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Abstract. The species-area relationship (SPAR) was the central paradigm for the 
emerging science of reserve design in the 1970s and early 1980s. The apparent consistency 
of the SPAR for natural areas suggested that it could be used to predict the number of 
species that would be maintained within the isolated confines of a nature reserve. This 
proposed use of the SPAR led to heated debates about how best to partition space among 
reserves. However, by the end of the 1980s, the SPAR was no longer a central issue in 
reserve design. There was too much uncertainty about the underlying causes of the SPAR 
to trust that it would hold for reserves. The SPAR was also inappropriate for the design 
of single-species reserves and thus did not answer the traditional needs of wildlife managers. 
Ecologists subsequently focused their reserve-design efforts on the management of indi
vidual populations to reduce the probability of extinction and the loss of genetic variation. 
Nevertheless, because the SPAR does not require detailed knowledge of the requirements 
of individual species, it is still used to estimate local species richness and to predict the 
effects of habitat loss and fragmentation on biodiversity. These applications of the SPAR 
may be especially useful in the design of marine reserves, which often differ in purpose 
from conventional terrestrial reserves and may require fundamentally different approaches.
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I n t r o d u c t i o n

The species-area relationship (SPAR) represents one 
of the earliest quantitative models in biogeography. A 
relationship between the number of species (species 
richness) and land area for oceanic islands was noted 
as early as 1778 (Browne 1983). The relationship is 
typically nonlinear; so that an increase in area corre
sponds to less than a proportional increase in the num 
ber of species. Arrhenius (1921) is generally credited 
with the first quantitative formulation of the SPAR. He 
suggested the relationship had the general form of a 
power function: S  = cAz, where S  is the number of 
species, A is area, and c and z are constants that are 
fitted to the data. The value of c depends on the units 
for area, but the exponential constant, z, is unitless. On 
a log-log plot, a species-area curve that follows this 
relationship appears as a line with slope z. The value 
of zhas often been used to compare species-area curves 
across different spatial scales. In many cases, z falls 
within the range of 0.15 to 0.39 (May 1975), and it has 
been claimed that values for areas within continents 
tend to be lower than those for oceanic islands (Mac- 
Arthur and W ilson 1963, 1967). For z = 0.3, this re
lationship is consistent with D arlington’s rule that a 
tenfold increase in area corresponds to a doubling in 
the number of species (Darlington 1957). The number 
and variety of cases that were found to conform to this 
relationship was so impressive that it was called "one
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of community ecology’s few genuine law s” (Schoener 
1976).

Several hypotheses have been proposed to explain 
the SPAR. They correspond to mechanisms that are not 
mutually exclusive, but instead represent successive 
levels of complexity. The most parsimonious is that the 
relationship is simply an effect of sampling (MacArthur 
and W ilson 1963, 1967). If organisms are distributed 
randomly in space, larger areas are likely to enclose 
greater numbers of organisms, which in turn are likely 
to include more species. With increased area, the total 
number of possible species (from the regional species 
pool) would be approached asymptotically with a con
sequent decrease in the rate at which additional species 
are encountered. This explanation for the SPAR, which 
has been called the "passive-sam pling” or "random - 
placem ent” hypothesis, predicts a positive, but non
linear relationship between the number of species and 
area. If species-abundance distributions are log-nor
mal, a SPAR very similar to the Arrhenius relationship 
is expected (Preston 1962). Passive Sampling should 
always be considered the null hypothesis', unless it can 
be rejected, more complex explanations are unwar
ranted.

The "habitat-diversity” hypothesis emphasizes the 
effect of associations between species and habitats 
(Williams 1943, Lack 1969) on the SPAR. Larger areas 
are more likely to enclose more diverse types of habitat 
and therefore will include more species. The habitat- 
diversity hypothesis predicts a positive, nonlinear re
lationship between number of species and area, al
though it does not predict the exact form of the rela
tionship.
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Both the passive-sampling and habitat-diversity hy
potheses consider the species composition of a given 
area to be independent of the area’s surroundings and 
therefore do not predict any effect of isolation. How
ever, biogeographers have often observed a reduction 
in the number of species on more isolated islands and 
this suggests an additional mechanism contributes to 
the SPAR. The "equilibrium  theory’’ of biogeography 
can explain both the effects of area and of isolation 
with a single mechanism. According to the equilibrium 
theory, the number of species within an area is a dy
namic balance between the arrival of new species and 
the local extinction of species already present (Preston 
1962, MacArthur and W ilson 1963, 1967). The theory 
predicts fewer species on more isolated islands, and 
more species on larger islands. The predictions follow 
by reasoning that increased isolation from sources of 
imm igration should decrease the rate at which new spe
cies arrive, and that populations on larger islands 
should be less prone to extinction. These simple mech
anisms appear to be quite reasonable, although it can 
be difficult to disentangle them entirely from effects of 
habitat. For example, larger islands are also likely to 
provide a greater diversity of habitats (Whitehead and 
Jones 1969), and remote, isolated islands may be sub
jected  to climates that are different from  those that are 
close to a mainland (Williamson 1981).

The initial enthusiasm for the equilibrium theory led 
some to the uncritical supposition that any data that 
appeared to fit the Arrhenius equation represented sup
port for the theory. However, it was later shown that 
a variety of plausible mechanisms were consistent with 
the Arrhenius equation, and that species-area curves 
did not provide critical tests of the equilibrium theory 
(Connor and McCoy 1979). Furthermore, not all spe
cies-area relationships were adequately described by 
the Arrhenius equation, and a number of alternatives 
were suggested (Dony 1963, Connor and McCoy 1979).

One of the most troubling aspects of the early SPAR 
literature was a tendency to extrapolate from the results 
of experiments that were conducted on very small spa
tial scales to conclusions about mechanisms operating 
on scales several orders of magnitude greater. This may 
have reflected both practical constraints and an implicit 
belief in a single, universal SPAR. Small-scale studies 
provided greater opportunity for experimental manip
ulation, and for the inclusion of taxa that would have 
been difficult to survey over larger areas. The apparent 
faith in the scale-independence of the SPAR can be 
traced back to early explanations of the SPAR in terms 
of underlying log-series (Fisher et al. 1943, Williams 
1943) or log-normal distributions of species abundance 
(Preston 1948, 1962), which were assumed to be in
dependent of scale (Leitner and Rosenzweig 1997). 
However, it was later recognized that even at a single 
location, the SPAR was scale dependent (Palmer and 
W hite 1994) and there was likely to be a plurality of

mechanisms contributing to it (Connor and McCoy 
1979, W illiamson 1981). For very small areas of uni
form  habitat, passive sampling may be sufficient to 
explain the SPAR. For areas that extend across land
scapes, the contribution of habitat diversity will be sig
nificant as well. For areas that enclose individual pop
ulations the SPAR is likely to be dependent on rates 
of population extinction and recolonization. At region
al scales that encompass the ranges of species, evo
lutionary processes are important, along with the ef
fects of climate, including energy available for pro
duction (Wright 1983), and geological history. These 
distinct scales of diversity are recognized in the defi
nitions of W hittaker (Whittaker 1960). He defined the 
diversity of species within a habitat as "alpha diver
sity ,” the diversity among habitats as "beta diversity,” 
and the diversity of a region as "gam m a diversity.” 
Early studies of the SPAR focused on patterns in beta 
diversity, such as the number of bird species inhabiting 
oceanic islands. However, the discussion of SPAR soon 
broadened to include virtually every spatial scale, 
sometimes with little apparent concern for how fun
damentally they might differ.

In the 1970s and early 1980s, the SPAR and the 
equilibrium  theory of island biogeography became 
central to the science of reserve design and led to the 
"s ing le large or several sm all” (SLOSS) debate. The 
debate was over w hether it was more effective to es
tablish a single large reserve or a few smaller reserves 
of equal total area (reviewed in Shafer 1990). It began 
in 1975, when the SPAR was used to argue that larger 
reserves were preferable because they w ould maintain 
a greater number of species (Diamond 1975, May
1975). S im berloff and Abele (1975) criticized this ar
gument by claim ing that em pirical studies of the 
SPAR were too am biguous to support the idea that 
large reserves were optimal. They pointed out that, 
w ith values of z  below 1 (which is alm ost always the 
case), the SPAR could be used to argue for several 
small reserves. A set of im passioned rebuttals quickly 
follow ed (Diamond 1976, Terborgh 1976, W hitcomb 
et al. 1976; the rebuttals were published together in 
Science later that year, along w ith Sim berloff and 
A bele’s [1976]) reply. A common argum ent in these 
rebuttals was that not all species are alike in area 
requirem ents, and that some species w ill be preserved 
only in large reserves.

The issues raised by the SLOSS controversy are still 
discussed, although seldom in the simple terms of the 
original debate. A consideration of the SLOSS question 
must be based on more than ju st numbers of species. 
Some species (including many that are threatened) have 
a requirement for large areas and will always be lost 
from small reserves. Small reserves are also less likely 
to include rare species (Gaston 1994). Furthermore, 
local species extinctions do not occur randomly, so that 
over time the species compositions of small reserves
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would be expected to converge, and thereby reduce the 
anticipated benefit of small reserves (Patterson and At- 
mar 1986). By the end of the 1980s, the equilibrium 
theory was no longer considered a paradigm for reserve 
design (Murphy 1989). A new focus of reserve design 
became the management of individual populations to 
prevent extinction and the loss of genetic variation 
(Soulé and Sim berloff 1986). This "sm all population 
paradigm " led to a renewed appreciation of auteco- 
logical studies, as opposed to theoretical predictions 
about changes in community composition. It was also 
argued that the SPAR had become irrelevant to the 
problem of reserve design, because "soon there will 
be no large sites left to set aside, ” and the only practical 
course of action will be "intensive stewardship and 
managem ent” of small reserves (Simberloff 1988).

It is easy to gain the impression that the SPAR rep
resented a hypothesis that was somehow falsified. 
However, it would be more accurate to portray the 
SPAR as a phenomenon that was too robust to be fal
sified by available data, and too general to be incom
patible with any of the alternative theories that could 
explain it (Connor and McCoy 1979). In these respects, 
the SPAR may have been a poor tool to test theories 
about community structure, but it is not necessarily a 
poor tool to estimate or predict species richness. A 
SPAR is often used, sometimes implicitly, in contem
porary discussions about the loss of biodiversity. In the 
introductory chapter of the seminal volume on this top
ic, W ilson (1988) discussed the problem of estimating 
extinction rates when the "vast majority of species are 
not monitored at all. He explained that extinction rates 
are "usually estimated indirectly from principles of 
biogeography,” and cited S im berloff’s (1984) appli
cation of the SPAR to project species losses due to 
tropical deforestation. In the same volume, Myers 
(1988) stated that "according to the theory of island 
biogeography, which is supported by abundant and di
versified evidence, we can realistically expect that 
when a habitat has lost 90% of its extent, it will even
tually lose half its species.” A recent commentary on 
the implications of habitat reduction for worldwide ex
tinction referred to the SPAR as "biodiversity’s basic 
law ” (Rosenzweig 1999).

T h e  S p a r  a n d  M a r i n e  C o n s e r v a t i o n

Despite the shift away from  the use of the SPAR as 
a principle for terrestrial-reserve design, it is still used 
for the estimation of local species richness and for the 
prediction of changes in biodiversity. In these appli
cations, its value in marine conservation may be con
siderable. However, the SPAR has been less thoroughly 
studied in the marine realm than in terrestrial systems. 
During the time when the role of the SPAR in reserve 
design was being actively debated, its importance in 
the marine realm was seldom considered. For example, 
in a widely cited critique of SPAR studies, only four

of the one hundred studies examined were of marine 
fauna, and three of these were of decapod crustaceans 
within coral heads (Connor and McCoy 1979). Vermeij 
(1978) devoted only three paragraphs to the effects of 
area in his book M arine Biogeography and Adaptation, 
and used the equilibrium theory of island biogeography 
to conclude that for organisms with "high powers of 
dispersal,” "effects of area are much less im portant.” 
In general, marine biogeographers have been more con
cerned with dispersal from centers of origin (Briggs 
1984), vicariance events (Pandolfi 1992), and sea level 
changes (McMannus 1985). Marine ecologists have 
been more inclined to explain species diversity in terms 
of disturbance (Connell 1978), energy limitations 
(Brown 1981) or as the outcome of an interplay be
tween competition and predation within these habitats 
(Huston 1994). However our views of both the causes 
of the SPAR and its relevance to marine systems have 
broadened. The primacy of the equilibrium theory of 
island biogeography has been replaced by a pluralistic 
view, with the recognition that the SPAR is at least 
partly determined by passive sampling and habitat di
versity (Williamson 1981). Furthermore, some of the 
processes that may contribute to a SPAR may be more 
important in marine systems then was once believed. 
It is now recognized that the distribution of species on 
many scales can be limited by dispersal, even if those 
species are dispersed as planktonic larvae (Gaines and 
Roughgarden 1985, Cornell and Karlson 1996, Smith 
and Witman 1999). This recognition has been rein
forced by taxonomic work that has shown that some 
marine species that were once thought to be geograph
ically widespread, and thus apparently not limited by 
dispersal, may actually consist of numerous cryptic 
species with restricted distributions (Knowlton 1993). 
It is thus worthwhile to examine some of the early 
criticisms of the application of the SPAR to reserve 
design, and consider how it may be used to good effect 
in the design of marine reserves.

Are protected areas equivalent to natural areas?

The value of the SPAR as a predictive tool for re
serve design depends on the assumed equivalence be
tween the areas used to establish an empirical SPAR 
and the areas that are to be protected. However, bio
geographic models for natural areas might not apply 
to patches of protected habitat that are surrounded by 
unprotected areas. If the habitats inside and outside of 
an area are similar, individuals are likely to migrate 
between them. In contrast, an area surrounded by in
hospitable habitat may be effectively isolated from mi
gration (Terborgh 1975). Surrounding areas may also 
act as sources of "undesirable” species, including non
native species, "weeds, ” and species that are predators, 
pathogens, or parasites of protected species. Edge ef
fects may also be of particular importance for areas of 
distinct habitat in marine systems (Farrell 1989, Be-
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nedetti-Cecchi and Cinelli 1993) and foundation spe
cies such as corals modify the hydrodynamic features 
of adjacent habitats (Geister 1977). The transport of 
waterborne substances or organisms into areas may also 
be more pronounced at edges, although even large areas 
may fail to buffer drastic changes in the physical, chem
ical, or biological characteristics of water masses that 
pass through them. If edge effects are undesirable, 
large, compact areas may be favored to reduce the ratio 
of edge-to-area. However, if  one purpose of a marine 
reserve is to enhance fisheries by exportation to sur
rounding areas, edge effects may be desirable (Allison 
et al. 1998).

Some uncertainties about differences between re
serves and naturally isolated areas would be resolved 
if the boundaries of reserves coincided with these areas. 
The boundaries of marine reserves often coincide with 
natural islands, bays, or estuaries. These are likely to 
be more representative of natural isolates than a seg
ment of coastal habitat fragment of forest or prairie 
that represents what was previously a much larger area. 
Thus for at least some marine reserves, the SPAR could 
be applied directly.

Have new  approaches to terrestrial reserve design 
made the SPAR obsolete?

Just as there are fundamental differences between 
marine and terrestrial ecosystems, there are fundam en
tal differences in the objectives, design, and im ple
mentation of marine vs. terrestrial reserves (Carr et al. 
2003). Many of the refinements that have marked ad
vances in terrestrial reserve design will be difficult to 
apply to marine reserves. We simply don’t know as 
much about the distributions or individual requirements 
of the majority of marine species. We can contrast our 
extensive knowledge of the Northern Spotted Owl, 
which has permitted a sophisticated autecological ap
proach to reserve design (Murphy and Noon 1992, 
Lamberson et al. 1994), w ith our relative ignorance of 
the barndoor skate, a noncommercial marine fish spe
cies that we have only recently noticed is near extinc
tion (Casey and Myers 1998). It is also difficult for us 
to implement intensive management strategies, such as 
captive breeding, for marine species with extended pe
lagic stages (Hilborn 1998). The design of marine re
serves may also be less driven by calls to protect the 
dwindling populations of species that are on the verge 
of extinction. Marine species often decline in ways that 
are not consistent with the small population paradigm 
developed for terrestrial reserves. The unit of decline 
for many terrestrial species is the population, and loss 
occurs through the destruction or fragmentation of their 
habitats (Ehrlich and Ehrlich 1981). In contrast, marine 
species may decline uniformly over large regions, and 
losses may be the result of widespread exploitation or 
habitat deterioration rather than the incremental loss of 
habitats (Carlton 1993, Vermeij 1993). Global extinc

tions of marine species have been rarely observed, and 
may in fact be difficult to recognize. However although 
few recent marine extinctions have been reported, there 
are hundreds of species that have been described but 
not recorded over the past century (Carlton 1993), and 
it is likely that marine species are at much greater risk 
then has generally been believed (Carlton 1993, Rob
erts and Hawkins 1999). Marine species may persist in 
a state of very low abundance or "quasi-extinction,” 
during which we many observe them only rarely (Carl
ton 1993).

The importance o f  area effects in  the marine realm

Significant relationships between species number 
and area have been found in the marine realm at scales 
ranging from <1 m2 to > 100 000 km2. At spatial scales 
of square meters or square centimeters, the SPAR has 
been demonstrated for marine invertebrate communi
ties associated with coral heads (Abele and Patton
1976), boulders (McGuinness 1984), rock walls (Smith 
and W itman 1999), mussel beds (Witman 1985), and 
artificial settling plates (Day 1977, Osman 1978, An
derson 1998). At these scales, passive sampling is like
ly to contribute to the positive relationships between 
area and species number (Osman 1977, McGuinness 
1984). If the areas represent discrete patches of habitat 
(e.g., coral heads, boulders, or settling plates) patch 
size may be also be correlated with microhabitat di
versity or may even define distinct habitat types. Size- 
dependent characteristics of habitats are not restricted 
to edge effects. For example, the size of a coral head 
may determine the size of the crannies that shelter cryp
tic fish or invertebrates (Abele and Patton 1976) or the 
size of a boulder may determine whether it remains 
anchored in one position, or rolls about in the surge 
(Sousa 1979). Because of these effects of patch size 
on habitat type, patches of different size may harbor 
qualitatively different species assemblages and small 
patches may sometimes contain more species than larg
er patches (Anderson 1998).

Seagrass beds may be considered as single habitats, 
although they typically extend over greater areas than 
the small habitat patches discussed above. McNeill and 
Fairweather (1993) surveyed fish and macroinverte
brates in natural and artificial seagrass beds specifically 
to address the SLOSS question. The areas of these beds 
ranged from 7.7 m2 to 5800 m2 for Zostera capricorni, 
200 m2 to 31 000 m2 for Posidonia australis, and 7.0 
m2 to 14 m2 for the artificial beds. To provide the most 
direct answer to the SLOSS question, paired compar
isons were made within sets that included two relatively 
small seagrass beds and one large bed of approximately 
the same total area. For beds of both species, numbers 
of fish and invertebrate species were significantly great
er for two small beds. For the much smaller artificial 
seagrass beds, there were few significant differences 
between two small and one large bed, although this
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may have resulted from the limited range of sizes that 
were investigated. The data provided in Table 1 of 
M cNeill and Fairweather (1993) can be fit to the Ar
rhenius function for comparison with studies of the 
SPAR in other systems. For the smaller Zostera  beds, 
the value of the exponent z is 0.27 (P  = 0.00003) for 
fish, and 0.14 (P  = 0.0006) for macroinvertebrates. 
These values are low but well within the range obtained 
for noninsular terrestrial systems. For the larger Pos
idonia  beds, the estimates of zw ere —0.078 (P = 0.02) 
for fish and —0.049 {P = 0.009) for m acroinverte
brates. The negative values indicate that areas of fixed 
size within larger beds had fewer species, possibly be
cause positive edge effects were reduced. However, 
because only small portions of the larger beds were 
sampled, it is unlikely that they actually had fewer total 
species.

As with terrestrial systems, a SPAR for small areas 
of marine habitat should not be simply extrapolated to 
larger areas. However, SPARs for small areas may still 
be useful for the estimation of biodiversity. Because it 
is seldom practical to census every organism within an 
area much greater than 1 m2, a sampling method is 
needed to estimate species richness, even within a sin
gle habitat. The relationship between the number of 
species and the number of individuals in a sample rep
resents the passive sampling component of the SPAR. 
The observed relationship can be extrapolated to es
timate the number of species expected in larger samples 
or complete areas of uniform habitat. Plots of species 
richness vs. numbers of individuals, known as ''ra re 
faction curves,” have long been used to compare spe
cies richness in benthic samples (Sanders 1968). How
ever, a more generalized approach is to plot the number 
of species encountered against a measure of collection 
effort (such as search time) to produce a ''species ac
cumulation curve” (SCUM) or ''co llec to r’s curve” 
(Colwell and Coddington 1995). Because only the 
number of different species is counted it is not nec
essary to record the occurrence of every individual. 
The asymptote of the SCUM can be used as an estimate 
of the actual number of species present at a single 
location (Colwell and Coddington 1995). A SCUM can 
also be used to determine if a particular sampling meth
od is adequate, as exemplified by Smith and W itm an’s 
(1999) quadrat survey of benthic communities along a 
vertical rock wall. A SCUM for a single location should 
not be extrapolated to estimate species richness for 
areas that comprises diverse habitats. However SCUMs 
can be determined for a representative sample of hab
itats, and with estimates of complementarity (overlap) 
of the species assemblages, combined to estimate spe
cies richness for large areas (Colwell and Coddington
1995).

Marine reserves may coincide with the natural 
boundaries of individual islands or bays. For this rea
son, the study of marine fish assemblages in California

bays and estuaries by Horn and Allen (1976) is of par
ticular interest. This study was based on lists of fish 
species that occur in 13 bays that provided good rep
resentation of much of the coastline. The area of the 
bays ranged from 22 ha to 121 ha, the lists were com
piled from published surveys that included 224 species. 
Along with total surface area, other variables used in 
the analysis were latitude, distance to nearest bay, tidal 
range, annual rain fall, mouth width, and mean annual 
coastal temperature. The data closely fit a power func
tion, with z = 0.21 (r2 = 0.93, P <  0.01), a value that 
would be low for terrestrial biota on oceanic islands. 
In this respect, bays may be more analogous to semi
isolated terrestrial areas, such as peninsulas, into which 
immigration is restricted by the narrowness of their 
connection to a larger landmass. Of all the variables 
analyzed in a stepwise regression, only mouth width 
was significant and explained 53% of the variation in 
species number. Distance to the nearest next bay was 
not a significant variable. These findings are consistent 
with the supposition that the California continental 
shelf acts as a source pool for the species found in 
bays, and suggest that the widths of bay mouths may 
influence rates of immigration.

Although the fit of the power function to Horn and 
A llen’s (1976) data might seem to imply that a simple 
mechanism distributes more or less species of fish into 
California bays, other factors are clearly at work in 
determining actual species compositions. A dissim i
larity measure based on species composition separated 
the bays into two main clusters: northern and southern, 
divided by the well-known faunal boundary at Point 
Conception. Fish species could be divided by their dis
tributions into ''no rthe rn ,” "sou thern ,” and "w ide
spread” species, although few species were strictly 
"northern” or "southern .” It was also noted that, for 
the 55 species restricted to a single bay, 48 were from 
one of the four largest bays and none occur in the four 
smallest bays. Thus it appeared that the largest bays 
not only included more species, but may have also 
provided critical habitats not available in smaller bays.

The SPAR is seldom used to interpret patterns of 
marine biodiversity at regional or global scales, a l
though the need to consider area effects as a marine 
"null hypothesis” has long been recognized (McCoy 
and Heck 1976, Schopf et al. 1978). For example, lon
gitudinal gradients of species diversity in tropical reef 
fish are usually explained by either dispersal from a 
center of origin (McMannus 1985, Briggs 1992) or by 
the buildup of species in areas that are downstream in 
oceanic surface currents (Jokiel and M artinelli 1992). 
The effect of area is not usually considered although 
it explains 72% of the variance in species richness (Or
mond and Roberts 1997). Regional variation in the ge
neric diversity of reef building corals is also signifi
cantly correlated with continental shelf area, and even
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more strongly with reef length (Fraser and Currie
1996).

M ost estimates of worldwide biodiversity loss are 
based on the SPAR and the rate at which area is lost 
from tropical forests (Whitmore and Sayer 1992, Law
ton and May 1995). The rationale given for this bias 
is that most species are thought to occur in this biome 
(Wilson 1988). However the number of species that 
inhabit marine benthic habitats may as great (Grassle 
and M aciolek 1992, Gray 1994). Although there is a 
widespread belief that marine species are relatively re
sistant to extinction (Roberts and Hawkins 1999) there 
is little evidence to support this and the rate at which 
marine biodiversity is being lost is presently unknown 
(Carlton 1993, Roberts and Hawkins 1999). In a recent 
volume devoted to "better estimates of impending rates 
of extinction” (Lawton and May 1995) both of the 
chapters that discussed marine taxa provided estimates 
of extinction rates from fossil data but not for modern 
communities (Jablonski 1995, Jackson 1995). The 
SPAR has been used to predict the loss of marine bio
diversity that would result from faunal mixing (Mc
Kinney 1998). This approach was tested with a pale
ontological analysis of the change in marine biodiver
sity that followed the rise of the Isthmus of Panama. 
The isolating effect of the Isthmus coincided with a 
45-60%  increase in total biodiversity, which was con
sistent with the SPAR. Extrapolation of this to global 
scales led to the prediction that the number of marine 
species would decrease by 58% if worldwide biotic 
mixing occurred. Although I am not aware of any pub
lished predictions for global losses of marine biodi
versity from habitat destruction based on the SPAR, 
such predictions could clearly be made with existing 
data for corals, reef fish and perhaps other groups.

C o n c l u s i o n s

The SPAR provides a robust, albeit coarse, means 
to characterize the distribution of species richness at 
any scale. As a principle for terrestrial-reserve design, 
the SPAR has been largely supplanted by the small- 
population paradigm and intensive-management strat
egies. For marine reserves where these strategies may 
be less appropriate, the SPAR may provide a useful 
tool for estimation of biodiversity and prediction of the 
number of species that are likely to be represented in 
a reserve. Although there have been few investigations 
of the SPAR across marine habitats, they suggest that 
it can generally be approximated by a power function 
with a relatively low exponent. This implies that to 
increase the representation of species in marine re
serves, relatively large increases in area w ill be needed.

The reliability of the SPAR to predict the effects of 
habitat reduction and fragmentation in marine systems 
depends critically on underlying mechanisms. The pas
sive-sampling and habitat-diversity hypotheses do not 
account for the effects of surrounding areas but exten

sive degradation of marine habitats outside of protected 
areas could strongly influence communities within 
these areas (Carr et al. 2003), and open marine pop
ulations may be strongly dependent on external sources 
of recruitment (Caley et al. 1996, Allison et al. 1998).

M ost estimates of the global loss in biodiversity are 
based on application of the SPAR to the tropical forest 
biome. Similar estimates are urgently needed for the 
marine realm. The species diversity of marine benthos 
may be as high as tropical forests, and the old notion 
that marine species are resistant to extinction may sim
ply reflect our inability to detect extinctions among 
those groups that face the greatest risk. For groups that 
have been relatively well studied (e.g., tropical reef 
corals and fishes) it should be possible to generate these 
estimates now. It is unfortunate that the SPAR has not 
been investigated more extensively in the marine realm. 
Data that is already available for well studied groups 
can be used to determine the SPAR, and potential con
servation applications should be considered. This use 
of existing data from potentially diverse sources also 
highlights the need for public databases of ecological 
and systematic surveys.
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