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I. Expedition Highlights 
 

¶ Deployed a total of 153 animals with 248 tags: 49 grey reef sharks (Carcharhinus 
amblyrhynchos), 69 silvertip reef sharks (Carcharhinus albimarginatus), 1 blacktip reef shark 
(Carcharhinus melanopterus), 1 whitetip reef shark (Triaenodon obesus), 26 manta rays 
(Manta alfredi) and six species of teleosts including yellowfin tuna (Thunnus albacares), 
kawakawa (Euthynnus affinis), black saddled grouper (Plectropomus laevis), dogtooth tuna 
(Gymnosarda unicolor), sailfish (Istiophorus platypterus) and blue marlin (Makaira nigricans).  

¶ 137 animals where equipped with acoustic tags, 85 with conventional identification tags for 
mark recapture analyses, 19 with satellite enabled tags and 7 with camera tags. Eight grey 
reef sharks were double tagged. 

¶ Four mantas that were tagged in 2015 were sighted again with the acoustic tags still 
attached. 

¶ Tagging data showed one manta completed a round-trip journey of at least 400 km, with 
the manta moving from Victory Bank to Egmont, a distance of ~160 km in ~ 4 days. 

¶ Two sharks were recaptured for the first time during the expedition. A male grey reef shark 
and a female silvertip shark tagged in 2015. The animals were in excellent condition and 
these recapture data help statistical estimates of population abundance.   

¶ Initial camera tagging data corroborated evidence from previous expeditions that suggest a 
deep-water refuge for sharks offshore to the south of Peros Banhos. 

¶ For the two most frequently tagged sharks, silvertip and grey reef sharks, the measured 
total lengths were significantly (albeit slightly) bigger in this expedition than in previous 
years. It remains to be determined whether this is an effect of fishing in different locations 
with respect to previous expeditions or if there is a shift in the size structure of the shark 
assemblage (i.e. a sign of recovery).  

¶ The surprising abundance of pelagic fish observed at Speakers Bank led Dr Barbara Block to 
refer to it as a άǘǳƴŀ ƘƻǘŜƭέΦ 

¶ 63 acoustic receivers (VR2, VR4-UWM, VR4G) in the existing array were serviced and 
downloaded. Downloads of the receivers resulted in 99,814 detections from 92 animals.  
We deployed 30 new receivers to expand the array to cover additional habitats and regions 
of the archipelago. At the conclusion of the expedition, the array included a total of 93 
acoustic receivers deployed across the archipelago. 

¶ To study reef processes and seawater chemistry, the first data of this kind in the BIOT 
region were collected - 117 water samples across the archipelago.  

¶ To apply a new molecular technique in BIOT, water samples (n=81) for environmental DNA 
studies were collected from 40 sites throughout the archipelago to determine recent genetic 
presence of a) pelagic animals and b) microbes, invertebrates (including corals) and fish from 
the reefs.  

¶ The first SeaFet long-term pH logger was installed in BIOT to track changes in ocean 
chemistry and help detect and quantify ocean acidification.  

¶ Instruments are designed to record data on environmental physics and chemistry for a full 
year were installed, including 13 temperature sensors, 2 pressure sensors, 1 
salinity/temperature sensor, a pH logger, and an Acoustic Doppler Current Profiler (ADCP).  

¶ As a pilot effort for BIOT we used an aerial camera system to collect several hours of 
shallow reef habitat imagery. We will use these images to explore automated information 
extraction.  

¶ The reef team surveyed 17 key reef sites, amounting to ~1010 mins of dive time, ~875 mins 
of video footage recorded and ~1000 photographs recorded along transects. 

¶ Over 2000 m2 of reef was surveyed using a mixture of photography and videography to 
allow analysis of the 3D structural complexity, composition and function of the shallow reefs 
of the Chagos Archipelago.  
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¶ Detailed data were collected from 14 coral reef sites across the archipelago to record the 
incidence of bleaching and disease on reef-forming coral communities.  

¶ Initial observations are that while much of the structure of the reefs is still intact, much of 
ǘƘŜ ǊŜŜŦ Ƙŀǎ ǎǳŦŦŜǊŜŘ ƘŜŀǾƛƭȅ ŦǊƻƳ ƭŀǎǘ ȅŜŀǊΩǎ ōƭŜŀŎƘƛƴƎ ŀƴŘ ƛǎ ǎǘƛƭƭ ōŜƛƴƎ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ 
current El Niño warming event.  

¶ Coral recruitment levels are high at a majority of sites, and if recruit survival is high, reef 
functioning will likely recover, as occurred following the 1998 bleaching event. 

¶ A ƴŜǿ ΨǎǘǊǳŎǘǳǊŜ ŦǊƻƳ ƳƻǘƛƻƴΩ ǘŜŎƘƴƛǉǳŜ was applied and initial analysis shows it effectively 
capture the reef organisms surveyed in sufficient detail to record colonies to genus level, 
and enable measurement of a number of metrics known to be important to sustaining 
healthy reefs.  

¶ We conducted the first twilight reef surveys (reefs slopes deeper than 30m) conducted in 
BIOT since the 1980s. Reefs in the 30-60m depth range were surveyed at 12 sites around the 
Chagos Archipelago. Surveys indicate high coral cover (>80%) in some locations, implying 
deeper reefs may act as a refuge for threatened shallow reef species and have a crucial role 
in overall reef resilience.  

¶ We identified several shallow reef species not previously reported from twilight reefs, 
including the endemic Chagos clownfish (Amphiprion chagosensis) at 37 metres. In 
addition, we regularly observed sharks on twilight reefs, suggesting these deep reefs have 
an important role for larger pelagic species. 

¶ An unusual sighting of a pod of false killer whales (Pseudorca crassidens) was documented 
at Egmont atoll.  

 
 

II. Communications 

¶ Daily Powerpoint presentations were submitted to the Captain and crew, Bertarelli 
Foundation and BIOTA that documented science activities and observations of note. 

¶ Blogs were submitted by several expedition team members and published online and further 
communications are planning following the expedition. 

¶ Updates were also shared via Twitter, using #BIOTExped16.  

¶ Video footage was captured and a short film compiled by Prof Dunbar, Stanford University. 
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III. Summary of Achievements against Objectives 
 
 Expedition objective  Status 

1 Maintain existing Vemco acoustic receiver array Complete ς 63 receivers serviced and downloaded. 

2 expand the array by adding additional moorings 
and receivers 

Complete ς 30 new receivers installed plus one new 
VR4 Global Unit.  

3 Conduct electronic tagging of teleosts and 
elasmobranchs that utilize the habitat in and 
around the receiver array. 

Complete - 153 animals deployed with 248 tags. 

4 sample tissues for isotopic analyses to provide 
information on the trophic ecology and habitat 
use of species within BIOT 

Complete ς samples and data collected from tagged 
animals. 

5 Collect water samples to analyse for 
environmental DNA (eDNA) signatures 

Complete - Water samples (n=81) for eDNA were 
collected from 40 sites throughout the archipelago to 
determine recent genetic presence of a) pelagic 
animals and b) microbes, invertebrates (including 
corals) and fish.   

6 Collect deployed sensor instruments (temperature 
and oxygen), and redeploy additional units for 
collecting environmental data 

Partially complete ς due to logistical constraints, 
existing sensor instruments were not collected. 
New instruments were deployed designed to record 
data on environmental physics and chemistry for a full 
year and include 13 temperature sensors, 2 pressure 
sensors, 1 salinity/temperature sensor, a pH logger, 
and an Acoustic Doppler Current Profiler (ADCP). 

7 To obtain a detailed baseline of key reef variables 
during the expected 2016 bleaching event. 

Complete - 117 seawater samples were collected from 
15 reef sites throughout the archipelago for carbon 
system measurement.  
The reef team surveyed 17 key reef sites, amounting to 
~1010 mins of dive time, ~875 mins of video footage 
recorded and ~1000 photographs recorded along 
transects. 
An aerial camera was used to collect imagery of larger 
portions of the reef system than can be captured by 
divers in the water. This allows work in specific 
locations to be placed into a whole reef system 
context. 

8 To quantity three-dimensional reef complexity to 
examine the impacts of beaching on reef 
functioning and habitat provision. 
 

Complete - Over 2000 m
2
 of reef from 14 sites across 

the archipelago was surveyed using a mixture of 
photography and videography. 

9 To provide the first surveys of the lower 
mesophotic zone (60 ς 150m) using a mini-ROV 
unit. 

Complete - Surveyed reefs in the 30-60m depth range 
at 12 sites. 

10 To document changes in key reef fish species 
related to the expected 2016 bleaching event. 

 

Complete ς 17 key reef sites were surveyed for reef 
fish populations using videography that can be 
compared to previous years of reef fish population 
assessment. 

11 To inform the BIOT Administration on the findings 
to inform management of the marine reserve, as 
well as to contribute high calibre science from a 
globally important coral reef reference sites 
 

In progress ς Report and follow up meetings planned 
with the BIOT Administration.  
Science outputs being developed as data are analysed 
and publications prepared. Results will also be shared 
at a series of international conferences this year. 
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IV. Background 
It is widely acknowledged that the global ocean is in decline with marine ecosystems expected to 
approach terrestrial rates of extinction in response to increasing industrialisation. The effects of 
climate change, global fisheries exploitation and the expansion of activities such as deep-sea mining 
mean that there is an urgency to move to more sustainable systems of ocean management. Spatial 
conservation measures such as marine protected areas (MPAs) are seen as essential to shift the 
oceans from decline to recovery and to ensure that the critical services provided by marine 
ecosystems remain in perpetuity. Several States have declared large-scale MPAs, most notably the 
UK, the USA and small islands dependent States such as Palau. Despite this apparent progress there 
is strong opposition to MPAs particularly from the fishing industry and States with distant-water 
fishing fleets. We need to increase our capacity to observe the seas today to enable predictions of 
changes to the biogeographic range and ecology and function of these productive ecosystems over 
the next century. 
 
The Chagos Archipelago, also known as the British Indian Ocean Territory (BIOT), ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ 
largest no-take marine reserve, declared by the UK Government in 2010. It was primarily established 
to protect the shallow-water coral reef ecosystems of the archipelago, which remain in excellent 
condition compared to most reefs in the world. The marine reserve also includes a huge area of 
pelagic and deep-seabed habitat (>200m depth) including ~10% of all Indian Ocean seamounts. 
Fishing interests have generally remained opposed to the reserve as they claim it provides no 
protection to target and bycatch species and limits their opportunities to fish. However, only 3% of 
the marine ecosystems of the BIOT MPA, by area, have been studied which means that justifying its 
wider conservation benefits has been difficult. This also reflects a general lack of study and 
understanding of the effects of establishing large-scale marine reserves on ocean biota.  In addition, 
it has become apparent through recent work funded by the Bertarelli Foundation that there are 
serious issues related to enforcement within the reserve which may be increasing and which are 
compromising its conservation value. These issues have thrust the BIOT MPA into the frontline of 
both scientific understanding and management of large-scale marine reserves now subject to 
intense scrutiny by the international community involved in ocean governance. 
 
From 2013 to 2015, the Bertarelli Foundation supported leading multi-disciplinary marine science 
organisations from the UK, USA and Australia to establish a consortium that developed a 5 year 
science plan to substantially advance knowledge of all aspects of the physical and biological 
oceanography of the BIOT MPA as well as to establish a new global standard in its monitoring and 
enforcement. The consortium has set out to test and establish the efficacy of such large-scale 
marine reserves globally in order to improve management and conservation, but also provide 
fundamental scientific advances in marine biodiversity, ecosystem function and human impacts on 
the ocean. Such scientific endeavour sets the BIOT MPA on a trajectory to become a global exemplar 
for large MPAs, underpins the future conservation management of the reserve and will act as a 
baseline against which to evaluate and predict environmental changes.  
 
Our approach is to integrate international partners into our collaborative, cross disciplinary 
programme of activities, each of which addresses knowledge and information gaps outlined in the 
BIOT Interim Conservation Management Plan (BICMP 2014). The research closely maps onto the 
BICMP priorities. We will help a) monitor sentinel species population, habitats, and migration 
corridors, in order to promote their conservation and protection (BICMP Priority areas 1 and 2); b) 
reduce threats to sentinel species and their habitats, for example through assessment of threat of 
mortality of species during migration to distant areas (BICMP Priority area 3); c) drive informed 
decisions to minimise adverse human impacts on the environment by rigorously assessing habitat 
and increasing effectiveness of the reserve (BICMP Priority area 4); and d) communicate the science 
and associated conservation benefits of our work widely (BICMP Priority area 5). 
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In this expedition, our key objectives were to: 
a) Monitor and track sentinel species, with a focus on those vulnerable to illegal fishing, 

particularly sharks and manta rays. 
b) Assess the full extent and severity of bleaching around the Chagos Archipelago during 

maximum due to the current El Nino which is causing a global coral bleaching event.  
c) Establish biogeochemical monitoring to document changes over short and long time periods 

to detect and quantify ocean acidification as well as the magnitude of natural metabolic 
cycles on selected reef sites. 

 

V. Project Summary Reports 

 

a) Sentinel Species Tracking  

Team: Barb Block, Taylor, Chapple, Aaron Carlisle, Jon Dale, Francesco Ferretti, Luke Gardner, Robbie 
Schallert, Dave Tickler.  
Stanford University, University of Western Australia 
 
Introduction 
¢ƘŜ .ǊƛǘƛǎƘ LƴŘƛŀƴ hŎŜŀƴ ¢ŜǊǊƛǘƻǊȅ ό.Lh¢ύ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ no-take marine protected area (MPA) 
and effective long-term biodiversity conservation and regional fisheries management strategies are 
only possible with extensive knowledge of how and when species use the MPA. The Bertarelli 
Foundation has funded the Chagos Archipelago Science Consortium to assess how mobile species 
such as elasmobranchs and teleost fishes use this area. To achieve these goals, researchers from 
Stanford University, the University of Western Australia (UWA) and the Zoological Society of London 
(ZSL) have used electronic tag technology to study the residency, habitat use and connectivity of 
fish, sharks and manta rays within and around BIOT. This research is vital for understanding the 
importance of the archipelago as a refuge for pelagic fish and elasmobranchs, as well as the more 
residential reef associated animals. Telemetry data obtained from acoustic and satellite tags of 
marked animals can be used to estimate home range and habitat use of the focal species. Such 
geospatial data are vital for understanding habitat use, identifying aggregation hot spots and 
estimating shark density throughout BIOT. Electronic tag data are also a critical component of mark 
recapture models that are being used to assess the population size of different species as well as 
aiding in the development of new technology, such as the FAST tag. In addition, the tagging effort at 
this location provides information on large-scale, long-term movement patterns and connectivity of 
populations of reef and pelagic species across with wider Indian Ocean basin. The Consortium team 
is also developing the site as an ocean observatory for monitoring important abiotic variables 
pertinent to climate change by placing instruments with a long-term environmental data acquisition 
potential. 
 
To support these goals, the Consortium team undertook two research expeditions in March and 
April 2016 aboard the M/Y Vava II. During these expeditions, the scientific team aimed to maintain 
and expand the current acoustic monitoring array and deploy additional acoustic, satellite and 
biologging tags on pelagic and reef associated teleost and elasmobranch fishes. We also collected 
water samples to detect the genetic signatures (environmental DNA; eDNA) of animals associated 
with the archipelago and serviced and deployed physical oceanographic instruments to monitor the 
physical and biogeochemical processes shaping the ecosystems of BIOT. 
 
Methods 
After capture, sharks <200 cm TL were taken onboard, sexed, and measured for total length (TL), 
fork length (FL) and pre-caudal length (PCL). If the individual was male, internal and external clasper 
lengths were also taken. For larger sharks, these procedures were done while the animal was in the 
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water alongside the boat. On average, sharks were handled onboard for the sampling, tagging and 
measurement operations within 6.3 minutes. Handling time was longer in the water and when 
sharks had to be equipped with SPOT or camera tags (9.2 minutes).  
 

 
Figure 1: Researchers tagging mantas (left) and sharks (right) with the support of the crew from Vava II. 

 
Tagging operations (Figure 2) consisted of making a small incision in the abdominal region of the 
animal to create an opening for insertion of an acoustic tag into the peritoneal cavity. An 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ άŎƻƴǾŜƴǘƛƻƴŀƭέ ǘŀƎ was then inserted at the base of the first dorsal fin, a small piece of 
muscle tissue was biopsied for isotopic analyses, and a small fragment of pectoral (or dorsal) fin was 
removed for DNA analysis.  
 

 
 
Figure 2: Tagging operations. a) Morphometric measurements on a recaptured grey reef shark. b) Spaghetti 
tags were used as "conventional tags" for mark-recapture analyses. c) A grey reef shark double tagged with 
a SPOT and acoustic tag. Note the small abdominal incision for acoustic tag insertion.   

Results and Discussion  
hǳǊ /ƻƴǎƻǊǘƛǳƳΩǎ ǘŀƎƎƛƴƎ ǘŜŀƳ ŘŜǇƭƻȅŜŘ ŀ ǘƻǘŀƭ ƻŦ мро ŀƴƛƳŀƭǎ ǿƛǘƘ нпу ǘŀƎǎΥ пф DǊŜȅ wŜŜŦ {ƘŀǊƪǎ 
(Carcharhinus amblyrhynchos), 69 Silvertip Reef Sharks (Carcharhinus albimarginatus), 1 Blacktip 
Reef Shark (Carcharhinus melanopterus), 1 Whitetip Reef Shark (Triaenodon obesus), 26 Manta Rays 
(Manta alfredi) and six species of teleosts including Yellowfin Tuna (Thunnus albacares), Kawakawa 
(Euthynnus affinis), Black saddled Grouper (Plectropomus laevis), Dogtooth Tuna (Gymnosarda 
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unicolor), Sailfish (Istiophorus platypterus) and Blue Marlin (Makaira nigricans). 137 animals where 
equipped with acoustic tags, 85 with conventional identification tags for mark recapture analyses, 19 
with satellite enabled tags and 7 with camera tags. Eight grey reef sharks were double tagged (i.e. 
equipped with acoustic and satellite tags) (Table 1, Figure 3) with locations shown in Figure 4.  
 

Species Total Individuals Acoustic Conventional Satellite Camera 

Silvertip Shark 69 67 49 0 3 

Grey Reef Shark 49 48 34 8 2 

Manta 26 16 0 8 2 

Yellowfin Tuna 2 1 0 1 0 

Whitetip Reef Shark 1 1 1 0 0 

Kawakawa 1 1 0 0 0 

Black Saddled Grouper 1 1 0 0 0 

Dogtooth 1 1 0 0 0 

Blacktip Reef Shark 1 1 1 0 0 

Sailfish 1 0 0 1 0 

Marlin 1 0 0 1 0 

Total 153 137 85 19 7 

 
Table 1. Summary of species tagged  
 

 
 

Figure 3. Bar-plot of the number of each species tagged in the 2016 expeditions. 
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Figure 4. A map of capture locations for sharks and bony fish tagged in the 2016 expeditions. Capture 
locations have been slightly altered to avoid total overlap between catches occurring in the same locations.  

On the 2016 expedition, four of the mantas that were tagged in 2015 were sighted again with the 
acoustic tags still attached (Figure 5ύΦ ! ǉǳƛŎƪ ŀƴŀƭȅǎƛǎ ƻŦ ƻƴŜ ƻŦ ǘƘŜ ƳŀƴǘŀΩǎ ƳƻǾŜƳŜƴǘs shows a 
round-trip journey of at least 400 km, with the manta moving from Victory Bank to Egmont (in the 
last part of the track), a distance of ~160 km, in ~ 4 days (Figure 6). 
 

 
 

Figure 5. A manta acoustically tagged in 2015 re-sighted in 2016 with the tag still attached. 
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Figure 6. An overlay plot of a manta detected by acoustic tag at the array system throughout the 
archipelago. The manta was tagged during the 2015 Consortium expedition at Egmont.  

 
Two sharks were recaptured during the expedition. A male grey reef shark tagged in 2015 with a 
CATS CAM and acoustic tag at Egmont was recaptured in the same location. The animals were in 
excellent condition and these recapture data are vital for estimating statistical estimates of 
population abundance.  A female silvertip shark tagged the previous day at Solomon was recaptured 
at the same location. These represent our first recaptured animals.   
 
Camera Tag Deployments 
CATS CAM tags (Customized Animal Tracking Solutions, Australia) were deployed on 5 sharks (2 grey 
reef and 3 silvertip; Figure 7 & Table 2) for up to 20 hrs. Initial data corroborated evidence from 
previous trips that suggest a deep-water refuge for sharks offshore to the south of Peros Banhos. 
Use of this previously unknown refuge has been a consistent behaviour observed in grey reef sharks 
tagged at Peros Banhos. This refuge may be a source of recovery for exploited areas of the 
archipelago. Analyses regarding use of this refuge, energetics, inter- and intraspecific interactions 
and behaviour are ongoing. 
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Figure 7. A silvertip shark with a biologging CATS CAM tag.  

 

Species Size (TL cm) Sex 

Grey Reef 145 Female 

Grey Reef 152 Female 

Silvertip 203 Male 

Silvertip 148 Female 

Silvertip 144 Female 

Manta Unknown Unknown 

Manta Unknown Female 

 
Table 2. Animals with biologging CATS CAM tags. 

 
During this expedition, we had our first successful deployments of CATS CAM tags on mantas 
enabled by the development of a non-invasive attachment method using suction cup mounts (Figure 
8). CATS CAMS were deployed on two mantas for short periods (Table 2). These deployments 
represent major steps forward in our ability to collect non-invasive biologging data from these large 
elasmobranchs.  
 

 
 
Figure 8. a) A suction cup CATS CAM tag developed by Stanford scientists to non-invasively attach to mantas 
and b) the first ever manta-view of Chagos: the view from a successful CATS CAM tag deployment showing 
the head (left side of photo) and upturned wing (right side of photo) of the swimming manta. 

 
Size distributions 
For the two most frequently tagged sharks, silvertip and grey reef sharks, the measured total lengths 
were slightly bigger in this expedition than in the previous years (Figures 9 & 10; both statistically 

a. 

b. 

a. 

b. 
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significant). For silvertip sharks average TL was 144 cm (SD: 27) an increase from 128 cm (SD: 23, t = 
3.84, df = 129.3, p-value < 0.001);  for grey reef sharks average TL was 128 cm (SD: 18), an increase 
from 121 cm (SD: 20, t = 2.3307, df = 91.223, p-value = 0.02). It remains to be determined whether 
this is an effect of fishing in different locations with respect to previous expeditions or if there is a 
shift in the size structure of the shark assemblage (i.e. a sign of recovery).  

 
Figure 9. a) Size distribution of Silvertip Sharks tagged during the 2016 expeditions compared with b) the 
2015 expedition. 

 
Figure 10. Size distribution of Grey reef sharks tagged in the 2016 expedition (a) compared with the one 
from previous years (b).  
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Servicing of Acoustic array 
In total, 63 acoustic receivers (VR2, VR4-UWM, VR4G) in the existing array were serviced and 
downloaded. Downloads of the receivers resulted in 99,814 detections from 92 animals (Appendix 
1).  We deployed 30 new receivers to expand the array to cover additional habitats and regions of 
the archipelago (Figure 11; Appendix Table A1). The new receivers added to the array include 16 
VR2-Acoustic release receivers that were deployed in deep water habitats and 13 VR2 receivers in 
shallower depths within diving range (<= 25 m). Additionally one new VR4 Global unit was deployed 
inside the lagoon at Egmont to provide real-time data on manta movements. At the conclusion of 
the expedition, the array included a total of 93 acoustic receivers deployed across the archipelago. 
 
The maintenance and expansion of the array and tagging of additional animals are critical steps for 
understanding how species use these important habitats, how much protection the MPA provides to 
pelagic and reef fishes, as well as information on patterns of connectivity between species within the 
Archipelago and other parts of the Indian Ocean. Further analyses of the samples and data collected 
during this expedition are currently being processed at Stanford University. 



15 

 

 
 
Figure 11: Location of receivers serviced and deployed during the 2016 expedition. VR2-AR are acoustic 
release receivers that were deployed in deeper habitats beyond diving depths. Red symbols indicate new 
deployments. The additional receivers greatly expanded the range of habitats and area of the archipelago 
monitored by the array.  

  


