4 Task 4.8: Evaluation of methods and designs to link
biodiversity to broad scale habitat assessments

Introduction

It is generally accepted that protection of marine biodiversity requires the introduction of
landscape-level planning and policies to prioritise marine conservation areas (Beger et al.
2003, Bellwood and Hughes 2001). However, the establishment of these areas is
frequently hampered by lack of comprehensive biodiversity data and the resources and
expertise necessary to gain this information (Williams at al., 2002, Margules and Pressey
2000). As a result habitat maps delineated from available climatic, geological,
geomorphological and ecological information have been employed as biodiversity
surrogates (Ward et al., 1999, Day 2000). Unfortunately, these habitat maps are generally
produced in an ad-hoc manner often with little validation (Mumby & Harborne 1999), or
quantitative ecological basis, so their effectiveness is unknown (Gray 2001). An
alternative and cost affective biodiversity surrogate could be remotely sensed data (e.g.
satellite imagery, aerial photography, multibeam and side scan sonar, Edwards 2001).
However, the challenge remains in linking habitat assessment data and methods with

species biodiversity patterns and drivers in an ecologically meaningful way.

In a condensed form (Table 1), this document summarises i) current ecological theories
which are thought to drive patterns of biodiversity at different spatial scales, ii) the
common statistical methods that have been applied to these theories, and iii) whether

each theory has been applied in a practical sense as a biodiversity surrogate.

Background

Studies of biodiversity incorporate a range of spatial and temporal scales, from
evolutionary and adaptive changes that are measured over thousands of years with
genetics and morphometric analysis, to studies of change that occur over a matter of days

in single celled organisms (Morin 1999). It is obvious that processes affecting

36



biodiversity occur at a number of scales, and that these processes may interact and be
intrinsically linked with one another. However, there is considerable uncertainly as to the
nature (both temporal and spatial) of these links and interactions in both terrestrial and

marine systems (Gaston 2003).

For example, in order to understand coral biodiversity, it is necessary to identify and
understand the interactions of macro-, mid- or regional scale and micro-scale ecological
patterns over both time and space (Pandolfi 2001). The magnitude of differences in life
spans and life histories of different coral species vary from decades (Babcock 1991) to
centuries (Potts et al. 1985). Yet major drivers of community patterns may occur over
brief periods of hours or days, for example, during coral spawning, dispersal and
recruitment (Harrison and Wallace 1990; Baird et al. 2003), or dramatic disturbance
events (Done and Potts 1992; Connell 1997). Similarly, over large spatial scales, many
coral species are widely distributed (Veron 2000; Bellwood and Hughes 2001; Bellwood
et al. 2005; Wallace and Muir 2005), and yet important ecological process such as habitat
selection (Baird et al. 2003) or competitive exclusion (Baird and Hughes 2000) may

occur over very small scales.

It is therefore of no surprise that there is a bewildering number of theoretical,
manipulative and observational studies which put forward a range of explanations for
these patterns. For example, local scale niche based competitive and other biotic
interactions (Robertson 1996; Carpenter 1997; Miller and Hay 1998; Baird and Hughes
2000; Baird et al. 2003), broad scale dispersal and regional enrichment (Connell and
Karlson 1996; Hubbell 1997; Hughes 2002; Hughes et al. 2002; Miller and Mundy 2003)
and disturbance (Done and Potts 1992; Hughes 1994; Connell 1997) are just a few of the
processes that have been introduced to try and explain marine biodiversity patterns. An
outline of the major current theories which have been suggested as explanations for

current patterns of marine biodiversity are summarised in Table 4-1 below.
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Table 4-1. Summary of macro, regional and local scale theoretical drivers of patterns of marine species richness and whether they have

been applied as a biodiversity surrogate

NAME

SPATIAL SCALE OF
INFLUENCE

DEFINITION APPLICATION AND ISSUES

STATISTICAL
METHOD USED
FOR
MEASUREMENT

APPLIED AS A
MARINE
BIODIVERSITY
SURROGATE

Latitude

Macro-scale

Based on early work of the 1950-60, two well debated and
central paradigms to marine biodiversity are that as latitude
decreases, biodiversity increases (Saunders 1968). It has
been suggested that this pattern exists from surface water to
a depth of 2000 meters (Thorson 1957; Stehli et al. 1967;
Saunders 1968). A wide range of explanations for latitudinal
trends have been suggested including habitat area, habitat
heterogeneity, energy inputs and productivity, species
community interactions and environmental and
geomorphologic stability (Gray 1997; Gaston and Blackburn
2000; Gray 2001; Gray 2001).

General Linear Model

(GLM)

No

Species-energy
/ productivity

Macro-scale

The species-energy relationship suggests that as energy
levels increase in an environment then it has the capacity to
support an increasing number of species. The form and
cause of these energy relationships used are widely
debated and encompasses direct variables such (as
heterotrophy and autotrophy) and indirect variables (such as
temperature and precipitation) that may be nested and
cyclically linked (Morin 1999).

GLM

No

Biodiversity
hotspots

Macro-scale

It is commonly found that in aquatic systems biodiversity
peaks around tropical latitudes and low altitude, warm
biomes. From this trend biodiversity gradients could be
explained as a result of convergence of species richness
from different taxa in these areas to form biodiversity hot
spots. This overlap in biodiversity has been demonstrated in
some species; for example, convergence of high coral and
reef fish biodiversity in areas of Indo-Australian Archipelago,
including Indonesia and Thailand (Bellwood et al. 2005).

GLM

No
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There are also examples of mismatches of biodiversity
peaks in other aquatic species (Ellingsen and Gray 2002).

Mid-domain/
Rapoport's
Rule

Macro-scale

The mid-domain effect states that over a constrained spatial
domain, geographic species richness decreases in a
predictable fashion from the evolutionary centre for a
species group to the geographical extremes of distribution
(Stevens 1989; Rapoport 1994; Roy et al. 1998; Chown and
Gaston 2000). Steven's claims a wide number of species
follow this rule however there is comparatively little data to
support this and it has been Roy et al (1998) demonstrated
it does not hold for molluscs

GLM, Ridge
Regression, Spline
regression

No

Evolutionary
gap hypothesis

Macro-scale

This explanation for species biodiversity gradients assumes
that it is mediated by the relationship between evolutionary
time, speciation and extinction. It suggests that speciation
rates are higher in the tropics and decrease with higher
latitudes. Interpretation of these hypothesis with respect to
modern patterns of speciation is problematic because if
mass extinctions (over 90% of all species) that have
occurred over a geological time frame (reviewed in Gray
2001).

Micro-array and
Geographic/clasdistic
analysis

No

Random
Boundary
hypothesis

Macro-scale

This explanation for latitudinal gradients assumes no
environmental mediation of species biodiversity but just a
random association between size and midpoint of
geographic range of species (Colwell and Hurtt 1994;
Colwell and Lees 2000). High species biodiversity in the
tropics is predicted since latitudinal species is constricted to
the north and south. The restrictions may be physical factors
such as geomorphic features or biological such as
temperature and light. To date no studies have been done
with marine data

GLM

No

Species-area

Macro-scale and
regional scale

This theory suggests that with increased geographical area
rates of speciation increase (through random or other
drivers), and rates of species extinction decrease. Broadly
speaking, this theory suggests that this mechanism explains
the increased biodiversity found in tropical compared to both

GLM, General
Additive Models
(GAM)

Yes (Bellwood and
Hughes 2002)
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temperate and polar regions (Rosenzweig and Sandlin
1997; Roy et al. 1998).

Geomorpholog
y

Regional and local
scale

Geomorphology is associated with a suite of other prevailing
abiotic processes in how it influences coral species
assemblages and biodiversity (Hopley 1982). These include
water temperature, currents and inter-reef larval
connectivity, wave action, exposure and levels of sediment
input in conjunction with wind and wave driven resuspension
(Kleypas 1996, Harriott and Banks 2002).

GLM

No

Regional-
enrichment

Linking regional and
local scale

The regional enrichment biodiversity hypothesis suggests
that local and regional richness show causal and positive
interaction, where by local biodiversity is proportional subset
of a regional species pool. In most systems, regional
richness is thought to be responsible for approximately 50-
75% of variation between species richness at local sites
(Cornell and Lawton 1992; Caley and Schluter 1997;
Karlson and Connell 1999; Lawton 1999). This has been
demonstrated in insects, fish and primates in both present
day and palaeontological studies (Hawkins and Compton
1992; Pearson and Juliano 1993; Griffiths 1997; Eeley and
Lawes 1999; Karlson and Connell 1999). The dominance of
the proportional relationship between local and regional
richness, (particularly if difference between climate and area
are considered), suggests that local species richness does
not have a saturation point. In turn this suggests that local
communities are not tightly organised and are open to
recruitment from a regional species pool (Cornell 1999).

GLM

No

Continuous /
individualistic

Local-scale (potentially
linking with regional
scale See Radford and
Van Niel 2005 in prep)

“continuum” concept broadly sates that if communities
consist of weakly interacting species, then species
occurrence will tend to vary independently of other species
along environmental abiotic gradients (Mcintosh 1967;
Whittaker 1975; Austin 1985; Austin and Smith 1989; Collins
et al. 1993).

GLM,GAM

Yes ( see Radford
and Van Niel 2005

in prep)

Discreet-niche

Local-scale

The discreet niche concept broadly states that communities
consist of tightly interacting and closely associated co-

Correspondence
Analysis, Non-Metric

Day et al., 2000
(Great Barrier Reef
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occurring species groups (often known as guilds). These
groups will tend to increase or decrease together along
influential environmental gradients. Within habitats, species
composition and richness is thought to be primarily a result
of strong species interactions, habitat differentiation and
competition for available resources (such as food). This
approach has been used to identify clusters in the way
species group to utilise resources in their environment (Inger
and Colwell 1977; Winemiller and Pianka 1990).

Multidimensional
Scaling,
Correspondence
Analysis, Canonical
Correspondence
Analysis, Hierarchical
Cluster analysis
(Legendre and
Legendre 1998)

Marine park
bioregional zones
used NMDS and
expert user (known
as "Delphi"
approach T.Ward
pers comm)
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