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Tropical reef fishes and corals exhibit highly predictable patterns o f  taxonomic 
composition across the Indian and Pacific Oceans. Despite steep longitudinal 
and latitudinal gradients i n  total  species richness, the composition o f  these key 
taxa is constrained within a remarkably narrow range of values. Regional-scale 
variation i n  reef biodiversity is best explained by large-scale patterns i n  the 
availability of shallow-water habitat. Once habitat area is accounted for, there 
is surprisingly l i t t le residual effect o f  latitude or longitude. Low-diversity re- 
gions are most vulnerable t o  human impacts such as global warming, under- 
scoring the urgent need for integrated management a t  multinational scales. 

Globally, both terrestrial and aquatic ecosystems 
are experiencing declining biodiversity (1, 2). 
This decline highlights the need to understand 
processes regulating diversity and the conse- 
quences of species loss for ecosystem function 
(1-9. In marine systems, coral reefs are among 
the most diverse habitats on the globe (6, 7). 
Yet, our understanding of regional-scale pat- 
terns of biodiversity on coral reefs (and the 

species, 6 to 22% of the fish species are poma- 
centrids (damselfish) and 4 to 28% are serranids 
(groupers), whereas 14 to 43% of the corals are 
acroporids and 7 to 16% are poritids (12). Fur- 
thermore, for many families and locations, these 
values lie within the bounds predicted by ran- 
dom allocations of species to local sites from the 
global species pool (13) (see bootstrapped con- 
fidence limits in Fig. 2). Outliers occurred most 

longevity, larval type) have surprisingly little 
impact on distribution pattems of species at a 
regional scale. However, deviations in species 
composition at depauperate locations do have a 
biological basis. For example, the dominant cor- 
al family Acroporidae is often underrepresented 
at low-richness sites and the Favidae is overreu- 
resented (Fig. 2). This finding is consistent wih 
observations that acroporids are less resilient in 
marginal conditions than favids, which can bet- 
ter withstand environmental stress and instabil- 
ity (1 7, 18). 

These results indicate that large-scale as- 
sembly rules determine the species composition 
of reef assemblages throughout the Indo-Pacif- 
ic: The proportion of species in each family is 
highly predictable, regardless of the location, 
based on a random allocation from the available 
species pool. Furthermore, our analyses high- 
light the vulnerability of low-diversity loca- 
tions, where whole families or functional 
groups may be missing (Fig. 2). Thus, one 
might reasonably expect to lose, by chance 
alone, even the most speciose families (e.g., the 
serranid fishes or acroporid corals) in systems 
with a total species richness, for the 13 families, 
of <50 species. The loss of important families 

processes underlying these patterns) has frequently at depauperate sites (i.e., at high lat- or functional groups has the potential to severe- 
changed little since the seminal work of Stehli itudes, or in the eastern Pacific and western ly compromise ecosystem function, resilience, 
and Wells (6), which identified contours of Indian Oceans, farthest from the center of diver- and stability (2-4). Such a scenario, with re- 
decreasing diversity (measured as total generic sity in the Indo-Australian Archipelago) (Figs. 1 sultant ecosystem disruption, recently occurred 
richness) with increasing distance from the 
Indo-Australian Archipelago. Although recent 
studies have confirmed the existence of diversi- 
ty gradients in the generic and species richness 
of numerous marine groups (7-lo), the process- 
es that shape these patterns remain elusive. We 
explore pattems of biodiversity and species 
composition of the two key taxa on coral reefs: 
fishes and corals. Our goals are to quantify for 
the first time biogeographic variation in species 
composition (as distinct from the pooled total 
generic or species richness) along biodiversity 
gradients and to explore several mechanisms 
that potentially shape the species composition of 
tropical reef corals and fishes across the Indo- 
Pacific Oceans. 

First, we considered patterns of species loss 

and 2). 
All families exhibited highly correlated spe- 

cies richness, rising and falling in tandem along 
biodiversity gradients. Moreover, the correlation 
between the species richness of any two families 
across all locations (mean of r, fishes, 0.83; 
corals, 0.76) occurred even among families that 
differ markedly in life-history traits or larval 
duration (14-16). Indeed, direct comparisons 
between species richness of fish and coral fam- 
ilies also revealed a modest positive correlation 
with a mean coefficient of 0.65 (16). Thus, we 
conclude that ecological traits (e.g., body size, 

along diversity gradients, determining the extent 
to which the pattems depart from a null model 
that depauperate assemblages merely represent a 
random subset of rich ones, using data (11) from 
113 locations (Fig. 1). Our results show that the 

I 
taxonomic composition of reef fishes and corals 
is remarkably conservative, that is, the species 
composition at each location across the Indian 

I 
and Pacific Oceans is constrained within a sur- 
prisingly narrow range of configurations (Fig. 
2). For example, across all sites with >I00 

in the Caribbean, where the decline of a guild of 
herbivores, scarid, and acanthurid fishes (due to 
overfishing) and sea urchins (due to disease) 
has led to widespread algal blooms and a phase 
shift in ecosystem structure (19,20). Compara- 
ble records of major ecosystem changes on 
coral reefs in the Indo-Pacific have been record- 
ed from depauperate, marginal sites [e.g., the 
Galipagos Islands, western Panama, Hawaii 
(21,22)], whereas high-diversity locations such 
as the Philippines, Indonesia, or the Great Bar- 
rier Reef show a greater resilience to recurrent 
disturbances (23-2.5). 

Centre for Coral Reef Biodiversity, Department of 
Marine Biology, James Cook University, Townsville, - --!A- 
Qld 481 1, Australia. Fig. 1. The geographic distribution of survey sites used in our analysis of regional patterns of 
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There is a remarkable congruence between 
the regional-scale patterns of biodiversity of 
fishes and corals (Fig. 3). In both taxa, the 
Indo-Australian region between 120" and 170°E 
is characterized by the most taxonomically di- 
verse assemblages, with a steep decline toward 
more depauperate assemblages eastward across 
the Pacific, and a shallower decline westward 
across the Indian Ocean (Fig. 3). Similar con- 
gruence among fish and corals occurs with lat- 
itude, with a region of diverse assemblages near 

overriding influence of habitat area. Howev- Habitat area may promote biodiversity, in 
er, in the absence of an analysis of random- both ecological and evolutionary time-scales, if 
ized range data, it is not possible to evaluate larger areas have higher rates of speciation or 
fully the contribution of mid-domain effects. reduced rates of extinction (28,29). Habitat area 

the equator and a decline to more depauperate 
assemblages with increasing latitude. 

The similarity in biodiversity patterns 
among corals and fishes indicates that the mech- 
anisms that control the large-scale species com- 
position of tropical reefs operate similarly across 
numerous taxa. We examined four variables 
(latitude, longitude, area of shallow-water habi- 
tat, and reef type) that may explain the variation 
in taxonomic composition of fish and coral as- 
semblages (Fig. 4). Of these, regional-scale vari- 
ation in habitat area stands out clearly as the 
major factor (26), explaining 57% of the varia- 
tion in coral assemblages and 42% in fishes. The 
highest diversity sites occur in the Indo-Austra- 
lian region, encompassing the vast continental 
reefs of Southeast Asia, the Philippines, Indone- 
sia, Papua New Guinea, and the Great Bamer 
Reef Once habitat area is accounted for, longi- 
tude remains an important factor for fish com- 
munities (17.2%), but it has a smaller impact on 
corals (10%). Biologically, the effect of longi- 
tude reflects the degree of isolation from the 
center of diversity. Latitude explains a fiuther 
15.0% of the variation in fish diversity, but it is 

Fig. 2. Contribution to the total species pool of the three most abundant fish and coral families 
across a range of total species richnesses. Upper and lower lines are bootstrapped 95% confidence 
limits based on random selection of species from the total species pool (73). Other families show 
similar patterns (compare Fig. 3). 

Fishes surprising that changes in coral assemblages are 
not significantly correlated with latitude per se. 
Once habitat area and longitude are taken into 
consideration, latitude (with its correlates of 
temperature, seasonality, productivity, etc.) ac- 
counts for only a hrther 5.4% of the variation in 
diversity. Finally, we found no significant cor- 
relation between reef type (oceanic versus con- 
tinental) and taxonomic composition. Once the 
other variables were accounted for, reef type 
explained only 1.3% and 1.8% of the variation 
in fish and coral assemblages, respectively. Col- 
lectively, the four variables explained >74% of 

Corals 

the variation in taxonomic composition of reef 
fish and corals assemblages across the Indo- 
Pacific (Fig. 4). 

An alternative hypothesis, which could 
account for similar latitude and longitudinal 
trends in all families in both fishes and corals, 
is the mid-domain effect, a product of the 
interaction between species geographic rang- 
es and the maximum potential geographic 
range delineated by biogeographic barriers 

Latitude Longitude 

Fig. 3. Latitudinal and longitudinal changes in the taxonomic composition of fishes and corals. 
Taxonomic composition is expressed as the score on the first axis (PCI) of a principal components 
analysis (40), which provides a quantitative description of the degree of taxonomic similarity 
between fish or coral assemblages at different locations (Fig. 1). Two locations with the same PC1 
score share similar species richness in those families that account for the greatest variation among 
sites. Latitude and longitude values are given in degrees from the equator or degrees east or west 
of Greenwich. Lines indicate the mean 2 2 SEM. 

(27). However, the limited explanatory power 
of latitude and longitude revealed by our anal- 
yses (Fig. 4), and the relatively high diversity 
assemblages in the Western Indian Ocean (Fig. 
3), suggest that mid-domain effects on coral 
reefs are relatively minor compared with the 
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has a crucial  ef fect o n  popu la t ion size (more 

area equates to larger populations; a l though re-

cent popu la t ion decl ine on degraded reefs m a y  

reduce the "effective" habitat  area). Larger  pop-

ulat ions produce m o r e  o f fspr ing and support  

high genetic diversi ty (30). Furthermore, the 

probab i l i ty  o f  ex t inc t ion  is  reduced for abun-

dant, widespread species (31-33). 
T h e  strong re la t ion  between biodiversi ty,  

species composit ion, and habitat area offers di-
rect evidence that the avai labi l i ty o f  large areas 

o f  suitable habitat is  the k e y  factor in maintain-

ing high species richness in the Indo-Austral ian 

Arch ipe lago (IAA). His tor ica l  biogeographic 

hypotheses t o  exp la in  patterns o f  mar ine r ich-

ness in the Indo-Pacif ic f a l l  in to  three catego-

ries: (i)center o f  origin hypotheses, in w h i c h  

patterns are shaped by dispersal and degree o f  

isolat ion from the IAA (1, 7), (ii)the IAA as a 

center o f  overlap or accumulation, o r  (iii)the 

IAA as a center o f  survival, providing a refuge 

f r o m  h igher  ex t inc t ion  rates in peripheral  loca-

t ions (8, 9, 34, 35). In all cases, the importance 

o f  the IAA f o r  the o r i g i n  or surv iva l  o f  species 

rests o n  the extensive avai labi l i ty o f  shal low 

water  habitats in this region. 

G l o b a l  warming, co ra l  b leach ing,  and 
ove r f i sh ing  are all capab le  o f  chang ing  r e e f  

b i od i ve rs i t y  and reduc ing  t he  quality o f  reefs  

o v e r  l a rge  areas (20, 36, 37). C lear ly ,  if w e  

w i s h  to p ro tec t  global b iod ivers i ty ,  we m u s t  

unders tand the  processes that  m a i n t a i n  d i ve r -

s i t y  at  t h i s  scale. W e  i d e n t i f y  a m a j o r  g o a l  f o r  

managemen t  strategies: t he  p ro tec t i on  o f  hab -

i t a t  o v e r  large, regional-scale areas. T h e  re-

sul ts p o i n t  t o  a need  t o  sh i f t  o u r  focus f r o m  

i nd i v i dua l  taxa t o  broader habitat-based man-

agement strategies, and  they highlight the need 

for internat ional management  o f  r e e f  resources. 

In conclusion, our approach provides a n e w  
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Fig. 4. Analysis o f  factors influencing biodiver-
sity o f  coral reefs, il lustrated by the  percent 
variation in  taxonomic composition of fish and 
coral assemblages explained by habitat area, 
longitude, and latitude. The score on  the first 
axis o f  a principal components analysis pro-
vides a quantitative description of each assem-
blage (40) (Fig. 3). O f  the four factors exam-
ined, the  three shown here were significant in  
best-fit mult iple regression models (***P < 
0.001, * P  < 0.05), w i th  habitat area explaining 
approximately half o f  the variation (26). 

f ramework  for examin ing regional patterns o f  

b iod ivers i ty  in r ee f  systems and  emphasizes the 

predictabi l i ty o f  cora l  r ee f  assemblages and the 

ro l e  o f  habitat area in shaping patterns o f  b iod i -

versity. The  challenge n o w  is  to ident i fy  the 

relat ion between taxonomic  composit ion, spe-

cies richness, and ecosystem funct ion in r e e f  

systems. T h e  formidab le  task o f  acqu i r ing  mul-
tiscale quant i tat ive biogeographic data based on 
species abundances and  funct ional characteris-

tics will be  central t o  this endeavor. 
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