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Overview 
Evidence for the 6th mass extinction on earth shows 

despite oceans comprising over 90% of our planet’s 

endemic phyla and habitable space, marine ecosystems 

are significantly under sampled compared with 

terrestrial environments. Thus the scientific evidence 

base for prioritising marine management has huge gaps. 

     In June 2017, the United Nations first Ocean 

Conference reported strong evidence for a rapid global 

decline in biodiversity of marine environments. This led 

to a call for a globally coordinated, observing system to 

identify how marine biodiversity conservation action 

could support positive impacts on local, regional and 

global scales. In October 2017, the United Kingdom 

(UK) Government stated an independent Britain should 

champion global leadership in ocean conservation, just 

as the UK has done in climate policy. In recognising, 

many marine populations have experienced major 

declines in abundance, especially apex predators such as 

sharks, the UK Government pledged to apply our 

internationally renowned expertise on systems thinking 

to build marine management interventions for 

protecting global levels of marine biodiversity.  

     Selig et al., (2014) argue less well-known locations 

such as the southwest Indian Ocean, in particular, small 

islands like the Maldives, should be prioritised for 

research funding to improve marine species datasets. 

This is so investment in biodiversity conservation action 

to tackle impacts of major stressors – climate change 

and over fishing – can be better targeted. Small Islands 

such as the Maldives lack the technical scientific capacity 

to undertake the type of robust and systematic scientific 

sampling required to inform what type of management 

measure is required for identifying solutions to deal with 

a particular issue and area.  

     This project aims to advance the UK’s contribution 

to the global need for improving marine species datasets, 

focussing on sharks as a model apex species to develop 

the most appropriate social-ecological indicators for 

formulating biodiversity policy. The proposed research 

will be an essential first step in transferring knowledge 

from a resilient small island, the UK, to a small highly 

vulnerable island, the Maldives, to develop social-

ecological indicators to evaluate efficacy in marine 

biodiversity management options, e.g., bans. 

     Widespread exploitation of sharks has resulted in 

substantial reductions in elasmobranch populations (Roff 

et al. 2016) with 30% of shark species globally at risk of 

extinction. Knock-on effects of losing keystone apex 

predators include depletion of commercially important 

fish lower down in the food chain. This disrupts the 

balance in marine biodiversity and can lead to poverty 

and hunger for people dependent on healthy marine 

fishery resources for food and/or income. Effectively 

balancing exploitation rates of elasmobranchs with 

meeting biodiversity conservation goals is a global 

challenge yet to be realised. The social context is 

frequently missing from marine biodiversity studies yet 

is required to tailor management measures more likely 

to be supported by those targeted. 

     Sharks are selected as the model species because 

their global decline is disrupting marine ecosystem 

health and shark fishing is increasingly banned by 

governments around the world including the Maldives. 

Hence, this country provides an ideal case study to test 

the effectiveness of fish bans in protecting marine 

biodiversity at a time when the Maldives has been 

exposed to unprecedented rises in sea temperature. 
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Sharks are targeted by fishers for their high value in 

some countries but are exceptionally vulnerable to 

overexploitation due to their conservative life-histories 

(Carr et al. 2013). If sustainable shark fisheries and 

populations are to be achieved shark fisheries 

management must be improved (Jaiteh et al. 2016).  

     Shark fishing bans are used by governments to 

mitigate impacts of over fishing but almost half of all 

shark species are data deficient (IUCN 2015) and 

subsequently the precautionary approach has resulted in 

vast shark fishing bans instigated in 13 countries covering 

over 11 million km2. However, evaluating the 

effectiveness of bans in supporting sustainable fisheries 

management is impeded by a lack of robust data, 

logistical and material resources, that allows access to 

alternative livelihoods for fishers and supportive 

participatory governance mechanisms fit for policy use. 

Evidence-based conservation urgently requires long 

term data sets against which social and ecological change 

may be quantified. 

     In the absence of historical data useful for fisheries 

conservation and management, fishers Local Ecological 

Knowledge (LEK) contains valuable temporal 

information on species distributions, abundances and 

essential fish habitats (EFH) such as nursery grounds or 

aggregations (Aswani and Hamilton 2004). Such 

knowledge can provide unique insight in to shark 

population dynamics prior to exploitation and represent 

an important baseline for recommending future 

conservation and fisheries management measures. 

Methods for collating and integrating socio-ecological 

data to construct future elasmobranch management 

scenario options is under studied (Walker and Kingman 

2016). Failure to record multi-generational LEK, 

especially following closure of fisheries, may affect our 

ability to calculate baseline population data.  Without 

this data, baselines on which recovery and management 

success are measured may substantially shift 

(McClenachan et al. 2012).  

     Ecological indicators (abundance, distribution etc.), 

are mainly used to determine effectiveness of a fishery 

management measure such as a ban. Nonetheless, 

successful implementation relies on understanding fisher 

behaviour – socio-economic drivers - to influence 

positive compliance of rules (Peterson and Stead, 2011). 

The sustainability of shark bans being rapidly 

implemented around the globe are still uncertain and 

demand a greater understanding of the links between 

locals’ perceptions and compliance for shark fishing bans 

across multiple countries and different stages of ban 

implementation.  

     Defining socio-ecological success criteria for a shark 

ban will be useful for governments in prioritising marine 

biodiversity conservation action. Currently, there is a 

lack of low cost technological solutions to integrate 

socio-ecological evidence to inform the development of 

a policy for the global sustainable management of marine 

biodiversity conservation especially for elasmobranchs. 

Research in this context is needed to precisely guide 

policy action and management processes in relation to 

establishing shark fishing bans to ensure shark 

population health and human communities benefit 

(Anderson et al. 2015).   

     Future long term management of elasmobranchs in 

tropical countries requires an integrated understanding 

of the complex relationships of humans and sharks with 

the physical, biological and ecological environment of 

coral reefs. As apex predators on coral reefs, sharks play 

a critical role in maintaining ecosystem health and 

integrity (Roff et al. 2016). Their removal may result in 

trophic cascades or disruption of key ecosystem 

services including fisheries, food and tourism (Garla et 

al. 2015). However, while reduced shark abundance and 

degraded reefs may be correlated (Sandin et al. 2008), 

identifying and quantifying the underlying mechanism 

between proximate biophysical drivers responsible for 

determining change in ecological processes remains 

complex. Interactions of proximate drivers and ultimate 

drivers of this relationship are similarly uncertain. 

Following the 2016 global coral bleaching event, reefs 

worldwide have rapidly degraded, providing a key 

opportunity to assess this relationship in a highly 

vulnerable area to climate change such as the Maldives 

that has been impacted but retains some healthy reefs. 

This event and locale provides a key opportunity with 

which to identify and assess complex interactions 

between biophysical components of a coral reef system 

considered highly vulnerable to the impacts of climate 

change in combination with the impacts on people who 

live and depend on the health of coral reef biodiversity. 

     Through choosing to model spatio-temporal changes 

in shark abundance with implementation of fishing bans 

in the Maldives the student will describe the complex 

interrelationships between apex predators, food 

security and human impacts on marine ecosystem 

health. Important interactions between society and 

environmental resources critical to marine conservation 

and management are rarely sufficiently explored or 

thoroughly understood (Peterson and Stead 2011, Jaiteh 

et al. 2016). This case study offers a timely opportunity 

through generous support from the Banyan Tree to give 

unique insights into the impacts of fish bans on marine 

biodiversity levels in small islands. 

     In 2010, all shark fishing was prohibited in the 

Republic of Maldives a country noted for its high 

dependency on the marine environment. Using social 

and ecological data collected in the Maldives and that 

from other countries which are planning (Fiji) or have 

implemented bans more recently (Cook and Marshall 

Islands), the proposed project will provide new 

empirical evidence for a better understanding of the 

interactions between sharks, marine biodiversity, 

exploitation and society. 

     This ambitious interdisciplinary research will develop 

socio-ecological indicators for fishery policy and science 

advisers to contribute towards development of a toolkit 

for determining the effectiveness of fishery bans, a type 



  

of Marine Protected Area, in sustaining or enhancing 

marine biodiversity. This project will address four 

synergistic objectives, to: 

1) Quantify spatio-temporal changes in shark 

distributions, abundance and essential fish habitats (EFH) 

by comparisons of historical local ecological knowledge 

(LEK) and contemporary data (Baited remote 

underwater video, BRUV; citizen science) to establish a 

robust shark population baseline using novel cost-

effective monitoring and systems modelling. 

2) Assess perceptions across multiple countries in 

different stages of ban implementation to forecast user 

compliance, evaluate validity and application and define 

success criteria for future assessments of shark bans. 

3) Disentangle complex physical and biological 

relationships between sharks and marine biodiversity in 

a changing environment to guide current and future 

management and policy of elasmobranch populations. 

4) Evaluate databases for indicator and open source 

development to test, prioritise and validate jointly 

agreed variables and ‘measurability’ of new indicators for 

different future marine food security policy options and 

marine ecosystem health scenarios. 

 

Methodology 
The following will be used to address the objectives: 

a) Local ecological knowledge of historical shark 

populations will be collected by face to face semi-

structured interviews of resource users in the Maldives. 

Snowball and opportunistic sampling will explore shark 

distributions and EFH spatially and temporally. 

Contemporary shark diversity, distribution, abundance 

and demographic population structure will be quantified 

using non-invasive Baited Remote Underwater Video 

(BRUV) and citizen science records. Data will be 

modelled spatially and temporally to identify interannual 

variability and change using a suite of methods, including 

GLMMs, GAMs and hierarchical models.  

b) Perceptions of bans and alternative livelihoods of 

resource users will be assessed by systematic sampling 

of fishers and heads of households. Interviews will be 

done face to face (Maldives) and using online surveys 

(Fiji, Cook Islands, Marshall Islands). Constraints of 

shark bans will be identified by online key informant 

surveys targeting environmental NGO’s, policy advisors, 

managers, researchers and community leaders. 

Generalized hierarchical mixed-modelling will be used to 

analyse ordinal responses from Likert-scale surveys. 

Attitudes, perceptions and respective compliance to 

fishery bans will be analysed using Structural Equation 

Models (SEMs) to assess stratification, clustering, 

unequal selection probabilities any dependencies 
between responses (Muthen and Satorra 1995). 

3) Correlations between reef health and shark 

abundance will be investigated using BRUV data 

collected across a range of reefs. EFH data relating to 

biophysical and ecological indicators, such as benthic 

cover and complexity, fish community metrics and 

functional groups, depth and current, reef formation and 

topography will be collected by UVC at multiple spatial 

and temporal scales. SEMs will be used to examine 

complex and potentially correlated data to identify 

relative importance of socio-ecological drivers to shark 

abundance metrics. 

4) The applicability of socio-ecological criteria will be 

validated and goodness of fit to future policy trajectories 

appraised using the empirical datasets collected. These 

data will be analysed using Bayesian Belief Network to 

test for appropriateness, pragmatism and policy-fit. 

 
Timeline 
Year 1: months 0-6 - extensive literature review; 

prepare for publication, identify theoretical frameworks 

to inform experimental design of fieldwork data. 

Training needs analysis completed. In months 6-12, 

testing of sampling techniques done in the Maldives. 

Year 2: Bayesian analytical approaches used to analyse 

data collected and fieldwork methods for main fieldwork 

refined; scientific policy modelling evaluated for 

indicator and open source tool development; study visits 

with government scientists and policy makers done to 

test indicators for policy scenarios. Year 3: Completion 

of data analysis, interpretation, writing of publications 2, 

3 and 4; timely submission of doctoral thesis, policy brief 

and attendance at relevant meetings and conferences. 

 

Training & Skills 
The student will receive training in statistical and 

modelling methods including Bayesian analytical 

approaches. The student will spend time in the Maldives 

with the case partner, the Banyan Tree and with the 

partner University of Durham. 
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Further Information 
For further information, contact Professor Selina Stead 

at sagepgdean@newcastle.ac.uk. In your email include: 

1) a two-page covering letter detailing your reasons for 

applying and why you have selected this project, 2) your 

current CV with contact information for at least two 

references, 3) Full transcripts of previous qualifications. 

Only the best applicants will be asked to submit a full 

application to the University. The application deadline is 

19th January 2018. Students are encouraged to contact 

Professor Stead in advance for consideration.  
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