast (Table 17). The majority of S. 

acutipinnis were sampled in the 150 m depth bin on both coasts, whereas most individuals 

collected of S. bassi were sampled in 250 m and 450 m depth bins on the West and South 

coast, respectively (Table 17). Statistical analyses were often difficult because the number of 

stomachs available for analysis (by size and depth class) varied (Table 17). Whilst all data 

pools with ≥ 5 stomach samples were analysed, special focus has been given to those samples 

from medium and large-sized individuals occurring in the 150 and 250 m depth bins, because 

they were most numerous (Table 17), allowing for inter-and intra-species comparisons. As 

noted in Chapter Two, the size of the sharks caught increased with increasing depth (Table 

17). 
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Table 17: The total number of analysed Squalus acutipinnis and S. bassi stomachs, per size class and the 
midpoint of the depth bin (m) sampled, off the West and South coasts of South Africa. The mean total length 
(TL, cm; ±SE) and size range, for each species, across size classes are also presented. Samples were collected 
during the 1984 – 1994 and 2014 – 2016 annual hake biomass surveys conducted by the Department of 
Forestry, Fisheries and the Environment (DFFE) 

 

West coast    South coast   
 Squalus acutipinnis Squalus bassi  Squalus acutipinnis Squalus bassi 

m S M L S M L S M L S M L 
50 0 10 12 0 0 0 26 84 214 0 0 0 
150 2 21 35 0 3 14 35 159 228 0 24 57 
250 7 12 20 0 6 34 4 0 7 0 6 31 
350 0 0 6 0 0 13 0 0 0 0 0 0 
450 0 0 0 0 1 1 0 0 0 0 6 87 
550 0 0 0 0 0 12 0 0 3 0 0 55 
650 0 0 0 0 0 2 0 0 0 0 0 6 
Total 9 43 73 NA 10 76 65 243 452 NA 36 236 
Mean TL 27.6 41 48.6 NA 42.6 68.2 26.8 40.3 56 NA 35 73.5 
±SE 0.71 0.69 1.11 NA 0.62 1.62 0.26 0.26 0.32 NA 0.95 1.03 
Size Range  24 – 76   39 – 96  21 – 88   30- 104  

Size Classes: small (S); medium (M); large (L) 
 
 
 
 
 

 Cumulative prey curves show that in the case of Squalus acutipinnis (Fig. 13), it was 

not possible to make robust descriptions of the diet for any size class on the West coast (Fig. 

13a, 13c and 13e) or of small animals on the South coast (Fig.13b), because the cumulative 

prey curves were not asymptotic, indicating that insufficient numbers of samples had been 

collected. For S. bassi, not enough stomachs were collected to provide comprehensive 

information about the diet of medium and large sharks on the West coast, or of medium and 

large sharks on the South coast (Fig. 14a – d). No correlation was evident between the size of 

cephalopod prey and the size of S. acutipinnis or S. bassi (Fig. 15). 
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Figure 13: A randomised cumulative prey curve of the number of new prey taxa observed against the cumulative 
number of stomachs analysed by stomach content analyses of small (a; b), medium (c; d) and large (e; f) sized 
Squalus acutipinnis caught as bycatch off the West (a; c; e) and South (b; d; f) coasts of South Africa during 
1984 – 1994 and 2014 – 2016 annual hake biomass surveys conducted by DFFE. 
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Figure 14: A randomised cumulative prey curve of the number of new prey items described against the 
cumulative number of stomachs analysed by stomach content analyses of medium (a; b) and large (c; d) sized 
Squalus bassi caught as bycatch off the West (a; c) and South (b; d) coast of South Africa during 1984 – 1994 
and 2014 – 2014 annual hake biomass surveys conducted by DFFE. 

 
 

Figure 15: Change in cephalopod prey mantle length (ML; mm) with predator size (mm); r2= 0.114 
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Intraspecific evaluation of resource-use by Squalus acutipinnis 
 

A total of 88 different prey taxa were found in the stomachs of Squalus acutipinnis: 32 on the 

West coast and 83 on the South coast. Teleosts were the most important prey category in the 

overall diet of these sharks, with crustaceans and cephalopods of lesser importance (Table 

18). Dietary comparisons by sex could only be made between medium and large individuals 

captured in the 50 m and 150 m depth bins, owing to the paucity of data at other depths, and 

there was no apparent difference in the frequency of occurrence of prey categories in the 

diets of sharks by sex at either 50 m (χ2 = 0.842, df = 3; p >0.05; N = 214) or 150 m (χ2 = 

7.442, df = 3; p > 0.05; N = 228) depth bins. 

 
 

Table 18: The number of different prey items by prey category found in the overall diet of Squalus acutipinnis 
on the West and South Coast of South Africa 

 
Prey Categories West coast South coast 

Polychaetes 1 2 
Crustaceans 10 21 
Cephalopods 4 18 
Teleosts 15 28 
Other 1 13 
Unidentified semi-digested material 1 1 

 
 

Small Squalus acutipinnis were caught in the 250 m (N= 7; Appendix 1) depth bin on 

the West coast and in the 50 m (N= 26; Appendix 2) and 150 m (N= 35; Appendix 3) depth 

bins on the South coast. Based on %IRI, teleosts (Appendix 1), polychaetes (Appendix 2) 

and crustaceans (Appendix 3) were the most important prey categories for sharks caught at 

each depth, respectively. 

Medium Squalus acutipinnis were caught in the 50 m (N= 10; Appendix 4), 150 m (N= 

21; Appendix 5) and 250 m (N= 12; Appendix 6) depth bins on the West coast, and in the 50 

m (N= 84; Appendix 7) and 150 m (N= 159; Appendix 8) depth bins on the South coast. 

Polychaetes (Appendix 4) and teleosts (Appendix 5 and 6) were the most important prey 

categories in the diet of medium sharks caught on the West coast, whereas teleosts (Appendix 

7 and 8) were most important on the South coast. 

Large Squalus acutipinnis were caught at the 50 m (N= 12; Appendix 9), 150 m (N= 35; 

Appendix 10), 250 m (N= 20; Appendix 11) and 350 m (N= 6; Appendix 12) depth bins on 

the West coast and at the 50 m (N= 214; Appendix 13), 150 m (N= 228; Appendix 14) and 
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250 m (N= 7; Appendix 15) depth bins on the South coast. Based on the %IRI, the diet on 

the West coast was dominated by polychaetes in the 50 m depth bin (Appendix 9) and 

teleosts at greater depths (Appendix 10 -12), whereas the diet on the South coast was 

dominated by teleosts at all depths (Appendix 13 - 15). Appendices show the complete diet 

data from which subsampling may have or may not have taken place. 

There were significant differences in the %FO of the different prey categories by coast 

for medium and large Squalus acutipinnis occurring at the 50 m (medium: χ2 = 9.824, df = 3, 

p <0.05; large: χ2 = 34.762 df = 5, p <0.05) and 150 m (medium: χ2 = 17.713, df = 5, p <0.05; 

large: χ2 = 29.829, df = 5, p <0.05) depth bins. Polychaetes were important in the diet of 

medium sharks at the 50 m depth bin on the West coast while teleosts were common in 

sharks at the same depth on the South coast (Fig. 16). 
 
 
 
 

 

Figure 16: The percentage frequency of occurrence (%FO) of dietary categories in the diet of medium Squalus 
acutipinnis found at a 50 m depth bin on the West and South coasts of South Africa. The South coast diet data 
were subsampled and 10 stomachs were analysed on each coast. 
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Teleosts formed an important component in the diet of the medium sharks at the 150 

m depth bin on the West coast, whilst crustaceans dominated the diet on the South coast (Fig. 

17). For large sharks occurring at the 50 m depth bin on the West coast, polychaetes were 

important in their diet, whereas cephalopods were important on the South coast (Fig. 18). At 

the 150 m depth bin, however, teleosts were important in the diet of large sharks on the West 

coast, whilst polychaetes dominated the diet of these sharks on the South coast (Fig. 19). 

Evidently, the importance of prey categories in the diet of these sharks differed depending on 

the coast. 
 
 
 

 
 

Figure 17: The percentage frequency of occurrence (%FO) of dietary categories in the diet of medium Squalus 
acutipinnis found at a 150 m depth bin on the West and South coasts of South Africa. The South coast diet 
data were subsampled and 21 stomachs were analysed on each coast. 
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Figure 18: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
acutipinnis found at a 50 m depth bin on the West and South coasts of South Africa. The South coast diet data 
were subsampled and 12 stomachs were analysed on each coast. 

 
 
 

 
 

Figure 19: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
acutipinnis found at a 150 m depth bin on the West and South coasts of South Africa. The South coast diet 
data were subsampled and 35 stomachs were analysed on each coast. 
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On the West coast, medium as well as large sharks caught in the 50 m, 150 m and 250 

m depth bins, showed significant differences among the %FO of prey categories consumed 

(medium: χ2= 17.095, df = 8; p <0.05; large: χ2= 18.314, df = 6, p <0.05). Polychaetes 

dominated the diet of medium sharks sampled in the 50 m depth bin, whereas those sampled 

in the 150 m depth bin, fed on substantial amounts of both crustaceans and teleosts, whilst 

sharks collected in the 250 m depth bin predominantly consumed teleosts (Fig. 20). For large 

sharks, polychaetes dominated the diet at 50 m, teleosts at the 150 m depth bin and both 

cephalopods and teleosts in the 250 m depth bin (Fig. 21). Further significant differences in 

the %FO of prey categories of large sharks caught in the 150 m and 250 m depth bins only, 

were also found (χ2 = 11.327, df = 4, p <0.05). Teleosts dominated the diet of these sharks at 

both depths but yet differed in the importance of alternative prey categories at each depth bin 

(Fig. 22). 
 
 
 

 
Figure 20: The percentage frequency of occurrence (%FO) of dietary categories in the diet of medium Squalus 
acutipinnis found at 50 m, 150 m and 250 m depth bins on the West Coast. The 150 m and 250 m diet data 
were subsampled and 10 stomachs were sampled for each depth bin. 
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Figure 21: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
acutipinnis found at 50 m, 150 m and 250 m depth bins on the West Coast. The 150 m and 250 m diet data 
were subsampled and 12 stomachs were analysed for each depth bin. 

 
 
 

 
 

Figure 22: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
acutipinnis found at 150 m and 250 m depth bins on the West Coast. The 150 m depth bin diet data were 
subsampled and 20 stomachs were analysed for each depth bin. 
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On the South coast, small, medium and large sharks caught in the 50 m and 150 m 

depth bins, showed significant differences in %FO of prey categories consumed (small: χ2 

= 37.296, df = 5, p <0.05; medium: χ2 =15.335, df = 5, p <0.05; large: χ2 = 12.044, df = 5, p 

<0.05). Small sharks fed predominantly on polychaetes and teleosts in the 50 m and 150 m 

depth bins, respectively (Fig. 23). Medium sharks, on the other hand, fed predominantly on 

teleosts in the 50 m depth bin and on both cephalopods and teleosts in the 150 m depth bin 

(Fig. 24), while teleosts, alone, contributed substantially to the diet of large sharks at both 

depths (Fig. 25). Moreover, significant differences were further evident among large sharks 

caught in the 150 m and 250 m depth bins (χ2= 8.182, df = 5, p >0.05). Here, teleosts 

dominate the diet of sharks sampled at 150 m and polychaetes dominate the diet at 250 m 

(Fig. 26). Across tests, the overall diets of these sharks were comprised of various dietary 

categories and showed differences in the consumption of these alternative categories. 
 

 
 

Figure 23: The percentage frequency of occurrence (%FO) of dietary categories in the diet of small Squalus 
acutipinnis found at 50 m and 150 m depth bins on the South Coast. The 150 m depth bin diet data were 
subsampled and 26 stomachs were analysed for each depth bin. 
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Figure 24: The percentage frequency of occurrence (%FO) of dietary categories in the diet of medium Squalus 
acutipinnis found at 50 m and 150 m depth bins on the South Coast. The 150 m diet data were subsampled and 
84 stomachs were analysed for each depth bin. 

 

 
Figure 25: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
acutipinnis found at 50 m and 150 m on the South Coast. The 150 m diet data were subsampled and 214 
stomachs were analysed for each depth bin. 
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Figure 26: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
acutipinnis found at 150 m and 250 m depth bins on the South Coast. The 150 m diet data were subsampled 
and 7 stomachs were analysed for each depth bin. 

 
 
 

On the West coast, significant differences in the %FO of prey categories consumed by 

medium and large sharks were observed at the 250 m (χ2 = 10.054, df = 4, p <0.05) depth bin 

only. Teleosts and cephalopods dominated the diet of medium and large sharks with 

differences stemming from the consumption of alternative categories (Appendix 6; Table 19). 
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Table 19: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of large-sized Squalus acutipinnis, found at a 250 m depth bin on the West Coast of South 
Africa. This dataset was subsampled from the original and a total of 12 stomachs were analysed. 
 

Phylum Annelida 12.1 5.7 25.0 9.8 
Unidentified polychaete 12.1 5.7 25.0 9.8 

Phylum Arthropoda 19.0 9.7 30.0 7.0 
Funchalia woodwardi 1.7 3.0 5.0 0.5 
Pterygosquilla armata capensis 6.9 6.3 10.0 2.9 
Unidentified crustacean 10.3 0.4 15.0 3.6 

 
Phylum Mollusca 

 
13.8 

 
12.0 

 
40.0 

 
17.5 

Todaropsis eblanae 1.7 2.1 5.0 0.4 
Unidentified cephalopod 12.1 9.9 35.0 17.0 

Phylum Chordata: Osteichthyes 51.7 63.6 60.0 62.9 
Callionymidae 1.7 2.6 5.0 0.5 

Gnathophis sp. 1.7 20.6 5.0 2.5 

Lampricoides 15.5 16.6 5.0 3.6 
Unidentified teleost 32.8 23.8 45.0 56.4 

Unidentified semi-digested material 3.4 9.0 10.0 2.8 

Unidentified invertebrate 3.4 9.0 10.0 2.8 
SUM 100.0 100.0 165.0 100.0 

 
 
 

On the South coast, significant differences in the %FO of prey categories, among 

small, medium and large sharks were evident at both 50 m (χ2 = 28.035, df = 8, p <0.05) and 

150 m (χ2 = 20.974, df = 10, p <0.05) depth bins. At the 50 m depth bin, unidentified 

polychaetes dominated the diet of small sharks (Appendix 2) whereas teleosts dominated the 

diet of medium and large sharks (Table 20 and 21). On the other hand, at the 150 m depth 

bin, teleosts and crustaceans dominated the diet of small sharks (Appendix 3) whereas 

teleosts dominated the diet of medium and large sharks, respectively (Table 22 and 23). In 

addition to this, significant differences in the %FO of prey categories among only medium 

and large sharks caught in the 50 m (χ2 = 30,429, df = 5, p <0.05) and 150 m (χ2 = 11,570, df 

= 5, p <0.05) depth bins were further evident. Although teleosts dominated the diet of both 
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medium (Appendix 7) and large (Table 24) sharks at the 50 m depth bin, they differed in 

the consumption of alternative prey categories (Appendix 7; Table 24). Moreover, 

polychaetes and teleosts collectively dominated the diet of medium sharks (Appendix 8), 

while teleosts dominated the diet of large sharks at the 150 m depth bin (Table 25). The 

overall diets of these sharks were comprised of various dietary categories and showed 

differences in the consumption of these alternative categories. 

 
 

Table 20: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of medium-sized Squalus acutipinnis, found at 50 m on the South Coast of South Africa. 
This dataset was subsampled from the original and a total of 26 stomachs were analysed 

 

Species %N %W %FO %IRI 
Phylum Annelida 22.92 7.25 26.92 25.56 
Unidentified polychaetes 22.92 7.25 26.92 25.56 

Phylum Arthropoda 8.33 1.00 15.39 1.13 
Decapoda 2.08 0.28 3.85 0.29 
Goneplax angulata 2.08 0.28 3.85 0.29 
Penaeidae 2.08 0.28 3.85 0.29 
Unidentified crustacean 2.08 0.17 3.85 0.27 

Phylum Mollusca 6.25 23.78 11.54 3.63 
Loligo reynaudii 2.08 2.79 3.85 0.59 
Unidentified cephalopod 2.08 0.36 3.85 0.30 
Unidentified octopus 2.08 20.63 3.85 2.75 

Phylum Chordata: Osteichthyes 62.50 67.97 84.62 69.68 
Austroglossus pectoralis 4.17 4.46 3.85 1.04 
Engraulis encrasicolus 14.58 20.54 19.23 21.25 
Genypterus capensis 2.08 3.12 3.85 0.63 
Merluccius sp. 4.17 1.12 3.85 0.64 
Sardinops sagax 4.17 13.10 7.69 4.18 
Trachurus capensis 8.33 13.63 11.54 7.97 
Unidentified teleost 25.00 12.00 34.62 33.96 
SUM 100.00 100.00 138.46 100.00 
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Table 21: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of large-sized Squalus acutipinnis, found at 50 m on the South Coast of South Africa. This 
dataset was subsampled from the original and a total of 26 stomachs were analysed 

 

Species %N %W %FO %IRI 
Phylum Annelid 36.21 5.60 34.62 49.45 
Unidentified polychaete 36.21 5.60 34.62 49.45 

Phylum Arthropoda 13.79 1.66 26.92 2.49 
Decapoda 1.72 0.21 3.85 0.25 
Goneplax angulata 1.72 0.42 3.85 0.28 
Mysid 3.45 0.08 3.85 0.46 
Pterygosquilla armata capensis 1.72 0.63 3.85 0.31 
Unidentified amphipod 1.72 0.25 3.85 0.26 
Unidentified crustacean 3.45 0.06 7.69 0.92 

Phylum Mollusca 10.35 27.01 23.08 12.92 
Loligo reynaudii 5.17 20.62 11.54 10.17 
Sepia australis 3.45 5.91 7.69 2.46 
Unidentified cephalopod 1.72 0.48 3.85 0.29 

Phylum Chordata: Osteichthyes 39.66 65.74 76.92 35.13 
Austroglossus pectoralis 1.72 0.42 3.85 0.28 
Clupeidae 1.72 0.84 3.85 0.34 
Engraulis encrasicolus 12.07 3.89 15.39 8.39 
Etrumeus whiteheadi 3.45 3.37 7.69 1.79 
Merluccius sp. 1.72 1.05 3.85 0.37 
Paracallionymus costatus 1.72 0.32 3.85 0.27 
Pterogymnus laniarius 1.72 1.68 3.85 0.45 
Sardinops sagax 3.45 5.26 7.69 2.29 
Trachurus capensis 1.72 39.55 3.85 5.43 
Unidentified teleost 10.35 9.36 23.08 15.54 
SUM 100.00 100.00 161.54 100.00 
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Table 22: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of medium-sized Squalus acutipinnis, found at 150 m on the South Coast of South Africa. 
This dataset was subsampled from the original and a total of 35 stomachs were analysed 

 

Species %N %W %FO %IRI 
Phylum Annelid 28.77 7.97 34.29 34.54 
Unidentified polychaete 28.77 7.97 34.29 34.54 

Phylum Arthropoda 9.59 2.57 17.14 1.22 
Decopoda 1.37 1.69 2.86 0.24 
Goneplax angulata 2.74 0.63 5.71 0.53 
Mysida 2.74 0.04 2.86 0.22 
Unidentified crustacean 1.37 0.13 2.86 0.12 
Unidentified isopod 1.37 0.08 2.86 0.11 

Phylum Mollusca 5.48 4.78 11.43 0.80 
Loligo reynaudii 1.37 2.11 2.86 0.27 
Nassarius vinctus 1.37 0.84 2.86 0.17 
Unidentified cephalopod 1.37 1.53 2.86 0.23 
Unidentified mollusc 1.37 0.30 2.86 0.13 

Phylum Chordata: Osteichthyes 54.80 83.41 91.43 63.24 
Austroglossus pectoralis 2.74 3.38 2.86 0.48 
Engraulis encrasicolus 16.44 20.73 28.57 29.12 
Etrumeus whiteheadi 4.11 13.60 2.86 1.39 
Macrura sp. 1.37 0.08 2.86 0.11 
Merluccius capensis 1.37 0.84 2.86 0.17 
Merluccius sp. 2.74 0.84 2.86 0.28 
Paracallionymus costatus 1.37 0.84 2.86 0.17 
Sardinops sagax 2.74 15.61 5.71 2.88 
Trachurus capensis 6.85 14.53 11.43 6.70 
Unidentified teleost 15.07 12.94 28.57 21.94 

Unidentified semi-digested mate 1.37 1.27 2.86 0.21 
Unidentified specimen 1.37 1.27 2.86 0.21 
SUM 100.00 100.00 157.14 100.00 
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Table 23: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of large-sized Squalus acutipinnis, found at 150 m on the South Coast of South Africa. This 
dataset was subsampled from the original and a total of 35 stomachs were analysed 

 

Species %N %W %FO %IRI 
Phylum Annelida 25.58 10.51 17.14 29.10 
Unidentified polychaete 25.58 10.51 17.14 29.10 

Phylum Arthropoda 15.12 9.58 28.57 4.77 
Funchalia woodwardi 1.16 0.07 2.86 0.17 
Goneplax angulata 3.49 0.49 8.57 1.60 
Mysida 2.33 0.06 2.86 0.32 
Pleisionika martia 1.16 0.28 2.86 0.19 
Pterygosquilla armata capensis 2.33 0.49 5.71 0.76 
Unidentified crustacean 1.16 0.03 2.86 0.16 
Upogebia sp. 3.49 8.18 2.86 1.57 

Phylum Mollusca 8.14 19.73 17.14 6.64 
Loligo reynaudii 1.16 0.14 2.86 0.18 
Sepia australis 1.16 0.28 2.86 0.19 
Todaropsis eblanae 3.49 18.03 5.71 5.78 
Unidentified cephalopod 1.16 0.67 2.86 0.25 
Unidentified octopus 1.16 0.62 2.86 0.24 

Phylum Chordata: Elasmobranchii 1.16 2.08 2.86 0.44 
Rajidae 1.16 2.08 2.86 0.44 

Phylum Chordata: Osteichthyes 40.70 57.07 88.57 52.12 
Belonidae 1.16 3.05 2.86 0.57 
Bregmaceros sp. 1.16 0.04 2.86 0.16 
Chelidonichthys queketti 1.16 0.28 2.86 0.19 
Clupeidae 1.16 0.56 2.86 0.23 
Engraulis encrasicolus 11.63 4.51 20.00 15.18 
Etrumeus whiteheadii 3.49 5.69 8.57 3.70 
Gnathophis sp. 3.49 3.91 8.57 2.98 
Merluccius sp. 1.16 9.71 2.86 1.46 
Paracallionymus costatus 3.49 0.76 5.71 1.14 
Scomber japonicus 1.16 22.88 2.86 3.23 
Unidentified teleost 11.63 5.69 28.57 23.27 

Unidentified semi-digested material 9.30 1.03 14.29 6.94 
Unidentified specimen 9.30 1.03 14.29 6.94 
SUM 100.00 100.00 168.57 100.00 
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Table 24: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of large-sized Squalus acutipinnis, found at 50 m on the South Coast of South Africa. This 
dataset was subsampled from the original and a total of 84 stomachs were analysed 

 Species ```````````%̀̀̀Ǹ̀ ``` %W %FO %IRI  
Phylum Annelida 1.36 0.24 2.38 0.19 
Unidentified polychaete 1.36 0.24 2.38 0.19 

Phylum Arthropoda 12.93 0.78 21.43 1.66 
Brachyura 0.68 0.10 1.19 0.05 
Caridea 0.68 0.01 1.19 0.04 
Decapoda 2.04 0.17 3.57 0.39 
Goneplax angulata 0.68 0.10 1.19 0.05 
Mysida 2.72 0.07 3.57 0.50 
Parapaguridae 1.36 0.10 2.38 0.17 
Penaeidae 0.68 0.07 1.19 0.05 
Plesionika martia 0.68 0.10 1.19 0.05 
Pterygosquilla armata capensis 0.68 0.02 1.19 0.04 
Unidentified amphipod 1.36 0.03 2.38 0.17 
Unknown crustacean 1.36 0.01 2.38 0.16 

Phylum Mollusca 14.97 29.28 25.00 9.99 
Aplysiidae 0.68 0.07 1.19 0.05 
Loligo reynaudii 5.44 8.87 9.52 6.79 
Afrololigo mercatoris 0.68 0.31 1.19 0.06 
Octopus vulgaris 1.36 4.35 2.38 0.68 
Sepia australis 1.36 9.49 1.19 0.64 
Sepia sp. 0.68 0.19 1.19 0.05 
Todaropsis eblanae 0.68 0.24 1.19 0.05 
Unidentified cephalopod 2.72 1.58 4.76 1.02 
Unidentified octopus 1.36 4.19 2.38 0.66 

Phylum Echinodermata 0.68 0.14 1.19 0.05 
Holothuroidea 0.68 0.14 1.19 0.05 

Phylum Chordata: Tunicata 0.68 2.95 1.19 0.22 
Unidentified tunicate 0.68 2.95 1.19 0.22 

Phylum Chordata: Chondrichthyes 4.76 20.91 8.33 1.52 
Rajidae 0.68 0.71 1.19 0.08 
Selachii 0.68 1.00 1.19 0.10 
Squalus acutipinnis 0.68 0.33 1.19 0.06 
Torpedo sinuspersici 0.68 13.28 1.19 0.83 
Torpedo sp. 0.68 2.13 1.19 0.17 
Unidentified chondrichthyan 0.68 0.29 1.19 0.06 
Unidentified elasmobranch 0.68 3.18 1.19 0.23 

Phylum Chordata: Osteichthyes 58.50 43.36 75.00 83.65 
Belonidae 0.68 1.04 1.19 0.10 
Bregmaceros sp. 0.68 0.10 1.19 0.05 
Clupeidae 0.68 1.42 1.19 0.13 
Cynoglossus zanzibarensis 0.68 0.26 1.19 0.06 
Engraulis encrasicolus 24.49 8.73 20.24 33.48 
Etrumeus whiteheadii 1.36 0.09 2.38 0.09 
Gnathophis sp. 0.68 0.12 1.19 0.05 
Helicolenus dactylopterus 0.68 7.05 1.19 0.46 
Merluccius sp. 0.68 2.13 1.19 0.17 
Paracallionymus costatus 4.08 0.38 4.76 1.06 
Sardinops sagax 2.72 5.53 4.76 1.96 
Trachurus capensis 2.72 3.92 3.57 1.18 
Unidentified teleost 18.37 12.58 30.95 44.88 

 72    
Unidentified semi-digested material 6.12 1.55 7.14 2.73 
Unidentified specimen 6.12 1.55 7.14 2.73 
SUM 100.00 100.00 141.67 100.00 
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Table 25: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of large-sized Squalus acutipinnis, found at 150 m on the South Coast of South Africa. This 
dataset was subsampled from the original and a total of 159 stomachs were analysed 

 
Species %N %W %FO %IRI 
Phylum Annelida 15.42 6.60 28.93 21.88 
Nereididae 0.41 0.22 1.26 0.03 
Unidentified polychaetes 15.01 6.38 27.67 21.85 

Phylum Cnidaria 0.41 1.45 1.26 0.09 
Pennatulaceae 0.41 1.45 1.26 0.09 

Phylum Arthropoda 22.52 4.79 45.28 6.45 
Caridea 0.61 0.02 1.26 0.03 
Decapoda 0.61 0.08 1.89 0.05 
Euphausiaceae 0.61 0.02 1.89 0.04 
Funchalia woodwardi 0.41 0.19 1.26 0.03 
Goneplax angulata 0.61 0.43 1.89 0.07 
Malacostraca 0.41 0.05 1.26 0.02 
Mursia cristiata 0.81 0.41 2.52 0.11 
Mysida 1.83 0.31 3.77 0.30 
Parapaguridae 1.01 0.22 3.15 0.14 
Passihaea sppI. 1 0.20 0.11 0.63 0.01 
Penaeidae 0.41 0.03 1.26 0.02 
Pleisionika martia 0.20 0.11 0.63 0.01 
Pterygosquilla armata capensis 1.01 0.58 3.15 0.19 
Unidentified amphipod 10.35 0.31 11.32 4.45 
Unidentified crustacean 2.84 0.44 7.55 0.91 
Upogebia africana 0.41 0.37 1.26 0.04 
Upogebia sp. 0.20 1.11 0.63 0.03 

Phylum Mollusca 9.33 13.99 23.27 3.59 
Enteroctopus magnificus 0.20 0.51 0.63 0.02 
Inioteuthis capensis 0.20 0.02 0.63 0.01 
Loligo reynaudii 3.65 4.88 5.66 1.78 
Sepia australis 0.20 0.95 0.63 0.03 
Sepia sp. 0.81 0.33 2.52 0.11 
Sepiolidae 0.20 0.06 0.63 0.01 
Teuthida 1.01 1.83 3.15 0.33 
Todaropsis eblanae 0.20 0.89 0.63 0.03 
Unidentified cephalopod 2.23 2.35 6.92 1.17 
Unidentified octopus 0.41 2.14 1.26 0.12 
Unidentified mollusc 0.20 0.04 0.63 0.01 

Phylum Echinodermata 0.20 0.11 0.63 0.01 
Holothuroidea 0.20 0.11 0.63 0.01 

Phylum Chordata: Chondrichthyes 0.81 6.17 2.52 0.65 
Unidentified elasmobranch 0.81 6.17 2.52 0.65 

Phylum Chordata: Osteichthyes 51.32 66.90 96.86 67.34 
Austroglossus pectoralis 0.20 0.22 0.63 0.01 
Clupeidae 0.20 0.45 0.63 0.02 
Cynoglossus zanzibarensis 0.41 0.39 1.26 0.04 
Engraulis encrasicolus. 5.07 3.22 11.95 3.66 
Etrumeus whiteheadii 4.46 7.28 5.66 1.06 
Helicolenus dactylopterus 0.20 0.11 0.63 0.01 
Lampricoides 2.64 0.22 0.63 0.07 
Lophius vomerinus 0.20 3.05 0.63 0.08 
Merluccius capensis 0.41 1.23 1.26 0.08 
Merluccius sp. 0.41 1.77 1.26 0.10 
Paracallionymus costatus 12.37 2.76 9.43 5.27 
Sardinops sagax 4.46 10.58 7.55 4.19 
Scomber japonicus 0.20 0.59 0.63 0.02 
Scomberesox saurus scomberoides 0.20 2.08 0.63 0.05 
Trachurus capensis 1.01 8.38 3.15 1.09 
Unidentified teleost 14.60 17.41 39.62 46.84 

Unidentified semi-digested material 4.26 7.16 11.32 4.77 
Unidentified specimen 4.26 7.16 11.32 4.77 
 SUM  100.00  100.00  198.74  100.00  
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Teleosts, cephalopods, crustaceans, and polychaetes were important prey categories in 

the diet of Squalus acutipinnis, with the degree of importance changing with coast, depth and 

size class. Overall, small-sized S. acutipinnis fed predominantly on unidentified polychaetes, 

with larger sharks focussing on cephalopods, crustaceans and most importantly, teleosts, with 

anchovy Engraulis encrasicolis being the most frequently consumed teleost. Although 

overlap in the prey items per dietary category was evident, the prey items’ importance varied 

in number, weight and frequency of occurrence consumed. As the size of fish increased, there 

was an increase in the number of different prey taxa observed irrespective of coast, with 

larger sharks displaying broader diets than their smaller counterparts. 

 
 
 

Intraspecific evaluation of resource-use by Squalus bassi 
 

A total of 67 different prey taxa were found in the stomachs of Squalus bassi: 29 on the West 

coast and 61 on the South coast. Teleosts were the most important prey category in the 

overall diet of these sharks, with cephalopods and crustaceans of lesser importance (Table 

26). The diets of males and females were pooled, and no analyses by sex were made as no 

differences in the diet by sex was found (p<0.001) when inferences could be made. 

Moreover, sex-related differnces in diet could also not be tested across all tests because of 

insufficient sample numbers. 

 
 

Table 26: The number of different prey items by prey category found in the overall diet of Squalus bassi on the 
West and South Coast of South Africa 

 

Prey Categories West coast South coast 
Polychaetes 0 3 
Cephalopods 6 14 
Teleosts 16 28 
Crustaceans 4 13 
Other 2 1 
Unidentified semi-digested material 1 2 

 
 
 
 

Medium Squalus bassi were only caught in the 250 m (N= 6; Appendix 16) depth bin 

on the West coast, whereas these sharks were caught in the 150 m (N= 24; Appendix 17); 

250 m (N= 6; Appendix 18) and 450 m (N= 6; Appendix 19) depth bins on the South coast. 

Based on %IRI, teleosts and cephalopods were the most important prey categories for sharks 
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caught at all depth bins, except for the 250 m depth bin on the South coast, where 

crustaceans replaced cephalopods in terms of dietary importance (Appendices 16-19). 
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Large Squalus bassi were caught at 150 m (N= 14; Appendix 20); 250 m (N= 32; 

Appendix 21); 350 m (N= 14; Appendix 22) and 550 m (N= 12; Appendix 23) on the West 

coast and at 150 m (N= 57; Appendix 24); 250 m (N= 31; Appendix 25); 450 m (N= 87; 

Appendix 26); 550 m (N= 55; Appendix 27) and 650 m (N= 6; Appendix 28) on the South 

coast. Based on the %IRI and in order of greatest importance, teleosts and cephalopods were 

the most important prey categories in the diet of sharks collected at all depth bins (Appendix 

20 – 27), except the 650 m depth bin on the South coast, where cephalopods were more 

important than teleosts (Appendix 28). 

There were no significant differences in the %FO of prey categories, between the 

West and South coasts for medium sharks occurring at 250 m (χ2 = 3.058, df = 2, p > 0.05), or 

between large sharks occurring at 150 m (χ2 = 3.735, df = 3, p > 0.05) and 250 m (χ2 = 0.625, 

df = 4, p > 0.05) depth bins. When results were not significant, details are not presented. 

On the West coast, large sharks showed no significant differences in the %FO of prey 

categories caught in the 150 m, 250 m and 350 m depth bins (χ2 = 3.058, df = 2, p > 0.05), or 

between those caught in the 150 m and 250 m depth bins, only (χ2 = 1.586, df = 3, p > 0.05). 

On the South coast, however, comparisons among medium sharks caught in the 150 

m, 250 m and 450 m depth bins, showed significant differences in the %FO of prey 

categories (χ2 = 19.607, df = 10, p <0.05). Sharks caught in the 150 m depth bin, fed 

predominantly on crustaceans and cephalopods, while those collected at 250 m fed on 

substantial amounts of teleosts. In the 450 m depth bin, sharks fed mainly on cephalopods 

(Fig. 27). 

Significant differences were also evident in the %FO of prey categories of large 

sharks caught in the 150 m, 250 m, 450 m and 550 m depth bins (χ2 = 28.049, df = 15, p 

<0.05). Teleosts were the most important prey category in the 150 m, 250m and 550 m depth 

bins, while both teleosts and cephalopods were most important diet category of sharks 

sampled in the 450 m depth bin (Fig. 28). When testing for differences in the %FO of prey 

categories of large sharks caught between 150 m and 250 m depth bins only, no differences 

were evident (χ2 = 7,493 df = 4, p >0.05); while significant differences were evident for 

sharks caught between 450 m and 550 m depth bins only (χ2 = 9,981, df = 4, p <0.05). Here 

too, teleosts were the dominant prey category in the diet of sharks, with the absence of 

alternative categories possibly driving differences (Fig. 29). The overall diets 

of these sharks comprised a variety of categories and showed differences in the consumption 

http://etd.uwc.ac.za/ 
 



77  

of these alternative categories (Fig. 27 - 29). 
 
 

Figure 27: The percentage frequency of occurrence (%FO) of dietary categories in the diet of medium Squalus 
bassi found at 150 m, 250 m and 450 m depth bins on the South coast. The 150 m diet data were subsampled 
and a total of 6 stomachs were analysed per depth bin. 

 

Figure 28: The frequency of occurrence (%FO) of dietary categories in the diet of large Squalus bassi found at 
150 m, 250 m, 450 m and 550 m on the South coast. The diet data for 150 m, 450 m and 550 m were 
subsampled and a total of 31 stomachs were analysed. 
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Figure 29: The percentage frequency of occurrence (%FO) of dietary categories in the diet of large Squalus 
bassi found at 450 m and 550 m depth bins on the South coast. The 450 m depth bin diet data were 
subsampled and a total of 55 stomachs were analysed. 

 
 

There were no significant differences in the %FO of prey categories among medium 

and large sharks occurring in the 250 m depth bin on the West coast (χ2= 7.106, df = 3, p 

>0.05). On the South coast however, significant differences in the %FO of prey categories 

were evident among medium and large sharks occurring in the 150 m (χ2 = 14.944, df = 5, p 

<0.05) and 450 m (χ2 = 6.857, df = 2, p <0.05) depth bins. At the 150 m depth bin, although 

teleosts dominated the diet of both medium (Appendix 17) and large sharks (Table 27), they 

differed in the consumption of alternative prey categories, with medium sharks even feeding 

on a prey category (crustaceans) that large sharks did not feed on (Appendix 17; Table 27). 

At the 450 m depth, although cephalopods dominated the diets of both medium (Appendix 

19) and large sharks (Table 28), medium sharks also fed on crustaceans whereas the large 

sharks had not. No differences were evident between medium and large sharks occurring at 

250 m (χ2 = 1.279, df = 2, p > 0.05). 
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Table 27: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of 

relative importance (%IRI) of large-sized Squalus bassi, found at 150 m on the South Coast of South Africa. 

This dataset was subsampled from the original and a total of 24 stomachs were analysed 
 

Species %N %W %FO %IRI 
Phylum Arthropoda 3.28 0.04 8.33 2.67 
Decapoda 1.64 0.03 4.17 1.34 
Unidentified crustacean 1.64 0.01 4.17 1.33 

Phylum Mollusca 34.43 39.30 54.17 43.08 
Crossia sp. 1.64 0.36 4.17 1.61 
Histiotheuthis macrohista 1.64 1.01 4.17 2.13 
Loligo reynaudii 13.12 18.22 4.17 25.19 
Sepia sp. 3.28 10.56 8.33 5.56 
Teuthidae 3.28 5.75 8.33 3.63 
Unidentified cephalopod 8.20 2.68 20.83 1.75 
Unidentified octopus 3.28 0.72 4.17 3.21 

Phylum Chordata: Osteichthyes 59.02 54.19 87.50 46.41 
Gnathopis sp. 4.92 5.79 8.33 4.31 
Lampricoides 1.64 0.18 4.17 1.46 
Myctopidae 9.84 5.61 4.17 12.42 
Paracallionymus costatus 8.20 1.29 4.17 7.63 
Sardinops sagax 4.92 8.34 8.33 5.33 
Scomberesox saurus scomberoides 4.92 6.35 12.50 5.20 
Trachurus capensis 3.28 2.01 8.33 2.13 
Trichiurus lepturus 3.28 6.04 8.33 3.74 
Unidentified teleost 18.03 18.58 29.17 4.21 

Unidentified semi-digested material 3.28 6.47 8.33 7.84 
Unidentified invertebrate 1.64 0.72 4.17 1.90 
Unidentified specimen 1.64 5.75 4.17 5.94 
SUM 100.00 100.00 158.33 100.00 

 
 

Table 28: Dietary indices of number (%N), weight (%W), frequency of occurrence (%FO) and index of relative 
importance (%IRI) of large-sized Squalus bassi, found at 450 m on the South Coast of South Africa. This 
dataset was subsampled from the original and a total of 6 stomachs were analysed 

 
Species %N %W %FO %IRI 
Phylum Mollusca 75.00 50.45 100.00 90.99 
Unidentified cephalopod 75.00 50.45 100.00 90.99 

Phylum Osteichthyes 25.00 49.55 33.33 9.01 
Engraulis encrasicolus 12.50 40.57 16.67 6.42 
Paracallionymus costatus 12.50 8.98 16.67 2.60 
SUM 100.00 100.00 133.33 100.00 

http://etd.uwc.ac.za/ 
 



80  

Teleosts, cephalopods and crustaceans were important prey categories in the diet of 

Squalus bassi, with the degree of importance changing with coast, depth and size class. 

Overall, S. bassi, irrespective of size, fed more often on teleosts than any other prey category. 

Cape hakes, Merluccius spp. were the identifiable teleost that was most frequently consumed. 

Although overlap in the dietary categories were evident, the importance of prey items 

consumed varied in number, weight and frequency of occurrence, as well as species. As with 

S. acutipinnis the bigger the sample fish the greater the number of different prey items 

consumed irrespective of coast, with larger sharks displaying broader diets than their 

smaller counterparts. 

 
Interspecific evaluation of resource-use between Squalus acutipinnis and S. bassi 

 
Differences in the diet of the two species were compared using %FO in prey categories, but 

because of sample size constraints, it could only be tested explicitly among large sharks of 

each species, occurring in the 150 m and 250 m depth bins on both coasts. The results 

indicated that the diets differed significantly in the 150 m (West: χ2 = 14.775, df= 3, p <0.05; 

South: χ2 = 33.210, df = 5, p <0.05) and 250 m (West: χ2 = 16.154, df = 5, p <0.05; South: χ2 

= 6.606, df = 2, p <0.05) depth bins on both coasts. 
 

At the 150 m depth bin on the West coast, crustaceans were the most important prey 

category in the diet of Squalus acutipinnis whereas teleosts were more important in the diet of 

S. bassi (Fig. 30a). In the 250 m depth bin, however, although teleosts and cephalopods were 

the most important prey categories in the diet of both species, their diet differed in relative 

amounts as well as by the presence/absence of alternative prey categories (Fig. 30b). A 

similar result was observed in the 150 m depth bin on the South coast, where teleosts and 

cephalopods were generally the most important prey categories in the diet of both species, but 

there were differences in the relative amounts as well as in the presence/absence of alternative 

prey categories (Fig. 30c). Cephalopods were most important in the diet of S. acutipinnis 

while polychaetes were the most important prey category in the diet of S. bassi in the 250 m 

depth bin (Fig. 30d). 
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Figure 30: The percentage frequency of occurrence (%FO) in the dietary categories of large Squalus acutipinnis 
and large Squalus bassi found at the 150 m (a and c) and 250 m (b and d) depth bins on the West (a and b) and 
South (c and d) coasts of South Africa. Dietary data for the 150 m depth bins were subsampled for S. 
acutipinnis, while the dietary data at the 250 m depth bins were subsampled for S. bassi. 

 
 

Discussion 
 

This is the first comprehensive study on the feeding ecology of Squalus acutipinnis and S. 

bassi, along the West and South coasts of South Africa. The stomachs of many fish contained 

no food, which is not unusual (Cortés and Gruber, 1990; Compagno et al., 1991; Kazunari, 

1991; Ebert et al., 1992; Bush, 2003; Braccini et al., 2005; Varela et al., 2013), as sharks are 

intermittent feeders that actively feed for only short periods of time (Wetherbee et al., 1990, 

2012; Wetherbee and Cortés, 2004; Braccini et al., 2005). Regurgitation during capture could 

explain some of these results, as multiple sharks had water-filled stomachs once brought 

aboard the ship (Leslie RW, pers comm., 2019, DFFE). The majority of stomachs that 

contained food, had few prey items, an observation in agreement with many others 

(Wetherbee et al., 1990; Smale and Compagnon, 1997; Alonso et al., 2001; Simpfendorfer et 

al., 2001; Braccini et al., 2005). This means that 
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a large number of stomachs are needed to describe diet with any confidence. Past studies 

have determined that a minimum of 200 stomachs would be needed to confidently describe 

the diet of a shark (Morato et al., 2003; Braccini et al., 2005): a number that was 

unfortunately not collected for every size class, depth class or coast here. 

Squalus acutipinnis and S. bassi were shown to feed across all six prey categories and 

to consume a wide range of different prey species. They can, therefore, be classed as 

generalist feeders (Wetherbee et al., 1990, 2012; Hanchet, 1991; Alonso et al., 2002; Bethea 

et al., 2004; Braccini et al., 2005; Fanelli et al., 2009; Huckembeck et al., 2014). That said, 

teleosts were important prey for all size classes, becoming particularly important for larger 

fish. The importance of teleosts in the diet of sharks has been highlighted by many studies 

(Wetherbee et al., 1990; Jones and Barmuta, 1998; Jakobsdóttir, 2001; Laptikhovsky et al., 

2001; Brickle et al., 2003; Braccini et al., 2005; Lucifora et al., 2006; Dunn et al., 2013; van 

der Heever, 2017). Of the identifiable teleost species, anchovy were important for S. 

acutipinnis, whereas hakes were important for S. bassi. It is noteworthy that anchovy were 

typically identified from heads found in the shark's stomach. Cephalopods usually behead 

fish when feeding, and the presence of fish heads may have resulted from the scavenging of 

cephalopod discards (as Smale and Compagno 1997). Although teleosts become more 

important with size, the opportunistic characteristic of these sharks is evidenced by the 

presence of small pelagic species (Engraulis encrasicolus, Etrumeus whiteheadi, Sardinops 

sagax) in the diet of large specimens of both species. 

Some of the prey items noted here have not previously been recorded in the diet of the 

investigated species (Ebert et al., 1992). This may reflect differences in the study site and/or 

sample size. The geographical area covered in this study ranges from the Orange River to 

Port Elizabeth, whereas that of Ebert et al. (1992) extended from Walvis Bay to Cape 

Agulhas. Mursia cristiata and Engraulis encrasicolus were recorded in the diet of Squalus 

acutipinnis on the West coast here, but not by Ebert et al. (1992). In the case of S. bassi, 

Etrumeus whiteheadi and Symbolophorus sp. were recorded in the diet of material collected 

on the West coast here, but not by Ebert et al. (1992). It should be realised, however, that the 

number of stomachs analysed in this study was much larger than that of Ebert et al. (1992), 

which would have allowed for a greater chance of encountering relatively uncommon, and 

hence newly recorded, prey species. 
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The lack of any relationships between the size of predator and prey is often inferred to 

be the result of opportunistic feeding by the predator and is commonly seen in studies of 

sharks (Wetherbee et al., 1990). It has been suggested that sharks will consume (when 

hungry) any species of an appropriate size, that they encounter and they do not ignore one 

type of prey out of preference for another (Wetherbee et al., 1990; Vögler et al., 2009). Based 

on the data alone, a linear relationship between squaloid size and cephalopod size should not 

have been expected here, as the maximum size of many cephalopods species is much smaller 

(Sepia sp.) than the minimum size of squaloids. Moreover, squaloids have effective cutting 

teeth that work with a sawing action (Ebert, 2013; Ebert and Mostarda, 2013), therefore the 

size of prey, in general, may not be limited by gape size, but by the ability to capture the prey 

(Smale and Compagno, 1997). Even saying that these sharks are opportunistic feeders should 

be with some caution, because if the predator swallows its prey whole, the maximum size of 

prey that can be eaten will increase with increasing predator size whether the predator is an 

opportunistic feeder or not. The results clearly demonstrate that the diet of both species 

changes with increasing size, with small sharks switching from small (polychaetes) to bigger 

prey species (teleosts), meaning that effectively, the mean prey size, across all prey species, 

should increase with increasing predator size. 

The results presented here indicate some significant differences in the diets of Squalus 

acutipinnis and S. bassi by coast, depth, and size. The differences in the diet of the same 

species between coasts likely reflect differences in prey diversity and availability between the 

two areas. Typically the number of different types of prey consumed on the South coast was 

greater than that consumed at the same depths on the West coast, a fact that can be attributed 

to the greater diversity of species in the former than latter regions (Branch and Branch, 2018). 

Regional differences in the diet of sharks have been commonly reported in the literature, and 

have been reported to reflect differences in prey field and availability as well as differing 

habitat utilisations between the regions (Cortés and Gruber, 1990; Yamaguchi and Taniuchi, 

2000; Simpfendorfer et al., 2001; Braccini et al., 2005; Bethea et al., 2006, 2007). 

A study on the diet of Mustelus palumbes and M. mustelus around the coast of South 

Africa indicated a degree of regional differences in the diet of each species (Smale and 

Compagno, 1997). On the West coast, the diet of M. palumbes was dominated by hermit 

crabs, whereas stomatopods dominated the diet of these sharks on the South coast. On the 

other hand, Jasus lalandii were important in the diet of M. mustelus on the West coast while 

other prey were significant on the South coast. Smale and Compagno, (1997) attributed these 
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differences to reflect regional differences in the distributions and availability of prey (Smale 

and Compagno, 1997). With further reference to the results of this study, regional differences 

also reflected differences in sample collection effort. More stomach samples were collected 

on the South coast, with the South coast diet data collected over 12 years, while the West 

coast data were only collected over a span of two years. 
 

Intraspecific changes in diet by depth is commonly observed in squaloid sharks 

(Kazunari, 1991; Braccini et al., 2005), though it is sometimes difficult to disentangle the 

effects of depth per se, from those associated with size. Deeper-living Squalus acutipinnis 

and S. bassi fed more on demersal fish (eg. Merluccius spp. and Gnathophis sp., etc.) and 

cephalopods than shallower living animals, though some pelagic fish were still present in the 

diet. Polychaetes decreased in dietary importance with increasing size and depth. Small and 

young S. acutipinnis are known to be bathypelagic (Compagno et al., 1991), feeding in close 

connection with the seafloor (high number of annelids – polychaetes; crustaceans - Funchalia 

woodwardi, Pterygosquilla armata capensis) as well as in the upper water column (Engraulis 

encrasicolus; and other pelagic teleosts). Again, differences in the diet with depth can be 

attributed to prey availability and changes in the prey spectrum with changing depth, a 

conclusion also reached by Carrassón et al. (1992) studying the diet of Galeus melastomus in 

the western Mediterranean Sea. 
 

But they can also be related to changes in size. Intraspecific size-based differences in 

the diet of sharks are well studied, with differences resulting from ontogenetic shifts 

(Wetherbee et al., 1990; Kazunari, 1991; Lucifora et al., 2000, 2006; Alonso et al., 2002; 

Braccini et al., 2005; Papastamatiou et al., 2006; Bethea et al., 2007; van der Heever, 2017). 

These ontogenetic shifts in the diet occur with changes in the dietary items consumed by 

sharks as they grow; i.e. small and large sharks exploit different resources. Overall, as 

Squalus acutipinnis grows, there is a change in commonly consumed prey items. Polychaetes 

are important for small sharks, while teleosts become significantly more important in the diet 

of the larger sharks. Besides the obvious, major change in prey categories with growth, 

discrete changes in teleost prey species consumed are also evident for medium (e.g. 

Engraulis encrasicolus, Etrumeus whiteheadi) and large (Cynoglossus zanzibarensis, 

Trachurus capensis, Trichiuris lepturus) sharks at 150 m on the West coast. 
 

Similarly, the diets of small, medium and large Squalus acutipinnis, caught at 50 m on 

the South coast, show differences in the teleost species predated. The larger the shark, the 
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more benthic teleosts were consumed (eg: Austroglossus pectoralis, Genypterus capensis, 

Merluccius spp. and Trachurus capensis), whereas smaller sharks consumed more pelagic 

prey. Differences in the teleost types consumed by S. bassi at 150 m on the South coast were 

also noted. Small sharks consumed Engraulis encrasicolus, while the larger sharks consumed 

more mesopelagic and demersal species (e.g., Myctophidae, Trichiurus lepturus and 

Gnathopis sp.). Differences in the prey types of secondarily important categories (crustaceans 

and cephalopods) are also recognised. 
 

Differences in the diet of predators with increasing size may reflect changes in their 

gape size, speed and handling ability. The consumption of polychaetes by small sharks may 

be as a direct result of gape-limitations; animals with small teeth and gape sizes may 

consume slow-moving prey or by scavenging. As the shark grows it is increasingly able to 

consume bigger prey, reflecting an increase in gape size, increased swimming speed and 

better handling abilities (Lucifora et al., 2000, 2006; Graham, 2005; Bethea et al., 2006, 

2007; Braccini, 2008; Barbini et al., 2011). And this would then result in increased diversity 

in the fish consumed. In the case of Squalus megalops in southern and eastern Australia, 

smaller sharks fed on benthic crustaceans and gastropods, whereas larger animals fed on 

demersal-pelagic prey: a fact that was attributed, in part, to changes in foraging ability 

(Braccini et al., 2005). In the case of Galeocerdo cuvier off Hawaii, small sharks had a less 

diverse diet than large sharks and there was a shift from fish to more mammals and turtles 

(Lowe et al., 1996). Small sharks were even shown to segregate spatially from their medium 

and large conspecifics (Lowe et al., 1996). The data reported in Chapter Two showed that 

similar patterns in distribution were evident of the West and South coast of South Africa. It 

should be remembered that although increased gape size may increase their effectiveness as 

predators, squaloids are not limited by this as they have quite effective cutting teeth, with 

some even attacking and feeding on prey in packs (Ebert, 2013; Ebert and Mostarda, 2013; 

Leslie RW, pers comm., 2019, DFFE). 

Segregation by sex is a prevalent characteristic of shark life histories (Springer, 1967) 

and squaliform sharks are generally shown to distribute by sex (Kazunari and Tanaka, 1988; 

Kazunari, 1991; Braccini et al., 2005; Ebert, 2013). However, the absence of sex-related 

differences in the diet of Squalus observed here has been reported before (Braccini et al., 

2005). These latter authors reasoned this to reflect small sample sizes (Ferry and Cailliet, 

1996; Braccini et al., 2005), which may also hold for this study. 
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The results indicate the lack of a clear interspecific overlap in resource-use by coast, 

depth, and size between the two subject species here, which could be interpreted as a result of 

interspecific competition (Schoener, 1974; Bethea et al., 2004; Espinoza et al., 2012; O’Shea, 

2012; van der Heever, 2017). These species may be dividing their dietary resources, to enable 

co-existence through differential resource-use between coasts and depths, ontogenetic shifts 

between the size classes and the near-specialised resource-use by size classes (Schoener, 

1974; Garrison and Link, 2000; Linke et al., 2001; Platell and Potter, 2001; Yick et al., 2011; 

Espinoza et al., 2012, 2015). However, the term “competition” should be used with caution 

as the results do not indicate that resources are limited within the environment (Schoener, 

1974; Ross, 1986). 

Coexistence may be achieved if the two species consume the same resources 

(categories/prey species types), but in different proportions, or if one species consumes a prey 

category that the other species does not. Co-existence may be also be mediated if the two 

species use (even) slightly different micro-habitats (White and Potter, 2004; Marshall et al., 

2008). When species cooccur differences are pronounced and by consuming prey in different 

proportions, they may be facilitating co-existence. Off the east coast of North America, two 

similar-sized skates, Raja erinacea and R. ocellata were found to consume the same prey 

species but in varying proportions (McEachran et al., 1976). The diet of R. erinacea was 

composed largely of teleosts and polychaetes whereas the diet of R. ocellata was largely 

composed of crustaceans. The difference in their diet became more pronounced when they 

co-occurred, with R. erinacea feeding on more epifaunal prey than R. ocellata, which fed on 

more infaunal species (McEachran et al., 1976). However, based on the catch records, these 

species do seem to also occupy different depths and therefore different prey groups may 

become more or less available at the different depths. This difference may therefore also 

relate to habitat separations, rather than competition. 

The results of this study have shown the intraspecific and interspecific dietary habits 

of Squalus acutipinnis and S. bassi. Their generalist, and perhaps opportunistic diets, 

complicates accurate description as South Africa moves towards ecosystem-based fishery 

management. It should be realised that using stomach content analyses as the sole method of 

quantifying the feeding ecology of species, does come with various limitations and is more 

often than not quite biased (Estrada et al., 2006; Michener and Kaufman, 2007). This 

sampling technique is lethal, time-consuming and prey identification can be difficult, 

depending on the level of digestion. It also requires many stomachs to be analysed but yet 
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only provides a snapshot of the last meal consumed, providing no real temporal information 

(Michener and Kaufman, 2007; Shiffman et al., 2014; Espinoza et al., 2015), which is 

complemented here by the use of stable isotopes analyses, which will be covered in Chapter 

Four. 
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Chapter Four 

Intraspecific and interspecific variability in the isotopic 
signatures (δ13C and δ 15N), of Squalus acutipinnis and S. bassi, 

caught off the South and West coast of South Africa 
 
 

Introduction 
 

Traditionally, information on the feeding ecology of sharks has been assessed through 

stomach content analyses (SCA; White et al., 2004; Braccini, 2008; Vaudo and Heithaus, 

2011; Baker et al., 2014; Churchill et al., 2015; Bonnici et al., 2018; Chapter Three). This 

method involves identifying prey items directly from the stomach, allowing a high resolution 

of prey identification. Stomach content analysis is a lethal process and only provides a 

snapshot into the diet of sharks and is biased by when the animal last fed (Shiffman et al., 

2012, 2014; Valls et al., 2017; Chapter Three). 

Stomach content analyses have a number of other limitations (Estrada et al., 2006; 

Michener and Kaufman, 2007). They are time-consuming to perform as they require 

specimen dissection and the identification of prey species (Estrada et al., 2006; Michener and 

Kaufman, 2007). As sharks rarely consume the prey whole, often chunks of unidentifiable 

flesh are found in the stomachs, as evident in Chapter Three. Prey species are digested at 

different rates, and stomach content analyses are biased towards prey with hard bodies, 

resulting in the over-estimation of these prey in the importance of the diet, over the soft-

bodied and easily digested species. In addition to this, stomach content analyses disregard 

assimilated prey (Estrada et al., 2006; Michener and Kaufman, 2007). To overcome the 

natural variability in prey species consumed, stomach fullness and feeding plasticity of 

sharks, a large number of stomachs needs to be analysed before obtaining a comprehensive 

diet (Estrada et al., 2006; Michener and Kaufman, 2007). This becomes particularly 

important when conducting a spatiotemporal study, with the inclusion of ontogenetic effects, 

but enough stomachs are rarely collected, with many even being empty (Braccini et al., 

2005; Dicken et al., 2017) On the other hand, despite its importance, information on the 

trophic ecology is rarely provided by stomach content analyses (Cortés, 1999), further 

limiting the understanding of the full ecological role sharks have, and it provides no temporal 

information (MacNeil, et al., 2005; Schmidt et al., 2007; Valls et al., 2017). 
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Stable isotope analysis (SIA) provides an alternative, complementary approach to 

understanding the diet and feeding ecology of species. SIA has a long history of use by 

terrestrial ecologists, anthropologists and physiologists, as a tool for detecting the sources of 

contaminants in natural systems, assessing the physiological condition of animals, tracking 

large-scale species migrations, determining food web structures as well as determining 

environmental temperatures and life-history characteristics of organisms of the past (Gannes 

et al., 1997; Michener and Kaufman, 2007). Of late, SIA has also proven to be a useful 

technique for analysing these same processes within the marine environment (Fisk et al., 

2002; Domi et al., 2005; Malpica-Cruz et al., 2012; Valls et al., 2017). 

The use of SIA to better characterise marine food web dynamics has been of 

particular interest to marine ecologists and fishery scientists (Shiffman et al., 2012; Hussey et 

al., 2014; Churchill et al., 2015). And sharks, as a component of marine ecosystems, have 

been included in some studies (Domi et al., 2005; Logan and Lutcavage, 2010; Hussey et al., 

2011; Churchill et al., 2015). Most of the above-listed studies have used the stable isotopes 

of carbon (δ13C, ratio of 13C/12C, expressed relative to a standard) and nitrogen (δ 15N, the 

ratio of 15N/14N, expressed relative to a standard) as the tool to describe the food-web 

linkages within the environment, as these isotopes help determine carbon and nitriogen 

transfer between prey and their predators, and hence their relative trophic position (DeNiro 

and Epstein, 1978; Post, 2002; Pethybridge, 2010). 
 

In summary, this methodology relies on the predictable fractionation process 

(enrichment of heavy isotopes) of the naturally occurring isotopes of carbon and nitrogen, 

effectively resulting in the predator having a higher proportion of heavy:light isotopes than 

that of the prey it consumes. Thus, the isotopic composition of a predator’s tissue reflects that 

of its prey (DeNiro and Epstein, 1978; Minagawa and Wada, 1984; Domi et al., 2005; 

Peterson, 2014). The stable isotope of carbon (δ13C) has proved to fractionate at a low, but 

constant rate, increasing at <1 ‰ from prey to predator, per trophic position, and δ13C is 

typically used to infer the source of primary productivity (i.e., terrestrial or marine; nearshore 

or offshore; benthic or pelagic). By contrast, fractionation of the stable isotope of nitrogen (δ 
15N) has been shown to increase by 3‰ - 4 ‰, from prey to predator, per trophic position, 

and it is used to determine the relative trophic position of a species (DeNiro and Epstein, 

1978; Peterson and Fry, 1987; Pethybridge, 2010; Matich, 2014). 
 

While SIA may not be able to provide the detailed resolution about the diet that 
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stomach content analysis can, the isotopic composition of tissue reflects assimilation 

(Michener and Kaufman, 2007; Logan and Lutcavage, 2010). Importantly, it represents an 

integration of diet over time, as tissue turnover rates range from days (blood) to months 

(white muscle) and even years (vertebrae), which allows for the monitoring of the long-term 

feeding behaviour of species (Logan and Lutcavage, 2010; Matich et al., 2011; Hussey et al., 

2012a; Matich and Heithaus, 2014). Moreover, δ13C signatures can be used to distinguish 

feeding location, i.e. inshore vs offshore feeding (Estrada et al., 2003). Other advantages of 

SIA include the fact that animals need not be killed to get samples (only a small piece of 

tissue is required), and that every sample collected can provide data – there is no need for a 

full stomach.        

        Squalus acutipinnis and S. bassi, are common and co-occurring mesopredatory 

sharks, and based off trawl diversity make up the second most significant proportion of the 

demersal fauna of southern African waters (Ebert et al., 1992; Watson and Smale, 1999; 

Richardson et al., 2000; Veríssimo et al., 2011). Despite this, comprehensive information on 

their feeding and trophic ecology is largely lacking. The results of Chapter Three indicated 

that S. acutipinnis and S. bassi fed significantly on teleosts, crustaceans, cephalopods and 

polychaetes, with the degree of importance of each prey taxon varying intraspecifically and 

interspecifically, by coast, size and depth. Differences in diet by sex were not recorded. 

Significant differences in the diets of these sharks with ontogeny mirrored depth occupation 

and teleosts became important with size. Recorded changes in the diet by coast likely 

reflected the change in the ambient food environment and even though there were marked 

intraspecific and interspecific differences, it was difficult to attribute to competition alone. 

Although a total of 1 433 stomachs were dissected for stomach content analysis (Chapter 

Three), this number was not enough to comprehensively describe the diet of both species. 
 

Therefore, to fully understand the ecological role and impact that Squalus acutipinnis 

and S. bassi may have on their ecosystems, comprehensive knowledge of their trophic 

ecology is required. This study aims to elucidate the trophic ecology of S. acutipinnis and S. 

bassi using stable isotope analyses. Specifically, it aims to examine changes in the isotopic 

signatures of δ 15N and δ13C concerning coast (location), sex, depth and size classes, from 

both an intraspecific and interspecific perspective. It was hypothesized that: 
 

H0: There is no intraspecific variability in the isotopic signatures of δ15N or δ 13C by coast, 
sex, depth and size for each species. 

 
H0: There is no interspecific variability in the isotopic signatures of δ15N or δ 13C by, coast, 
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sex, depth and size 
 
 
 

Materials and methods 
 
 

Study survey area and sampling design 
 

Dorsal muscle tissue was removed from specimens collected between 2014 – 2016 during 

routine demersal hake biomass surveys conducted by DFFE on the West and South coasts of 

South Africa (Fig. 1). An explanation of the study area as well as survey design follows 

Payne et al. (1985) and is described in more detail in Chapter Two. 

 
 
 

Sample preparation and laboratory analyses 
 

Once the trawl net was retrieved, sharks were identified, sexed, measured and weighed, 

following the protocols outlined in Chapter Two. Tissue located in front of the first dorsal fin 

was excised, placed into glass scintillation vials and frozen at – 20°C, else whole specimens 

were blast frozen at -20°C for later processing in the laboratory. To avoid contamination, 

scalpels were rinsed with deionized water (dH2O) between samples. 

In the laboratory, muscle tissue samples were thawed, the epidermis was removed and 

the muscle tissue was washed with dH2O and placed into a clean scintillation vial. The 

presence of lipids in the tissues of sharks has been shown to negatively skew δ13C values 

(Post et al., 2007; Schiffman et al., 2012), and so lipids were first removed from samples 

following Kim and Koch, (2012). Ten millilitres petroleum ether was pipetted into each vial, 

which was then sonicated for 15 mins, after which the petroleum ether was decanted, 

replaced and the sample sonicated once again for 15 mins: following decantation of the 

petroleum ether, samples were sonicated in 10 ml dH2O for a further 15 mins, after which the 

dH2O water was also decanted. This process was repeated three times for each sample. 

Thereafter, tissue samples were freeze-dried for 72 hours, homogenized using a mortar and 

pestle and transferred to tinfoil wrapped vials, prior to analysis. 

All stable isotope analyses were conducted at either the Stable Light Isotope Unit 

based at the University of Cape Town or the Stable Isotope Laboratory, Mammal Research 
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Institute based at the University of Pretoria. At both laboratories, aliquots of between 0.5 - 

0.7 mg of freeze-dried muscle tissue were weighed into tin capsules that had been pre- 

cleaned in toluene. The isotopic analysis was done on a Flash EA 1112 Series Organic 

Elemental Analyser coupled to a Delta V Plus stable light isotope ratio mass spectrometer 

(IRMS) via a ConFlo IV gas-controlled system (all equipment supplied by Thermo Fischer, 

Bremen, Germany). Carbon and nitrogen values were expressed in delta notation (δ) 

following the equation: 

 
 

δX  =  [(Rsample/Rstandard ) − 1]  × 1000          Eq 7 
 
 

where δX indicates the isotopic signature (δ13C or δ 15N) in parts per thousand (‰), 

while R indicates the respective ratios of heavy: light isotopes (15N/14N or 13C/12C) in the 

sample and standard. A laboratory running standard (Merck Gel: δ15N=6.8‰, δ13C = - 

20.57‰, C%=43.83, N%=14.64) and blank sample were run after every 12 unknown 

samples. Sample values were compared using “in-house standards.” Carbon isotope values 

were referenced relative to Vienna Pee-Dee Belemnite, while nitrogen isotope values were 

referenced relative to atmospheric nitrogen. Analytical precision was calculated by 

averaging the greatest standard error values across all carbon and nitrogen runs, 

respectively (Newton, pers. comm., 2016). Analytical precision was <0.09‰ for δ15N and 

<0.08‰ for δ13C. 

When tissues had a C:N ratio > 3.5, even after chemical correction, δ13C values were 

corrected using the lipid-normalized correction equation of Post et al. (2007): 

 
 

δ13Ctreated = (δ13Cuntreated – (3.32 + (0.99*C:N)))              Eq 8 
 
 

This equation is usually used on samples that had not been chemically treated. 

However, even after chemical lipid extraction procedures, some of the samples still had C:N 

values > 3.5. Since no C:N was greater than 6.5, it was possible to apply equation 8 (Miller, 

pers comm., 2019; van der Lingen, pers comm., 2019). Although the extraction of lipids can 

alter δ15N values, Hoffman and Sutton, (2010) have determined that this is not always so. 
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Data analyses 
 
Owing to the uneven spread of samples across the depth and size classes used in Chapter Two 

and Chapter Three, these data have been further aggregated as either on-shelf (≤ 200 m) or 

off-shelf (>200 m), and as either small (≤ 40 cm) or large (> 40 cm), respectively. 

Inferences on intraspecific and interspecific differences in the isotopic signatures of 

δ15N and δ13C were made using either parametric (General Linear Model, GLM), or non- 

parametric (Kruskal Wallis) statistical tests, following normality testing. The isotopic 

signatures of δ15N and δ13C were used as the dependent scale variables, while coast, depth 

and size classes were used as the independent categorical (fixed factor) variables. When 

depth and size were correlated, size class was only included as a covariate. 

Bi-plots of the raw isotopic values of δ 15N and δ13C were constructed, as too were 

boxplots which depicted the isotopic range of δ 15N and δ13C by coast, depth and size class. 

The relationships between TL and δ 15N and δ13C were separately investigated by linear 

regression analyses, by species and coast. 

Normality in the data sets was tested using the Shapiro Wilks test. All statistical tests 

were performed in IBM SPSS 22, and statistical significance was deemed at an alpha value of 

0.05. The effect of sex was omitted from all statistical analyses of diet, as no sex differences 

in the diet were recorded (chapter 3). 

 
 

Results 
 

A total of 196 individuals were sampled for SIA (Table 29), with more individuals of both 

species being sampled off the South coast (Table 29). Squalus acutipinnis were sampled at 

shallower depths on the South coast than on the West coast, whereas the opposite was true for 

S. bassi (Table 29). There were no statistical differences in the size (TL) of sharks sampled 

between the two coasts, for either species (S. acutipinnis: F1,91 = 2.360, p > 0.05; S. bassi:  

H’= 0.001, p > 0.05; Table 30). Sharks sampled on-shelf were, on average, smaller than those 

sampled off-shelf, with large sharks being more frequently sampled. This was true for both 

species on both coasts (Table 30). Moreover, small sharks sampled on the West coast were, 

on average, larger than those sampled on the South coast, for both species, while the opposite 

was true for the large sharks on each coast (Table 30). 
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Table 29: The overall sample sizes (N), mean shark sizes (cm; ±SE) and size ranges (cm; TL) of Squalus 
acutipinnis and S. bassi sampled, on the West and South coast of South Africa. Depth bins (m) from which 
sharks were sampled are also included and all sharks sampled were processed for stable isotope analyses in this 
study. 

 

 S. acutipinnis S.bassi 
South coast West coast South coast West coast 

N 68 25 75 28 
mean 46.8 50.8 65.9 66.2 
±SE 1.60 2.34 2.47 3.46 

size range (cm) 22.5 - 78 28 - 77 22 - 100 28 - 99 
depth bin (m) 42 - 226 121 - 252 103 - 661 194 - 556 

 
 
 

Table 30: The sample sizes (N), mean (cm; ±SE) shark sizes (TL; range also shown), and depth bins (m) from 
which samples were collected by depth (≤ 200 m or > 200 m; upper); and the sample sizes (N), mean (cm; ±SE) 
fish sizes (TL; range also shown), and depth bins (m) from which samples were collected by size (small or 
large; lower), for Squalus acutipinnis and S. bassi sampled, on the West and South coast of South Africa. 

 
 S. acutipinnis S. bassi 

 South coast West coast South coast West coast 

 
 
 

Depth 

 ≤ 200 m > 200 m ≤ 200 m > 200 m ≤ 200 m > 200 m ≤ 200 m > 200 m 

N 55 13 8 17 20 55 6 22 
mean 44.83 54.92 45.13 53.41 48.85 71.94 58.17 68.41 
±SE 1.719 3.453 2.754 3.029 4.452 2.504 8.424 3.733 

range (cm) 22.5 - 74 40 - 78 28 - 52 39 - 77 22 - 80 39 - 100 28 - 74 38 - 99 

range (m) 42- 200 209 - 226 121 - 196 204 - 252 103 - 182 222 - 661 194 - 196 204 - 556 

 
 
 
 

Size 

 small large small large small large small large 

N 22 46 2 23 11 64 3 25 

mean 32.46 53.60 33.50 52.26 30.91 71.77 34.00 70.08 
±SE 0.957 1.496 5.5 2.26 1.509 2.115 3.055 3.033 

range (cm) 22.5 - 39 40 - 78 28 - 39 40 - 77 22 - 39 40 - 100 28 - 38 40 - 99 

range (m) 44 - 123 42 - 226 121 - 243 177 - 252 103 - 418 172 - 661 196 - 204 194 - 556 

 
 

Intraspecific evaluation of δ15N and δ13C by Squalus acutipinnis 
 

The isotopic biplots of δ15N and δ13C for Squalus acutipinnis are shown in Figure 31, 

indicating clustering of South coast samples to the right and West coast samples to the left; 

with some overlap. No obvious separation by size or depth is apparent. As the dataset for 

δ15N was normally distributed, it was possible to run a GLM, which demonstrates significant 

differences by coast, depth and size (TL). Interestingly, when excluding the  
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intercept, size contributed the most to the variance in δ15N, followed by depth and then coast 

(Table 31). 
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Figure 31: The isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 15N) and 13C 
(δ13C), for small and large Squalus acutipinnis sharks, sampled at depths of ≤ 200 m (green) and > 200 m (blue) 
on the South (SC; square) and West coast (WC; circle) of South Africa. 

 
 

Table 31: The results of a General Linear Model (GLM), which tested for significant differences in the variance 
of Nitrogen 15 (δ15N‰), of Squalus acutipinnis sharks between coasts, depth classes and size (total length; TL). 
Significance is deemed at p <0.05 and the level of significance is indicated by the use of an asterisk (i.e. p 
<<0.05 *; p <<0.01 **; p <0.001 ***) 

 

Source Sum of Squares df Mean Square F Sig. 
Model 25.16 4 6.29 25.63 *** 
Intercept 900.05 1 900.05 3666.58 *** 
size (TL) 8.63 1 8.63 35.15 *** 
coast 0.98 1 0.98 3.98 * 
depth 2.69 1 2.69 10.97 ** 
Error 21.60 88 0.25   
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Sharks sampled on the West coast had, on average, higher δ15N and lower δ13C values 

than on the South coast (Figure 32a and 32b; Appendix 29). On the South and West coast, the 

mean δ15N was greater at the depths > 200 m than at depths ≤ 200 m (Figure 33; Appendix 

29). The results of the Kruskal Wallis test revealed no significant changes in δ13C with depth 

on the West coast, but values were significantly lower for animals sampled at depths > 200 m 

than ≤ 200 m along the South coast (Figure 34; Appendix 29). Values of δ15N were lower for 

small than large sharks on both coasts, and positive correlations were shown with size (Figs. 

35 and 36). There were no size-related changes in δ13C along the West coast, but decreases 

were seen with size on the South coast (Figs. 37 and 38). 
 

 

Figure 32: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ15N; 
a) and 13C (δ13C; b), for Squalus acutipinnis sharks sampled on the South and West coast of South Africa. 
Significant differences were deemed at p <0.05, and were evident between the coasts for δ15N (F1 = 3.98, df = 1; 
p <0.05) and δ13C (H’ = 33.21; df = 1; p <0.001). The boxplot provides a five number summary of the dataset, 
and depicts the minimum and maximum values of the dataset (lower and uppermost lines), the 25th and 75th 
percentile (bottom and top most inner lines) and the median (horizontal line through the center of the box). 
Outliers are represented by an asterisks (*) and circles (°). 
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Figure 33: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ15N), 
for Squalus acutipinnis sharks sampled at depths of ≤ 200 m and > 200 m on the South (a) and West coasts (b) 
of South Africa. Significant differences were deemed at p <0.05, and were evident between the depths for δ15N 
(F1 = 10.97, df = 1; p <0.01). The boxplot provides a five number summary of the dataset, and depicts the 
minimum and maximum values of the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom 
and top most inner lines) and the median (horizontal line through the center of the box). 

 
 
 
 

 
Figure 34: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰) of 13C (δ13C), 
for Squalus acutipinnis sharks sampled at depths of ≤ 200 m and > 200 m on the South coast of South Africa. 
Significant differences were deemed at p <0.05, and were evident between depths on this coast (δ13C: H’ = 
17.47; df = 1; p <0.001). The boxplot provides a five number summary of the dataset, and depicts the minimum 
and maximum values of the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom and top 
most inner lines) and the median (horizontal line through the center of the box). Outliers are represented by an 
asterisk (*). 

http://etd.uwc.ac.za/ 
 



98  

 
 
 

Figure 35: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ15N), 
for small and large Squalus acutipinnis sharks sampled on the South (a) and West coast (b) of South Africa. 
Significant differences were deemed at p <0.05, and were evident between the sizes for δ15N (F1 = 3.98, df = 1; 
p <0.0001). The boxplot provides a five number summary of the dataset, and depicts the minimum and 
maximum values of the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom and top most 
inner lines) and the median (horizontal line through the center of the box). 
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Figure 36: The scatterplot depicting the isotopic signature, expressed by delta notation in parts per thousand 
(‰), of 15N (δ 15N) vs size (TL; cm), for Squalus acutipinnis sharks sampled on the South (a) and West coast 
(b). Both graphs include an associated linear trendline equation and the R2 value. Significance is deemed at p 
<0.05 and the level of significance of the correlation is indicated by the use of an asterisk (i.e. p <0.05 *; p 
<0.01 **; p <0.001 ***). 
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Figure 37: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 13C (δ13C), 
for small and large Squalus acutipinnis sharks sampled on the South coast of South Africa. Significant 
differences were deemed at p <0.05, and were evident between the sizes for δ13C (H’ = 10.66; df = 1; p <0.001). 
The boxplot provides a five number summary of the dataset, and depicts the minimum and maximum values of 
the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom and top most inner lines) and the 
median (horizontal line through the center of the box). 
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Figure 38: The scatterplot depicting the isotopic signature, expressed by delta notation in parts per thousand 
(‰), of 13C (δ 13C) vs size (TL; cm), for Squalus acutipinnis sharks sampled on the South coast of South Africa. 
The graph includes the associated linear trendline equation and the R2 value. Significance is deemed at p <0.05 
and the level of significance of the correlation is indicated by the use of an asterisk (i.e. p <0.05 *; p <0.01 **; p 
<0.001 ***). 
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Intraspecific evaluation of δ15N and δ13C by Squalus bassi 
 

The dataset collected for Squalus bassi was patchier than that of S. acutipinnis (Fig. 39). A 

certain amount of clustering is displayed by West coast samples, to the left, whereas South 

coast samples seem more scattered (Fig. 39). Small shark sampled at depths ≤ 200 m were 

separated from large sharks sampled at the same depth on the South coast (Fig. 39). 
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Figure 39: The isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 15N) and 
13C (δ13C), for small (filled) and large (empty) Squalus bassi sharks, sampled at depths of ≤ 200 m (green) and 
> 200 m (blue) on the West (WC; circle) and South (SC; square) Coast of South Africa. 

 
 
 

No other obvious separation is apparent. As the δ13C dataset was normally 

distributed, it was possible to run a GLM, by coast, depth class and size (TL). When 

excluding the intercept, depth contributed the most to the variance in δ13C, followed by the 

interaction between coast and depth, and coast on its own (Table 32). 
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Table 32: The results of a General Linear Model (GLM), which tested for significant differences in the variance 
of Carbon 13 (δ13C‰), of Squalus bassi sharks between coasts, depth classes and size (TL). Significance is 
deemed at p <0.05 and the level of significance is indicated by the use of an asterisk (i.e. p <0.05 *; p <0.01 **; 
p <0.001 ***; p <0.0001 ****) 

 

Source Sum of Squares df Mean Square F Sig. 

Model 0.73 4 0.18 15.75 **** 
Intercept 0.54 1 0.54 46.61 **** 
size (TL) 0.04 1 0.04 3.08 >0.05 
coast 0.06 1 0.064 5.57 * 
depth 0.22 1 0.23 19.86 **** 
coast*depth 0.16 1 0.16 13.49 **** 
Error 1.13 98 0.01   

 
Sharks sampled on the West coast had, on average, higher δ15N and lower δ13C values 

than the sharks sampled on the South coast (Fig. 40a and 40b; Appendix 1). The results of the 

Kruskal Wallis tests revealed no change in δ15N with depth on both coasts whereas 

significant changes in δ13C were evident. Values of δ13C were lower at depths > 200 m than 

at depths ≤ 200 m (Fig. 41a and 41b; Appendix 29). Significant changes in δ13C values were 

further evident between sharks sampled at the same depth between the different coasts (F1, 98 

= 13.49, p <0.001; Table 32). Sharks sampled at ≤ 200 m on the West coast had a lower, 

average δ13C value, than those sampled on the South coast, while the reverse pattern was 

evident at depths > 200 m (Appendix 29). Large sharks had significantly higher δ15N values 

than small sharks on both coasts, and positive correlations were shown with size (Fig. 42a, 

42b, 43a and 43b; Appendix 29). There were no significant changes in δ13C with size on both 

coasts (Table 32). 

Figure 40: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 15N; 
a) and 13C (δ13C; b), for Squalus bassi sharks sampled on the South and West coast of South Africa. Significant 
differences were deemed at p <0.05, and were evident between the coasts for δ15N (H’ = 16.26; df = 1; p <0.001) 
and δ13C (F1 = 5.57, df = 1; p <0.05). The boxplot provides a five number summary of the dataset, and depicts 
the minimum and maximum values of the dataset (lower and uppermost lines), the 25th and 75th percentile 
(bottom and top most inner lines) and the median (horizontal line through the center of the box). Outliers are 
represented by circles (°). 
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Figure 41: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 13C (δ 
13C), for Squalus bassi sharks sampled at depths of ≤ 200 m and > 200 m on the South (a) and West coast (b) of 
South Africa. Significant differences were deemed at p <0.05, and were evident between the two depths on the 
same coast (F1 = 19.86, df = 1; p <0.001). The boxplot provides a five number summary of the dataset, and 
depicts the minimum and maximum values of the dataset (lower and uppermost lines), the 25th and 75th 
percentile (bottom and top most inner lines) and the median (horizontal line through the center of the box). 
Outliers are represented by circles (°). 

 
 
 

 
Figure 42: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 15N), 
for small and large Squalus bassi sharks sampled on the South (a) and West coast (b) of South Africa. Significant 
differences were deemed at p <0.05, and were evident between the sizes on each coast (West Coast: H’ = 6.96; df 
= 1; p <0.05; South Coast: H’ = 8.01; df = 1; p <0.05). The boxplot provides a five number summary of the dataset, 
and depicts the minimum and maximum values of the dataset (lower and uppermost lines), the 25th and 75th 
percentile (bottom and top most inner lines) and the median (horizontal line through the center of the box). Outliers 
are represented by circles (°). 
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Figure 43: The scatterplot depicting the isotopic signature, expressed by delta notation in parts per thousand 
(‰), of 15N (δ 15N) vs size (TL; cm), for Squalus bassi sharks sampled on the South (a) and West coast (b). Both 
graphs include an associated linear trendline equation and the R2 value. Significance is deemed at p <0.05 and 
the level of significance of the correlation is indicated by the use of an asterisk (i.e. p <0.05 *; p <0.01 **; p 
<0.001 ***; p <0.0001 ****). 
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Interspecific variability in δ15N and δ13C of Squalus acutipinnis and S. bassi 
 

From the isotopic biplot, a leftward clustering of West coast samples is seen with South coast 

samples displaying a more widespread range with overlap, rather than separation being 

apparent (Fig. 44). 
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Figure 44: The isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 15N) and 13C 
(δ13C), for small (filled) and large (empty) Squalus acutipinnis sharks, sampled at depths of ≤ 200 m (green) and 
> 200 m (blue) on the South (SC: square) and West (WC: circle) Coast as well as for small (filled) and large 
(empty) Squalus acutipinnis sharks, sampled at depths of ≤ 200 m (orange) and > 200 m (red) on the South (SC: 
square) and West (WC: circle) coast of South Africa. 

 
 

Overall, Squalus bassi had lower average δ13C values than S. acutipinnis on both 

coasts (Fig 45a and 45b; Appendix 29). Overall, at depths ≤ 200 m on both the South and 

West coast, there were no differences between the two species in either δ15N or δ13C. 

However, there were significant differences between species at depths > 200 m. On the South 

coast, S. acutipinnis had higher δ15N and δ13C values than S. bassi (Fig. 46a and 46b; 

Appendix 29), whereas S. bassi had significantly lower δ13C values than S. acutipinnis on the 
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West coast (Fig. 47; Appendix 29). Interestingly, there were significant differences in δ15N 

between small sharks of each species on the South, but not West coasts. Small S. acutipinnis 

had a higher average δ15N value than S. bassi (Fig. 48; Appendix 29). For large sharks, on 

both coasts, only differences in δ13C values were evident (Fig. 49a and 49b). Squalus bassi 

had lower δ13C values than S. acutipinnis on both coasts (Fig. 49a and 49b; Appendix 29). 
 
 
 

Figure 45: The isotopic range, expressed by delta notation in parts per thousand (‰), of 13C (δ13C), for Squalus 
acutipinnis and S. bassi sampled on the (a) South and (b) West coast of South Africa. Significant differences 
were deemed at p <0.05, and were evident between species on each coast (SC: H’ = 37.85; df = 1; p <0.001; 
WC: H’ = 6.36; df = 1; p <0.05). The boxplot provides a five number summary of the dataset, and depicts the 
minimum and maximum values of the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom 
and top most inner lines) and the median (horizontal line through the center of the box). Outliers are 
represented by an asterisk (*). 

 

Figure 46: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 15N; 
a) and 13C (δ 13C; b), for Squalus acutipinnis and S. bassi sampled at depths > 200 m on the South coast of South 
Africa. Significant differences were deemed at p <0.05, and were evident between species at this depth on this 
coast (δ 15N: H’ = 14.30; df = 1; p <0.001; δ 13C: H’ = 11.93; df = 1; p <0.001). The boxplot provides a five 
number summary of the dataset, and depicts the minimum and maximum values of the dataset (lower and 
uppermost lines), the 25th and 75th percentile (bottom and top most inner lines) and the median (horizontal line 
through the center of the box). Outliers are represented by an asterisk (*). 
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Figure 47: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 13C (δ 
13C), for Squalus acutipinnis and S. bassi sampled at depths > 200 m on the West coast of South Africa. 
Significant differences were deemed at p <0.05, and were evident at this depth on this coast (H’ = 9.62; df = 1; p 
<0.05). The boxplot provides a five number summary of the dataset, and depicts the minimum and maximum 
values of the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom and top most inner lines) 
and the median (horizontal line through the center of the box). Outliers are represented by an asterisk (*). 

 
 

 
Figure 48: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 15N (δ 
15N), for small Squalus acutipinnis and S. bassi sampled on the South coast of South Africa. Significant 
differences were deemed at p <0.05, and were evident between species of this size on this coast (H’ = 3.94; df = 
1; p <0.05). The boxplot provides a five number summary of the dataset, and depicts the minimum and 
maximum values of the dataset (lower and uppermost lines), the 25th and 75th percentile (bottom and top most 
inner lines) and the median (horizontal line through the center of the box). Outliers are represented by an 
asterisk (*). 
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Figure 49: The range of isotopic signatures, expressed by delta notation in parts per thousand (‰), of 13C (δ 
13C), for large Squalus acutipinnis and S. bassi sampled on the South (a) and West (b) coast of South Africa. 
Significant differences were deemed at p <0.05, and were evident between species of this size on each coast 
(SC: H’ = 39.80; df = 1; p <0.001; WC: H’ = 6.44; df = 1; p <0.05). The boxplot provides a five number 
summary of the dataset, and depicts the minimum and maximum values of the dataset (lower and uppermost 
lines), the 25th and 75th percentile (bottom and top most inner lines) and the median (horizontal line through the 
center of the box). Outliers are represented by an asterisk (*). 

 
 
 

Discussion 

 
For both species, δ15N was significantly greater and δ13C was significantly lower on the West 

coast than the South coast. Similar West vs South coast differences have been previously 

reported around South Africa (Hill et al., 2006; Hill and McQuaid, 2008; van der Lingen and 

Miller, 2014; van der Heever, 2017). For example, Parkins, (1993) noted that Merluccius 

capensis on the West coast had greater δ15N signatures than those on the South coast; an 

observation supported some 20-years later by van der Lingen and Miller (2014) on the same 

species. Van der Heever (2017) has recently shown this pattern for two catsharks in the same 

region. 

Sharks on the West coast may be eating higher-trophic-level prey than on the South 

coast and such would explain the more enriched δ15N values noted. This line of reasoning is 

supported by the results of the stomach content analyses (Chapter Three), which indicate that 

arthropods/crustaceans were more commonly eaten on the South coast, whilst teleosts were 

more important on the West coast. Whether this reflects localised changes in the availability 

of prey (Meyer and Smale, 1991; Rinewalt, 2007; Woodland et al., 2011; van der Heever, 

2017) or regional differences in feeding behaviours (Andrews, 2010) is unknown. 
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Alternatively, spatial differences in the δ15N of dogfish around South Africa may 

simply reflect differences in regional isotopic baselines (Post, 2002; van der Lingen and 

Miller, 2014; van der Heever, 2017). Regional differences in δ15N have previously been 

associated with and described to be affected by both the source and type of nitrogen that is 

used in primary production (Waser et al., 2000; Montoya et al., 2002; Post, 2002; van der 

Lingen and Miller, 2014; van der Heever, 2017). Upwelling on the West Coast injects new 

nitrogen in the form of nitrate into the system and this carries a higher δ15N signal than 

recycled or N-fixed nitrogen, and the latter may be more prevalent on the South coast 

(Probyn et al., 1994; Montoya et al., 2002; Waite et al., 2007; van der Lingen and Miller, 

2014). 

Two other explanations can be invoked to explain the spatial differences in δ15N, 

though neither have convincing support. Firstly, it has also been shown that long periods 

between meals results in higher δ15N signatures (Hobson et al., 1993; Gannes et al., 1997; 

Reid et al., 2013). Whilst it is possible that individual fish on the West coast may consume 

prey items less frequently than those on the South coast, either because prey is less abundant 

and/or is of a higher nutritional value, collectively 28.5% of the stomachs on the West coast 

was empty while only 25% of the stomachs sampled on the South coast was empty (Chapter 

Three). Alternatively, because the two coasts were sampled during different seasons (South 

coast during spring, West coast during summer), changes in δ15N could reflect differences in 

seasonal tissue-turn over rates (Blanco-Parra et al., 2012; Wyatt et al., 2012; Heithaus et al., 

2013; Reum and Essington, 2013). However, previous research on elasmobranch trophic 

ecology has shown that this is an unlikely cause, as the rate that tissues turnover in 

elasmobranchs species is slow (Domi et al., 2005; Heithaus et al., 2013). 

The δ13C value is regarded as reflecting the source of primary productivity (Post, 

2002; Domi et al., 2005). Macrophytes, macroalgae and phytoplankton have different δ13C 

signatures, which reflect a decreasing gradient of distance from shore, with macrophytes and 

macroalgae being more enriched than phytoplankton (Hill et al., 2006; Hill and McQuaid, 

2008). The benthic environment is said to be δ13C-enriched relative to the pelagic 

environment, and a nearshore – offshore depletion of δ13C has frequently been shown 

(France, 1995; Hobson et al., 1996; France and Peters, 1997; Hobson, 1999; Domi et al., 

2005; Miller et al., 2008; Shipley et al., 2017). 
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The tissues of both species were more depleted in δ13C on the West than on the South 

coast. This could indicate that sharks on the West coast had a preference for prey of low δ13C, 

or that prey species of lower δ13C signatures were more readily available (van der Lingen and 

Miller, 2014). The enriched δ13C noted on the South coast might be as a consequence of 

pronounced benthic-pelagic coupling that occurs there (van der Lingen and Miller, 2014). It 

should be remembered that sharks on the South coast consumed substantial proportions of 

benthic invertebrates that may rely on the microphyto-benthic plankton as their major source 

of production, and these are known to be enriched in δ13C (McConnaughey and McRoy, 

1979; France, 1995). Alternatively, as most of the samples collected on the West coast were 

collected at deeper/offshore locations than on the South coast, differences may simply reflect 

the natural onshore-offshore depletion of δ13C (Post, 2002; Hill et al., 2006; Post et al., 2007; 

Hill and McQuaid, 2008; van der Lingen and Miller, 2014). 

Moreover, the result of lower δ13C signals on the West coast, rather than South coast 

is particularly interesting, as an ecosystem dominated by a diatom phytoplankton community 

should be δ13C-enriched (Vander Zanden and Vadeboncoeur, 2002; van der Lingen and 

Miller, 2014). Hill et al. (2006) noted a similar spatial change in δ13C around South Africa, 

which they attributed to differences in oceanography. As previously noted, the Benguela 

Current brings cool, nutrient-rich waters onto the shelf, and cold water is known to increase 

CO2 solubility and therefore to promote δ13C-depletion (Arthur et al., 1985; Rau et al., 1989; 

Fry, 1996; Hill et al., 2006). 

Changes in δ15N and/or δ13C signatures with changes in depth have previously been 

noted for many marine species (Hill et al., 2006; Hill and McQuaid, 2008; Andrews, 2010; 

Hussey et al., 2012; Churchill et al., 2015; Shipley et al., 2017; van der Heever, 2017). 

Significantly greater values of δ15N were noted for Squalus acutipinnis at the deep (> 200 m), 

rather than shallow depths (≤ 200 m) on both coasts. On the other hand, sharks of both 

species, displayed significantly lower δ13C signatures at the deeper depths on the South coast, 

with the same pattern only serving true for S. bassi on the West coast. 

Such changes may reflect a diet change with depth, particularly relating to prey 

availability and/or feeding location (Michener and Schell, 1994; Michener and Kaufman, 

2007; Hussey et al., 2012; Ebert et al., 2015; van der Heever, 2017). Changes in δ15N and 

δ13C values, with depth, could also be attributed to inshore - offshore changes in both trophic 

pathways and/or baseline isotopic values (Parkins, 1993; Post, 2002; Andrews, 2010; Hussey 
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et al., 2012; Shipley et al., 2017). Prey consumed by these sharks, in the shallows, may have 

lower δ15N and higher δ13C values than those prey consumed at great depths. Literature, 

however, indicates that prey inhabiting inshore/shallow ecosystems rely on microphyto- 

benthic sources of production, which are enriched in both isotopes of δ15N and δ13C, and 

should therefore consequently house prey that is enriched in these isotopes (McConnaughey 

and McRoy, 1979; France, 1995). If so, this explanation only supports the enriched δ13C 

signatures observed in the shallow by this study as δ15N signatures became enriched with 

depth. 

The δ15N values of these sharks might be as a consequence of the “bigger-deeper” 

phenomenon that exists in many species of elasmobranchs (chapters two and three) (Domi et 

al., 2005; Hussey et al., 2012; Kiszka et al., 2014; Churchill et al., 2015; Shipley et al., 2017; 

van der Heever, 2017). The bigger sharks found in the deep tend to consume bigger prey, of 

higher trophic status and thus may result in them having significantly higher δ15N signatures 

in the deep (Domi et al., 2005; Andrews, 2010; van der Heever, 2017). The results of the 

stomach content analyses provide support for this as with increased depth, an increase in 

predator size, as well as prey size consumed, was noted (Chapter Three). 

The source of primary production available to the sharks of the deep may also provide 

an understanding as to why these sharks have significantly lower δ13Csignatures. Shipley et 

al. (2017) explained that the overlaying marine phytoplankton of the pelagic environment, 

which is naturally δ13C-depleted, become available to deep-sea sharks in the form of marine 

snow, through extensive diel vertical migrations performed by the pelagic/mesopelagic 

community. These migrations transport nutrients from surface waters to deep waters and may 

then be, consequently, influencing the values of the isotopes of the deep (Polunin et al., 2001; 

Trueman et al., 2014; Churchill et al., 2015; Shipley et al., 2017). Studies by Takai et al. 

(2002) and Kadila, (2019) have both described decreases in δ13C signatures with depth, for 

the species they have studied. 

As depth increase with distance from shore, δ13C signatures have been shown to 

deplete, a pattern that has also previously been described for various marine organisms 

around South African coastline (Hill et al., 2006; Hill and McQuaid, 2008). Herein, the 

decreased influence of nearshore carbon (macrophytes) with distance from shore has been 

attributed as a likely reason (Hill et al., 2006). Moreover, deeper water is colder and cold 
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water results in increased solubility of carbon dioxide which causes δ13C depletion (Arthur et 

al., 1985, Fry, 1996, Hill et al., 2006). 

Body size is an important factor to consider in trophic ecology studies, due to its 

influence over the outcomes of predator-prey interactions, predator foraging capabilities and 

metabolic processes (Cohen et al., 1993; Brown, 2004; Collins et al., 2005; Andrews, 2010; 

Reid et al., 2013). For both species and on both coasts, δ15N signatures were significantly 

greater in the large sharks, while a significant (negative) effect in δ13C signatures was only 

true for Squalus acutipinnis on the South coast. 

The trend of larger organisms being more enriched in their δ15N signatures than their 

small counterparts is commonly reported for marine species and appears related to 

ontogenetic shifts in diet (Davenport and Bax, 2002; Estrada et al., 2006; Newsome et al., 

2010; Kinney et al., 2011; Vaudo and Heithaus, 2011; Courtney and Foy, 2012; Kim et al., 

2012; Reid et al., 2013; Shipley et al., 2017; van der Heever, 2017). A bigger body allows for 

increased swim speeds, greater endurance while searching for prey, better prey capturing and 

handling abilities, with a bigger gape size allowing for the consumption of large prey, that 

will be of greater energy value (Pyke, 1984; Tilley et al., 2013; Kiszka et al., 2014; Tillett et 

al., 2014; van der Heever, 2017). Larger sharks may feed on larger prey, which are 

consequently of high trophic status, thus resulting in enriched δ15N signals (Hussey et al., 

2012; Churchill et al., 2015; Shipley et al., 2017). The results of the stomach content analyses 

support this, as larger sharks fed on larger sized prey, while also showing an increase in the 

diversity of prey consumed (Chapter Three). As a further example, Tilley et al. (2013) 

studied the trophic and movement ecology of mesopredators in the Caribbean, by using SIA 

in conjunction with acoustic tracking telemetry. These authors found that stingrays did not 

change their habitat as they grew, but rather fed on larger prey as well as increased the 

diversity of prey they consumed, which resulted in their enriched δ15N signatures. 

In addition to this, and as earlier alluded to, the body size of organisms is influenced by 

bathymetry, and bigger animals have been shown to feed and occur in the deep (Domi et al., 

2005; Shipley et al., 2017; van der Heever, 2017). Moreover, the quality as well as the 

quantity of food in the deep-sea is said to be influenced by the overlaying productivity, 

which too was earlier alluded (Estrada et al., 2006; Kadila, 2019). The depleted δ13C 

signature with size, as seen in this study may also relate to the bathymetric effects. When 

sharks are small, they inhabit the inshore and shallow benthic habitats that are enriched in 

δ13C and as theygrow, they may be performing offshore migration, and larger sharks remain 
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in deeper waters, where δ13C-depleted prey become incorporated into their diet (Sherwood 

and Rose, 2005; Shipley et al., 2017). Hussey et al. (2011) analysed the SI profiles for 

multiple marine top predator species and sought to, among other things, validate this method 

in terms of its usefulness as a predictor for trophic positioning. One general trend that these 

authors found was that as certain species grew, they showed a depleted δ13C signal. Here too, 

these authors related this with the fact that the larger animals spent lots of time foraging in 

the deep offshore waters off the shelf edge, where waters are typically δ13C-depleted. 

Interspecific variability in the stable isotope signatures of δ15N and δ13C was shown 

by region, depth and size; however differences were not common. A significant difference in 

the δ13C signals was evident between species on each coast, with Squalus bassi having much 

lower δ13C signatures than S. acutipinnis. This may be as a result of S. bassi being larger as 

well as mostly being sampled in much deeper waters than S. acutipinnis. 

Significant differences at depths ≤ 200 m were evident on the South coast while 

significant differences in just δ13C signatures were evident between species on the West 

coast, at depths > 200 m. At depths ≤ 200 m, Squalus acutipinnis was shown to be more 

enriched in δ15N, whilst S. bassi were more depleted in δ13C. As S. bassi are likely found at 

the depth extremes of this depth bin and are the biologically bigger shark, these results would 

be expected. However, the fact that S. acutipinnis is more enriched in δ15N signature may 

relate to the fact that more samples of S. acutipinnis were collected at this depth bin on the 

South coast, and may just be an indication of possible bias. 

On the South coast, variability with size was shown between small Squalus 

acutipinnis and S. bassi based on their δ15N signature, as well as between large sharks based 

on their δ13C signatures. Small S. acutipinnis were shown to have significantly higher δ15N 

signatures when compared to small S. bassi. There were more small S. acutipinnis sampled 

than small S. bassi, thus S. bassi had a much smaller data pool. This result may thus reflect 

the unbalanced sample collection. The fact that large S. bassi were significantly more 

depleted in δ13C too, might be as a result of these sharks occurring deeper and are 

biologically bigger than large S. acutipinnis. When comparing diets by stomach content 

analysis for this study, it is clear that large S. bassi focused largely on consuming big prey 

and fed mostly on teleosts and cephalopods whereas although S. acutipinnis fed on a 

substantial amount of teleosts and cephalopods, their diets still comprised of lots of benthic 
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invertebrates. Peterson, (2014) showed similar results when assessing the trophic ecology of 

various teleosts and elasmobranchs in Florida Big Bend. 

This study provided the first attempt at understanding intraspecific and interspecific 

variability in the isotope signatures of δ15N and δ13C by Squalus acutipinnis and S. bassi in 

the West and South coast waters of South Africa. The results indicated that there was 

substantial intraspecific and interspecific overlap in isotopic signatures and significant 

variability was not widespread. Species may then either, be feeding on the same prey, or even 

in the same space. However, when assessing SCA, it is clear that although the same prey 

types were being consumed by these sharks, they were consumed in varying proportions, 

which may indicate possible resource partitioning. 

Moreover, this study has proved particularly useful in its assessment of the observed 

variation in isotopic signatures, which may be related to various oceanographic, biological 

and ecological factors that these sharks may be faced with, some of which include 

biogeographic shifts in isotopic baselines, onshore-offshore gradients, feeding location and 

habit as well as trophodynamics. However, as much as it proved useful, the study of isotope 

ecology is not without limitations. 

Sample collection was unbalanced and only covered trawlable regions. Moreover, 

although stable isotope results indicate assimilated prey, it does not provide information on 

exact prey type consumed. This makes direct diet comparisons difficult. Therefore, to 

improve the results, more rigorous sampling should occur, that covers greater habitat 

expanses and is not just limited to trawlable areas Importantly, an attempt at acquiring, equal 

across-board samples should be prioritised, so that comprehensive coast, depth and size class 

comparisons could be made, both intraspecifically and interspecifically. In addition to this, 

the SIA study should include the signatures of various prey species, to get a more holistic 

view of what is likely happening in the ecosystem. Basal prey signatures should also be 

determined as this will, in turn, provide better insight into the differing isotopic baselines 

presented on these coasts, from which biogeographic shifts may be inferred. Multiple tissue 

comparisons should also occur, which will work to assess varying temporal variations. 

Furthermore, a future stable isotope ecological study should be used in conjunction with both 

SCA and acoustic telemetry as it will then provide a time-integrated dataset. Even though this 

study was the first attempt at understanding intraspecific and interspecific variability in the 
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isotope signatures of δ15N and δ13C by S. acutipinnis and S. bassi, and is not without 

limitations, it provides a useful foundation for future work. 
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Chapter Five 

General Conclusions 
 

This study investigated intraspecific and interspecific variability in the distribution and 

feeding ecology of two common and co-occurring dogfish species, Squalus acutipinnis and S. 

bassi that are both common bycatch species of the demersal fishery around South Africa. 

Data indicate that the two species are not randomly distributed (Chapter Two) and that S. 

acutipinnis were more commonly caught in the trawls on the South coast than S. bassi,  

whereas S. bassi were more commonly caught in the trawls on the West coast than S. 

acutipinnis, with significant intraspecific differences in the overall distribution by depth  

and size being further evident. Notably, shark size increased with depth. In addition to this, 

sexual differences were highlighted, with females of both species being more abundant on 

the South coast and males on the West coast. 

Given general similarities in morphology and presumed diet, these differences in 

distribution imply a degree of habitat partitioning (by coast, sex, depth of capture and size 

class), both intraspecific and interspecific, which may facilitate and promote co-existence. 

Results of this nature are not unlikely as similar findings have been reported in numerous 

other studies investigating the distribution of sympatric elasmobranchs around the world 

(Platell et al., 1998; White and Potter, 2004; Papastamatiou et al., 2006, 2009; Pita et al., 

2011; O’Shea, 2012; van der Heever, 2017). It should however be remembered that in order 

for competition to exist, resources must be limited (Schoener, 1974; Pianka, 1981; Carrassón 

et al., 1992). Therefore, alternative reasons for the observed distributions should be 

considered. For example, size segregation by depth may be as a result of ontogenetic shifts 

or even as an act to counter predation of conspecifics. 

Although competition is a strong means by which species select certain habitats 

(Broennimann et al., 2012), physiological responses and resource abundances also play a big 

role in habitat selection (Knip et al., 2010; Taylor et al., 2011). The distribution of these 

sharks may therefore also be influenced by the differing oceanographic and environmental 

conditions present on the West and South coast (Lutjeharms, 2006; Hutchings et al., 2009). If 

this is true, the observed distributions may not be as a result of competition, but rather as a 

result of the environmental tolerance of each species (van der Heever, 2017). 

Analysis of stomach contents shows both separation and overlap in dietary resources 
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among and between the two species (Chapter Three). Teleosts, crustaceans, cephalopods, and 

polychaetes were the prey categories of significant importance in the diets of these sharks 

with the degree of importance depending on species, coast, depth and size class. Sex had a 

negligible effect on diet. Clear differences in the diet between coasts were evident and likely 

reflect changes in prey availability between the coasts. Similar results have been shown for 

many other elasmobranch species (Cortés and Gruber, 1990; Yamaguich and Taniuchi, 2000; 

Heithaus, 2001; Bethea et al., 2006). 

Even though these sharks are shown to have generalist (perhaps opportunistic) dietary 

habits, significant intraspecific variability in their diet that may be related to ontogenetic 

shifts in the diet with size/depth was observed. Bigger sharks move into deep water where 

they likely encounter larger and more nutritious meals: teleosts become more important in 

the diets of larger fish of both species. Intraspecific changes in diet by depth and size are 

common in squaloids and are related to ontogeny (Kazunari, 1991; McMillan et al., 1999; 

Braccini et al., 2005; Bigman, 2013). Interspecific variability in the diets of these sharks was 

apparent, with co-occurring sharks feeding on the same dietary resources, but in differing 

proportions. Although these differences may reflect partitioning, other differences may also 

mirror spatial differences in prey-type availability, when species do not co-occur. Habitat 

separation by species/depth/size class may also be responsible for driving variability and this 

has been previously reported for many elasmobranch species (Carrassón et al., 1992; 

Flammang et al., 2011; van der Heever, 2017). 

There were significant intraspecific and interspecific differences in the stable isotope 

composition of the two species linked to changes in coast, depth occupied and size class 

evaluated (Chapter Four). The δ15N signatures of both species were significantly greater, 

while their δ13C signature was significantly lower on the West coast than the South coast. 

This may be attributed to regional differences in isotopic baselines, as noted for other species 

(Parkins, 1993; Hill et al., 2006; van der Lingen and Miller, 2014; van der Heever, 2017). 

The enriched δ13C on the South coast might be as a consequence of pronounced benthic- 

pelagic coupling that occurs there (van der Lingen and Miller, 2014) or because as most 

tissue samples collected on the West coast were collected at deeper/offshore depth, thus 

differences may even reflect the onshore-offshore depletion of δ13C (Post et al., 2002; Hill et 

al., 2006). Differences by depth were also evident as sharks occurring deeper displayed 

higher δ15N and lower δ13C signatures, with the opposite being true for sharks of the 

shallows. In general, smaller sharks showed lower δ15N and higher δ13C signatures than large 

sharks. Here, the ontogenetic shifts in diet, with size and depth occupation does come into 
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play as bigger sharks occur deeper than smaller sharks. Moreover, bigger sharks may be 

eating bigger prey of higher δ15N status, while the lower δ13C signatures may simply be 

attributed to the natural onshore-offshore gradient of δ13C, with distance from shore. 

This study has provided various lines of evidence in the support for intra and 

interspecific variability in the distribution and feeding ecology of Squalus acutipinnis and S. 

bassi around the West and South coasts of South Africa. Interpreting the results in the context 

of competition alone is difficult, as there is little evidence that resources are limited within 

the environment (Schoener, 1974; Pianka, 1981; Ross, 1986) and, as with many other studies, 

the limitations of the data collected needs to be recognised. 

Further studies are recommended because these endemics are a major bycatch in this 

region and as commercial fisheries go deeper they will likely exploit greater proportions of 

their populations (Clarke et al., 2005; Ferretti et al., 2010; Pajuelo et al., 2011; Oliver et al., 

2015). Cascading effects of the removal of apex and mesopredators have been widely 

reported (Stevens et al., 2000; Baum and Worm, 2009; Ferretti et al., 2010, 2013; Dulvy et 

al., 2014; Heupel et al., 2014) and having comprehensive ecological knowledge of these 

species will allow for risk assessments to be undertaken that can contribute to fisheries 

management (Simpfendorfer and Kyne, 2009; Mourier et al., 2012; Schoener et al., 2012; 

Peterson, 2014; Navarro et al., 2016). We should be using a larger source of both fisheries 

dependent and independent data, while also incorporating data from various fishing methods, 

which will allow us access to more information from untrawlable grounds – thus ensuring 

that the lack of sampling over untrawlable grounds are not a source of bias in the studies of 

this nature. 

We need to improve the resolution of diet and should aim to equalise sample sizes 

across all categories (species by coast, depth, size, sex), with at least 200 stomachs per 

category (Morata et al., 2003, Bracinni et al., 2005). Complementary work on stable isotopes 

should be undertaken that is similarly balanced and category inclusive. Information on prey 

signatures will provide insights into the differing isotopic baselines that are presented on both 

coasts, from which biogeographic shifts can then be inferred. 
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Appendices 
 

Appendix 1: The full stomach content dataset for small Squalus acutipinnis sharks sampled at the 250 m depth 
bin along the West coast of South Africa. A total of 7 stomachs were analysed 

 

Taxon %N   %W % FO % IRI 
Phylum Mollusca 42.9 10.3 42.9 39.5 
Unidentified cephalopod 42.9 10.3 42.9 39.5 

Phylum Chordata: Osteichthyes 57.1 89.7 57.1 60.5 
Pegusa nasuta 14.3 84.1 14.3 24.4 
Unidentified teleost 42.9 5.6 42.9 36.1 
SUM 100.0 100.0 100.0 100.0 

Appendix 2: The full stomach content dataset for small Squalus acutipinnis sharks sampled at the 50 m depth 
bin along the South coast of South Africa. A total of 26 stomachs were sampled 

 

Species %N  %W  % FO  % IRI 
Phylum Annelida 76.2 58.5 69.2 92.6 
Unidentified polychaete 76.2 58.5 69.2 92.6 

Phylum Arthropoda 2.4 0.5 3.8 0.1 
Unidentified crustacean 2.4 0.5 3.8 0.1 

Phylum Echinodermata 2.4 0.8 3.8 0.1 
Ophiothrix sp. 2.4 0.8 3.8 0.1 

 
Phylum Chordata: Osteichthyes 

 
19.0 

 
40.2 

 
23.1 

 
7.1 

Engraulis encrasicolus 14.3 19.8 15.4 5.2 
Trachurus capensis 4.8 20.4 7.7 1.9 
SUM 100.0 100.0 100.0 100.0 

 
Appendix 3: The full stomach content dataset for small Squalus acutipinnis sharks sampled at the 150 m depth 
bin along the South coast of South Africa. A total of 35 stomachs were analysed 

 

Species %N   %W  % FO  % IRI 
Phylum Annelida 0.4 0.4 2.9 0.1 
Unidentified polychaete 0.4 0.4 2.9 0.1 

Phylum Arthropoda 90.0 35.4 40.0 56.3 
Caridea 0.4 0.2 2.9 0.1 
Funchalia woodwardi 0.4 2.5 2.9 0.2 
Pasiphaea spp. 1 71.1 27.4 17.1 51.3 
Unidentified amphipod 16.8 3.5 5.7 3.5 

Unidentified crustacean 1.4 1.8 11.4 1.1 

Phylum Mollusca 0.7 1.9 5.7 0.4 
Unidentified cephalopod 0.7 1.9 5.7 0.4 

Phylum Chordata: Osteichthyes 8.2 49.8 45.7 40.9 

Engraulis encrasicolus 3.2 18.9 11.4 7.7 

Paracallionymus costatus 0.4 0.9 2.9 0.1 
Unidentified teleost 4.6 30.0 31.4 33.1 

 
Unidentified semi-digested material 

 
0.7 

 
12.6 

 
5.7 

 
2.3 

Unidentified specimen 0.7 12.6 5.7 2.3 
SUM 100.0 100.0 100.0 100.0 
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Appendix 4: The full stomach content dataset for medium Squalus acutipinnis sharks sampled at the 50 m depth 
bin along the West coast of South Africa. A total of 10 stomachs were analysed 

 

Species %N  %W % FO % IRI 
Phylum Annelida 45.5 16.7 70.0 55.1 
Unidentified polychaete 45.5 16.7 70.0 55.1 

Phylum Arthropoda 18.2 2.1 40.0 3.9 
Caridea 9.1 1.2 20.0 2.6 
Goneplax angulata 4.5 0.8 10.0 0.7 
Mursia cristiata 4.5 0.0 10.0 0.6 

 
Phylum Mollusca 

 
9.1 

 
19.6 

 
20.0 

 
7.3 

Unidentified cephalopod 9.1 19.6 20.0 7.3 

Phylum Chordata: Osteichthyes 27.3 61.6 60.0 33.8 
Engraulis encrasicolus 13.6 52.0 30.0 24.9 
Unidentified teleost 13.6 9.6 30.0 8.8 

SUM 100.0 100.0 190.0 100.0 
 

Appendix 5: The full stomach content dataset for medium Squalus acutipinnis sharks sampled at the 150 m 
depth bin along the West coast of South Africa. A total of 21 stomachs were analysed 

 

Species %N   %W  % FO % IRI 
Phylum Arthropoda 32.1 2.5 33.3 16.9 
Mysida 21.4 0.8 19.0 13.7 
Malacostraca 7.1 0.9 9.5 2.5 
Pterygosquilla armata capensis 3.6 0.9 4.8 0.7 

Phylum Mollusca 17.9 3.8 23.8 11.5 
Unidentified cephalopod 14.3 3.4 19.0 10.9 
Unidentified mollusc 3.6 0.4 4.8 0.6 

 
Phylum Chordata: Osteichthyes 

 
46.4 

 
93.2 

 
57.1 

 
71.0 

Callionymidae 7.1 8.5 4.8 2.4 
Engraulis encrasicolus 7.1 11.2 9.5 5.6 
Etrumeus whiteheadi 7.1 59.2 9.5 20.5 
Unidentified teleost 25.0 14.4 33.3 42.5 

 
Unidentified semi-digested material 

 
3.6 

 
0.4 

 
4.8 

 
0.6 

Unidentified invertebrate 3.6 0.4 4.8 0.6 
SUM 100.0 100.0 119.0 100.0 

 
Appendix 6: The full stomach content dataset for medium Squalus acutipinnis sharks sampled at the 250 m 
depth bin along the West coast of South Africa. A total of 12 stomachs were analysed 

 

Species %N  %W  % FO % IRI 
Phylum Arthropoda 33.3 1.3 16.7 12.8 
Unidentified crustacean 33.3 1.3 16.7 12.8 

Phylum Mollusca 14.3 45.0 25.0 13.4 
Todaropsis eblanae 4.8 41.6 8.3 8.6 
Unidentified cephalopod 9.5 3.5 16.7 4.8 

Phylum Chordata: Osteichthyes 42.9 51.5 66.7 69.5 

Engraulis encrasicolus 9.5 38.3 16.7 17.7 
Unidentified teleost 33.3 13.3 50.0 51.8 

Unidentified semi-digested material 9.5 2.1 16.7 4.3 
Unidentified invertebrate 9.5 2.1 16.7 4.3 
SUM 100.0 100.0 125.0 100.0 
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Appendix 7: The full stomach content dataset for medium Squalus acutipinnis sharks sampled at the 50 m depth 
bin along the South coast of South Africa. A total of 84 stomachs were analysed 

 

Species %N  %W  % FO  % IRI 
Phylum Annelida 19.1 6.2 25.0 22.5 
Unidentified polychaete 19.1 6.2 25.0 22.5 

Phylum Arthropoda 17.8 4.7 28.6 2.8 
Decapoda 1.9 1.1 3.6 0.4 
Goneplax angulata 3.8 1.3 6.0 1.1 
Malacostraca 0.6 0.4 1.2 0.0 
Mursia cristiata 0.6 0.3 1.2 0.0 

Mysida 1.3 0.0 1.2 0.1 
Nassarius vinctus 1.9 0.6 2.4 0.2 
Parapaguridae 1.3 0.4 2.4 0.1 
Penaeidae 1.3 0.3 2.4 0.1 
Unidentified amphipod 1.9 0.1 2.4 0.2 
Unidentified crustacean 2.5 0.2 4.8 0.5 

Unidentified isopod 0.6 0.0 1.2 0.0 

 
Phylum Mollusca 

 
6.4 

 
25.5 

 
11.9 

 
3.8 

Loligo reynaudii 1.9 19.0 3.6 2.7 
Unidentified cephalopod 3.2 0.9 6.0 0.9 

Unidentified mollusc 0.6 0.1 1.2 0.0 
Unidentified octopus 0.6 5.5 1.2 0.3 

Phylum Chordata: Osteichthyes 54.8 62.7 77.4 70.6 
Austroglossus pectoralis 1.9 1.9 2.4 0.3 
Engraulis encrasicolus 14.0 16.6 20.2 22.0 
Etrumeus whiteheadi 4.5 8.9 4.8 1.0 
Genypterus capensis 0.6 0.8 1.2 0.1 
Merluccius capensis 1.3 0.5 2.4 0.2 
Merluccius sp. 1.3 0.3 1.2 0.1 
Paracallionymus costatus 1.9 1.0 3.6 0.4 
Sardinops sagax 1.9 5.8 3.6 1.0 
Scomberesox saurus scomberoides 0.6 0.3 1.2 0.0 
Trachurus capensis 5.7 8.9 6.0 3.1 
Unidentified teleost 21.0 17.7 31.0 42.5 

Unidentified semi-digested material 1.9 0.8 3.6 0.3 
Unidentified specimen 1.9 0.8 3.6 0.3 
SUM 100.0 100.0 146.4 100.0 
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Appendix 8: The full stomach content dataset for medium Squalus acutipinnis sharks sampled at the 150 m 
depth bin along the South coast of South Africa. A total of 159 stomachs were analysed 

 

Species %N  %W  % FO % IRI 
Phylum Annelida 23.5 14.4 35.2 42.5 
Nereididae 0.2 0.8 0.6 0.0 
Unidentified polychaete 23.2 13.6 34.6 42.5 

Phylum Sipuncula 0.2 0.4 0.6 0.0 
Sipuncula 0.2 0.4 0.6 0.0 

Phylum Arthropoda 40.6 14.6 51.6 8.8 

Caridea 2.1 0.4 5.7 0.5 
Decapoda 2.1 0.6 5.0 0.5 
Euphausiacea 0.7 0.0 1.9 0.0 
Funchalia woodwardi 1.2 0.1 1.9 0.1 
Malacostraca 0.5 0.1 1.3 0.0 
Mursia cristiata 1.4 1.1 2.5 0.2 

Mysida 0.7 0.2 1.9 0.1 

Parapaguridae 0.9 0.5 2.5 0.1 

Pasiphaea spp. 1 6.8 0.2 0.6 0.1 
Plesionika martia 0.7 0.5 1.9 0.1 
Pterygosquilla armata capensis 2.3 1.1 4.4 0.5 

Unidentified amphipod 13.1 0.8 6.9 3.2 
Unidentified crustacean 5.6 1.4 10.1 2.4 
Unidentified isopod 0.2 0.0 0.6 0.0 

Upogebia africana 0.2 0.0 0.6 0.0 
Upogebia capensis 0.2 0.0 0.6 0.0 
Upogebia sp. 1.6 7.4 3.1 1.0 

Phylum Mollusca 5.9 11.6 15.7 2.5 
Loligo reynaudii 0.7 4.7 1.9 0.3 
Ommastrephidae 0.2 3.2 0.6 0.1 
Sepia australis 0.2 0.3 0.6 0.0 
Teuthida 0.2 0.8 0.6 0.0 
Unidentified cephalopod 4.0 1.8 10.7 2.1 
Unidentified gastropod 0.2 0.0 0.6 0.0 
Unidentified mollusc 0.2 0.8 0.6 0.0 

Phylum Hemichordata 0.2 0.2 0.6 0.0 
Enteropneusta 0.2 0.2 0.6 0.0 

 
 

Phylum Chordata: Chondrichthyes 0.2 0.6 0.6 0.0 

Unidentified elasmobranch 0.2 0.6 0.6 0.0 

Phylum Chordata: Osteichthyes 24.9 51.7 58.5 42.2 
Bregmaceros sp. 0.5 0.0 1.3 0.0 
Engraulis encrasicolus 3.3 5.3 7.5 2.2 
Etrumeus whiteheadi 0.9 6.5 1.3 0.3 
Merluccius capensis 0.2 1.2 0.6 0.0 
Merluccius sp. 0.9 1.3 2.5 0.2 
Paracallionymus costatus 3.8 4.8 8.2 2.3 
Sardinops sagax 0.9 10.9 2.5 1.0 
Trachurus capensis 0.9 2.8 1.3 0.2 
Unidentified teleost 13.4 19.0 33.3 36.0 

Unidentified semi-digested material 4.5 6.7 10.7 4.0 
Unidentified specimen 4.5 6.7 10.7 4.0 
SUM 100.0 100.0 173.6 100.0 
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Appendix 9: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 50 m depth 
bin along the West coast of South Africa. A total of 12 stomachs were analysed 

 

Species %N  %W  % FO % IRI 
Phylum Annelida 33.3 16.3 66.7 62.7 
Unidentified polychaete 33.3 16.3 66.7 62.7 

Phylum Arthropoda 25.0 21.1 50.0 8.7 
Caridea 8.3 0.9 16.7 2.9 
Goneplax angulata 4.2 0.6 8.3 0.8 
Mursia cristiata 4.2 7.5 8.3 1.8 
Penaeidae 4.2 3.0 8.3 1.1 

Upogebia capensis 4.2 9.0 8.3 2.1 

Phylum Mollusca 4.2 1.5 8.3 0.9 
Unidentified cephalopod 4.2 1.5 8.3 0.9 

Phylum Chordata: Osteichthyes 37.5 61.1 66.7 27.7 

Engraulis encrasicolus 12.5 19.0 25.0 14.9 

Merluccius sp. 4.2 7.5 8.3 1.8 

Paracallionymus costatus 4.2 1.8 8.3 0.9 
Sardinops sagax 8.3 27.1 8.3 5.6 
Unidentified teleost 8.3 5.6 16.7 4.4 

SUM 100.0 100.0 191.7 100.0 
 

Appendix 10: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 150 m depth 
bin along the West coast of South Africa. A total of 35 stomachs were analysed 

 
Species %N  %W  % FO % IRI 
Phylum Annelida 2.8 0.6 5.7 0.6 
Unidentified polychaete 2.8 0.6 5.7 0.6 

Phylum Arthropoda 18.1 5.9 34.3 7.7 
Funchalia woodwardi 6.9 1.2 14.3 3.4 
Malacostraca 1.4 0.0 2.9 0.1 
Mysida 6.9 3.1 11.4 3.4 
Pterygosquilla armata capensis 2.8 1.5 5.7 0.7 

 
Phylum Mollusca 

 
9.7 

 
7.9 

 
20.0 

 
3.6 

Sepia australis 2.8 3.7 5.7 1.1 
Unidentified cephalopod 4.2 3.3 8.6 1.9 
Unidentified mollusc 2.8 1.0 5.7 0.6 

 
Phylum Echinodermata 

 
1.4 

 
5.5 

 
2.9 

 
0.6 

Holanthias sp. 1.4 5.5 2.9 0.6 

 
Phylum Chordata: Osteichthyes 

 
65.3 

 
79.8 

 
100.0 

 
87.0 

Callionymidae 18.1 13.5 17.1 16.0 

Engraulis encrasicolus 9.7 17.8 17.1 13.9 
Gnathophis sp. 1.4 5.0 2.9 0.5 
Lophiiformes 1.4 0.6 2.9 0.2 
Merluccius capensis 1.4 11.0 2.9 1.0 
Merluccius sp. 1.4 7.5 2.9 0.7 
Sardinops sagax 2.8 2.0 2.9 0.4 
Symbolophorus boops 4.2 3.3 5.7 1.3 
Trichiurus lepturus 1.4 1.1 2.9 0.2 
Unidentified teleost 23.6 18.0 42.9 52.7 

Unidentified semi-digested material 2.8 0.3 5.7 0.5 
Unidentified invertebrate 2.8 0.3 5.7 0.5 
SUM 100.0 100.0 168.6 100.0 
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Appendix 11: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 250 m depth 
bin along the West coast of South Africa. A total of 20 stomachs were analysed 

Species %N  %W  % FO % IRI 
Phylum: Annelida 2.27 0.81 4.76 0.51 
Unidentified polychaete 2.27 0.81 4.76 0.51 

Phylum: Arthropoda 22.73 5.93 42.86 17.79 
Funchalia woodwardi 9.09 1.37 19.05 6.91 
Malacostraca 2.10 0.03 2.91 0.29 
Mysida 10.0 4.51 18.05 10.45 
Pterygosquilla armata capensis 1.36 0.01 1.85 0.09 
Unidentified crustacean 1.17 0.01 1.00 0.05 

Phylum Mollusca 4.55 2.20 9.52 1.11 
Todaropsis eblanae 2.27 2.00 4.76 0.71 
Unidentified cephalopod 2.27 0.20 4.76 0.41 

Phylum Echinodermata 2.27 8.07 4.76 1.71 
Holanthias sp. 2.27 8.07 4.76 1.71 

Phylum Chordata: Osteichthyes 65.91 82.79 100.00 78.47 
Callionymidae 20.45 12.51 19.05 21.78 
Engraulis encrasiocolis 11.36 17.15 19.05 18.84 
Gnathophis sp. 2.27 7.26 4.76 1.58 
Merluccius capensis 2.27 16.09 4.76 3.03 
Merluccius sp. 2.27 10.89 4.76 2.18 
Sardinops sagax 4.55 2.95 4.76 1.24 
Lampricoides 6.82 1.21 9.52 2.65 
Trichiurus lepturus 2.27 1.61 4.76 0.64 
Unidentified teleost 13.64 13.12 28.57 26.53 

Unidentified semi-digested material 2.27 0.20 4.76 0.41 
Unidentified invertebrate 2.27 0.20 4.76 0.41 
SUM 100.00 100.00 166.67 100.00 

 
 

Species %N  %W  % FO  % IRI 

Appendix 12: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 350 m depth 
bin along the West coast of South Africa. A total of 6 stomachs were analysed 

 
Species %N  %W  % FO % IRI 
Phylum Annelida 14.3 0.2 16.7 4.3 
Unidentified polychaete 14.3 0.2 16.7 4.3 

Phylum Mollusca 42.9 7.9 50.0 23.3 
Todaropsis eblanae 14.3 6.0 16.7 5.1 
Unidentified cephalopod 28.6 1.8 33.3 18.2 

Phylum Chordata: Osteichthyes 
 

42.9 
 

92.0 
 

50.0 
 

72.4 
Clupeidae 14.3 9.5 16.7 5.9 
Unidentified teleost 28.6 82.5 33.3 66.5 
SUM 100.0 100.0 116.7 100.0 

http://etd.uwc.ac.za/ 
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Appendix 13: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 50 m depth 
bin along the South coast of South Africa. A total of 214 stomachs were analysed 

 

Species % N   % W  % FO  % IRI 
Phylum Annelida 24.5 7.4 26.6 31.5 
Unidentified polychaete 24.5 7.4 26.6 31.5 

Phylum Arthropoda 12.1 2.6 24.3 1.3 
Brachyura 0.2 0.0 0.5 0.0 
Caridea 1.0 0.0 2.3 0.1 
Decapoda 1.2 0.2 2.8 0.1 
Funchalia woodwardi 0.2 0.0 0.5 0.0 

Goneplax angulata 2.3 0.4 3.7 0.4 
Mursia cristiata 0.2 0.0 0.5 0.0 
Mysida 1.2 0.0 1.9 0.1 
Parapaguridae 0.8 0.1 1.9 0.1 
Penaeidae 0.2 0.0 0.5 0.0 
Plesionika martia 0.4 0.0 0.9 0.0 

Pterygosquilla armata capensis 1.4 0.4 3.3 0.2 

Unidentified amphipod 1.4 0.1 2.8 0.1 

Unidentified crustacean 0.6 0.0 1.4 0.0 
Upogebia sp. 1.2 1.3 1.4 0.1 

 
Phylum Mollusca 

 
11.3 

 
21.7 

 
24.3 

 
5.7 

Aplysiidae 0.6 0.1 1.4 0.0 
Chiroteuthis mega 0.2 0.0 0.5 0.0 

Loligo reynaudii 3.7 9.1 7.9 3.8 
Afrololigo mercatoris 0.4 0.1 0.9 0.0 
Octopus vulgaris 0.4 1.7 0.9 0.1 
Sepia australis 1.6 4.4 2.8 0.6 
Sepia sp. 0.2 0.1 0.5 0.0 
Sepiolidae 0.2 0.0 0.5 0.0 
Todaropsis eblanae 0.6 2.4 0.9 0.1 
Unidentified cephalopod 2.3 1.8 5.6 0.9 
Unidentified mollusc 0.4 0.1 0.5 0.0 
Unidentified octopus 0.8 1.8 1.9 0.2 

Phylum Echinodermata 0.2 0.1 0.5 0.0 
Holothuroidea 0.2 0.1 0.5 0.0 

Phylum Chordata: Tunicata 0.2 1.2 0.5 0.0 
Unidentified tunicate 0.2 1.2 0.5 0.0 

 
Phylum Chordata: Chondrichthyes 

 
1.4 

 
8.3 

 
3.3 

 
0.2 

Rajidae 0.2 0.3 0.5 0.0 
Selachii 0.2 0.4 0.5 0.0 
Squalus acutipinnis 0.2 0.1 0.5 0.0 
Torpedo sinuspersici 0.2 5.3 0.5 0.1 
Torpedo sp. 0.2 0.8 0.5 0.0 
Unidentified chondrichthyian 0.2 0.1 0.5 0.0 
Unidentified elasmobranch 0.2 1.3 0.5 0.0 

Phylum Chordata: Osteichthyes 46.7 55.8 89.3 59.5 
Austroglossus pectoralis 0.2 0.0 0.5 0.0 
Belonidae 0.2 0.4 0.5 0.0 
Bregmaceros sp. 0.4 0.0 0.9 0.0 
Canthigaster sp. 0.2 0.0 0.5 0.0 
Chelidonichthys queketti 0.4 0.3 0.9 0.0 
Chilodactylus sp. 0.2 0.7 0.5 0.0 
Clupeidae 1.4 2.4 2.3 0.3 
Cynoglossus zanzibarensis 0.2 0.1 0.5 0.0 
Engraulis encrasicolus 16.5 7.0 23.8 20.2 
Etrumeus whiteheadi 2.3 2.2 4.2 0.4 
Gnathopis sp. 0.6 0.5 1.4 0.1 
Gobius agulhensis 0.2 0.1 0.5 0.0 
Helicolenus dactylopterus 0.4 3.5 0.9 0.1 
Merluccius sp. 1.2 7.3 2.8 0.9 
Paracallionymus costatus 2.1 0.9 4.2 0.5 
Pterogymnus laniarius 0.2 0.2 0.5 0.0 
Sardinops sagax 3.1 5.7 7.0 2.3 
Scomber japonicus 0.2 3.1 0.5 0.1 
Trachurus capensis 2.3 8.0 5.1 2.0 
Unidentified teleost 14.4 13.4 31.8 32.7 

Unidentified semi-digested material 3.7 3.0 7.5 1.9 
 Unidentified specimen 3.7 3.0 7.5 1.9  
 SUM 100.0   100.0   176.2   100.0  

http://etd.uwc.ac.za/ 
 



154  

Appendix 14: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 150 m depth 
bin along the South coast of South Africa. A total of 228 stomachs were analysed 

 

Species % N  % W  % FO  % IRI 
Phylum Annelida 15.0 5.7 28.9 21.5 
Nereididae 14.6 5.5 27.6 21.5 
Unidentified polychaete 0.4 0.2 1.3 0.0 

Phylum Cnidaria 0.4 1.6 1.3 0.1 
Pennatulaceae 0.4 1.6 1.3 0.1 

Phylum Arthropoda 23.1 4.8 46.5 6.4 

Brachyura 0.3 0.1 0.9 0.0 
Caridea 1.1 0.1 3.1 0.2 
Decapoda 1.4 0.2 2.2 0.1 
Euphausiacea 0.4 0.0 1.3 0.0 
Funchalia woodwardi 0.7 0.3 2.2 0.1 
Goneplax angulata 0.4 0.3 1.3 0.0 

Malacostraca 0.7 0.2 2.2 0.1 

Mursia cristiata 1.0 0.4 3.1 0.2 

Mysida 1.3 0.2 2.6 0.1 
Parapaguridae 0.7 0.1 2.2 0.1 
Pasiphaea spp. 1 0.1 0.1 0.4 0.0 

Penaeidae 0.3 0.0 0.9 0.0 
Plesionika martia 0.1 0.1 0.4 0.0 
Pterygosquilla armata capensis 1.3 1.0 3.9 0.3 

Unidentified amphipod 10.1 0.3 11.0 4.4 
Unidentified crustacean 2.5 0.3 6.6 0.7 
Upogebia africana 0.3 0.2 0.9 0.0 
Upogebia capensis 0.3 0.2 0.9 0.0 
Upogebia sp. 0.1 0.7 0.4 0.0 

Phylum Mollusca 9.4 15.0 25.4 3.9 
Crossia sp. 0.1 0.1 0.4 0.0 
Enteroctopus magnificus 0.1 0.3 0.4 0.0 
Loligo reynaudii 2.8 6.1 4.8 1.7 
Inioteuthis capensis 0.1 0.0 0.4 0.0 
Octopus vulgaris 0.1 0.8 0.4 0.0 
Sepia australis 0.3 0.6 0.9 0.0 
Sepia sp. 0.7 0.3 2.2 0.1 
Sepiolidae 0.4 0.2 1.3 0.0 
Teuthida 1.0 1.4 3.1 0.3 
Todaropsis eblanae 0.1 0.6 0.4 0.0 

Unidentified cephalopod 2.5 2.0 7.9 1.4 
Unidentified mollusc 0.1 0.0 0.4 0.0 
Unidentified octopus 0.8 2.6 2.6 0.3 

Phylum Echinodermata 0.3 0.2 0.9 0.0 
Holothuroidea 0.3 0.2 0.9 0.0 

Phylum Chordata: Chondrichthyes 0.6 3.9 1.8 0.3 
Unidentified elasmobranch 0.6 3.9 1.8 0.3 

Phylum Chordata: Osteichthyes 47.2 63.9 93.9 64.3 
Anguilliformes 0.1 0.3 0.4 0.0 
Austroglossus pectoralis 0.3 0.3 0.9 0.0 
Champsodontidae 0.1 0.1 0.4 0.0 
Clupeidae 0.3 0.4 0.9 0.0 
Cynoglossus zanzibarensis 0.3 0.2 0.9 0.0 
Engraulis encrasicolus 4.8 3.6 11.4 3.7 
Etrumeus whiteheadi 4.1 7.0 6.6 1.3 
Gnathophis sp. 0.3 0.5 0.9 0.0 
Helicolenus dactylopterus 0.3 1.6 0.9 0.1 
Lampricoides 1.8 0.1 0.4 0.0 
Lophius vomerinus 0.1 1.9 0.4 0.0 
Merluccius capensis 0.3 0.8 0.9 0.0 
Merluccius sp. 0.8 7.3 2.6 0.8 
Paracallionymus costatus 13.3 3.6 12.3 8.1 
Sardinops sagax 3.9 10.1 7.5 4.1 
Scomber japonicus 0.3 0.8 0.9 0.0 
Scomberesox saurus scomberoides 0.3 1.3 0.9 0.0 
Trachurus capensis 1.8 7.9 5.3 2.0 
Trichiurus lepturus 0.1 0.9 0.4 0.0 
Unidentified teleost 13.9 15.2 39.0 44.0 

Unidentified semi-digested material 4.1 4.9 10.1 3.5 
 Unidentified specimen 4.1 4.9       10.1       3.5  
 SUM 100.0   100.0   208.8  100.0  

http://etd.uwc.ac.za/ 
 



155  

Appendix 15: The full stomach content dataset for large Squalus acutipinnis sharks sampled at the 250 m depth 
bin along the South coast of South Africa. A total of 7 stomachs were analysed 

 

Species %N  %W  % FO  % IRI 
Phylum Annelida 44.4 11.7 57.1 56.8 
Unidentified polychaete 44.4 11.7 57.1 56.8 

Phylum Arthropoda 22.2 33.1 28.6 14.0 
Parapaguridae 11.1 13.6 14.3 6.3 
Unidentified crustacean 11.1 19.5 14.3 7.7 

Phylum Chordata: Osteichthyes 33.3 55.3 42.9 29.2 

Etrumeus whiteheadi 11.1 50.6 14.3 15.6 
Unidentified teleost 22.2 4.7 28.6 13.6 
SUM 100.0 100.0 128.6 100.0 

Appendix 16: The full stomach content dataset for medium Squalus bassi sharks sampled at the 250 m depth 
bin along the West coast of South Africa. A total of 6 stomachs were analysed 

 
Species %N  %W  % FO % IRI 
Phylum Mollusca 42.9 81.5 50.0 69.5 
Unidentified cephalopod 42.9 81.5 50.0 69.5 

Phylum Chordata: Osteichthyes 57.1 18.5 66.7 30.5 
Pegusa nasuta 14.3 17.4 16.7 5.9 
Unidentified teleost 42.9 1.2 50.0 24.6 
SUM 100.0 100.0 116.7 100.0 

Appendix 17: The full stomach content dataset for medium Squalus bassi sharks sampled at the 150 m depth 
bin along the South coast of South Africa. A total of 24 stomachs were analysed 

 

Species %N  %W  % FO % IRI 
Phylum Annelida 23.3 12.6 25.0 14.3 
Quill worm 2.3 1.3 4.2 0.3 
Unidentified polychaete 20.9 11.3 20.8 13.9 

Phylum Arthropoda 23.3 10.0 25.0 5.1 
Funchalia woodwardi 7.0 0.3 4.2 0.6 
Parapagurus pilosimanus 2.3 6.4 4.2 0.8 
Pterygosquilla armata capensis 2.3 1.9 4.2 0.4 

Unidentified crustacean 11.6 1.3 12.5 3.4 

Phylum Mollusca 20.9 17.2 37.5 29.7 
Unidentified cephalopod 20.9 17.2 37.5 29.7 

Phylum Chordata: Osteichthyes 23.3 31.0 33.3 37.5 

Unidentified teleost 23.3 31.0 33.3 37.5 

 
Unidentified semi-digested material 

 
9.3 

 
29.2 

 
16.7 

 
13.3 

Unidentified specimen 9.3 29.2 16.7 13.3 

SUM 100.0 100.0 137.5 100.0 
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Appendix 18: The full stomach content dataset for medium Squalus bassi sharks sampled at the 250 m depth 
bin along the South coast of South Africa. A total of 6 stomachs were analysed 

 

Species %N  %W  % FO  % IRI 
Phylum Arthropoda 25.0 0.9 33.3 7.0 
Penaeidae 12.5 0.8 16.7 3.6 
Pterygosquilla armata capensis 12.5 0.0 16.7 3.4 

Phylum Mollusca 12.5 3.2 16.7 4.3 
Todaropsis eblanae 12.5 3.2 16.7 4.3 

Phylum Chordata: Osteichthyes 62.5 95.9 83.3 88.7 

Merluccius paradoxus 12.5 89.7 16.7 27.7 
Unidentified teleost 50.0 6.2 66.7 61.0 
SUM 100.0 100.0 133.3 100.0 

 
Appendix 19: The full stomach content dataset for medium Squalus bassi sharks sampled at the 450 m depth 
bin along the South coast of South Africa. A total of 6 stomachs were analysed 

 
Species %N  %W  % FO % IRI 
Phylum Arthropoda 27.3 0.6 33.3 7.7 
Unidentified amphipod 18.2 0.5 16.7 5.2 
Unidentified crustacean 9.1 0.0 16.7 2.5 

Phylum Mollusca 54.5 48.1 100.0 73.2 
Sepia australis 9.1 28.5 16.7 10.4 
Sepiida 9.1 1.7 16.7 3.0 
Unidentified cephalopod 36.4 18.0 66.7 59.9 

 
Phylum Chordata: Osteichthyes 

 
18.2 

 
51.3 

 
33.3 

 
19.1 

Paracallionymus costatus 9.1 4.0 16.7 3.6 
Unidentified teleost 9.1 47.3 16.7 15.5 
SUM 100.0 100.0 166.7 100.0 

Appendix 20: The full stomach content dataset for large Squalus bassi sharks sampled at the 150 m depth bin 
along the West coast of South Africa. A total of 14 stomachs were analysed 

 
Species %N  %W  % FO % IRI 
Phylum Arthropoda 13.3 2.3 14.3 6.1 
Pterygosquilla armata capensis 13.3 2.3 14.3 6.1 

Phylum Mollusca 13.3 23.3 28.6 11.2 
Loligo reynaudii 3.3 22.8 7.1 5.0 
Unidentified cephalopod 10.0 0.6 21.4 6.1 

Phylum Chordata: Osteichthyes 73.3 74.3 100.0 82.8 

Callionymidae 23.3 2.0 7.1 4.9 
Gnathophis sp. 10.0 3.5 14.3 5.2 
Merluccius sp. 6.7 54.2 14.3 23.5 
Paracallionymus costatus 3.3 2.6 7.1 1.1 
Symbolophorus boops 6.7 1.0 7.1 1.5 
Unidentified teleost 23.3 11.0 50.0 46.5 

SUM 100.0 100.0 142.9 100.0 
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Appendix 21: The full stomach content dataset for large Squalus bassi sharks sampled at the 250 m depth bin 
along the West coast of South Africa. A total of 34 stomachs were analysed 

 

Species %N   %W  % FO  % IRI 
Phylum Sipuncula 2.9 1.0 5.9 0.6 
Sipuncula 2.9 1.0 5.9 0.6 

Phylum Arthropoda 5.9 0.2 8.8 0.5 
Pterygosquilla armata capensis 1.5 0.0 2.9 0.1 
Malacostraca 2.9 0.0 2.9 0.2 
Unidentified crustacean 1.5 0.1 2.9 0.1 

 
Phylum Mollusca 

 
7.4 

 
2.4 

 
14.7 

 
1.4 

Teuthida 1.5 1.5 2.9 0.2 
Todarodes angolensis 1.5 0.7 2.9 0.2 
Unidentified cephalopod 4.4 0.2 8.8 1.1 

Phylum Chordata: Osteichthyes 82.4 95.1 126.5 97.3 

Callionymidae 11.8 2.1 5.9 2.1 

Etrumeus whiteheadi 2.9 8.6 5.9 1.8 
Gnathophis sp. 2.9 2.7 5.9 0.9 
Merluccius sp. 14.7 57.9 26.5 50.0 
Myctophidae 5.9 0.4 8.8 1.4 

Scomberesox saurus scomberoides 1.5 0.6 2.9 0.2 
Symbolopholus boops 13.2 1.6 11.8 2.0 
Trachurus capensis 4.4 7.7 8.8 2.8 
Trichiurus lepturus 2.9 5.2 5.9 1.2 
Unidentified teleost 22.1 8.4 44.1 34.9 

Unidentified semi-digested material 1.5 1.3 2.9 0.2 
Unidentified invertebrate 1.5 1.3 2.9 0.2 
SUM 100.0 100.0 158.8 100.0 

Appendix 22: The full stomach content dataset for large Squalus bassi sharks sampled at the 350 m depth bin 
along the West coast of South Africa. A total of 13 stomachs were analysed 

 

Species %N  %W  % FO  % IRI 
Phylum Arthropoda 8.0 0.2 15.4 1.3 
Pterygosquilla armata capensis 4.0 0.2 7.7 0.7 
Decapoda 4.0 0.0 7.7 0.6 

Phylum Mollusca 20.0 22.4 38.5 11.2 
Todaropsis eblanae 4.0 11.5 7.7 2.4 
Todarodes sp. 4.0 7.7 7.7 1.8 
Unidentified cephalopod 12.0 3.1 23.1 7.0 

 
Phylum Chordata: Osteichthyes 

 
68.0 

 
75.6 

 
92.3 

 
86.6 

Etrumeus whiteheadi 12.0 1.5 7.7 2.1 
Merluccius sp. 16.0 54.6 15.4 21.8 
Symbolophorus sp. 8.0 2.0 7.7 1.5 
Unidentified teleost 32.0 17.6 61.5 61.2 

 
Phylum Chordata: Mammalia 

 
4.0 

 
1.8 

 
7.7 

 
0.9 

Unidentified mammal 4.0 1.8 7.7 0.9 
SUM 100.0 100.0 153.8 100.0 
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Appendix 23: The full stomach content dataset for large Squalus bassi sharks sampled at the 550 m depth bin 
along the West coast of South Africa. A total of 12 stomachs were analysed 

 

Species %N   %W  % FO % IRI 
Phylum Mollusca 19.2 6.4 41.7 8.8 
Teuthida 7.7 5.0 16.7 3.5 
Unidentified cephalopod 11.5 1.4 25.0 5.3 

Phylum Chordata: Osteichthyes 80.8 93.6 141.7 91.2 
Lophiiformes 7.7 1.6 16.7 2.5 
Merluccius sp. 7.7 23.5 16.7 8.5 
Sardinops sagax 3.8 1.8 8.3 0.8 

Symbolophorus sp. 3.8 0.6 8.3 0.6 
Trichiurus lepturus 19.2 21.8 33.3 22.4 
Thyrsites atun 3.8 13.0 8.3 2.3 
Unidentified teleost 34.6 31.3 50.0 54.1 
SUM 100.0 100.0 183.3 100.0 

 
Appendix 24: The full stomach content dataset for large Squalus bassi sharks sampled at the 150 m depth bin 
along the South coast of South Africa. A total of 57 stomachs were analysed 

 

Species %N   %W  % FO % IRI 
Phylum Arthropoda 4.0 0.2 10.5 0.7 
Decapoda 0.7 0.0 1.8 0.1 
Malacostraca 1.3 0.1 3.5 0.3 
Pterygosquilla armata capensis 0.7 0.0 1.8 0.1 
Unidentified crustacean 1.3 0.1 3.5 0.3 

Phylum Mollusca 51.7 28.9 40.4 21.4 
Crossia sp. 0.7 0.1 1.8 0.1 

Histioteuthis macrohista 0.7 0.2 1.8 0.1 
Histioteuthis sp. 0.7 0.0 1.8 0.1 
Loligo reynaudii 6.6 9.7 5.3 4.7 
Sepia australis 32.5 7.4 3.5 7.7 
Sepia sp. 1.3 2.3 3.5 0.7 
Teuthida 1.3 1.2 3.5 0.5 

Todarodes angolensis 0.7 6.0 1.8 0.6 

Unidentified cephalopod 6.0 1.7 15.8 6.7 
Unidentified octopus 1.3 0.2 1.8 0.1 

 
Phylum Chordata: Osteichthyes 

 
43.0 

 
69.5 

 
82.5 

 
77.7 

Coelorhinchus sp. 0.7 7.8 1.8 0.8 
Engraulis encrasicolus 0.7 0.1 1.8 0.1 
Etrumeus whiteheadi 2.0 1.1 5.3 0.5 
Gnathophis sp. 2.0 4.8 5.3 2.0 
Lepidopus sp. 1.3 8.7 3.5 1.9 
Merluccius paradoxus 0.7 3.7 1.8 0.4 
Merluccius sp. 1.3 3.3 3.5 0.9 
Myctophidae 4.0 1.2 1.8 0.5 
Paracallionymus costatus 3.3 0.3 1.8 0.3 
Sardinops sagax 3.3 4.4 5.3 2.3 
Satyrichthys adeni 0.7 0.1 1.8 0.1 
Scomberesox saurus scomberoides 2.0 2.1 5.3 0.7 
Tharbacus sp. 0.7 0.6 1.8 0.1 
Trichiurus lepturus 2.6 1.8 7.0 1.7 
Trachurus capensis 3.3 6.0 5.3 2.7 
Unidentified teleost 14.6 23.5 29.8 62.6 

Unidentified semi-digested material 1.3 1.4 3.5 0.3 
Unidentified invertebrate 0.7 0.2 1.8 0.1 
Unidentified specimen 0.7 1.2 1.8 0.2 

SUM 100.0 100.0 136.8 100.0 
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Appendix 25: The full stomach content dataset for large Squalus bassi sharks sampled at the 250 m depth bin 
along the South coast of South Africa. A total of 31 stomachs were analysed 

 

Species % N   % W  % FO  % IRI 
Phylum Annelida 2.3 0.3 3.2 0.1 
Pseudonereis variegata 2.3 0.3 3.2 0.1 

Phylum Arthropoda 9.3 0.8 12.9 1.2 
Penaeidae 7.0 0.8 9.7 1.1 
Pterygosquilla armata capensis 2.3 0.0 3.2 0.1 

Phylum Mollusca 9.3 4.4 12.9 2.6 

Unidentified cephalopod 9.3 4.4 12.9 2.6 

Phylum Chordata: Osteichthyes 76.7 91.1 96.8 95.8 
Etrumeus whiteheadi 2.3 5.8 3.2 0.4 
Gnathophis sp. 2.3 0.3 3.2 0.1 
Lepidopus sp. 2.3 18.5 3.2 1.0 

Myctophidae 4.7 6.7 6.5 1.1 

Sardinops sagax 2.3 0.5 3.2 0.1 
Scomber japonicus 4.7 12.0 6.5 1.6 
Symbolophorus boops 2.3 4.2 3.2 0.3 
Trichiurus lepturus 2.3 1.0 3.2 0.2 

Unidentified teleost 53.5 42.0 64.5 91.0 

 
Unidentified semi-digested material 

 
2.3 

 
3.5 

 
3.2 

 
0.3 

Unidentified specimen 2.3 3.5 3.2 0.3 
SUM 100.0   100.0   129.0   100.0 

 

 
Appendix 26: The full stomach content dataset for large Squalus bassi sharks sampled at the 450 m depth bin 
along the South coast of South Africa. A total of 87 stomachs were analysed 

 

Species % N  % W % FO % IRI 
Phylum Porifera 0.6 0.0 1.1 0.0 
Unidentified sponge 0.6 0.0 1.1 0.0 

Phylum Arthropoda 10.8 0.9 17.2 2.4 
Caridea 0.6 0.0 1.1 0.0 
Funchalia woodwardi 6.6 0.7 9.2 2.2 
Mursia cristiata 0.6 0.0 1.1 0.0 
Penaeidae 0.6 0.0 1.1 0.0 

Unidentified amphipod 1.2 0.0 2.3 0.1 
Unidentified crustacean 1.2 0.1 2.3 0.1 

Phylum Mollusca 39.2 14.6 63.2 41.3 
Loligo reynaudii 3.0 3.4 4.6 0.5 
Lycoteuthis lorigera 1.8 1.2 3.4 0.3 

Sepia australis 6.0 1.1 2.3 0.5 

Sepia hieronis 0.6 0.4 1.1 0.0 

Sepia sp. 0.6 0.1 1.1 0.0 
Teuthida 1.2 0.1 2.3 0.1 
Todaropsis eblanae 0.6 0.1 1.1 0.0 

Unidentified cephalopod 23.5 4.4 43.7 39.4 
Unidentified octopus 1.8 3.7 3.4 0.3 

 
Phylum Chordata: Osteichthyes 

 
48.8 

 
84.1 

 
80.5 

 
56.2 

Diaphus sp. 1.2 0.2 2.3 0.1 
Engraulis encrasicolus 1.2 0.4 2.3 0.1 
Epigonus sp. 0.6 0.5 1.1 0.0 
Etrumeus whiteheadi 3.0 2.4 4.6 0.6 
Helicolenus dactylopterus 0.6 0.9 1.1 0.1 
Lampricoides 0.6 0.0 1.1 0.0 
Merluccius paradoxus 3.6 12.9 6.9 3.7 
Merluccius sp. 1.8 4.1 3.4 0.7 
Myctophidae 3.6 0.6 5.7 0.5 
Paracallionymus costatus 1.8 0.1 3.4 0.2 
Sardinops sagax 1.2 0.6 2.3 0.1 
Scomber japonicus 4.8 18.7 4.6 1.7 
Scomberesox saurus scomberoides 1.2 0.2 2.3 0.1 
Thyrsites atun 0.6 0.7 1.1 0.0 
Trichiurus lepturus 1.2 9.0 2.3 0.8 
Trachurus capensis 2.4 3.2 3.4 0.6 

Unidentified teleost 18.7 28.0 31.0 46.8 
Zeus capensis 0.6 1.5 1.1 0.1 

Unidentified semi-digested material 0.6 0.4 1.1 0.0 
 Unidentified specimen 0.6 0.4 1.1 0.0  
SUM 100.0   100.0   163.2  100.0 
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Appendix 27: The full stomach content dataset for large Squalus bassi sharks sampled at the 550 m depth bin 
along the South coast of South Africa. A total of 55 stomachs were analysed 

 

Species %N  %W  % FO % IRI 
Phylum Arthropoda 12.6 1.9 20.0 2.1 
Aristaeomorpha foliaceae 2.9 0.2 5.5 0.6 
Funchalia woodwardi 3.9 0.3 5.5 0.8 
Merhippolyte agulhasensis 1.0 0.1 1.8 0.1 
Pasiphaea spp. 1 1.0 0.2 1.8 0.1 
Unidentified crustacean 2.9 1.2 3.6 0.5 
Unidentified ostracod 1.0 0.0 1.8 0.1 

Phylum Mollusca 32.0 15.1 50.9 38.7 
Loligo reynaudii 3.9 2.1 5.5 1.2 
Sepia australis 1.0 1.1 1.8 0.1 
Todarodes angolensis 3.9 3.8 5.5 1.5 
Todaropsis eblanae 2.9 0.8 1.8 0.2 
Unidentified cephalopod 20.4 7.2 36.4 35.7 

 
Phylum Chordata: Osteichthyes 

 
48.5 

 
71.1 

 
76.4 

 
50.7 

Coelorhinchus sp. 1.0 1.3 1.8 0.1 
Engraulis encrasicolus 2.9 3.0 3.6 0.8 
Etrumeus whiteheadi 2.9 3.8 3.6 0.4 

Gnathophis sp. 1.9 0.3 3.6 0.3 
Helicolenus dactylopterus 1.0 1.2 1.8 0.1 
Lampricoides 1.0 0.1 1.8 0.1 
Merluccius sp. 6.8 32.0 12.7 17.5 
Muraenidae 1.0 3.2 1.8 0.3 
Mullidae 1.9 4.9 1.8 0.4 
Myctophidae 1.9 0.9 3.6 0.4 
Paracallionymus costatus 1.9 0.1 3.6 0.3 
Sardinops sagax 1.0 1.6 1.8 0.2 
Symbolophorus boops 1.0 0.1 1.8 0.1 
Trichiurus lepturus 1.9 7.8 3.6 1.3 
Unidentified teleost 19.4 9.8 27.3 28.3 
Zeus capensis 1.0 1.0 1.8 0.1 

Unidentified semi-digested material 6.8 11.9 12.7 8.5 
Unidentified specimen 6.8 11.9 12.7 8.5 
 SUM 100.0  100.0   160.0  100.0  

 
 

Appendix 28: The full stomach content dataset for large Squalus bassi sharks sampled at 650 m depth bin 
along the South coast of South Africa. A total of 6 stomachs were analysed 

 

Species %N  %W  % FO  % IRI 
Phylum Mollusca 70.0 83.8 100.0 86.9 
Todarodes angolensis 20.0 58.4 33.3 44.3 
Todaropsis eblanae 20.0 12.3 33.3 18.2 
Unidentified cephalopod 30.0 13.2 33.3 24.4 

Phylum Chordata: Osteichthyes 30.0 16.2 33.3 13.1 
Gnathophis sp. 20.0 11.5 16.7 8.9 
Unidentified teleost 10.0 4.7 16.7 4.2 

SUM 100.0 100.0 133.3 100.0 
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Appendix 29: The sum (N) and mean isotopic expression of Nitrogen 15 (δ15N‰) and Carbon 13 (δ13C‰; 
expressed by delta notation, in parts per thousand) of Squalus acutipinnis and S. bassi sampled on the South and 
West coast of South Africa. Means are categorised by coast, depth (in meters) and size classes 

 
  South coast  West coast 
  S. acutipinnis S. bassi S. acutipinnis S. bassi 
 N 68 75 25 28 
 δ15N (‰) 14.22 14.04 14.83 14.88 

By coast: ±SE 0.081 0.108 0.129 0.114 
 δ13C (‰) -15.10 -15.75 -15.85 -16.04 
 ±SE 0.065 0.087 0.075 0.054 

≤ 200 m 
 N 55 20 8 6 
 δ15N (‰) 14.05 14.15 14.51 14.76 
 ±SE 0.082 0.213 0.228 0.369 
 δ13C (‰) -14.97 -15.01 -16.06 -15.98 
 ±SE 0.068 0.148 0.135 0.113 

By depth:   > 200 m  
 N 13 55 17 22 
 δ15N (‰) 14.95 14.18 14.98 14.92 
 ±SE 0.093 0.127 0.147 0.110 
 δ13C (‰) -15.65 -16.15 -15.75 -16.06 
 ±SE 0.070 0.071 0.082 0.063 

small 
 N 22 11 2 3 
 δ15N (‰) 13.41 13.26 14.63 13.94 
 ±SE 0.132 0.148 0.271 0.310 
 δ13C (‰) -14.78 -14.70 -15.88 -15.97 
 ±SE 0.098 0.238 0.091 0.132 

By size:   large  

 N 46 64 23 25 
 δ15N (‰) 14.47 14.17 14.85 15 
 ±SE 0.080 0.117 0.138 0.103 
 δ13C (‰) -15.25 -16.04 -15.85 -16.05 
 ±SE 0.074 0.069 0.081 0.058 
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