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Abstract 

Although there is considerable momentum for expanding protected area coverage under the 

30x30 paradigm, there is key criticism of the existing targets in that they are not linked to 

conservation outcomes and marine biodiversity loss continues despite the rise in protection 

efforts. The success of different forms of conservation strategies is contingent on species-specific 

characteristics, such as behavior, life-history traits, migratory range, as well as the nature of 

existing threatening processes. Due to their small average size (<10 km2) Marine Protected Areas 

(MPAs) can be more beneficial for endemic species that are localized to smaller regions, than for 

larger and pelagic migratory species that inhabit and travel over larger ranges. This research 

develops a conservation classification scheme for the threatened species of the order of carpet 

sharks, Orectolobiformes, that considers the species based on their distribution, biology, and 

threats to their populations. This group was chosen due to the large diversity in the size and traits 

of the species it encompasses; ranging from the Halmahera Epaulette Shark that reaches a 

maximum length of 70 cm and inhabits a geographic range of 14,446 km2 versus the 

significantly larger Whale Shark that can grow to a length of 21 meters and migrates over 

171,000,000 km2. The findings reveal that only a third (39.3%) of the threatened 

Orectolobiformes would benefit exclusively from site-scale protection whereas the other 60.8% 

require either a combination of MPAs and broad-scale measures, or solely the latter; illustrating 

that MPAs might not be the solution for protecting all marine biodiversity. Furthermore, almost 

no direct relationship was discerned between the species’ geographic ranges, habitat types or 

threats to their populations, and the conservation categories they were classified in; further 

signifying that conservation actions must match the individual species they are intended for.  

 

Keywords: Carpet sharks, Orectolobiformes, Biodiversity, Marine Protected Areas, 

Conservation, Geographic Range, Site-scale, Broad-scale 
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Chapter 1: Introduction 
The rapid rise in global human population accompanied by continuous technological 

advancements has translated to a surge in consumption and need for resources (Vitousek et al., 

1997). This in turn threatens terrestrial and marine ecosystems and has led to a decline in global 

species biodiversity (Chapin et al., 2000). In contrast to terrestrial systems, threats to marine 

environments are particularly challenging to understand, measure and manage (Maxwell, 2015). 

The emerging evidence suggests that population declines, and extinction risk of marine species 

are primarily due to overfishing, habitat loss and degradation (Hutchings & Reynolds, 2004; 

McClenachan, Cooper & Dulvy, 2012). As a result, the urgency to respond to declines in marine 

biodiversity has improved significantly from the international community, and many nations 

have committed to combat these threats (Selig et al., 2014). Previous and present management 

efforts to address threats to marine biodiversity can be categorized into two main classes of 

conservation including non-specific threat reduction and conservation through site-based 

protected areas, and species-specific broad-scale initiatives, such as fisheries and trade regulation 

(Vincent et al., 2014; Hilborn et al., 2020). Consequently, there has been a rise in the overall area 

of oceans conserved through marine protected areas as well as fisheries and trade regulations 

(Vincent et al., 2014; Hilborn et al., 2020; Simpfendorfer & Dulvy, 2017). Nevertheless, despite 

the increased efforts to mitigate threats to marine ecosystems, marine diversity continues to 

decline – the Pressey paradox (Pressey, 2013). Thus, there has been rising recognition of the 

need to connect management, particularly site-based management, to biodiversity outcomes 

(Butchart et al., 2015; Davidson & Dulvy, 2017; Grorud-Colvert et al., 2021). This gives rise to a 

key question in conservation of what measures are best needed to save individual species. This 

concept of diagnosing the problem and providing a specific treatment is central to medical and 

veterinary sciences, yet marine conservation seems surprisingly devoid of such thinking with the 

general assumption that more and/or larger MPAs will be the solution for everything (Dulvy, 

2013; Kaiser, 2005; Butchart et al., 2015).  

 A notable exception is a global conservation triage conducted by Boyd et al., in 2008, 

which revealed that necessary conservation actions vary for different species depending on 

species-specific traits and threatening processes (Boyd et al., 2008). This paper classified 4,329, 

mainly terrestrial species into four classes of conservation action spanning from site protection to 

broadscale conservation, using the IUCN Red List Assessments as a consistent information 

source (Boyd et al., 2008). Our study takes advantage of the recent reassessment of the class 

Chondrichthyes (hereafter ‘sharks and rays’) to apply this approach and to identify plausible 

conservation strategies for the diverse order of carpet sharks (Orectolobiformes). Next, I 

introduce (1.1) the Boyd et al. (2008) conservation triage approach, (1.2) the major threats facing 

marine biodiversity, (1.3) the specific threats facing sharks and rays, and (1.4) conservation 

through spatial protection, and (1.5) broad scale initiatives.  Finally, I lay out this paper’s 

objectives and approach (1.6).  

 

1.1 Boyd et al. (2008) Conservation Triage Approach 

Using the International Union for Conservation of Nature (IUCN) Red List Assessments 

as a consistent and comparable source of information, Boyd and team classified 4,239 globally 

threatened (mainly terrestrial) species into two broad classes of conservation (Boyd et al., 2008). 

The first class included two types of spatial protection measures: local site scale protection 

(Figure 1A= category 1) and protection of multiples of sites with ecological connectivity (i.e., 
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protected area networks, Figure 1B=category 2). The second class included a combination of 

site-scale and broad-scale measures (Figure 1C=category 3), and broad-scale conservation 

strategies alone (Figure 1D=category 4). Their analysis revealed that approximately 82% of the 

species can benefit from protected areas (category 1), such as the frog (Eleutherodactylus 

corona) and the Tamarin Lion Monkey (Leontopithecus chrysopygus), whereas most of the 

remaining species (18% ) would require a combination of broad-scale and site-scale conservation 

(category 3; Boyd et al., 2008). For example, the Leatherback Turtle (Dermochelys coriacea) has 

nesting sites on beaches that require site protection, but subadult and adult turtles are also at risk 

of accidental bycatch by fisheries and must be managed in the high seas (Boyd et al., 2008). Less 

than 1% of the species were determined to not benefit from any form of site protection and 

would require broad-scale conservation only (category 4), such as the Indian Vulture (Gyps 

indicus) which requires actions at the policy level to eliminate the veterinary drug diclofenac 

from its diet dominated by cattle carcasses (Boyd et al., 2008).  

Despite being a valuable step towards conservation of global biodiversity, Boyd et al.’s 

study included only 119 marine species, from which most species were air-breathing fauna such 

as marine reptiles (e.g., turtle), mammals including sirenians and cetaceans, and seabirds (Boyd 

et al., 2008). Even though the largest habitats and longest evolutionary history belong to the 

world’s oceans, there are a very limited number of peer-reviewed studies available on marine 

species and fishes exclusively (Dulvy et al., 2014; Boyd et al., 2008). In 2001, fewer than 6% of 

the world’s fishes were assessed by IUCN (Reynolds et al., 2005); and by 2011, there were less 

than 10 conservation related papers per species of sharks and rays compared to the 194 papers 

per species of marine turtles (McClenachan, Cooper & Dulvy, 2012). As a result, concerted 

attention has been allotted to including marine species on the IUCN Red List and to studying 

changes in their biodiversity (Miranda et al., 2022; Dulvy et al., 2014). It is imperative to 

deliberate on what species-specific traits must be considered and prioritized to classify and 

conserve marine species. Prior to that however, we must understand the major threats to marine 

species and biodiversity, and the resultant impacts on their habitats and populations.  

  

1.2 Major Threats Facing Marine Biodiversity 

In 2016, Arthington and team conducted an analysis on the status of freshwater and marine 

fish and investigated the major threats to species biodiversity in both ecosystem types 

(Arthington et al., 2016). Their results revealed that the main threats to North American marine 

fish populations are overfishing and habitat destruction (Musick et al., 2000). Specifically, 

overfishing was discovered to be responsible for the threatened status of 55% of North American 

marine fishes, with habitat loss and destruction the second most significant threat affecting 38% 

of the populations (Musick et al., 2000). Local and regional population extinctions of marine 

species were mainly driven by overfishing implicated as the key threat for 60% of marine species 

considered, with habitat loss and destruction likely responsible for extinction of 5% of marine 

fish species (Dulvy et al., 2003). A more recent analysis of charismatic coral reef species, in 

addition to overfishing and habitat loss and degradation also revealed the emergence of climate 

change as a key threat (McClenachan, Cooper & Dulvy, 2012). 

 

1.3 Specific Threats Facing Sharks and Rays  

The most recent comprehensive survey of a class of marine fishes reveals that overfishing 

affects all 391 threatened sharks and rays, with 66% threatened only by overfishing, with the 

other 34% threatened by overfishing in combination with other threats (Dulvy et al., 2021). 
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Habitat loss in combination with other threats affected 31.2% of sharks and rays with climate 

change in combination with overfishing and habitat loss affecting 10.2% of sharks and rays 

(Dulvy et al., 2021). Though they can be major drivers of extinction in terrestrial and freshwater 

ecosystems, other threats such as climate change, pollution, and invasive species are too minor to 

be considered when addressing marine conservation (Arthington et al., 2016; Dulvy et al., 

2021).  

Sharks and rays are amongst the oldest and most ecologically diverse marine vertebrates, 

comprising more than 1,250 species, many species playing a key role as apex predators in marine 

ecosystems (Dulvy et al., 2014; Dulvy et al., 2021). Nevertheless, sharks and their populations 

are especially at risk of extinction due to their intrinsic sensitivity, and extreme life history traits 

including long gestation periods, slow maturation, and low reproductive rates (Pardo & Dulvy, 

2022; Cortes, 2000). Other species that are at higher risk of extinction are those with smaller 

habitats and geographic ranges (Musick et al., 2011). In 2021, one-third (37.5%) of the 1,199 

sharks and rays were listed or predicted to be threatened (Dulvy et al., 2021). 

 

1.4. Conservation Through Spatial Protection 

The following two site-scale protection measures are reviewed in this study: MPAs and 

MPA networks.  

1.4.1 Marine Protected Areas (MPAs) 

A protected area is defined by the International Union for the Conservation of Nature 

(IUCN) as “A clearly defined geographical space, recognized, dedicated, and managed, through 

legal or other effective means, to achieve the long-term conservation of nature with associated 

ecosystem services and cultural values’ (IUCN). These protected areas are designated with the 

purpose of protecting biodiversity through the removal and management of harmful human 

activities (Ward et al., 2001). They can vary in size, levels of protection (no-take versus multiple 

use), and governing legislation and policies (Ward et al., 2001). These components of protected 

areas depend on several conditions including their conservation objectives, the designating 

nations’ economic and political capacity, and whether the MPAs are designated in countries’ 

exclusive economic zones (EEZ) or areas beyond national jurisdiction (ABNJ); which will in 

turn influence the governing bodies responsible for monitoring and managing the protected areas 

(Dehens & Fanning, 2018). Past studies have revealed that no-take marine reserves, though rare, 

can help replenish depleted population biomasses of marine species particularly in well-managed 

remote coral reef habitats (Edgar et al., 2014). This mainly occurs through the buildup of 

biomass and subsequent ‘spillover’ outside park boundaries. For example, the spillover of 

groundfish such as Haddock (Melanogrammus aeglefinus) from Georges Bank MPA (Murawski 

et al., 2005) and coral reef fish from Apo Marine reserve in the Philippines (Abesamis et al., 

2006). As a result of this spillover, monitoring of fisheries revealed higher average revenue per 

hour near the boundaries of the protected area on Georges Bank (Murawski et al., 2005) and in 

the catch rates outside by local fishers in the Philippines (Alcala et al., 2005). Site protection can 

also minimize destruction of sensitive habitats by restricting use of fishing gear such as trawls 

and drive-nets (Ward et al., 2001; Dinmore et al., 2003).  

Due to their static nature and smaller sizes however, single MPAs can be more beneficial 

for endemic and benthic species that are localized to smaller regions (Davidson & Dulvy, 2017; 

Claudet et al., 2010). Whereas the same level of efficacy is not uniformly evident for highly 

mobile species that inhabit and migrate over larger expanses (Kaplan et al., 2010). As a result, 

some nations have turned to other forms of marine spatial protection such as single large-scale 
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MPAs (LSMPAs) and MPA Networks to combat these limitations, and to protect species with 

large geographic ranges, or with fragmented populations or habitats (Game et al., 2009).  

 

1.4.2 MPA Networks  

MPA networks are another form of spatial protection to improve connectivity and 

viability for wide-ranging populations. Different MPAs in a network can be designated with 

different degrees of protection, which collectively work to meet their conservation objective that 

could not otherwise be met with a single reserve (Cannizzo, Wahle & Wenzel, 2020). Protection 

measures for ecological connectivity through migratory corridors between “essential habitats” in 

the network can help maintain the population numbers of migratory organisms (Andrews, n.d.). 

MPA networks could potentially benefit adult individuals of species such as Nurse sharks that 

use a range of habitats, as they can be protected by individual MPAs in the network with 

corridors provided for the species to move between sites with a reduced risk of getting caught by 

fishing gear during migration (Rigby et al., 2019). These sites can be substantial for the species’ 

spawning or nursery grounds, or other important life-history characteristics (Andrews, n.d).  

Nonetheless, there are three main disadvantages associated with this form of spatial 

management which is why only 11% of the MPA networks in the world have been implemented 

based on ecological connectivity (Cannizzo, Wahle & Wenzel, 2020). Unlike terrestrial protected 

areas that can be linked with corridors, the nature of corridors is not as well-defined and clear in 

the oceans. Hence, extensive research is required for detecting and preserving the ecological 

connectivity of other forage species, zooplankton, benthic invertebrates, and plants that are 

crucial for creating a functioning ecosystem between the MPAs in the network (Cannizzo, Wahle 

& Wenzel, 2020). Second, while some species such as the Flatback Sea Turtle (Natator 

depressus) or the Humpback Whale (Megaptera novaeangliae) move in more predictable and 

linear patterns, comparative research of migratory species has revealed that others such as the 

Whale Shark (Rhincodon typus) have more dispersed swimming patterns (Pendoley et al., 2014). 

Therefore, static MPA networks might not be as beneficial for the latter species if they are not 

returning to the same sites consistently (Pendoley et al., 2014). Another obstacle in designating 

MPA networks includes complications with existing legal frameworks for marine conservation, 

as many do not acknowledge “connectivity as a necessary component of place-based 

management” (Cannizzo, Wahle & Wenzel, 2020). 

  

1.5 Conservation Through Broad-scale Initiatives 

Broad-scale conservation initiatives in the marine ecosystem primarily address fisheries 

management given that overfishing is the biggest threat to marine species, specifically 

Chondrichthyans (Dulvy, 2014). Over the past few decades, numerous international and national 

laws have been developed that govern fisheries and other marine affairs. Globally adopted by 

nations in 1982 and enforced in 1994, the United Nations Convention on the Law of the Sea 

(UNCLOS) encompasses numerous agreements that provide nations with international and 

national legislative frameworks for managing their waters (Grip, 2016). These agreements 

dictate the member states’ rights and responsibilities towards the management of fisheries, 

maritime traffic and safety, response to climate change and its impacts, prevention and 

mitigation of pollution, and protection of biodiversity in their national waters, EEZ, and the high 

seas (Grip, 2016). An added layer to UCLOS is the 1992 UN Conference on the Environment 

and Development (UNCED) in Rio de Janeiro that led to other international agreements 
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including the United Nations Convention on Biological Diversity (CBD) which specifically 

addresses the conservation and use of marine biodiversity (Grip, 2016).  

Globally fisheries are managed by regional bodies and organizations (Regional Fisheries 

Management Organizations (RFMOs) such as International Commission for the Conservation of 

Atlantic Tunas (ICCAT)), particularly for pelagic and deep-sea fishes on the high seas, and by 

national governments within EEZs (Ewell et al., 2020; Shiffman et al., 2021; Heidrich et al., 

2022). The reality is, however, that only a few target fisheries are managed for both teleosts and 

sharks, which are mainly in the Northeast Atlantic, USA, Canada, Australia, New Zealand, and 

South Africa (Hilborn et al., 2020; Simpfendorfer and Dulvy 2017). Whereas elsewhere, the 

species taken alongside these target species continue to decline due to undermanagement (Juan-

Jorda et al., 2022). As a result, the best, most comprehensively assessed exploited group–sharks 

and rays–have declined by 70% in the pelagic ocean and more than one-third of all 1,199 species 

are threatened (Pacoureau et al., 2021; Dulvy et al., 2021). 

 In 1999, FAO initiated the International Plan of Action for Sharks (IPOA-Sharks) to 

improve conservation, monitoring and management of sharks, rays, and chimeras (Worm et al., 

2013). However, this was a legally non-binding process and a review of the progress of IPAO-

Sharks in 2013 by FAO revealed that only 13 of the 26 top shark fishing nations responded to the 

survey, and progress on meeting the 10 objectives was limited (Davidson et al., 2015; Davidson 

& Dulvy, 2017).  Their study also indicated that despite the increased international efforts for 

shark conservation, there was very little change in the number of shark mortalities from 2000 to 

2010 (63 million to 61 million sharks per year) (Worm et al., 2013). The Worm et al. team 

concluded that protective measures must increase considerably to tackle this lack of progress in 

mitigating shark mortalities (Worm et al., 2013).  

Some in the biodiversity conservation community argue that the better broad-scale 

species-specific tool for biodiversity conservation is the Convention on International Trade in 

Endangered Species (CITES); given that a large portion of revenue from harvesting marine 

species includes their trade and there is a “stronger compliance regime” with CITES than there is 

with RFMOs (Shiffman et al., 2021; Vincent et al., 2013). First developed in 1976, this 

Convention is meant to manage and restrict international trade of wild plants and animals 

(Vincent et al., 2013). However, there were no marine fishes included in the Appendices until 

2002, and a total of only three species of sharks were added by 2012 (Vincent et al., 2013). 

Therefore, CITES has been criticized for its slow pace in dealing with regulation of international 

trade for marine fishes (Vincent et al., 2013). Moreover, some nations’ have voiced their concern 

regarding the capacity of their CITES Scientific and Management Authorities to adequately 

implement the marine fish listings (Vincent et al., 2013).  

Marine vessel collisions are another threat to marine biodiversity, and particularly a risk 

to larger migratory marine mammals such as the North Atlantic Right Whale (Eubalaena 

glacialis) and fishes such as the Whale Shark (Rhincodon typus) (Schoeman et al., 2020; 

Womersley et al., 2022). Additional UN bodies including the International Maritime 

Organization (IMO) combat these threats to marine biodiversity by regulating human activities at 

sea including maritime traffic and shipping (Grip, 2016). 

 

 

1.6 Research Objectives and Approach  

A key limitation of the conservation triage approach of Boyd et al. was the paucity of 

marine species then listed on the IUCN Red List. Here I apply Boyd et al.’s approach to the 28 
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threatened species of the order Orectolobiformes, which were classified into four main 

conservation categories based on available data on their geographic range and distribution 

(including their Area of Occupancy), habitat types, aggregatory and migratory behaviour, and 

threats to their populations (Boyd et. al, 2008). This order of sharks was chosen for the study due 

to the large diversity in the size and traits of the species it encompasses. For example, the 

Halmahera Epaulette Shark (Hemiscyllium halmahera) grows to a maximum length of 70 cm and 

has a geographic range of 14,446 km2, versus the Whale Shark (Rhincodon typus) which is the 

largest fish in the world and can grow up to 21 meters and has a geographic range of 

171,000,000 km2 (Ebert et al., 2021). This study aims to illustrate that the success of different 

marine conservation strategies is contingent on species-specific attributes and must be tailored to 

the individual marine species and habitats (Rigby et al., 2019). Specifically, I ask the following 

questions: (1) what percentage of carpet sharks can benefit exclusively from site protection? (2) 

is there a correlation between species’ geographic range and their conservation category? (3) Is 

there a correlation between species’ habitat type and their conservation category? (4) Is there a 

correlation between the type of threat to the species and their conservation category? (5) In 

comparison to the conservation categories the carpet sharks are classified in, what is the current 

conservation progress of these species in the oceans, and does it match what I recommend for 

them?   

Chapter 2: Methods 
In this section I first describe the sources of data used. Analogous to Boyd et al.’s study, I 

referred to data from the IUCN Red List Assessments for this analysis along with other sources 

exclusive to sharks in an effort to attain information pertaining to specific traits of all threatened 

species of Orectolobiformes (Boyd et al., 2008); which in turn, guided their categorization into 

optimum conservation categories. Next, I discuss further details on each of the four conservation 

categories with figures that illustrate how the categories differ from one another. I then provide 

an in-depth description of the significant attributes of the species examined for this study, along 

with that of the four conservation categories, to support the comprehension of how and why the 

traits were prioritized and used to sort the species into each of the conservation categories.  

  

2.1 Sources of Data 

Following the approach of Boyd et al. (2008) this analysis relied primarily on consistent 

sources of data including the IUCN Red List assessment and natural history field guides such as 

Sharks of the World, particularly since the disparity in the availability of peer-reviewed studies 

across this order is staggering. For example, there are 76,600 studies available on what could be 

considered as the more charismatic Whale Shark (Rhincodon typus), whereas only 13 studies are 

available on the Elongate Carpet Shark (Parascyllium elongatum), which was accumulated from 

a single specimen that was retrieved at the depth of 50m and from the inside the stomach of a 

School Shark (McClenachan, Cooper & Dulvy, 2012; IUCN, 2022). The absence of sufficient 

data on some species could also be attributed to the shortage of adequate resources or technology 

to access them or their habitats, and the ability to collect an ample number of specimens required 

for gaining a thorough understanding of their biology, ecology, population dynamics, and 

behavioural traits (Bland & Collen, 2016). Moreover, the geographic range of certain species of 

carpet sharks overlaps with nations that lack the economic or political capacity to study those 

species or are unwilling to share the data they have previously obtained on them with the rest of 

the scientific community (Davidson & Dulvy, 2017). This can be an additional challenge that 
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limits our ability to accumulate the data needed to determine whether those species of carpet 

sharks require conservation measures and what are the ideal strategies to protect them.  

 

2.2 Classifying Species Conservation Needs Based on Biological Traits, Threats, and 

Conservation needs  

This study focused on seven key species-level attributes including their (a) geographic range, 

(b) area of occupancy (AOO), (c) the number of locations (d) habitat type, (e) migratory and (f) 

aggregatory behavior, and g) threats to their populations to support the classification of the 

species. Data available on present conservation measures received by the carpet sharks was also 

used to aid in the development of a holistic understanding of their individual biology, ecology, 

and status, and to facilitate categorizing them; particularly in instances where there was 

insufficient or no data available on the seven key characteristics. Table 1 lists these attributes and 

provides definitions and further explanations of what they entail.  

The geographic range of a species is the area that incorporates the entirety of the range of the 

species. The data for geographic ranges of carpet sharks was obtained using IUCN Red List’s 

calculations from the species’ range maps (IUCN, 2022). Another significant aspect of a species’ 

habitat distribution is its AOO. IUCN defines AOO as: "the area within a species' extent of 

occurrence, which is occupied by a taxon, excluding cases of vagrancy" (IUCN, 2022). The 

AOO differs from the species’ geographic range in that a taxon does not always occur 

throughout its geographic range or extent of occurrence as the latter two might encompass 

unsuitable or unoccupied habitats (IUCN, 2001). The AOO of the species is therefore the 

smallest area of its geographic range that is required at any stage for the survival of its extant 

population (IUCN, 2001). The geographic range of some carpet shark species is spread across 

multiple locations, where location is defined as “a geographically or ecologically distinct area in 

which a single threatening event can rapidly affect all individuals of the taxon present” (IUCN, 

2022). The physical and biological nature of the type of marine environment the carpet sharks 

reside in (habitat) can be categorized into coastal, pelagic and deep water.  

Though IUCN Red List data was used to determine the migratory behaviour of the carpet 

shark species, it is important to discuss what is considered as a migratory species; given that the 

definition of migratory versus non-migratory is an arbitrary human construct and determined 

using arbitrary thresholds. As an intergovernmental treaty created by United Nations 

Environment Program (UNEP) and signed in 1979, The Convention on the Conservation of 

Migratory Species of Wild Animals (CMS) defines migratory species as those where “the entire 

population or any geographically separate part of the population of any species or lower taxon of 

wild animals, a significant proportion of whose members cyclically and predictably cross one or 

more national jurisdictional boundaries’ (Pytka & Pauly). 

In addition to their migratory behaviour, numerous shark species such as the Whale Shark 

and Zebra Shark also undergo aggregations (Venegas et al., 2011; Dudgeon et al., 2008). These 

species aggregate at specific sites in larger numbers for different purposes and life history events, 

including, feeding, breeding, nursing (Venegas et al., 2011; Dudgeon et al., 2008). Given the 

larger density of the species, these stopovers are more vulnerable to human activities such as 

directed fishing practices as they are more catchable, or are at higher risk of harm from site 

destruction due to fishing or construction activities etc. (Venegas et al., 2011).  

IUCN defines direct threats as "the proximate human activities or processes that have 

impacted, are impacting, or may impact the status of the taxon" (IUCN, 2022). Threats to a 

species can be direct or indirect and they can differ in their timing, meaning they “can be past 
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(historical, unlikely to return or historical, likely to return), ongoing, and/or likely to occur in the 

future." (IUCN, 2022). Moreover, the threats can be site-scale such as habitat degradation 

through destructive fishing practices (e.g., dynamite fishing) or broad-scale such bycatch by 

fisheries (e.g., trawls) or ship strikes in the high seas.  

 

2.3 Description of Conservation Categories A-D 

The four categories of in-situ conservation detailed in this analysis were primarily informed 

by Boyd et al., ’s work (Boyd et al., 2008). Figure 1 visually demonstrates each of the 

conservation categories where category A (Figure 1A) is a single MPA for species where the 

entire population or most of their viable population can be preserved at a single site; where ‘Site’ 

is considered as a uniform area that can be defined and actually/potentially managed as a single 

conservation unit. (Boyd et. al., 2008). Despite the presence of several large-scale MPAs across 

the globe, in this study I considered the maximum scale of a single MPA for category A the same 

as the current median size of MPAs as of 2022 (<10 km2), making it a more practical 

conservation option. Category B (Figure 1B) signifies a network of MPAs with ecological 

connectivity/biological corridors where the maximum size of each MPA in the network is the 

same as that of category A. Species placed in category C (Figure 1C) are those that require a 

combination of site-scale protection (MPA or MPA network) and broad-scale measures (fisheries 

management or other policy changes) given that either type alone will not adequately benefit the 

species. Lastly, at the other extreme is category D (Figure 1D) which signifies broad-scale 

conservation only and encompasses species that would not benefit from any site-scale protection. 

 

 
Figure 1. Conservation measures required for the protection of carpet shark species. A = single 

dark blue circle, a single MPA (e.g., Elongate Carpet Shark, Parascyllium elongatum); B = 

multiple connected dark blue circles, network of MPAs/sites (e.g. Halmahera Epaulette Shark, 

Hemiscyllium halmahera); C = dark blue circles in pale blue oval, combination of  network of 

MPAs/sites and broad-scale conservation action (e.g., Whale Shark, Rhincodon typus); D = pale 

blue oval, broad-scale conservation action (e.g., Brownbanded Bambooshark, Chiloscyllium 
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punctatum). (Photographs are not to scale) Photographs by Australian National Fish Collection 

(Elongate Carpet Shark), M.V. Erdmann (Halmahera Epaulette Shark), B.J. Skerry (Whale 

Shark), and A. Murch (Brown Banded Bambooshark). 

 

2.4 Stages of the Classification Process 
            I developed a step-by-step pattern central to the categorization process that takes into 

consideration the species’ key characteristics in a precise order (Figure 2). The first stage 

involved asking if a single MPA can encompass the entirety of the species’ AOO or geographic 

range (Figure 2a). If yes, the species was automatically placed in Category A. If not, the next 

stage was to ascertain if the species population is spread across multiple discrete locations (see 

Table 1 for the definition of ‘location’) and if so, the species was immediately placed in category 

B (Figure 2b). If not, however, I investigated the species' habitat type and whether it is dependent 

on a particular ecological feature (such as coral reefs, mangroves, seagrass beds, etc., Figure 2c). 

If the species does not rely on a specific habitat type, the species aggregating behaviour was used 

next to determine its conservation category (Figure 2d). If the species aggregates at specific sites, 

then a combination of site-scale and broad-scale conservation measures, or category C, would be 

the best fit for them. If the shark does not rely on a specific habitat and does not have specific 

aggregating sites, then it was placed in category D. Species in category D are those that do not 

tend to aggregate at specific sites (are highly nomadic), do not rely on specific ecological 

features/habitat types, or are impacted by threats that cannot be mitigated by closing 

off/protecting sites. If the species does in fact rely on specific ecological, physical, or biological 

features for its habitat, the next feature to consider was the type of threats to the species (Figure 

2e). If threats are site-scale, then the species was placed in category B, if broad-scale then 

category D, and lastly, if there is a combination of both types of threats then category C seemed 

to best suit the shark. While the primary traits were commonly considered in that order, 

supplementary information about the species including the conservation measures they are 

currently receiving was used in instances where the key traits were not sufficient for a concrete 

decision about the category the species belonged to. Similarly, for some species, a secondary 

category was designated as the next best conservation strategy given that the information 

available on neither their primary nor secondary characteristics allowed for a clear-cut choice. 

Unknown data surrounding the species’ life-history characteristics, biology, behaviour, the 

capacity of the governing bodies implementing the conservation measures, and other possible 

threats to the species can make one conservation option more effective than another.  
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Figure 2.  Central order of questions asked and answered (using the sharks’ key attributes) to 

categorize the species into each of the four conservation categories. Depending on the 

availability of data on the species and their traits, supplemental questions regarding other traits 

(current conservation measures received by the species) were asked to facilitate categorizing the 

species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

11 

Chapter 3: Results  

3.1 What Percentage of Carpet Sharks Might Benefit from Spatial Protection? 

As demonstrated by Figure 3, of the 28 species of Orectolobiformes that were 

investigated, only three species (10.7%) were classified as requiring site protection through the 

designation of a single MPA (category A) and only 5 (17.9%) were broader-ranging and were 

categorized as needing conservation across multiple sites through a network of MPAs (category 

B). Hence, together only one-third (28.6 %, N=8) of the threatened species would benefit 

exclusively from MPA-style conservation, whereas more than half of the sharks cannot be 

adequately protected by site-scale conservation measures alone. 12 species (42.9%) were 

analyzed as requiring a combination of both site-scale and broad-scale protection (Category C), 

and the remaining 8 (28.6%) species were sorted into category D; given that analysis of their 

traits revealed that they would likely not benefit from any site protection, requiring broad-scale 

measures taken at the policy level. For most species sorted into category D fisheries management 

is the most suitable conservation measure given that the main types of threats to the species were 

broad-scale and as a consequence of fishing practices. These numbers also include species that 

were listed as Data Deficient on the IUCN Red List.  

 
Figure 3.  Percentages of carpet sharks classified into each of the four conservation categories. 

Dark orange = Category A, single MPA, Pale orange = Category B, MPA Networks, dark yellow 

= Category C, combination of site-scale and broad-scale measures, pale yellow = Category D, 

broad-scale measures only. Photographs by Australian National Fish Collection (A-Elongate 

Carpet Shark), M.V. Erdmann (B-Halmahera Epaulette Shark), B.J. Skerry (C-Whale Shark), 

and A. Murch (D-Brown Banded Bambooshark). 

 

3.2 Correlation Between Species’ Geographic Range and Their Conservation Category 

As displayed by Figure 4, an investigation of the relationship between the frequency of 

species in each of the four conservation categories and their respective geographic ranges 

revealed that all species in category A (single MPA) have geographic ranges of less than 3000 

km2 and this category encompasses the carpet shark with the smallest geographic range of 172 

km2 (elongate carpet shark). While I expected species in category A and B to be those with the 
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smallest geographic ranges (given that the primary species attribute used to classify them in 

those categories was their geographic range and habitat distribution), the more even distribution 

of species in category C and D across the geographic range scale was unpredicted. The species 

with the largest geographic range (Whale Shark=171,329,722 km2) is in category C, whereas two 

of the species in category D (C. expolitum= 3,384 km2 and C. fomosanum=3,433 km2) have 

geographic ranges smaller than species in category B that can be protected by site protection 

alone (MPA network). 

 

 

Figure 4. Geographic range and conservation classification. Number of species in each of the 

four conservation categories and their respective geographic ranges. Category A (dark orange, 

N=3), category B (pale orange, N=8), category C (dark yellow, N=12), category D (pale yellow, 

N=5). 
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3.3 Correlation Between Species’ Habitat Type and Their Conservation Category 

Similar to species’ geographic ranges, comparison of their habitat types across all four 

conservation categories showed a relatively random distribution. All species in category B 

(100%, N=8) and category D (100%, N=5) live almost exclusively in coastal habitats and rely on 

biological features such as mangroves, seagrass beds, coral reefs etc. Similarly, two of the three 

species in category A (66.7%) reside in coastal habitats and rely on biological features such as 

mangroves, seagrass beds, coral reefs etc., whereas the other species in this category-Ginger 

Carpetshark (Parascyllium sparsimaculatum)-resides on the upper continental slope and in deep 

waters. While all species in category C have coastal habitats (100%, N=12), the Whale Shark 

(Rhincodon typus) relies on coastal habitats as well as pelagic environments. Available 

information on all Orectolobiformes indicates that the Whale Shark is the only carpet shark that 

resides in pelagic waters. Overall, almost all (96.4%) of the 28 threatened carpet sharks inhabit 

coastal environments despite being classified into different conservation categories. These ratios 

are depicted in Figure 5.  

 

  

 
Figure 5. Habitat type and conservation classification. Percentages of carpet shark species in 

each of the conservation categories that inhabit coastal environments (light green), pelagic 

environments (pale blue), and deep waters (dark blue). *Whale Shark (Rhincodon typus) 

classified in category C resides in both coastal and pelagic habitats.  
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3.4 Correlation Between the Types of Threats to the Species and their Conservation 

Category  

As demonstrated by Figure 6, the threats to carpet sharks were divided into four main 

types which include species with unknown threats (fourth category). This analysis did not 

include species that were listed as ‘Least Concern’ on IUCN. Threats to two of the three species 

in category A (66.7%) are unknown. While the other species in this category (Parascyllium 

sparsimaculatum) is unlikely to be threatened by fishing efforts due to its habitat (deep water), 

individuals can still be unintentionally harvested during demersal fishing practices and so the 

species is included amongst the species impacted by broad-scale threats. Of the eight species in 

category B, all (100%) are threatened by site-scale threats including habitat loss and degradation 

and pollution (e.g., seepage from mining) activities due to human activities such as dynamite 

fishing, palm oil cultivation and construction activities for tourism development. 16.7% of the 13 

species in category C are threatened by broad-scale threats (e.g., caught directly by trawls or 

gillnets in commercial fishing or caught as bycatch) while the rest (10, 83.3%) are threatened by 

both site-scale and broad-scale threat types. Lastly, three of the five species in category D (60%) 

are affected by broad-scale threats and the remaining two (40%) are impacted by both types of 

threats. Overall, almost half (42.9%) of the 28 carpet sharks are threatened by both of broad-

scale and site-scale threats.  

  

 
Figure 6. Threat types and conservation classification. Percentages of carpet shark species in 

each of the conservation categories threatened by site-scale threats (blue), broad-scale threats 

(red), both types of threats (purple), and unknown threats (gray). 
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3.5 Conservation Progress of Threatened Carpet Sharks 

 

3.5.1 The Relationship Between the Recommended Conservation Strategy for Threatened 

Species and the Existing Conservation Measures in Place 

To understand the progress made in the conservation of Orectolobiformes, the 

conservation measures that carpet shark species are currently receiving (both directly and 

indirectly) were compared with the conservation strategy that was recommended for them in this 

analysis (the strategy associated with the conservation category they were assigned to) (Figure 

7). This comparison conveyed that none of the three species in category A are receiving the 

conservation actions decided to be best suited for them (single MPA), whereas conservation 

measures applied for more than half of the species in category B (62.5%, MPA networks) are 

equivalent to the those that are recommended for them in this study. Of this 62.5% however, 

only one species is afforded species-specific conservation. Similarly, more than half of the 

species in category C (58.3%, combination of site-scale and broad-scale measures) are receiving 

conservation measures that match what I recommended for them. Of the 58.3%, more than half 

(57.1%) meet some degree of species-specific conservation. Lastly, conservation efforts received 

by less than half (40%) of the species assigned to category D (broad-scale measures) concur with 

the strategies indicated by their conservation category; of which none of the conservation 

measures are species-specific. Overall, half of the threatened carpet sharks are meeting 

conservation measures that meet what I recommended for them, however, only 17.9% are 

receiving conservation measures that were implemented specifically for them.    

 

 
Figure 7. Conservation progress of threatened carpet sharks: percentages of carpet shark species 

in each of the conservation categories that are presently receiving the conservation measures that 

match their recommended category (species- specific=black, not species-specific=gray), in 

comparison to those of species that are not receiving the recommended conservation measures 

(red). 
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3.5.2 Percentage of the Species in all Threatened Carpet Shark Genera that are Presently 

Receiving the Conservation Measures Recommended for Them   

Figure 8 illustrates the percentage of the threatened carpet shark species across all genera 

that are currently receiving the conservation measures that I have recommended for them. 

All species in four of the genera including that of the Saddle Carpet Shark (Cirrhoscyllium 

japonicum), Whale Shark (Rhincodon typus), Zebra Shark (Stegostoma tigrinum), and the Tawny 

Nurse Shark (Nebrius ferrugineus) are currently receiving the conservation measures I assessed 

to be most appropriate for them. Whereas only 37.5% of Chiloscyllium, 50% of Ginglymostoma, 

and 71.4% of Hemiscyllium are receiving optimum conservation measures. Lastly, none of the 

species in genera Brachaelurus, Pseudoginglymostoma, Parascyllium, or Orectolobus are 

receiving conservation measures that match what I recommended for them in this study.  
 

 

 
Figure 8. Conservation progress: percentages of threatened carpet shark species across all genera 

that are presently receiving the conservation measures that match their recommended and their 

category conservation categories. Species in category A (dark orange), category B (pale orange), 

category C (dark yellow), and category D (pale yellow). Species in category A (dark orange), 

category B (pale orange), category C (dark yellow), and category D (pale yellow). (Photographs 

are not to scale). Photographs by Creative Commons (Saddle Carpetshark), B.J. Skerry (Whale 

Shark), K. Marks (Tawny Nurse Shark), Georgia Aquarium (Zebra Shark), M.V. Erdmann 

(Halmahera Epaulette Shark), G.R. Allen (Atlantic Nurse Shark), A. Murch (Brown Banded 

Bambooshark), N. Marsh (Colcloughi’s Shark), ORA (Shorttail Nurse Shark), Australian 

National Fish Collection (Elongate Carpet Shark), and D. Harasti (Gulf Wobbegong). 
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Chapter 4: Discussion 
I found that only about a third (39.3%) of the threatened carpet sharks could potentially 

benefit from site protection alone (categories A and B). Whereas almost half of the species 

(42.9%) including the Whale Shark (Rhincodon typus) and Zebra Shark (Stegostoma tigrinum) 

need site protection and are “area demanding” (for significant habitats or important aggregating 

sites and life history events) but must also be managed at policy level in the high seas (category 

C) (Ebert et al., 2021; Boyd et al., 2008). I discovered therefore that the remaining threatened 

carpet sharks (17.9%) would not benefit from any site protection (category D) and require broad-

scale measures only. Additionally, I discerned little to no correlation between the species’ 

geographic ranges, habitat types, or threats to their populations, and the conservation categories 

in which they were classified. This indicates that a single biological trait or attribute of species 

alone cannot be used to elect the optimum conservation measures for them. Thus, an individual 

species and all its attributes should be considered collectively so that it can be provided with 

optimum conservation measures. Lastly, I observed that precisely half (50%) of the threatened 

carpet sharks are not meeting the conservation measures that I determined would best benefit 

them. These encompass all the species in the genera Pseudoginglymostoma, Brachaelurus, 

Orectolobus, and Parascyllium (IUCN, 2022). Moreover, the existing conservation measures met 

by more than half of the other 14 threatened carpet sharks (64.3%) are not “species-specific” and 

were not implemented with the primary objective of conserving these species (Edgar et al., 2014; 

IUCN, 2022). This shortcoming in the existing conservation efforts for the order 

Orectolobiformes is a small, yet striking representation of the situation with most species of 

marine fishes and sharks across the globe (IUCN, 2022, Dulvy et al., 2014).  

Next, I consider the dispersal patterns of carpet sharks and how they can inform the 

configuration of protected networks and alternative solutions for site protection including large-

scale MPAs (LSMPAs). I will then provide recommendations for prioritizing future research and 

data collection that can help solidify decisions made concerning the most effective conservation 

initiatives for all carpet sharks and other marine species.  

 

4.1 Dispersal and Network Configuration 

4.1.1 Ecological connectivity and Movement Patterns of Carpet Sharks 

When discussing MPA networks and ecological connectivity, it is important to 

distinguish between protected networks in terrestrial versus marine environments (Carr et al., 

2003). Whether a species classified in category B (MPA network) will require or benefit from 

implementation of ecological corridors between the protected sites in an MPA network is 

dependent on its biological characteristics including dispersal behaviour (Bergstrom et al., 2022). 

Ecological connectivity integrated between protected sites through creation of corridors is much 

less concrete in aquatic environments than it is on land (Carr et al., 2003). As mentioned earlier, 

challenges regarding species’ biological traits, and the political and socio-economic capacity of 

nations to maintain and enforce connectivity between protected sites in the ocean make it 

particularly complicated to designate effective MPA networks with migratory corridors 

(Pendoley, 2004). In aquatic environments, species either migrate actively as adults or juveniles, 

or their eggs, larvae, spores, seeds, and fragments passively disperse to sustain connectivity 

(Bergstrom et al., 2022). For highly mobile species such as the Whale Shark that swim in the 

marine pelagic zone and do not disperse collectively, integrating migratory corridors that protect 

majority of their swimming route is difficult (Sequeira et al., 2013). Conversely, coral reef 

associated species such as the Halmahera Epaulette Shark (Hemiscyllium Halmahera) that reside 
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in these shallow habitats are restricted to smaller areas due to their slow movement which 

prevents them from to dispersing across longer distances (Jutan et al., 2018). Hence, it is unclear 

if corridors implemented between individual sites to protect their habitats will promote 

demographic connectivity and mitigate impacts of habitat destruction and fragmentation on their 

populations. 

 

4.1.2 Network of MPAs versus a Single Large-Scale MPA (LSMPA) 

Classification of some carpet shark species such as Michael’s Epaulette Shark 

(Hemiscyllium michaeli) was more straightforward, whereas narrowing down the optimum 

conservation category for other species in this order such as Halmahera Epaulette Shark 

(Hemiscyllium halmahera) was more challenging. Due to the latter species’ biological traits and 

distribution of its habitats and populations, selecting between category A (single MPA) and 

category B (MPA network) formed a dilemma. While the six habitat locations of H. michaeli are 

distinct and distributed linearly along the coast of Papua New Guinea, the locations (1-10) of 

extant residents in the geographic range of H. halmahera (Figure 9b) are not as clear-cut and are 

scattered around Halmahera, Indonesia (IUCN, 2022). Therefore, I deliberated on whether this 

species should be protected by a network of MPAs or a single large-scale MPA (LSMPA) that 

would cover all or most of its geographic range. The contrast in the geographic distribution of H. 

michaeli and H. halmahera is exhibited with the side-by-side comparison of their geographic 

range maps (retrieved from their IUCN Red List Assessments) in the figure below (Figure 9).  

 

 
Figure 9 Geographic Range Maps of Michael's Epaulette Shark (Hemiscyllium michaeli = a) and 

Halmahera Epaulette Shark (Hemiscyllium halmahera = b). The distribution of extant residents is 

marked by the brown shading. Maps by IUCN, 2022.  

IUCN defines ‘large-scale MPAs’ as MPAs that exceed an area of 150,000 km2, where 

the entire region is protected and under active management (IUCN, 2017; Gallagher et al., 2020). 

Since the designation of the first LSMPA in 1975 (Great Barrier Reef Marine Park in Australia), 

there have been 33 LSMPAs of the same magnitude or larger implemented around the world 

(Toonen et al., 2013; IUCN, 2017).  By covering greater expanses of the ocean this spatial 

management strategy can benefit species with larger geographic ranges by a) conserving 

significant pelagic ecosystems and critical habitats and b) protecting large portions of their 

migratory routes (Gallagher et al., 2020; Wilhelm et al., 2014). Although this is not the case with 

all LSMPAs (Magris & Pressey, 2018).  

There are four main challenges regarding the current implementation of LSMPAs. 

Firstly, global threats such as climate change and marine pollution cannot be mitigated by MPAs 

(Wilhelm et al., 2014). For example, the remote Motu Motiro Hiva Marine Park around Easter 

Island, centred in the South Pacific Subtropical Gyre collects debris and microplastics from the 

a b  
Extant 
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South Pacific Rim (Wilhelm et al., 2014). Another criticism of LSMPAs is that successful 

protected areas can displace fishing effort and concentrate it outside the boundaries of the 

protected area (Wilhelm et al., 2014). As a result, the MPA could have a larger negative 

cumulative impact on the vulnerable marine ecosystem than prior to its designation (Kaplan, 

2013). This was observed in the case of over exploited tropical tuna stocks in the Indian Ocean's 

large marine reserves (Wilhelm et al., 2014; Kaplan, 2010). Furthermore, some authors speculate 

that LSMPAs can become a target for IUU (illegal, unreported, and unregulated) fishing 

activities due to the higher biomass of fish inside the MPA (Wilhelm et al., 2014). Lastly, to 

expand the overall percent coverage of protected areas to meet their international commitments, 

nations’ focus has been on increasing the designation of these super-sized MPAs, LSMPAs 

which have largely become paper parks (Friedlander et al., 2016). Yet, in spite of these efforts to 

meet the Aichi target of protecting 10% of the marine area by 2020, the median size of MPAs 

was ~2 km2 in 2017 and remains smaller than 10 km2 in 2022 (Novaczek et al., 2017; 

unpublished data based on the PP). Consequently, the scale of MPA protection is unlikely to 

encompass a significant fraction of many species’ geographic ranges. For example, Agardy et al. 

argued that despite covering an area of 344,400 km2, the Great Barrier Reef Marine Park is 

inadequate for protecting the leatherback sea turtle as it does not cover all the critical habitat 

areas for the species (Agardy et al., 2011).  

The effectiveness and feasibility of the conservation initiatives provided for H. 

halmahera from the two debated options for site protection (single LSMPA or MPA networks) 

depend on a) the socio-economic capacity and geo-political realities of the nation (Indonesia) 

responsible for the designation and enforcement of the site protection (IUCN, 2022; Wilhelm et 

al., 2014; Davidson & Dulvy, 2017) and b) the minimum viable population of this species that 

must be encompassed by the protected sites to effectively conserve and replenish its populations 

(Allison et al., 1998). Additionally, the presence of different stakeholders (e.g., fisheries) with 

varying types and degrees of reliance on the areas within the geographic range of the carpet 

shark can influence the practicality and ultimate choice between the two types of site protection 

(Pita et al., 2020). I discuss the minimum viable population of species and other significant 

species-specific characteristics, that can affect our decisions regarding appropriate conservation 

strategies in the following section.   

 

4.2 Recommendations for Priority Data Collection 

For several species of carpet sharks such as the Shorttail Nurse Shark 

(Pseudoginglymostoma brevicaudatum) that are connected to sites (coastal habitats) and are 

threatened by habitat loss (site-scale threats), but whose geographic ranges are too big (P. 

brevicaudatum = 62,786 km2) to be conserved by protected areas I also asked: can the species 

still be placed in an MPA network if it protects most, but not all its population and habitat? 

(IUCN, 2022) If so, what is the minimum percentage of the population that must be 

encompassed by the protected sites for the MPA network to be effective in preserving the 

species’ population and mitigating the risk of extinction? Uncovering the minimum viable 

population for these species of carpet shark is essential for answering these questions and must 

be prioritised during future research on these marine species (Hilborn et al., 2004; Allison et al., 

1998). Knowledge of minimum viable population of species can also aid with assessing the 

efficacy of conservation measures and the best strategies monitoring it (Hilborn et al., 2004).  

Another significant data gap for Orectolobiformes is their AOO, given that information 

on AOO of only six of the carpet sharks was available for our study. The geographic ranges of 
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all three species placed in category A (single MPA) exceed the global median size of single 

MPAs (172 km2, 375 km2, 1,736 km2); yet these species had the smallest geographic ranges 

amongst all the other carpet sharks (IUCN). I assumed therefore that their AOO and range of 

habitat they rely on would be even smaller and could potentially be protected by a single site. 

However, learning this key attribute of these species could prompt us to change the classification 

of these three species or any of the other threatened carpet sharks. 

Addressing the data uncertainty concerning other attributes of carpet sharks including 

their habitat types, aggregatory behaviour, and degree of threats to their populations, can also 

help better inform the status of these species’ population, and possibly result in a change of their 

IUCN Red List Assessment. From the 45 species of carpet sharks, the species listed on the IUCN 

Red List as ‘Least Concern’ (LC) were not included in our calculations and results. Nonetheless, 

given the lack or outdatedness of the available data for most carpet sharks and marine species 

and their populations, I classified these 17 sharks to get an idea of what conservation measures 

would best benefit them if they were to become endangered. For example, the status of the 

Speckled carpet shark (Hemiscyllium trispeculare) was last assessed in 2015 as LC, yet while the 

species is considered to be at minimal risk from fishing pressure in Australian waters, threat 

levels to the species are not known in Indonesian waters (IUCN, 2022). These species are 

suspected to be at risk of unsustainable fishing practices and habitat destruction in these waters 

(IUCN, 2022).  

To tackle the data insufficiency on some of the key species-specific attributes of the 

carpet shark species listed as Data Deficient (DD) such as the Elongate Carpet Shark 

(Parascyllium elongatum), as well as several of the threatened species, these species were also 

classified into a secondary conservation category. P. elongatum was classified into category A 

(single MPA), but category B (MPA network) was elected as its secondary category, so that if a 

single MPA would not adequately cover the species’ geographic range, a network of multiple 

protected sites can instead be an efficient conservation alternative for the species. Considering 

alternative conservation strategies for carpet sharks and all other marine species which are 

missing information on many of their biological traits and life-history characteristics can be 

viewed as adaptive management or preparation against unforeseen and rapid declines to their 

populations (Katsanevakis et al., 2020).  Nevertheless, efforts must be placed towards 

prioritizing collection of data on the missing key attributes of these species to ensure their 

effective conservation.  

Chapter 5: Conclusions 
Here, I demonstrate that protected areas alone can be useful conservation tools for only a 

small portion of the carpet sharks (39.4%). They cannot be our solution for protecting all of 

them; given that more than half of sharks would require either a combination of site-scale and 

broad-scale initiatives (42.9%) or broad-scale initiatives such as fisheries management only 

(17.9%). These findings contrast with the findings of Boyd et al. (2008)’s analysis of mainly 

terrestrial vertebrates, which concluded that more than 99% of the globally threatened tetrapods 

require site protection as the main strategy for their conservation (Boyd et al., 2008). Second, 

while different species in the same order or genus might have multiple attributes in common 

such as their geographic range, habitat type, or threats to their population, this will not 

necessarily mean that they will benefit from the same conservation strategy. This was supported 

by the random relationship observed between these three attributes of the threatened carpet 

sharks and their conservation category. Furthermore, the conservation strategy implemented for 
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carpet shark species can differ depending on the economic and political capacity of the nation 

whose waters they inhabit. Hence, we must tailor conservation measures for each marine species 

by individually considering their ecological, physiological, and behavioural traits, and with 

regard to their geographic distribution. To remove the gap in available data on most species of 

carpet sharks, the focus of scientific research and funding must be reallocated to the less 

charismatic, under-represented, and minimally studied species so that appropriate conservation 

measures can be implemented before their populations are depleted beyond the possibility of 

recovery. Nonetheless, to mitigate extinction risk and further loss of biodiversity, and to ensure 

the progression of effective conservation measures, policymakers and scientists must make 

prompt decisions for the threatened carpet sharks and all other marine species. Governing bodies 

and experts must therefore produce robust frameworks to help make decisions, despite the 

present data deficiency.  
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Appendix I 
 

Table 1. Key and secondary species-specific attributes used for classification of the threatened 

carpet shark into the four conservation categories.  

Key Attributes Definition/Additional Information 

Geographic 

Range  

The geographic area that incorporates the entirety of the range of the species. 

Data obtained using IUCN Red List’s calculations from the species’ range 

maps. Measurements are in sq/km. (IUCN, 2022) 

Area of 

Occupancy (AOO) 

IUCN defines AOO as: "the area within a species' extent of occurrence, which is 

occupied by a taxon, excluding cases of vagrancy" (IUCN, 2022). 

Measurements are in sq/km. The AOO of the species is the smallest area of its 

geographic range that is required at any stage for the survival of its extant 

population (IUCN, 2001) 

Number of 

Locations 

IUCN defines ‘location’ as a geographically or ecologically distinct area in 

which a single threatening event can rapidly affect all individuals of the taxon 

present (IUCN, 2022). Species’ populations and habitats are either spread into 

multiple locations or not.  

  

Habitat Type 

The area or environment that the organism resides in naturally. Habitats of 

carpet sharks were categorized into three main types: (1) coastal (e.g., coral 

reefs, mangroves, seagrass beds, shallow rocky outcrops, etc.), (2) 

oceanic/pelagic, and (3) deep water (mostly soft sediments) 

  

Aggregatory 

Behaviour  

IUCN defines aggregation as “A geographically restricted clustering of 

individuals that typically occurs during a specific life history stage or process 

such as breeding, feeding or migration. This clustering is indicated by highly 

localized relative abundance, two or more orders of magnitude larger than the 

species' average recorded numbers or densities at other stages during its life-

cycle." (IUCN, 2022). Species either have aggregations or no aggregation.  

  

  

Migratory 

Behaviour 

“The entire population or any geographically separate part of the population of 

any species or lower taxon of wild animals, a significant proportion of whose 

members cyclically and predictably cross one or more national jurisdictional 

boundaries” (Pytka & Pauly). Species are either migratory or not migratory.  

  

  

Threat Type 

IUCN defines direct threats as "the proximate human activities or processes that 

have impacted, are impacting, or may impact the status of the taxon".  

"Direct threats are synonymous with sources of stress and proximate pressures." 

"Threats can be past (historical, unlikely to return or historical, likely to return), 

ongoing, and/or likely to occur in the future." (IUCN, 2022). Threats to carpet 

sharks were categorized into three main types: (1) site-scale, (2) broad-scale, 

and (3) both site-scale and broad-scale.  
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Secondary 

Attributes 
Definition/Additional Information   

Existing 

Conservation 

Measures  

This includes any species-specific conservation measures implemented for 

carpet shark species as well as those implemented for other purposes that the 

shark can also benefit from. This includes any site-scale protection (e.g., MPAs 

and MPA networks) and Broad-Scale Measures (e.g., Fisheries regulations) 
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