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Overview 
 

Devil rays (Mobula sp.) are large, planktivorous and 

highly mobile species, with a circumglobal distribution 

in tropical and warm temperate waters. Six out of the 

eight described species are found within the Indian 

Ocean classified as endangered (M. mobular), data 

deficient (M. kuhlii), vulnerable (M. alfredi, M. birostris, 

and M. tarapacana) and near threatened (M. thurstoni) 

by the IUCN redlist. The growing wildlife trade for 

their gill plates, used for food and traditional medicine 

in East Asia, is driving the expansion of targeted devil 

ray fisheries (O’Malley et al., 2017) but it is unknown if 

populations can sustain growing exploitation levels. The 

limited information on the life history of devil rays 

suggests they display extreme k-selected traits, 

including extremely low fecundity, producing a single 

pup annually or biannually. This makes it unlikely that 

current exploitation is sustainable. Devil rays are 

common in small-scale fisheries (SSF), which provide an 

important source of protein and income for coastal 

communities worldwide (Béné et al., 2007). SSF 

fisheries are prevalent but poorly documented and 

largely unregulated in the Indian Ocean (e.g. Temple et 

al., 2018). Ensuring SSF sustainability is vital in 

protecting the livelihoods of these coastal 

communities, with declines in high value species, such 

as devil rays, likely having negative implications on these 

peoples.  

 

Evidence-based assessment of devil rays is inhibited by 

the lack of available data, with knowledge gaps across 

all species for abundance and population trends; 

distribution and migratory patterns; life history; spatial 

and temporal ecology; and fisheries catch rates, 

composition and trade. Given the global threat, the 

IUCN Species Survival Commission and Shark 

Specialist Group have produced a Global Devil and 

Manta Ray Conservation Strategy, where the Indo-Pacific 

is listed as a priority region (Lawson et al., 2017). This 

project aims to address current data gaps to work 

towards regional assessment of devil ray species in the 

Indian Ocean, in line with this strategy. The genetic 

population structure of devil rays in the Indian Ocean 

will be investigated, defining management units and 

informing trans-national management actions where 

shared stocks of devil ray species exist. Age and growth 

will be determined for each species sampled to inform 

future fisheries management. Further life history data 

(e.g. maturity and fecundity) will be collected to 

determine parameters (e.g. age-at-maturity and 

rebound potentials) vital for future stock assessment. 

The methods and outputs of this work will be 

applicable to other devil ray species and regions 

globally. 

 

 
Methodology 
 

A sampling regime will be implemented at key fisheries 

market sites in eleven countries (Madagascar, Zanzibar, 

Kenya, La Réunion, Oman, Pakistan, India, Thailand, 
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Malaysia, Indonesia and Australia) across the Indian 

Ocean. This will be facilitated by a network of 

established collaborators of the supervisory team, with 

samples processed and shipped to Newcastle 

University for further analyses. The sex and disc width 

will be recorded for each devil ray sampled, and a tissue 

and vertebrae sample will be taken.  

 

An Indian Ocean wide assessment of Mobula sp. genetic 

population structure will be conducted. DNA will be 

extracted from tissue sub-samples and the control 

regions of mitochondrial genes (e.g. cytochrome 

oxidase I (COI) and NADH dehydrogenase subunit 4 

(ND4)) will be amplified using the Polymerase Chain 

Reaction (PCR). Amplified PCR products will be sent 

for Sanger sequencing and analysed against published 

sequences for devil ray species to verify their 

taxonomy. The genetic differentiation within species 

will be analysed by assessing allelic variation at different 

microsatellite loci. To investigate phylogeny, a 

Maximum Likelihood phylogenetic reconstruction 

model will be fit to resulting molecular data sets using 

MEGA software. To investigate potential Indian Ocean 

basin population structure, microsatellite data will be 

analysed based on the Hardy-Weinberg equilibrium 

using GENEPOP and Micro-Checker software. The 

results will be used to propose management units for 

the species sampled. 

 

A three-month field season in Zanzibar, East Africa, will 

be undertaken to record and sample devil ray species 

at landing sites in the North of Unguja Island, aided by 

established collaborations with local fishers and 

colleagues. M. thurstoni, M. mobular, and M. kuhlii have 

been found to constitute over 65 % of the batoid (rays 

and skates) catch in the dominant drift gillnet fishery at 

this site (Temple et al., in review). Further fieldwork in 

a collaborating country will be conducted to collect 

additional life history data. This will be informed by the 

results of the population genetics analyses, allowing for 

life history sampling of a different population of a 

particular species or on a species not caught in 

Zanzibar.  

 

Life history parameters, including growth, age- and size-

at-maturity and fecundity will be determined for each 

devil ray species sampled. Specimens will be 

photographed and morphometrics (e.g. disc width and 

weight) will be taken prior to dissections. The 

reproductive tract will be examined to determine 

maturity and investigate reproductive biology. For 

females, the number and size of in utero ova and pups, 

and sex of pups where possible, will be recorded. 

Vertebrae samples will be taken for later ageing at 

Newcastle University.  

 

Vertebral centra will be sectioned using a Buehler Low 

Speed IsoMet Saw in order to age individuals 

(Campana, 2014). Several growth models (Von 

Bertalanffy, Gompertz, and Logistic) will be fitted to 

length-at-age data, separately for males and females of 

each species, with statistical analyses performed using 

the software program R.  

 
Timeline 
This is a 3.5 year PhD studentship with the start date 

01.04.2019.  

 

Start - Year 1.5: 

 Conduct a comprehensive literature review. 

 Training for population genetics analyses.   

 Develop and implement Indian Ocean sampling 

regime with collaborators. 

 Three-month field season in Zanzibar to collect life 

history data. 

 Processing of vertebrae for ageing and analysis. 

 Analyses of life history data. 

 Receive all samples for genetic and ageing analyses 

from collaborating countries. 

 

Year 1.5 – 2.5: 

 Processing of tissue samples and genetic analyses. 

 Write 1st manuscript on species confirmation and 

population structure of devil rays in the Indian 

Ocean.  

 Second field season in a collaborating country to 

collect further complementary life history data. 

 

Year 2.5 – 3.5: 

 Processing of additional vertebrae samples and 

analyses of further life history data. 

 Write 2nd manuscript on the age and growth of devil 

rays. 

 Write 3rd manuscript on the life history parameters 

of devil rays. 

 Submit manuscripts to peer-reviewed, high-ranking 

journals. 

 Attend conference to present findings. 

 Thesis completion. 

 

 
Training & Skills 
 

The prospective student should have experience of 

conducting fieldwork in a developing country, ideally 

with an understanding of elasmobranch ecology, 

physiology and life history. Further experience of 

laboratory-based research is essential, with skills in 

DNA extraction and PCR amplification techniques 

desirable.   

The supervisory team will provide the necessary 

training in population genetics analyses. Additional 

training needs, for example statistical workshops, will 



 

  

be identified and addressed via tailored training 

opportunities throughout the studentship. 
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