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         Introduction 

 Coral reef  fi shes are conspicuous components of coral 
reef ecosystems, representing the most diverse vertebrate 
communities on Earth (Jones et al.  2002  ) . Reef  fi shes have 
attracted a great deal of research and management attention 
because of their vulnerability to  fi shing, and because many 
 fi shes have important functional roles within coral reef eco-
systems. These functions include herbivory which mediates 
the competition between corals and benthic algal communities 
(Bellwood et al.  2004  ) , predation on invertebrates that modify 
habitat (McClanahan  2000  ) , or piscivory that mediates com-
petitive interactions among  fi sh (Hixon  1991  ) . Fishes also 
form some of the strongest ecosystem service links between 
coral reefs and human societies, providing bene fi ts such as 
food and income through  fi sheries and tourism (Polunin and 
Roberts  1996 , Williams and Polunin  2000  ) . 

 The sensitivity of  fi shes to depletion through  fi shing 
activities has been documented in a range of studies with 
rapid depletion of  fi sh biomass even with relatively light 
 fi shing pressure. The most vulnerable groups are often 
species with higher trophic levels, such as groupers and 
snappers (Russ and Alcala  1989 ; McClanahan  1994 ; Jennings 
and Polunin  1997 ; McClanahan et al.  2008  ) . Additionally, 
there are signi fi cant changes in reef  fi sh size resulting in eco-
systems being dominated by small-bodied individuals and 
species (Dulvy et al.  2004 ; Graham et al.  2005 ; McClanahan 

and Omukoto  2011    ). Even recreational  fi shing can have sub-
stantial impacts on  fi sh populations (Coleman et al.  2004  ) . 
Given the known sensitivity of reef  fi sh assemblages to 
 fi shing, much interest has developed around management 
techniques to redress declines and restore pristine ecosys-
tems (Pitcher  2001 ; McClanahan  2011  ) . 

 A great deal of management and research attempting to 
restore coral reef ecosystems has focused on no-take marine 
protected areas (or marine reserves), with most studies docu-
menting increases in the abundance, biomass and sometimes 
the diversity of reef  fi sh assemblages within well-enforced 
marine reserves (Russ et al.  2005 ; McClanahan et al.  2007a ; 
Stockwell et al.  2009  ) . However, considerable debate has 
questioned whether marine reserves, which are generally 
<10 km 2  (McClanahan et al.  2009  ) , are capable of promot-
ing biomass and trophic structures that foster ecological 
processes in a ‘pristine’ environment (Graham et al.  2011a  ) . 
Indeed, recent studies in remote, uninhabited atolls of the 
NW Hawaiian Islands and northern Line Islands in the Paci fi c 
have documented reef  fi sh biomass, dominated by top preda-
tors, that far exceeds the biomass values quanti fi ed for even 
relatively large and old marine reserves (Friedlander and 
DeMartini  2002 ; Sandin et al.  2008 ; DeMartini et al.  2008 ; 
Williams et al.  2011  ) . The Chagos Archipelago is likely to be 
a similar reference site in the Indian Ocean, as it covers a 
very large area (with ~60,000 km 2  of potential reef area) and 
the northern atolls have been uninhabited since the early 
1970s with very little  fi shing activity even before the current 
no-take areas status was declared in April 2010 (Sheppard 
et al.  2012  ) . Extensive  fi sh surveys have been conducted 
across much of the western Indian Ocean and these pro-
vide a useful context for evaluating the status of the Chagos 
(Graham et al.  2008 ; McClanahan et al.  2011  ) . 

 Studies in remote Paci fi c locations have highlighted the 
high abundance and biomass of reef sharks (Sandin et al. 
 2008 ; Nadon et al.  2012  ) . In Chagos, however, sharks are 
one of the few groups that have been substantially depleted 
through illegal  fi shing activities. The relative abundance of 
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reef sharks in the northern atolls of Chagos are estimated to 
have declined by ~90% from the 1970s to 2006 (Anderson 
et al.  1998 ; Spalding  2003 ; Graham et al.  2010  ) . Consequently, 
the trophic structure of reef  fi sh communities at Chagos may 
differ from other remote locations. These results emphasize 
the importance of monitoring reef shark populations into the 
future, as efforts to enforce the recently declared Chagos 
no-take marine protected area develop and take effect. 

 Reef  fi shes are also sensitive to disturbances to their coral 
reef habitat (Jones and Syms  1998  ) . If reef corals die and the 
physical structure of the reef subsequently erodes, reef  fi sh 
abundance and diversity can decline (reviewed by Wilson 
et al.  2006 ; Pratchett et al.  2008  ) . Fish species specialized on 
corals for food (Pratchett et al.  2006 ; Graham  2007  ) , habitat 
(Munday  2004 , Wilson et al.  2008a , Pratchett et al.  2012  )  
or settlement (Jones et al.  2004  )  typically show the largest 
declines in abundance. Body size also appears to be a key 
determinant of  fi sh species vulnerability to habitat degrada-
tion, with smaller body size classes showing the greatest 
declines (Graham et al.  2006,   2007 ; Wilson et al.  2008b, 
  2010  ) . Chagos, like much of the northern Indian Ocean, was 
badly impacted by the 1998 thermal anomaly event, with up 
to 80% of the corals dying on many reefs (Sheppard  1999  ) . 
However, the reefs have shown a strong recovery and by 
2010 coral cover had returned to pre-1998 levels (Ateweberhan 
et al.  2011 ; Sheppard et al.  2012  ) . It is useful to understand 
how reef  fi sh have responded to these substantial benthic 
changes in remote locations such as Chagos, where local 
anthropogenic impacts are minimal and to allow comparisons 
with other locations with substantial local human impacts. 

 In this chapter we assess the reef  fi sh biomass and trophic 
structure at Chagos, comparing data within and among 
atolls (Salomon, Peros Banhos, Great Chagos Bank and 
Diego Garcia), with a particular focus on the effects of 
recreational  fi shing around Diego Garcia. These data are 
then put into the context of the wider western Indian Ocean, 
including smaller marine reserves embedded in  fi shed coast-
lines. Trends in reef shark abundances at Chagos are updated 
from Graham et al.  (  2010  )  to include data from 1975 to 2012. 
Finally, we assess the impacts of habitat change in Chagos on 
reef  fi sh assemblages, compared to other locations in the 
western Indian Ocean, with a particular focus on the impor-
tance of specialization in corallivorous  fi shes.  

   Reef Fish Biomass Among Atolls of Chagos 

 It is estimated that there are at least 784 species of  fi shes in 
Chagos (e.g. Winterbottom and Anderson  1999  ) . Spalding 
 (  1999  )  compared the density and diversity of  fi shes at Chagos 
to the relatively nearby Seychelles in 1996, reporting slightly 
higher species richness per site in Chagos, but slightly lower 
species over smaller replicate count areas (Spalding  1999  ) . 

Following the 1998 mass bleaching substantial declines in 
species richness and abundances of certain guilds (e.g. coral 
feeding  fi shes) were reported across the western Indian 
Ocean where coral cover declined, but the  fi sh assemblages 
at Chagos displayed relative stability (Graham et al.  2008 ; 
Sheppard et al.  2012 ; see ‘Habitat degradation effects on 
reef  fi shes in Chagos’ below). All of this work indicated 
that reef  fi sh assemblages in Chagos tolerated the 1998 
disturbance well, but the biomass of these assemblages had 
not been quanti fi ed. 

 Larger bodied  fi sh contribute disproportionately to stan-
ding biomass estimates of  fi sh assemblages. However large 
 fi sh are much more vulnerable to  fi shing (Dulvy et al.  2004 ; 
Olden et al.  2007 ; Graham et al.  2011b  ) , and substantial 
declines in reef  fi sh biomass have been detected on coral 
reefs associated with increasing  fi shing pressure or ef fi ciency 
(McClanahan  1994 ; Jennings and Polunin  1996 ; Russ and 
Alcala  1989 ; Newman et al.  2006 ; Cinner et al.  2009,   2013  ) . 
Fish biomass is thought to be important to the functioning of 
coral reefs, maintaining a range of ecosystem processes 
(McClanahan et al.  2011 ; Mora et al.  2011  ) . It is therefore 
critical to have reliable estimates of reef  fi sh assemblage 
biomass in the absence of  fi shing pressure. Small marine 
reserves can substantially enhance  fi sh biomass compared to 
adjacent  fi shed areas (e.g. Russ et al.  2005 ; McClanahan 
et al.  2007a  ) , but large, remote and un fi shed locations in 
the Paci fi c far outstrip the biomass values recorded in even 
the most successful, well managed, small marine reserves 
(Friedlander and DeMartini  2002 ; Stevenson et al.  2007 ; 
Sandin et al.  2008  ) . In Chagos, a small seasonal (June – 
August) Mauritian  fi shery operated in the archipelago from 
the early 1970s until 2010, and was under license since 1991 
(Mees  1996  ) . This  fi shery was relatively small, targeting 
grouper and snappers on banks and in deeper water and there 
was no uptake of licences in some years (Mees  1996 , C. Mees, 
personal communication). It is therefore unlikely that this 
 fi shery affected the reef  fi sh populations at the depth and 
habitats that we have quanti fi ed them here. 

 At Diego Garcia there is also a small recreational  fi shery 
associated with the US Navy base. Affects from this recrea-
tional  fi shery on local  fi sh communities may be signi fi cant 
and needs to be assessed. 

 Reef  fi sh biomass at Chagos was  fi rst quanti fi ed in the 
2010 Chagos scienti fi c expedition. During this trip 18 sites 
were surveyed using underwater visual census techniques on 
the outside of Salomon and Peron Banhos atolls and around 
the Three Brothers and Eagle Island on the Great Chagos 
Bank (Fig.  19.1 ). A further 6 sites were surveyed on the out-
side of Diego Garcia during the 2012 expedition using the 
same techniques (Fig.  19.1 ). At each site  fi sh were surveyed 
within four 50 by 5 m belt transects, by the same observer 
(N. Graham), along the 7–9 m depth contour. All diurnally 
active, non-cryptic, reef associated  fi shes larger than 8 cm 
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  Fig. 19.1    Map of sites surveyed: ( a ) Diego Garcia, ( b ) Chagos archipelago and ( c ) The western Indian Ocean       
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were identi fi ed to species, counted and length estimated 
to the nearest centimeter. Larger more mobile species 
were surveyed on a  fi rst pass of the transect, while smaller 
 fi sh, principally damsel fi shes, were surveyed within a 
2 m belt on the return pass. Biomass was estimated for 
each counted individual using the length estimate and pub-
lished length-weight relationships for that species or genus 
(Froese and Pauly  2012  ) . Benthic cover, was quanti fi ed 
every 50 cm along each 50 m transect and structural com-
plexity was estimated on a 6 point visual scale following 
Wilson et al. ( 2007 ).  

 Diego Garcia had similar coral cover to the Great Chagos 
Bank and Peros Banhos atoll sites, but lower cover than 
Salomon atoll (Table  19.1  and Fig.  19.2a ). Sites at Salomon 
atoll had the highest coral cover, but cover did not differ 
signi fi cantly to Peros Banhos. Diego Garcia also had among 
the lowest structural complexity values, and was similar 
only to the Great Chagos Bank, while sites at Peros Banhos 
had the highest values (Table  19.1  and Fig.  19.2b ).   

 In terms of total  fi sh biomass, Diego Garcia had the 
lowest while Peros Banhos and the Great Chagos Bank had 
the highest values (Table  19.1  and Fig.  19.3a ). Pairwise 
comparisons indicate that total  fi sh biomass between Diego 
Garcia and Salomon atoll were similar, however the mean 
values at Diego Garcia are less than half those of Salomon. 
Shark biomass was not statistically different among atolls 
(Table  19.1  and Fig.  19.3b ), although this may be due to high 
variation within atolls likely due to the relatively small 
sampling units for these large mobile organisms. Despite this 
variation, the Great Chagos Bank appears to have consider-
ably higher shark biomass than the other three atolls. If the 
total  fi sh biomass is broken down into families typically 
targeted in  fi sheries (e.g. groupers, snappers, and emperors) 
versus non-targeted  fi sh families (e.g. damsel fi sh, butter fl y-
 fi sh, and angel fi sh), signi fi cant variation among atolls is 
apparent for targeted biomass (Table  19.1  and Fig.  19.3c ), 
but not non-targeted biomass (Fig.  19.3d ). Targeted  fi sh 
biomass was highest at Peros Banhos, intermediate on the 
Great Chagos Bank and lowest at Salomon followed by 
Diego Garcia (Fig.  19.3c ).  

 Higher levels of reef structural complexity can have a 
positive in fl uence on reef  fi sh biomass, and is generally more 
important than coral cover for  fi sh biomass (Cinner et al. 
 2009  ) . If any effect of reef structural complexity on targeted 
 fi sh biomass is controlled for with an analysis of covariance, 
the difference in biomass among atolls still comes out as 
highly signi fi cant, explaining 29% of the total variance in 
the data (structural complexity, F = 8.23,  p  < 0.01; atoll, 
F = 21.45,  p  < 0.0001). Structural complexity is therefore 
in fl uencing reef  fi sh biomass at Chagos, but the difference 
among atolls occurs independent of structural complexity, 
which can be noted from the patterns in structural complexity 
versus biomass among atolls (Figs.  19.2  and  19.3 ). 

 Breaking down the  fi sh biomass by trophic level and body 
size classes produces some illuminating patterns (based on 
species level information obtained from FishBase; Froese 
and Pauly  2012  ) . The  fi sh communities around the northern 
atolls appear to be represented by higher trophic level and 
larger sized  fi sh than those around Diego Garcia (Fig.  19.4 ). 

   Table 19.1    One way ANOVA results of the differences among atolls 
of Chagos in hard coral cover (%), structural complexity, total  fi sh bio-
mass (kg/ha), untargeted  fi sh biomass (kg/ha), targeted  fi sh biomass 
(kg/ha) and shark biomass (kg/ha). * p     < 0.05, ** p  < 0.01   

 df  F   p  value 

 Hard coral cover  (3,96)  6.467  < 0.0001** 
 Structural complexity  (3,96)  13.432  < 0.0001** 
 Total  fi sh biomass  (3,96)  23.39  < 0.0001** 
 Untargeted  fi sh biomass  (3,96)  1.324  0.271 
 Targeted  fi sh biomass  (3,96)  32.204  < 0.0001** 
 Shark biomass  (3,96)  1.405  0.246 

  Fig. 19.2    Variation in ( a ) Hard coral cover (%) and ( b ) Structural 
complexity among atolls within the Chagos archipelago. Error bars rep-
resent one standard error of the mean.  Horizontal lines  show homoge-
neous subsets from post hoc comparisons using the Tukey test       
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Only ~35% of the community around Diego Garcia is com-
posed of  fi sh with a trophic level greater than 3.5, while this 
portion of the community makes up ~60–70% of the com-
munity in the three northern atolls (Fig.  19.5a ). Similarly, 
 fi sh with a body size greater than 50 cm only make up ~ 25% 
of the community biomass around Diego Garcia, whereas 
they make up between 40 and 60% in the northern atolls 
(Fig.  19.5b ). Large bodied  fi sh are typically the most vulner-
able to exploitation (Olden et al.  2007  ) , and can decline 
substantially in response to fairly light  fi shing pressure 
(Dulvy et al.  2004 ; Wilson et al.  2010  ) . Similarly, higher 
trophic level organisms are typically vulnerable to exploita-
tion and are conspicuously missing in many food webs 
(Estes et al.  2011  ) . These patterns, along with the biomass 
analyses (Fig.  19.3 ), indicate that the recreational  fi shery 
around Diego Garcia is reducing  fi sh biomass and size 
compared to the relatively un fi shed northern atolls.   

 Community composition of  fi sh varied considerably 
among sites and atolls (multidimensional scaling plot, MDS, 
Fig.  19.6 ). All the sites around Diego Garcia fall to the far left 
hand side of the ordination, while the other atolls, in particular 
Peros Banhos, spread out towards the right hand side of the 
ordination (Fig.  19.6a ). The 10 most important  fi sh families 
driving these patterns are shown as vectors (Fig.  19.6b ), with 

almost all families, including all those that are potentially 
targets of  fi shing, increasing to the right side of the ordination. 
This indicates that in almost all cases the biomass of these 
important families is higher in the northern atolls than around 
Diego Garcia, potentially highlighting the in fl uence of recrea-
tional  fi shing on the  fi sh community biomass.  

 Focusing speci fi cally on Diego Garcia provides some 
interesting patterns. Among the six sites around the atoll there 
were signi fi cant differences in hard coral cover (Table  19.2  
and Fig.  19.7a ) and structural complexity (Table  19.2  and 
Fig.  19.7b ). There was a gradient from a coral cover of 8% 
and a relatively low structural complexity value of 1.5 at 
Cannon Point site 1 to a high coral cover of 59% at Barton 
Point west and a high structural complexity of 3.4 in Barton 
Point east. Fish biomass showed considerable variability 
among sites, but there was no signi fi cant difference when 
assessing total  fi sh biomass (Fig.  19.7c ). However, if only 
 fi sh families known to be targeted in  fi sheries of the region 
(based on body size, and susceptibility to  fi shing gears) were 
assessed, biomass at Cannon Point site 2 was lower than at 
Middle island (Table  19.2  and Fig.  19.7d ). Interestingly, the 
sites at Cannon Point are adjacent to the Navy base, and as 
such may experience the most recreational  fi shing pressure. 
Although both coral cover and structural complexity were 

  Fig. 19.3    Variation in ( a ) Total  fi sh biomass, ( b ) Shark biomass, ( c ) 
Targeted  fi sh biomass and ( d ) Untargeted  fi sh biomass (kg/ha) among 
atolls in the Chagos archipelago. Error bars represent one standard error 

around the mean.  Horizontal lines  show homogeneous subsets from 
post hoc comparisons using the Tukey test       
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generally lower at the Cannon Point sites, regression ana-
lysis showed no signi fi cant relationship between benthic 
reef structure and total, targeted or untargeted  fi sh biomass 
at Diego Garcia.    

   Comparison of Fish Biomass Across 
the Wider Indian Ocean 

 Over fi shing on coral reefs is a pervasive problem, which 
is thought to have started centuries ago in some locations 
(Jackson et al.  2001 ; McClanahan and Omukoto  2011  ) . 
Research indicates that the  fi rst effects of  fi shing are often the 
most severe in terms of biomass reduction, as slow-growing 
and large bodied  fi shes are vulnerable to  fi shing, and also 
contribute signi fi cantly to standing biomass (Reynolds et al. 
 2001  ) . Given widespread depletion of  fi sh assemblages 
in many countries, small marine reserves have become a 
dominant management tool attempting to reverse depletion 

trends and return  fi sh biomass to high levels (Graham et al. 
 2011a  ) . Putting the Chagos  fi sh biomass in a broader geo-
graphic context produces an insightful view of the status of 
some of these smaller marine reserves that are embedded in 
 fi shed landscapes. Broad spatial comparisons also gives bio-
mass estimates in the northern atolls context and provides a 
clearer picture of just how heavily impacted the  fi sh assem-
blages are around Diego Garcia. Fish biomass and coral 
cover has been collected in  fi shed areas and marine 
reserves using comparable survey methods across 8 other 
western Indian Ocean countries (Fig.  19.1c ). These data, 
collected principally by T McClanahan, N Graham and S 
Wilson, cover over 100 sites across the region and provide a 
basis for comparisons with  fi sh and coral communities in 
Chagos. Some of the marine reserves in the region have 
reached asymptotes in  fi sh biomass recovery (McClanahan 
et al.  2009  ) , and prior to these surveys of Chagos, the 
relatively lightly  fi shed Maldives was the site with the 
greatest recorded reef  fi sh biomass (McClanahan  2011  ) . 

  Fig. 19.4    High  fi sh biomass at Chagos. ( a ) A large coral trout, 
 Plectropomus laevis , ( b ) A school of paddletail snapper,  Lutjanus 
gibbus , ( c ) A school of captain parrot fi sh,  Chlorurus enneacanthus , 

( d ) A mix of snapper species along the reef bottom, including red 
snapper,  Lutjanus bohar , paddeltail snapper,  Lutjanus gibbus , and 
midnight snapper,  Macolor niger  (Photo’s: N Graham)       
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Nevertheless, both historical records of  fi sh catch from before 
the thirteenth century (McClanahan and Omukoto  2011  )  and 
evaluations of life history charac teristics indicated that these 
reserves were not in pristine condition (McClanahan and 
Humphries  2012 ). 

 Hard coral cover varies substantially across the region 
(Table  19.3  and Fig.  19.8 ). The Seychelles have the lowest 
coral cover with an average of 14 ± 3%, Diego Garcia falls 
within the middle group with average hard coral cover of 
38 ± 4%, while the northern atolls in Chagos have among the 
highest coral cover values in the region, with an average of 
44 ± 4% (Fig.  19.8 ). The western Indian Ocean was one of 
the regions most affected by the 1998 thermal anomaly; 
losing ~45% total coral cover (Ateweberhan et al.  2011  ) . 
However, the impacts varied greatly around the region with 
extensive coral decline at the low latitude island nations 
(Seychelles, Chagos and Maldives) whilst impacts at higher 
latitude nations to the south, such as Mauritius, Tanzania, 
Mozambique and Madagascar, were minimal (McClanahan 
et al.  2007b ; Graham et al.  2008 ; Ateweberhan et al.  2011  ) .   

 Many of the patterns in coral cover reported here are a 
consequence of the 1998-bleaching event (Fig.  19.8 ). For 
example, the inner Seychelles lost >90% of its coral cover in 
1998, and recovery of cover has been slow and variable 
among sites (Wilson et al.  2012  ) . Similarly, both the Maldives 
and Kenya still have reduced coral cover at many sites in the 
aftermath of the 1998 bleaching event (McClanahan  2008 ; 
Ateweberhan et al.  2011  ) . Given the substantial declines in 
coral cover in Chagos following 1998 (Sheppard  1999  ) , the 
high cover reported here re fl ects substantial recovery not 
seen in other locations similarly impacted across the region. 
Indeed, the rapid recovery of hard coral cover in Chagos 
has been well documented (Sheppard et al.  2008 ;  2012  )  
and contrasts markedly to many other locations in the region 
(Ateweberhan et al.  2011  ) . 

 We do not have consistent structural complexity data 
across all of these locations but it is expected that structural 
complexity and coral cover will be positively correlated at 
this scale (Graham et al.  2008  ) . Importantly, reef habitats in 
Chagos support much higher  fi sh biomass than equivalent 
sites in the western Indian Ocean with comparable coral 
cover. This suggests human population density, distance to 
markets and community level economic development (which 
relate to  fi shing pressure and ef fi ciency) are likely to be the 
key determinants of variation in reef  fi sh biomass across the 
region (Cinner et al.  2009  ) . 

 Total  fi sh biomass in the three northern atolls of Chagos 
dwarf the biomass seen at all other reef sites across the wider 
region (Table  19.3  and Fig.  19.9a ). Indeed, biomass values in 
the northern atolls are six times greater than those recorded 
from even the most successful small marine reserves in the 
region (McClanahan et al.  2009,   2011  ) . A great deal of this 
difference is due to greater abundance of higher trophic level 
 fi shes and those with a larger overall body size in the north-
ern atolls (Graham and McClanahan  in press ). The perfor-
mance of the marine reserves across the region, in terms of 
building up  fi sh biomass compared to  fi shed areas, varies 
substantially (Fig.  19.9a ). Some locations, such as Kenya, 
have relatively large (up to ~ 30 km 2 ) and old (up to ~ 40 
years) marine reserves that are well enforced and compli-
ance is high. These reserves recover from the effects of 
 fi shing in ~20 years, when estimates of  fi sh biomass asymp-
tote (McClanahan and Graham  2005  ) , indicating they have 
reached their full biomass potential. Nevertheless, they con-
tinue to change in terms of the composition of the  fi sh fauna 
towards slow-maturing and growing species (McClanahan 
and Humphries  2012 ).  

 Biomass in the northern atolls of Chagos is, therefore, much 
higher than even the most effective smaller reserves. 
Biomass differences are attributable to greater abundance 
of larger, higher trophic level  fi shes in the northern atolls. 
Many of these  fi sh, such as the grey reef shark, have limited 
reef  fi delity and large home ranges (Heupel et al.  2010  ) . 

  Fig. 19.5    Relative contributions of  fi sh ( a ) Trophic levels and ( b ) 
Body size classes (cm) to the total  fi sh biomass among atolls within the 
Chagos archipelago       
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Hence, it is unlikely that small reserves embedded in  fi shed 
landscapes are adequately protecting the top end of the food-
web, with larger  fi sh exposed to  fi shing pressure when they 
move outside park boundaries (Graham and McClanahan  in 
press ). The archaeological record of  fi sh bones also support 
this contention of reduced trophic level and other life history 
characteristics in these marine reserves (McClanahan and 
Omukoto  2011  ) . 

 Fish biomass at Diego Garcia is much more comparable 
to some of the other locations across the region (Fig.  19.9a, b ). 
It should be noted however, that Diego Garcia is similar to 
the highest values reported across the region, for example 

the Maldives, Mayotte and Kenyan marine reserves 
(McClanahan et al.  2011  ) . When the  fi sh community is 
broken down by species targeted by  fi sheries, versus those 
that are not, the differences become more apparent. While 
the northern atolls have an exceptionally high targeted  fi sh 
biomass (mean 4,930 kg/ha), Diego Garcia had values 
similar to the best performing marine reserves in the region 
(Fig.  19.9b ). This indicates that although the recrea tional 
 fi shery around Diego Garcia does seem to be having an 
impact of the  fi sh biomass compared to the northern atolls, 
the biomass in Diego Garcia is still very high, and is far from 
an over fi shed status. 

  Fig. 19.6    Multidimensional scaling analysis of  fi sh family biomass. 
( a ) Plot of the spatial variation in  fi sh family level biomass among sites 
in Chagos. Each site is coloured according to its corresponding atoll. 
( b ) The relative contribution and direction of in fl uence of the top ten 

 fi sh families to the observed variation among sites. Only  fi sh families 
with a correlation > 0.3 with either axis MDS1 or MDS2 were selected 
for representation in the vector plot       
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 Various studies have shown that the  fi rst effects of  fi shing 
are often the most substantial in terms of reducing  fi sh bio-
mass, mainly because the slow-growing and large bodied 
 fi sh that constitute most of biomass are the  fi rst to be caught 
and removed (e.g. Jennings and Polunin  1996 , McClanahan 
and Omukoto  2011  ) , and even recreational  fi shing can have 
substantial impacts on  fi sh biomass (Coleman et al.  2004  ) . 
The recreational  fi shery around Diego Garcia should be very 
carefully controlled and monitored to prevent any further 
declines in  fi sh biomass in the future, and ideally manage-
ment put in place to try to rebuild these  fi sh stocks toward the 
status of the northern atolls. Diego Garcia is currently the 
only atoll in Chagos not included in the no-take marine pro-
tected area, however this does not mean more restrictive and 
targeted management, such as protecting a large portion 
of the atoll, or putting caps on  fi shing effort or restrictions 
of speci fi c species, could not be achieved. It should be 
noted that some of the marine reserves in other countries 
across the region are not enhancing  fi sh biomass compared 

   Table 19.2    One way ANOVA results of the differences among the six 
sites around Diego Garcia in hard coral cover (%), structural complexity, 
total  fi sh biomass (kg/ha) and targeted  fi sh biomass (kg/ha). *  p  < 0.05, 
**  p  < 0.01   

 df  F   p  value 

 Hard coral cover  (5,18)  14.477  < 0.0001** 
 Structural complexity  (5,18)  10.004  < 0.0001** 
 Total  fi sh biomass  (5,18)  1.49  0.242 
 Targeted  fi sh biomass  (5,18)  2.862  0.045* 

  Fig. 19.7    Variation in ( a ) Hard coral cover (%), ( b ) Structural com-
plexity, ( c ) Total  fi sh biomass (kg/ha) and ( d ) Targeted  fi sh biomass 
(kg/ha) among sites at Diego Garcia. Error bars represent one standard 

error of the mean.  Horizontal lines  at a same level show homogeneous 
subsets from post hoc comparisons using the Tukey test       

   Table 19.3    One way ANOVA results of the differences among sur-
veyed countries in the Indian Ocean in hard coral cover (%), total  fi sh 
biomass (kg/ha), targeted  fi sh biomass (kg/ha) and untargeted  fi sh bio-
mass (kg/ha). * p  < 0.05, ** p  < 0.01   

 df  F   p  value 

 Hard coral cover  (9, 159)  11.202  < 0.0001** 
 Total  fi sh biomass  (15, 218)  6.395  < 0.0001** 
 Targeted  fi sh biomass  (15, 218)  7.972  < 0.0001** 
 Untargeted  fi sh biomass  (15, 218)  14.09  < 0.0001** 

 



  Fig. 19.8    Variation in hard coral cover (%) across nine countries in the western Indian Ocean. Diego Garcia and Chagos other atolls (Salomon, 
Peros Banhos and Great Chagos Bank) are presented separately. Error bars represent one standard error around the mean       
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  Fig. 19.9    Variation in reef  fi sh biomass across nine countries in the 
western Indian Ocean including sites in  fi shed and un fi shed areas. ( a ) 
Total  fi sh biomass (kg/ha), ( b ) Total  fi sh biomass (kg/ha) broken down 
by targeted and untargeted  fi sh families. The open portion of the bars in 

panel ( b ) represent families that could not be easily assigned as targeted 
or untargeted. The y axis on panel ( b ) Have been cut off at 1,600 kg/ha 
to facilitate comparison between Diego Garcia and the other eight 
countries. Error bars represent 1 standard error around the mean       
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to  fi shed areas in the same countries. This is likely due to 
a combination of some of the areas being small and 
not very old (McClanahan et al.  2009  )  and in some 
locations weak compliance by  fi shers and heavy  fi shing 
around the borders of the reserves (Pollnac et al.  2010 ; 
Daw et al.  2011  ) . 

 It is clear that the biomass of reef  fi sh in the northern atolls 
of Chagos is remarkably high, especially in the context of the 
wider western Indian Ocean region. The most likely explana-
tion for this is the lack of  fi shing at a large scale in Chagos 
compared to the other countries. This may be thought of as 
an exploitation gap; the effect  fi shing has on reef  fi sh assem-
blages compared to semi-pristine un fi shed locations. The 
key ecosystem processes  fi sh provide (Bellwood et al.  2004 ; 
McClanahan et al.  2011 ; Mora et al.  2011  )  suggests that the 
high, relatively unexploited, biomass of  fi sh in Chagos is key 
to the stability and health of the coral reef ecosystem in 
Chagos as a whole. Indeed, high abundance/biomass of the 
reef  fi sh assemblage is a likely reason recovery of reefs in 
Chagos from the 1998 thermal anomaly was rapid compared 
to other reefs in the region. Locations such as Chagos are 
increasingly rare in the world’s oceans and provide unique 
opportunities to understand what coral reef ecosystems 
should look like and how they function with minimal human 
impacts. They also represent some of the few areas likely to 
persist in a coral dominated and relatively intact state in the 
face of climate change. 

 Aside from Chagos, exceptional reef  fi sh biomass and 
coral reef ecosystem condition has been documented from 
several locations in the Paci fi c Ocean. The uninhabited, and 
now protected, northwest Hawaiian Islands is one such 
example, where  fi sh biomass, particularly the biomass of 
apex predators, is far greater than the biomass recorded 
around the populated main Hawaiian Islands (Friedlander 
and DeMaritini  2002  ) . Similarly, the remote uninhabited 
northern Line Islands, in particular Palmyra and Kingman 
atolls, have exceptional reef  fi sh biomass compared to the 
populated and  fi shed southern Line Islands (Stevenson 
et al.  2007 ; DeMartini et al.  2008 ; Sandin et al.  2008 ; 
Williams et al.  2011  ) . The biomass on these remote un fi shed 
Paci fi c locations is comparable to the biomass reported 
here for Chagos (for example biomass at Kingman atoll 
was reported as 5,500 kg/ha; Sandin et al.  2008  ) . However, 
many of the locations in the Paci fi c report top predators, such 
as reef sharks, dominating the biomass of the assemblage 
(Friedlander and DeMartini  2002 ; Sandin et al.  2008  ) . The 
contribution of  fi sh trophic groups to the composition of  fi sh 
biomass in Chagos is much more balanced (Graham and 
McClanahan  in press ). It must however be noted that reef 
sharks are one of the few groups of  fi sh that have experi-
enced some declines in Chagos, largely due to illegal  fi shing. 
It is therefore important to understand longer term trends in 
reef shark abundance and composition in Chagos.  

   Trends in Reef Shark Relative 
Abundances 1975–2012 

 Reef sharks are some of the most important apex predators 
in coral reef ecosystems, with evidence of their presence 
in fl uencing trophic structure (DeMartini et al.  2008  ) , prey 
 fi sh demographics (Ruttenberg et al.  2011  )  and prey  fi sh 
behaviour (Madin et al.  2010  ) . Many species of sharks are 
vulnerable to over-exploitation due to their ‘slow’ life his-
tory traits, including late age at maturity, large body size, and 
low fecundity with a long gestation period (Reynolds et al. 
 2001  ) . As such, reported declines in shark abundances has 
increased over the past two decades, in conjunction with 
increases in the trade for shark  fi n (Fong and Anderson  2002 ; 
Clarke et al.  2007 ; Dulvy et al.  2008  ) . For example, spatial 
comparisons between remote coral reef locations or no-go 
preservation areas and more heavily used reef areas indicate 
substantial differences in shark abundances (Robbins et al. 
 2006 , Stevenson et al.  2007 ; DeMartini et al.  2008 ; Sandin 
et al.  2008 ; Hisano et al.  2011  ) . 

 The Chagos archipelago is not immune to the effects of 
shark  fi shing. Indeed, reef sharks are one of the only reef 
associated  fi sh groups that have been heavily targeted 
(Sheppard et al.  2012  ) . Aside from the small Mauritian reef 
 fi shery pre-2010, there was a licensed blue-water  fi shery in 
the territory largely for tuna, which stopped with the creation 
of the no-take marine protected area in 2010. Between 2006 
and 2010 all licensed  fi shing vessels had to declare the quan-
tities of shark  fi n bycatch and other products on board upon 
inspection by the Chagos  fi shery patrol vessel and in log 
books. Furthermore, shark  fi nning was banned in 2006 and 
use of wire trace on longlines has been banned in the con-
solidated  fi sheries ordinance since 1999, with an associated 
penalty of £100,000 (Anon  2007  ) . The majority of the  fi shing 
for reef associated sharks is thought to be by illegal vessels 
principally from Sri Lanka (Anderson et al.  1998  ) . The number 
of Sri Lankan  fi shing vessels detected in the archipelago 
between 2002 and 2009 ranged from 3 to 26 per year, with 
number of arrests ranging from 1 to 8 (Graham et al.  2010  ) . 
Vessels arrested usually have a hold full of sharks, retaining 
both the carcass and the  fi ns. 

 The impacts of illegal  fi shing on the reef shark popula-
tions in Chagos has been well documented, with a 90% 
decline in the number of sharks observed per scienti fi c dive 
between the 1970s and 1996 (Anderson et al.  1998  ) , a small 
increase by 2001 (Spalding  2003  )  and a number similar to 
1996 observed in 2006 (Graham et al.  2010  ) . Grey reef 
sharks consistently made up the majority of the sharks 
observed across the entire sampling period (Fig.  19.10 ). 
Between 1996 and 2006 there was a small decline in the rela-
tive number of tawny nurse sharks and an increase in the 
proportion of silvertip sharks seen (Graham et al.  2010  ) .  
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 We update earlier assessments of relative shark abundance 
by including data collected in the 2010 and 2012 Chagos 
expeditions. The earlier data (1975–1996) collected by 
Charles Anderson, Ron Crosby, Charles Sheppard and Mark 
Spalding was collated and compiled by Charles Anderson to 
investigate changes in shark abundance in the archipelago 
through time (Anderson et al.  1998  ) . This was updated with 
data from 2001 collected by Mark Spalding (Spalding  2003  ) , 
and data collected by Nick Graham in 2006 (Graham et al. 
 2010  ) . Data presented here continue this time series and were 
collected by Nick Graham on the 2010 and 2012 expeditions. 
All observations were made on the outer reef slopes of 
Salomon, Peros Banhos and the Eagle and Brothers group 
of the Great Chagos Bank. Dives were typically ~1 h in dura-
tion and between 5 m and 25 m depth. From 1996 onwards 
the species of shark was also recorded. Although density 
cannot be estimated with these observational data, they are 
thought to provide reliable data on the relative abundance of 
sharks among years (Anderson et al.  1998  ) . 

 The number of sharks seen per dive declined from 4.2 in 
the 1970s to 0.7 by 1996, increased in 2001 at 1.4 sharks per 
dive and declined again to 0.4 by 2006 (Anderson et al.  1998 ; 
Spalding  2003 ; Graham et al.  2010  ) . Updating these data to 
include observations from 2010 and 2012 provides cause for 
some cautious optimism. The number of sharks seen per dive 
in 2010 rose to 1.5 and in 2012 an average of 1.0 shark was 
seen per dive (Fig.  19.11 ). These numbers are still  fl uctuating, 
and are a long way from the values recorded in the 1970s, 
however it is positive to see the very low numbers in 1996 

and 2006 have not been repeated. It should be noted that 
the 95% con fi dence intervals around the 2010 and 2012 
estimates are relatively large. Observational data of this kind 
are inherently variable, and in 2010 and 2012 up to 4 and 5 
sharks were seen on individual dives respectively, while 
other dives recorded zero sharks. Continuing this time series 
will be important to see if these higher abundances are 
maintained or improved upon in the future.  

 Grey reef sharks continue to dominate the assemblage on 
the outer reef slopes in terms of proportional abundance 
(Fig.  19.12 ). The substantial contribution of silvertip sharks 
seen in 2006 (Graham et al.  2010  ) , did not continue into 

  Fig. 19.10    A grey reef shark, C archarhinus amblyrhynchos , which numerically dominate the reef shark assemblages of the Chagos Archipelago 
as observed by divers (Photo: N Graham)       

  Fig. 19.11    Change in relative abundance of reef-associated sharks 
seen per scienti fi c dive in the Chagos Archipelago, 1975–2012 (Updated 
from Anderson et al.  1998 , Spalding  2003  and Graham et al.  2010  )        
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2010 and 2012, although the proportion did remain higher 
than in 1996 and 2001 (Fig.  19.12 ). Tawny nurse sharks were 
recorded in similar proportion to that seen in 1996 and 2001. 
Interestingly, blacktip reef sharks and, in particular, whitetip 
reef sharks that were absent from counts in 2006 and 2010, 
were recorded in 2012. It is positive to see all  fi ve species of 
shark being represented in the most recent surveys, again 
offering cautious optimism.  

 Illegal vessels with sharks on board are still being detected 
in Chagos (N Graham pers obs), and  fi shes with slow life 
histories such as sharks are typically depleted far more 
rapidly than they recover. It is therefore important that 
enforcement continues to develop and employ new technolo-
gies that will improve the protection of shark populations in 
the no-take area, and that this is augmented with other multi-
faceted conservation measures (Graham et al.  2010  ) . If the 
no-take area can be successfully protected, there is every 
reason to believe that given suf fi cient time shark populations 
in Chagos can recover to densities recorded in the 1970s. 
Given the exceedingly high  fi sh biomass results given above, 
it will be interesting to see what added contribution to these 
values recovering shark populations make, or if they reduce 
the biomass of lower trophic levels through predation.  

   Habitat Degradation Effects 
on Reef Fishes in Chagos 

 One of the greatest threats to reef  fi sh assemblages, other 
than  fi shing, is habitat degradation and loss. Substantial 
changes in coral cover have been documented through time 
in all coral reef regions of the world, with considerable 
ongoing declines in the Caribbean (e.g., Gardner et al.  2003 ) 

and Indo-west Paci fi c (e.g., Bruno and Selig  2007 ). Much of 
this change is associated with pulse disturbances, such as 
coral bleaching, crown-of-thorns star fi sh outbreaks, and 
tropical storms (Bruno and Selig  2007 ). Similarly, there was 
marked decline in coral cover across the Indian Ocean due to 
the 1998 thermal anomaly followed by some recovery 
(Ateweberhan et al.  2011  ) . There is now substantial evidence 
that such habitat degradation has substantial negative effects 
on the abundance of many trophic groups of  fi sh, on reef  fi sh 
diversity, and can lead to local extinctions of highly specia-
lized species (Wilson et al.  2006 ; Pratchett et al.  2008, 
  2011  ) . Interestingly, the suite of species highly vulnerable to 
population declines following habitat degradation is different 
to the suite of species vulnerable to  fi shing (Wilson et al. 
 2008b,   2010 ; Graham et al.  2011b  ) . While large bodied, 
often piscivorous species are typically most vulnerable to 
 fi shing, small bodied species that use live coral or the struc-
ture it provides for shelter, settlement or food are most 
vulnerable to habitat loss (Graham et al.  2011b  ) . This is a 
concern, because both  fi shing and habitat degradation occur 
together on many of the world’s coral reefs, effectively 
resulting in complementary effects that greatly extend 
the range of  fi shes facing signi fi cant population declines. We 
have ascertained above that  fi shing is having a negligible 
impact on reef  fi sh communities in the northern atolls of 
Chagos. However, it is imperative to also assess if the reef 
 fi sh assemblages are under threat from habitat change. 

 The greatest impact to coral cover and associated reef 
habitat in Chagos since scienti fi c study of the reefs began 
was the 1998 thermal anomaly (Sheppard  1999  ) . This ther-
mal anomaly had severe, but variable, impacts on reefs across 
the western Indian Ocean. In order to assess the effects of 
this large scale habitat disturbance to reef  fi sh assemblages, 

  Fig. 19.12    Relative species-level contribution to shark assemblages 
seen per scienti fi c dive in the Chagos Archipelago, 1996–2012. 
 Triaenodon obesus : whitetip reef shark;  Carcharhinus melanopterus : 
blacktip reef shark;  Carcharhinus albimarginatus : silvertip shark; 

C archarhinus amblyrhynchos : grey reef shark;  Nebrius ferrugineus : 
tawny nurse shark (Updated from Spalding  2003  and Graham et al. 
 2010  )        
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a large-scale study identi fi ed all the surveys of reef condition 
and associated  fi sh assemblage structure from the Indian 
Ocean region conducted in the mid-1990s before the thermal 
anomaly and repeated these surveys using identical methods 
in 2005 and 2006 after the thermal anomaly. Analyses of 
these data showed that at locations where coral and associ-
ated structure had been lost,  fi sh species richness, abundance 
of  fi sh that feed on coral or plankton, and  fi sh with a maxi-
mum body size less than 20 cm declined (Graham et al.  2008 ; 
MacNeil and Graham  2010  ) . Chagos was interesting, because 
although coral mortality in 1998 had been up to 80% at 
many sites (Sheppard  1999  ) , recovery of coral cover by 2006 
was already substantial (Graham et al.  2008 ; Sheppard et al. 
 2008  ) . Fish species richness showed very little change after 
the thermal anomaly in Chagos (Fig.  19.13a ), although abun-
dance of coral feeding  fi sh (corallivores) declined in propor-
tion with the amount of coral that was lost across the region 
(Graham et al.  2008  ) . The extent of corallivore decline was 
however less severe than many other locations in the western 
Indian Ocean, largely because coral cover had recovered 
substantially in Chagos by the 2006 repeat surveys (Graham 
et al.  2009 ; Fig.  19.13b ).  

 The corallivores are one of the most vulnerable  fi sh groups 
to coral loss worldwide (Pratchett et al.  2008  ) . Of particular 
interest is the degree of specialization among different spe-
cies of butter fl y fi sh. The family can be crudely broken into 
non-coral feeders, facultative coral feeders (i.e. those species 
that feed on coral, but will also feed on benthic algae and 
mobile invertebrates), and obligate corallivores (i.e. those 
species that feed exclusively on corals) (e.g. Pratchett  2005 ; 
Fig.  19.14 ). The extent to which abundances decline follow-
ing coral mortality varies greatly among these classi fi cations, 
with obligate specialists showing the greatest population 
losses (Pratchett et al.  2006 ; Graham  2007  ) . If the measure 
of specialization is improved to include the number of coral 
species fed upon by different species of butter fl y fi shes, the 
importance of dietary specialization becomes even more evi-
dent. For example, at Lizard Island on the Great Barrier Reef, 
Australia, a gradient in specialization exists among 10 obli-
gate coral feeding butter fl y fi sh from a species that will only 
feed on a subset of less than 10 species of corals, to a more 
generalist feeder that will consume tissue from over 50 spe-
cies of coral. Following a crown-of-thorns star fi sh outbreak 
that caused extensive loss of live coral cover at Lizard 
Island, the most specialized butter fl y fi sh declined by ~80%, 
while the more generalist feeder only declined by ~20% 
(Pratchett  2001 ; Pratchett et al.  2008  ) .  

 Interestingly, the extent of decline in corallivores in 
Chagos after the 1998 thermal anomaly was not related to 
degree of specialization (Graham  2007 ; Graham et al.  2009  ) . 
This was perhaps due to the rapid recovery of coral on reefs 
in Chagos masking any effects. However, from a range of 
studies worldwide, it is clear that the degree of dietary 

specialization confers a signi fi cant disadvantage to coral 
feeding  fi shes in the face of coral loss and increasing habitat 
disturbances (Lawton et al.  2011  ) . The obvious question, 
therefore, is what is the advantage of such dietary specializa-
tion. Noting that coral cover had recovered to pre-1998 
levels by the 2010 Chagos expedition (Sheppard et al.  2012  ) , 
M. Pratchett quanti fi ed the degree of feeding specialization 
of butter fl y fi sh at the archipelago to compare to their patterns 
of numerical dominance in the assemblage. Interestingly, 
there was a very strong positive relationship between feeding 
specialization and abundance, with the most specialized 
being most abundant  (  Pratchett et al. in press  ) . Such infor-
mation from a unique and relatively undisturbed location 
such as Chagos provides a starting point to understanding 
why some species are so specialized. Specialization may 
have evolved to provide a competitive advantage, perhaps 
associated with the quality of the tissue of different corals 
(Graham  2007  ) , during long geological periods of relatively 
stable conditions on coral reefs (Pandol fi  et al.  2011  ) . 
However, specialized feeding on corals is likely to confer a 

  Fig. 19.13    Change in ( a ) Reef  fi sh species richness and ( b ) The abun-
dance of corallivores, across seven countries in the Indian Ocean before 
and after the 1998 coral mortality event. Chagos sites represented by 
red circles, and all other data as blue squares (Adapted from Graham 
et al.  (  2008  ) )       
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signi fi cant disadvantage as coral cover declines due to the 
effects of climate change and human impacts. 

 Dire predictions for the future of coral dominated ecosys-
tems under global climate change suggest that if carbon 
emissions continue under a business as usual scenario, reefs 
may be functionally lost by the middle of the century 
(Sheppard  2003 ; Hoegh-Guldberg et al.  2007 ; Veron et al. 
 2009  ) . However, it is also emerging that different species of 
reef building corals and  fi shes are differentially vulnerable to 
the effects of climate change and other disturbances 
(McClanahan et al.  2007b ; Graham et al.  2011b ; Pandol fi  
et al.  2011  ) , and composition of coral reef communities may 

change substantially rather than be lost altogether. Coral 
reefs will also have a much better chance of bouncing back 
from disturbances and coping with a certain degree of cli-
matic warming if local human derived stresses can be greatly 
reduced (Hughes et al.  2010  ) . Chagos is an excellent exam-
ple, being one of the few locations in the Indian Ocean that 
is largely free of human impact, and one of the few that has 
recovered rapidly from the 1998 thermal anomaly (Sheppard 
et al.  2012  ) . It is highly likely that large remote locations, 
such as Chagos, will be some of the longest lasting and best 
hopes for the future of coral dominated ecosystems as our 
climate continues to change.  

  Fig. 19.14    Butter fl y fi sh from 
the Chagos Archipelago. ( a ) 
 Chaetodon meyeri  are obligate 
coral feeders, but are known to 
feed on at least 24 coral genera 
in Chagos  (  Pratchett et al. in 
press  ) . ( b ) Two  Chaetodon 
auriga  and a  Chaetodon kleinii  
from the Chagos Archipelago. 
Both species are facultative coral 
feeders, taking between 10% 
and 30% of their bites from 
corals in Chagos  (  Pratchett et al. 
in press  )  (Photo’s: M Pratchett)       
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   Conclusion 

 The rapid recovery of coral cover at Chagos following the 
1998 thermal anomaly, the stability of the  fi sh assemblages 
through this event and the exceptionally high reef  fi sh bio-
mass on the reefs all provide compelling evidence of the 
unique status of the coral reefs of Chagos. The archipelago 
provides an example of community structure that most reefs 
likely resembled in the past, and also demonstrates the con-
siderable resilience of reef ecosystems that are largely devoid 
of chronic anthropogenic pressures. It also indicates the high 
sensitivity of the ecosystem to even light recreational  fi shing. 
Such a location is not only useful as a reference point to 
compare with other reefs and management strategies glo-
bally (Knowlton and Jackson  2008  ) , but is also likely to act 
as a large reservoir of diversity as climate change and other 
human pressures interact and cause uncertain futures for 
coral reef ecosystems. Chagos is not immune to all human 
impacts, and the reduced  fi sh biomass around Diego Garcia 
and shark abundances testament. The recent establishment of 
the no-take marine protected area around Chagos can facili-
tate a move towards improved enforcement, appropriate 
international policies and engagement with  fi shers and con-
sumers to help reverse trends in reef shark abundance and 
promote recovery of their populations. Similarly, better mon-
itoring and regulations of any continuing recreational  fi shery 
around Diego Garcia may help enhance the reef  fi sh biomass 
of that atoll towards the status of the northern atolls.      
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