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MICHAEL BRADLEY, IVAN NAGELKERKEN, RONALD BAKER, AND MARCUS SHEAVES

Coastal habitats, such as seagrasses, mangroves, rocky and coral reefs, salt marshes, and kelp forests, sustain many key fish
and invertebrate populations around the globe. Our understanding of how animals use these broadly defined habitat types is
typically derived from a few well-studied regions and is often extrapolated to similar habitats elsewhere. As a result, a working
understanding of their habitat importance is often based on information derived from other regions and environmental contexts.
Contexts such as tidal range, rainfall, and local geomorphology may fundamentally alter animal–habitat relationships, and there
is growing evidence that broadly defined habitat types such as “mangroves” or “salt marsh” may show predictable spatial and
temporal variation in habitat function in relation to these environmental drivers. In the present article, we develop a framework
for systematically examining contextual predictability to define the geographic transferability of animal–habitat relationships, to
guide ongoing research, conservation, and management actions in these systems.
Keywords: context, setting, habitat, fauna, transferability

A

nimals are inextricably linked to their habitats.
Terrestrial and aquatic animals rely on their preferred
habitat types for food, refuge, and many other functions,
such as the provision of nursery grounds for fish by mangrove habitats (Nagelkerken et al. 2000, Koenig et al. 2007).
If a particular habitat type is removed or damaged, it can
ultimately lead to the local extinction of species and communities (Coleman and Williams 2002). As a consequence,
habitat destruction is already the main cause of faunal
extinction on land (Ehrlich et al. 1983, Pimm and Raven
2000) and is considered a growing threat to ocean fauna
(McCauley et al. 2015).
Descriptive and predictive models of fauna–habitat relationships are reductionist models that describe small parts of
large and complex systems. Important associations between
animals and habitat features (e.g., landforms, forest types,
particular biogenic structures) are understood as expressions of the ecological niche of a species within an ecosystem
(Odum 1959). As a reflection of the functional interactions
between an animal and the environment, animal–habitat
relationships describe the parts of the environment required
for population persistence within a location (Morrison et al.

2012). Models of these relationships are essential tools for
predicting and managing natural systems.
By modeling fauna–habitat relationships, ecologists define
the features of the environment that are important to fauna
and, concomitantly, the role that these features play as habitat for fauna in the ecosystem. These relationships form the
basis for predicting both species and community response
to change (Olden and Jackson 2001, Villéger et al. 2010),
understanding ecosystem function (Dobson et al. 2006), and
landscape resilience (Cumming 2011), all of which inform
the management of these systems for both conservation and
sustainable exploitation. Accordingly, protecting the critical habitats that fish require throughout their life cycle has
become central to the management of coastal fish species
and their fisheries (Rosenberg et al. 2000, Beck et al. 2001,
Pikitch et al. 2004, Kritzer et al. 2016).
In this synthesis article, we examine key limitations in
our understanding of fauna–habitat relationships, and we
use the macrofauna of coastal and nearshore ecosystems to
develop a framework for advancing our knowledge of the
contextual limits of these relationships. Although our focus
is on coastal systems we are familiar with, our framework
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Box 1. Glossary.
These terms appear in the sections “Context dependence and ecological equivalence” and “Practical steps toward defining ecologically
equivalent windows for habitat functions” to demonstrate their usage.
Context: The unique properties of a location of interest (at any scale) that determine ecological functionality.

Ecological equivalence: The extent of functional similarity between ecosystems in different locations. In ecologically equivalent systems, there is similarity in the functional mechanism or outcome under investigation.
Context dependence: The lack of transferability of models between apparently equivalent ecosystems that lack ecological equivalence
because of differences in context.
Ecologically equivalent window: The range of similarity in key environmental predictors between locations required for a specific
ecological model, theory or idea to be transferable between them.
Setting: A typology that describes a collection of real world locations that are unified by key aspects of their context and that are
therefore likely to share broad similarities in ecological function.

is broadly applicable to fauna–habitat relationships across a
range of aquatic and terrestrial ecosystems.
Variability in fauna–habitat relationships
Fauna–habitat relationships are complex because they vary
from place to place and over time. For example, various
amphibian and reptile species shift from ground dwelling to
arboreal at different altitudes (Adolph 1990, Scheffers et al.
2013), whereas koalas require different types of vegetation
in different regions (McAlpine et al. 2008). Therefore, in
different locations, a species’s dependence on a particular
habitat feature could range from obligate, through facultative, to temporary or nonexistent. In addition, the amount of
habitat required for presence or persistence of a species can
also differ between locations, such as the total area of bushland required for koala population sustainability (Rhodes
et al. 2008). Animal–habitat relationships are not fixed or
spatially consistent, they display plasticity. Therefore, there
are no absolute values associated with habitat features, and
generalization is not always appropriate.
Heterogeneity in any sort of ecological relationship
imposes limits on the generality and transferability of models
of that relationship. It is possible to produce detailed and
accurate models of fauna–habitat relationships (e.g., Minello
et al. 2008), but these will often be location specific because of
geographic variability (Fielding and Haworth 1995, Randin
et al. 2006, Minello et al. 2012). The transferability of these
models to different locations is rarely tested, so the generality of these kinds of models tends to remain unknown and
hypothetical (Wenger and Olden 2012). Because of this, some
ecologists are reluctant to generalize findings about pattern
or process in habitat function at all (e.g., Whittingham et al.
2003). On the other hand, this problem is often ignored, and
untested, potentially location-specific models can become
the building blocks of broad paradigms about fauna–habitat relationships, which are often developed by combining
https://academic.oup.com/bioscience
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findings from a range of different locations (Sheaves 2012).
Both ways of dealing with—or, rather, failing to deal with—
variability in fauna–habitat relationships impede progress in
ecology. Without a detailed understanding of the limits on
the generality and transferability of models, it is not possible
to know where and when models of habitat relationships are
valid, how they can be incorporated into general understandings of ecosystem function, and how their functions can be
properly accounted for in human society (i.e., ecosystem services, Carpenter et al. 2009). Variability in fauna–habitat relationships has called into question key paradigms around the
role of different habitat types in coastal and nearshore ecosystems. In particular, the role that mangroves and seagrass play
in supporting fish populations appears to vary considerably
from place to place, with serious implications for how the
integrity of fisheries are managed (Saenger et al. 2013).
Improving the generality and transferability of models
is a key concern in the study of fauna–habitat relationships
throughout ecology (Thomas and Bovee 1993, Vaughan and
Ormerod 2005).
In the present article, we address a universal but underappreciated source of variation in fauna–habitat relationships:
environmental context (we define this term and others
in box 1). In the coastal zone, the search for underlying
structure in variability related to environmental conditions is gaining momentum, and there is growing evidence
that relationships found in one context consistently differ
from those in other contexts (e.g., Schrandt et al. 2018,
Schloesser and Fabrizio 2019, Stuthmann and CastellanosGalindo 2020). In this synthesis article, we hope to unify
this momentum by defining what context dependence is,
the information and approaches needed to understand and
employ it, and its implications for our understanding of
ecosystems, with a focus on nearshore systems for which
this issue has become increasingly pressing. Understanding
context dependence in the ecological roles of habitats for
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Apparent equivalence: Inferred similarity in ecological functionality in different locations due to some kind of structural similarity
(e.g., dominant abiotic or biotic component) and a subsequent terminological equivalence (e.g., mangrove).

November 2020 / Vol. 70 No. 11 • BioScience 987

23-10-2020 01:37:32 PM

Overview Articles

Context dependence and ecological equivalence
Why are models of fauna–habitat relationships prone to
a lack of transferability? Because models of these habitat
relationships are essentially reductionist models of complex
systems, they lack information on the complex, ecosystemlevel context of the relationships. Theoretical literature
defines the term habitat as any aspect of the environment
that allows an animal to exist by fulfilling that animal’s range
of requirements (e.g., Kearney 2006). However, this definition can be difficult to apply. For example, because nitrogen
is required for primary productivity, do we have to measure
soil nitrogen every time we want to talk about brown bear or
koala habitat? Most ecologists use the word habitat to refer
to the structural component of the environment (Hall et al.
1997). The components of interest are diverse but often visually obvious, such as a vegetation type or a sediment grade,
and are usually defined at a scale relevant to the size of the
organism. For fish, habitat has been defined as “the structural component of the environment that attracts organisms
and serves as a center of biological activity” (Peters and
Cross 1992, Williams and Bax 2001). Similarly, habitat functions, such as nursery functions, have been conceptualized
as linked to these kinds of habitat (Beck et al. 2001, Dahlgren
et al. 2006). However, these links can be prone to a lack of
transferability between locations. For example, although
mangroves are widely cited as supporting a large proportion
of fishery species around the globe (Sheaves 2017), there is
strong evidence that the way fish species use these habitats
varies considerably among locations because of contextual
factors such as tidal range, seascape configuration, food
abundance, and predation risk (Igulu et al. 2014, Kimirei
et al. 2015, Bradley et al. 2019).
Ecosystems in different locations can function differently in important ways, even when apparently equivalent
communities of plants and animals are present. Although
they may outwardly look like examples of the same ecosystem, such as reefs in different locations, they may not
function and behave in the same way (Graham et al. 2015).
Apparently equivalent ecosystems can vary, both in terms of
the species that compose them, because of biogeographical
forces (Morrison et al. 2012), and in terms of their structure, because of local environmental forces and ecological
interactions that shape the requirements and challenges
faced by different species (Grossman et al. 1982, Graham
et al. 2015). Although apparently equivalent ecosystems
988 BioScience November 2020 / Vol. 70 No. 11
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exist throughout the world, they may not necessarily be
ecologically equivalent. Although we focus on differences
across space in this article, these differences can also occur
across time, with ecosystems in the same location shifting
stochastically, seasonally, cyclically, or directionally through
processes of geomorphic, natural, or anthropogenic change.
This can occur such that, despite outward similarity, present and past ecosystems in the same location are no longer
functionally equivalent (Bellwood et al. 2012). All of this
diversity and variability is a widely acknowledged ecological
fact, but in discussing and modeling ecological relationships,
scant attention is paid as to whether apparently equivalent
ecosystems are in fact ecologically equivalent.
Some models and understandings of ecological relationships may not be generalizable to all ecosystems that have
apparently similar communities; they may be restricted to
particular ecological contexts. In other words, these models
and understandings will be context dependent. Context
dependence is prevalent in all kinds of ecological relationships. Mutualisms are known to be particularly context
dependent (Thompson 1988, Bronstein 1994). For example,
interactions between two species, such as a fungus and a
tree, may only be mutualistic in certain environments, such
as where nutrients are limited (Chamberlain et al. 2014).
Similarly, the cascading trophic effects of predators, such
as sharks on coral reefs, may only occur under certain
environmental conditions, such as where tidal movements
create predictable feeding hotspots (Rasher et al. 2017).
Context dependence then, is the lack of transferability of
models between different contexts that contain apparently
similar, but for that relationship, functionally nonequivalent
ecosystems.
There is widespread evidence that the ecological function of certain habitat types vary in space. Mangroves are
known to provide important nursery habitat for reef fish
(Nagelkerken et al. 2000, Koenig et al. 2007). Although this
function appears consistent in the Caribbean, the performance of this function is inconsistent in the Indo-Pacific
(Thollot 1993, Nagelkerken 2009). Globally, the affiliation of
reef taxa with mangroves is highly variable, and completely
lacking in some regions (Sheaves 2012), indicating that
these inconsistences are widespread rather than rare exceptions. Although mangroves in the Indo-Pacific can perform
a nursery function for reef fish (Dorenbosch et al. 2005a),
this function is flexible and spatially explicit (Kimirei et al.
2015). Mangroves can be essential nurseries for a species in
one area, important alongside alternative habitats in a different area and unimportant elsewhere (Kimirei et al. 2011).
We now know that this function is best predicted by environmental context rather than biogeographic or regional
boundaries (Igulu et al. 2014, Bradley et al. 2019). Another
important function of some coastal habitat types is the provision of food for certain fauna. Saltmarshes are known to
provide important feeding grounds for fish (Laffaille et al.
2001), supporting coastal food webs through trophic transfer (Kneib 2002). This function does not occur everywhere,
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associated fauna is imperative in establishing the limits to
which scientific knowledge can be translated from one place
to another. Environmental management decisions, monitoring and evaluation of management success, and advocacy
for particular management actions almost invariably rely
on knowledge based on information from other places.
Knowing when we are working inside the limits of available
knowledge and knowing when we are in situations beyond
those limits are critical for evidence-based decision-making
(Sheaves et al. 2020).
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Table 1. Evidence of variability in habitat function for macroalgae, mangrove, soft sediment flats, salt marsh, seagrass.
Evidence of variability in
function

Evidence that
variability is
widespread

Evidence that
variability is based on
context

Function

Evidence of function

Macroalgae

Nursery

Eggertsen et al. 2017,
Evans et al. 2014, Fulton
et al. 2020

Bradley et al. 2019, Fulton
et al. 2019, Fulton et al.
2020, van Lier et al. 2018,
Wenger et al. 2018

Fulton et al. 2019, Fulton
et al. 2020

Fulton et al. 2019, van
Lier et al. 2018, Wenger
et al. 2018

Feeding
ground

Bittick et al. 2019, Lim
et al. 2016, Tano et al.
2016

Chen et al. 2020

Limited evidence, but
likely; see Fulton et al.
2019

Chen et al. 2020

Nursery for
coral reef fish

Nagelkerken et al. 2001,
Nagelkerken and Van der
Velde 2002

Bradley et al. 2019,
Dorenbosch et al. 2005a,
Igulu et al. 2014, Kimirei
et al. 2011, Kimirei et al.
2015, Laroche et al. 1997,
Lee et al. 2014, Sheaves
2012, Thollot 1993

Bradley et al. 2019, Igulu
et al. 2014, Lee et al.
2014, Sheaves 2012

Bradley et al. 2019,
Igulu et al. 2014,
Nagelkerken and Faunce
2008

Nursery for
coastal or
estuarine fish

Robertson and Duke
1987

Castellanos-Galindo and
Krumme 2013, Clynick and
Chapman 2002, Kimirei
et al. 2015, Lee et al. 2014,
Sheaves et al. 2016

Bradley et al. 2019,
Sheaves 2012

Bradley et al. 2019,
Castellanos-Galindo and
Krumme 2015

Feeding
ground

Grol et al. 2008,
Sheaves and Molony
2000, Verweij et al.
2006

Kimirei et al. 2015, Lugendo
et al. 2007, Stuthmann and
Castellanos-Galindo 2020,
Tse et al. 2008

Vaslet et al. 2012, and
see review in Lugendo
et al. 2007

Lugendo et al. 2007,
Stuthmann and
Castellanos-Galindo
2020, Verweij et al.
2006

Refuge

Cocheret de la Morinière
et al. 2004, Grol et al.
2008, Verweij et al.
2006

Dorenbosch et al. 2009,
Kimirei et al. 2015

Limited evidence but
likely; see discussion in
Kimirei et al. 2015

Cocheret de la
Morinière et al. 2004,
Huijbers et al. 2011,
Nagelkerken et al.
2010, Nagelkerken and
Faunce 2007

Soft
sediment
flats

Nursery

Lugendo et al. 2006,
Marley et al. 2020,
Tse et al. 2008

Amara et al. 2007, Baker
and Sheaves 2009, Kritzer
et al. 2016, Lee et al. 2016,
Schloesser and Fabrizio 2019

Kritzer et al. 2016

Nagelkerken et al. 2001

Salt marsh

Nursery

Baltz et al. 1993,
Whitfield and Pattrick
2015

Ayvazian et al. 1992, Minello
1999, Minello et al. 2012,
Raposa and Roman 2001

Kritzer et al. 2016, Orth
and van Montfrans 1990,
Whitfield 2017

Minello et al. 2012,
Rozas 1995

Feeding
ground

Kneib 2002, Laffaille
et al. 2001

Baker et al. 2013, Ziegler
et al. 2019

Baker et al. 2013,
Cattrijsse and Hampel
2006, Ziegler et al. 2019

Baker et al. 2013,
Ziegler et al. 2019

Refuge

Boesch and Turner 1984,
Minello 1993, Paterson
and Whitfield 2000

Halpin 2000, Kaneko et al.
2019, Minello et al. 2003

Cattrijsse and Hampel
2006, Rountree and Able
2007

Rountree and Able 2007

Nursery for
coral reef fish

Dorenbosch et al.
2005b,
Nagelkerken et al. 2001,
Nakamura and Sano
2004b

Dorenbosch et al. 2006,
Eggertsen et al. 2017, Igulu
et al. 2014, Kimirei et al.
2011, Kimirei et al. 2015,
Nakamura and Tsuchiya 2008

Igulu et al. 2014

Bradley et al. 2019,
Igulu et al. 2014,
Kimirei et al. 2015

Nursery for
coastal or
estuarine fish

Heck et al. 2003

Bell et al. 1988, Franco et al.
2006, Laegdsgaard and
Johnson 1995

Kritzer et al. 2016,
Whitfield 2017

Bradley et al. 2019

Feeding
ground

Connolly 1994,
Nakamura and Sano
2005

Kimirei et al. 2015,
Nagelkerken 2009,
Vaslet et al. 2012

Vaslet et al. 2012,
and see discussions in
Kimirei et al. 2015 and
Whitfield 2017

Kimirei et al. 2015,
Nagelkerken et al. 2008

Refuge

Nagelkerken 2009,
Nakamura and Sano
2004a, Valentine et al.
2008

Dorenbosch et al. 2009, Heck
and Coen 1995, Kimirei et al.
2015, Nakamura and Sano
2004a

Heck and Wilson 1987,
and see discussions in
Kimirei et al. 2015 and
Whitfield 2017

Hovel and Lipcius 2001,
Kimirei et al. 2015,
Selgrath et al. 2007

Mangrove

Seagrass

Note: The references provided are examples and are not exhaustive.

however. In the United States, although marsh prey species
are commonly found in the diets of fish in estuaries along
the Atlantic coast, they are virtually absent in the diets of
similar fish in estuaries in the Gulf of Mexico (Ziegler et al.
2019). Tidal regime is known to regulate the availability of
saltmarsh habitat (Rozas 1995, Minello et al. 2012), and it
https://academic.oup.com/bioscience
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Habitat

appears that the role of saltmarsh habitat in trophic support
of coastal productivity varies consistently with environmental context (Ziegler et al. 2019). A range of nursery, trophic
and refuge functions are known to vary across the globe for
coastal habitats such as mangroves, seagrass, macroalgae,
saltmarsh and soft sediments (table 1). The extent to which
November 2020 / Vol. 70 No. 11 • BioScience 989
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function varies for these habitats appears to be widespread
and potentially related to environmental context (table 1).
Defining ecologically equivalent windows for contextdependent relationships is crucial for the valid interpretation
of data and synthesis of knowledge. Scientists and practitioners usually discuss habitat types as coherent ecological
units with consistent properties, without a concrete measurable benchmark to discern whether the entities under
discussion are similar enough to do so. For example, general
ideas about the properties, functions, and behavior of ecosystems such as mangroves are discussed globally (Sheaves
2012, 2017), and relationships such as the role of mangroves
as nurseries for fish are often transferred between locations.
Either the habitat features are assumed to be part of equivalent ecosystems (figure 1), or the relevance of ecosystem
equivalence is disregarded entirely. Defining the limits of
our understanding—determining a measurable window
of ecological equivalence—will allow us to understand to
what extent ecosystems need to be similar for a model to
be transferable between them. This is especially important
for foundational, paradigmatic relationships. In coastal
marine systems, these include the relationships between key
habitats, such as mangroves and seagrass, and key fauna,
such as fisheries species or species with particular ecological significance (Harborne et al. 2008, Saenger et al. 2013).
Understanding the context dependence of these relationships will allow us to understand where paradigms around
990 BioScience November 2020 / Vol. 70 No. 11
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the links between habitat and fisheries value are likely to
hold true and where they need to be tested, or are likely to
be false. This will allow a refined understanding of coastal
ecosystem function and allow practitioners to know when
they are operating within and outside the limits of scientific
knowledge.
Practical steps toward defining ecologically
equivalent windows for habitat functions
Some new practices are required to address context dependence in habitat function. Variability in function is possible,
and potentially widespread, for a range of different habitats
(table 1). Therefore, for any particular relationship, instead
of assuming generality, a key initial change in practice is to
assume a lack of transferability until it has been proven. A
review of ecological studies should be conducted to reveal
whether there is a range of functionality for a habitat. The
particular relationship under investigation must be clearly
defined, because generalization of function across faunal taxa
and habitat type can also create problems of overgeneralization. If a particular relationship has been robustly established
in a range of different contexts, then it is valid to generalize within those particular contexts, even if no site-specific
knowledge exists. If there is evidence of variability, or lack of
investigation, then it is safer to assume the potential for variability. In circumstances (e.g., resource-limited situations) in
which no site-specific knowledge exists and generalizations
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Figure 1. Conceptual diagram of the assumptions underlying the transferability of fauna–habitat relationships from one
location to another.
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outcomes. Settings can be thought of as extended habitat
models; although they are still simplifications, they provide a
more detailed definition of a habitat by including important
contextual elements. Settings have been used to successfully
reconcile global variation in ecosystem functions, such as
carbon storage in mangrove forests (Rovai et al. 2018), but
their use has yet to be formalized in the study of habitat
functions for animals.
The use of settings as a construct is flexible. Although we
focus on spatial variability for simplicity, the same approach
could be used to examine and predict how ecological relationships might vary through time. It could be used for single species relationships, such as particularly important or
threatened species, or for groups of fauna, such as “reef fish”
or “herbivores.” In any case, a habitat type will usually support only a subset of species in a group and a subset of the
individuals in a population during a subset of their lifecycle.
Therefore, for any relationship, the degree of dependence
in different settings should be the critical measure. Below,
we demonstrate this approach using the specific example of
mangroves as nursery habitat for reef fish (figure 2), but the
approach should be valid for all kinds of taxa and habitat
functions across any broadly defined habitat at any scale,
such as seagrass, sand flat, or savannah.
Step 1: Define important contextual factors for the function of
interest. To do this, we need to identify important con-

straints on the habitat function (figure 2, step 1). First,
determine the list of potentially important factors that
might affect the habitat function of interest. In the most
basic sense, this can be achieved by using available literature
(e.g., Saenger et al. 2013). Where it is feasible, meta-analyses
(e.g., Igulu et al. 2014) or exploratory studies (e.g., Gilby
et al. 2016) can be employed. This will likely produce a large
list of factors operating at a range of scales. For the nursery
function of mangrove forests for reef fish, for example, these
factors include salinity and dissolved oxygen conditions
within the forest (Dubuc et al. 2019, Ley et al. 1999), the type
and configuration of surrounding habitats (Dorenbosch
et al. 2007, Luo et al. 2009), water depth (Ellis and Bell 2004,
Nagelkerken and Faunce 2008), and duration and frequency
of the inundation of the forest (Sheaves et al. 2016).
Next, determine whether there are macro-scale drivers
(e.g., figure 3) of variation in these important factors (figure 2,
step 1). Are there key predictors of the conditions that matter
to the habitat function of interest? For example, tidal regime
and elevation are key predictors of inundation depth, duration, and frequency in intertidal habitats such as mangroves
(Baker et al. 2015, Castellanos-Galindo and Krumme 2015),
whereas rainfall and geomorphology are key predictors of
seascape configuration and water quality in the coastal areas
surrounding mangrove forests (Thom 1982, Fabricius et al.
2005, Castellanos-Galindo and Krumme 2015).
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must be made, then generalizing empirical knowledge from
the most appropriate contexts, with an understanding of the
uncertainty involved, will be the most robust option.
Potential variability imposes the need to put limits on
the generality of relationships and to try to understand the
drivers of this variability—that is, to examine the context
dependence of a relationship. For ecological knowledge to
be useful, some empirical caveats on its transferability must
be provided. In the most basic sense, this requires scientists
to clearly define the context of their study sites, and accompany any reported relationship with quantitative, verifiable
statements about the potential context dependence of their
findings (e.g., “in locations that experience less than X millimeters of rainfall per year, this relationship may not occur”).
This, in the first instance, allows scientists and practitioners
that wish to use reported findings to see these potential
limits explicitly. An even more useful practice is to test
the context dependence of findings empirically, by actively
including sites that fall outside the expected context of the
function under investigation.
Beyond these basic considerations, context dependence
must be dealt with in a rigorous, cohesive way to improve
the generality and transferability of ecological knowledge.
We present a conceptual approach for integrating empirical evidence across multiple contextual factors, in an effort
toward developing a global understanding that can reconcile
differences in habitat function both within and between
regions (figure 2). Instead of developing detailed mechanistic explanations for the causal thickets (complexes of overlapping cause–effect relationships operating across multiple
scales) that drive function in any particular situation (Harris
and Heathwaite 2005, 2012), we advocate the use of simple
typologies (i.e., types of contexts) to structure our search for
meaningful patterns in the variability of habitat function.
To ultimately understand why habitats function differently
in different places, we advocate first looking for what key
descriptors are useful in the prediction of habitat function.
In the coastal zone, the interactive contribution of various
macro-scale drivers (figure 3), such as geomorphic, tidal
and riverine influences, produces conspicuously different
coastal environmental settings, each with distinct ecological
properties that result in distinct ecological function (Rovai
et al. 2018). We use the term setting to indicate a typology
that describes a collection of similar real world contexts
(sensu Thom 1982, Stuthmann and Castellanos-Galindo
2020). For example, a microtidal reefal lagoon setting is a
type of environment that occurs around the world because
of similar geomorphic and tidal conditions. All mangrove
patches or seagrass beds in this kind of setting are likely to
face similar constraints on the ecological roles they perform,
despite some substantial variation due to other factors (e.g.,
climate). Used in this way, settings are combinations of
important contextual factors. By accurately determining the
settings that best reflect ecologically equivalent windows
for known habitat functions, we can readily identify the
set of locations in which we can expect or predict similar

Step 2: Describe the distribution of both habitat and function in
contextual space. It is possible to use the macro-scale drivers
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defined in the first step to define the abstract contextual
space that the habitat feature occurs in. These drivers provide
the axes of an abstract space in which difference in position
should translate to meaningful differences in environmental
setting for the function of interest (figure 2, Step 2). First,
it is important to capture the total environmental range of
the habitat. This will require data beyond local field studies,
using mapping techniques (e.g., remote sensing) to identify
the distribution of the habitat, such as the distribution of
992 BioScience November 2020 / Vol. 70 No. 11
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mangroves, at the scale of interest. Next, use multilayer GIS
techniques to overlay patterns of variation in the important
contextual factors identified in step 1, such as tidal regime
and rainfall. This provides a projection of the occurrence
of the habitat in environmental contextual space (figure 2,
Step 2). This process reveals the environmental differences
between locations in which a habitat type occurs that relate
to the habitat function of interest, such as a reef–fish nursery
function. Although generating this data may not be feasible
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Figure 2. Conceptual diagram of the three practical steps for defining ecologically equivalent windows for habitat
functions. The example habitat function presented in the present article is the use of mangroves as nurseries by juvenile
reef fish (blue shading in online version). In step 1, important contextual factors (e.g., salinity, hydroperiod) and their
key predictors (e.g., rainfall, tide) are identified from existing literature or field studies. In step 2, the distribution of
both habitat and function in geographic space is described. The relationship between the function and key predictors
(e.g., predictor A, rainfall; predictor B, tide) in geographic space allows us to describe the distribution of the function in
contextual space (step 2, third panel). Finally, in step 3, predictions of habitat function based on environmental context
developed in step 2 are tested, to robustly define ecologically equivalent windows for the habitat function.
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for many practitioners, many sets of these spatial data are
becoming openly available (e.g., Worthington et al. 2020),
and this process can be achieved by combining appropriate
data sets.
Known (e.g., from the literature) or field-acquired
instances of the habitat function of interest may then be
projected onto this environmental space to establish the
zones in which the function of interest occurs. For example,
by identifying the locations in which mangroves do or
do not provide juvenile habitat for reef fish (e.g., Bradley
2019), the zones of environmental space in which nursery
function could occur can be defined. If sufficient data exist
from different time periods, the same process could be used
to examine temporal change in context and any resulting
changes in habitat relationships. This process is much like
niche modeling (sensu the hypervolume or realized niche,
Whittaker et al. 1973), where instead of the presence of a
species, we are modeling the presence of a habitat function
in environmental space. Any consistencies in habitat function across this environmental space can be used to define
environmental thresholds that distinguish between locations
or time periods. For example, are there discernible settings
such that the habitat feature is used by different faunal
groups (e.g., Bradley et al. 2019) or such that the outcome of
habitat use differs (e.g., sink versus source juvenile habitats;
Huijbers et al. 2013)? This will also allow for the identification of areas of the contextual space in which the habitat
https://academic.oup.com/bioscience
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feature is present but evidence is lacking; areas in which a
generalized understanding of function is unsupported and
risky and future research could be particularly profitable.
Step 3: Test predictions of habitat function on the basis of environmental context to robustly define ecologically equivalent windows. First,

if the contextual space has been adequately defined, habitat
function should be more or less equivalent between spatially
separated sites in similar positions in environmental space,
unless critical factors are missing. For example, if tidal range
and average rainfall are the dominant factors in determining
mangrove function, we might expect mangroves to perform
similar roles for fauna near Livingstone, Guatemala, as they
do near Kimbe, Papua New Guinea (figure 4b). Similarly,
sites that are distant in contextual space should show different outcomes in terms of habitat function. For example, we
might expect mangroves to perform radically different roles
for fauna near King Sound, Australia, than they do in both
Livingstone and Kimbe (figure 4b). Once the validity of the
contextual model has been established, targeted sampling
in particular regions of environmental space can be used
to identify the settings in which particular habitat functions should take place. Some habitat functions are difficult
to test, because the parameters required to measure them
are technically difficult to collect. For example, to rigorously determine nursery function, the contribution of all
juvenile habitats to population success should be quantified
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Figure 3. Schematic of the impact of variation in tidal and rainfall regimes on the context of coastal aquatic habitat.
Examples of how major modifiers of context for coastal aquatic habitats—tidal regime, geomorphology, and rainfall
regime—can interact in the seascape. Geomorphology and rainfall can interact to determine the physical and ecological
context of coastal habitats by modifying the volume, pathway and composition of terrestrial runoff, which in turn modifies
primary and secondary production, whereas geomorphology and tidal regime can interact to determine spatial and
temporal access to coastal habitats through inundation regimes and the spatial arrangement of habitats. The symbols for
the diagrams are used courtesy of the Integration and Application Network (ian.umces.edu/symbols).
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(Dahlgren et al. 2006, Sheaves et al. 2015). However, it is
relatively simple to determine an absence of nursery function as evidenced by an absence of juveniles (e.g., Bradley
et al. 2019). When it is not possible to collect required
parameters, the potential for function to occur (e.g., whether
fauna is present in the habitat) can be examined instead, to
at least establish the outer limits of transferability. Although
994 BioScience November 2020 / Vol. 70 No. 11
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Figure 4. Conceptual illustration of variation in tidal and rainfall regimes across the globe. (a) The tidal regime for the
oceans and yearly average rainfall for the land are shown, to illustrate how the two vary in coastal areas globally. The
grayscale intensity on land shows yearly average rainfall, whereas the colors in the ocean show tidal amplitude (based
on WorldClim; Fick and Hijmans 2017); the output was reproduced with permission from the National Tidal Centre,
Australian Bureau of Meteorology). (b) Locations from within boxes in panel (a) plotted in contextual space illustrate the
spread of contextual variation within regions. The point patterns correspond to the regional box patterns in panel (a). The
sites were chosen to illustrate the large environmental variability within regions and the similarities across regions. These
locations could potentially be used to test the concepts of ecological equivalence discussed in the article. Abbreviations: AS,
Arabian Sea; BS, Bismarck Sea; CBS, Caribbean Sea; CRS, Coral Sea; IO, Indian Ocean; LS, Laccadive Sea; RS, Red Sea;
SCS, South China Sea; SPO, South Pacific Ocean; TEP, Tropical Eastern Pacific.
some practitioners may simply need to test sites relevant to
their work, where it is feasible, a range of different locations
could be used to accurately define thresholds in function.
Field sites that violate expectations should reveal new axes
of contextual variation not previously considered. Predictive
errors can be used to refine contextual threshold values for
particular habitat functions.
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How environmental factors can modify fish–habitat
relationships
Important contextual factors will range in type depending
on the relationship under investigation. In the study of context dependence of mutualisms, Chamberlain and colleagues
(2014) defined four broadly different kinds of contextual
variation, which are also useful for examining context
dependence in habitat relationships. These broad categories
are physical (e.g., nutrients, wave energy), ecological (e.g.,
species interactions, such as the presence of predators),
spatial (e.g., landscape configuration, such as isolation), and
temporal (periodicity, e.g., flooding regimes). We have identified a variety of factors in these categories that are known
to affect fish–habitat relationships (table 2), and we illustrate
some of these in the following paragraphs.
Fish use a habitat to satisfy their ecological requirements
under prevailing conditions. The scale and complexity of the
structures formed by a habitat feature can determine its usefulness to an individual on the basis of the body size and particular requirements of that individual. These requirements
can be responses to a range of other factors. For instance,
physical factors can create stressors on fish that can be mediated by habitat use. Intense sunlight necessitates the use of
shade, provided by large table corals on tropical reefs (Kerry
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and Bellwood 2015), and high wave energy necessitates the
use of coral structure as a hydrodynamic refuge (Bellwood
and Wainwright 2001). Similarly, species interactions can
drive habitat requirements by creating stressors that can
be mediated by habitat use. For instance, the presence of a
predator can determine the need for refuge. “Landscapes
of fear” lead to key differences in habitat use when predators are present or absent (Laundré et al. 2010, Willems and
Hill 2009). For fish, predators tend to increase the use of
structured habitats by prey (Gotceitas et al. 1995). The type
of predators can also shape habitat use, with key differences
in ambush and pursuit predators (Turner et al. 1999) and in
the emergent effects of multiple predators (Sih et al. 1998).
If conditions are sufficiently different between contexts, then
fish may not require the same habitats.
The range of factors that shape habitat requirements interact to determine habitat use. For example, flow velocity is a
major controlling variable of fish habitat use in freshwater
systems (Bain et al. 1988, Chipps et al. 1994) in which it
directly influences whether habitat choice is based on flow
refuge or predator avoidance (Shirvell 1990). This situation
is mirrored on coral reefs (Bellwood et al. 2002), where a
variety of fishes use structurally complex reef habitats in high
wave energy environments (Johansen et al. 2008) in order to
access food resources (Johansen et al. 2007). In low-energy
environments, these same fish do not need structured habitats and instead readily use the water column, but only in
the absence of predators (Fulton et al. 2001, Krajewski et al.
2011). Therefore, in high flow or high-energy contexts, habitat as hydrodynamic refuge becomes paramount, whereas
in low energy contexts other facets of habitat function
come to dominate habitat selection (e.g., the distribution of
resources, predators, and competitors). The relative balance
of factors that shape habitat requirements will shift across
different contexts, both spatially, because conditions change
with geography, and temporally, because conditions change
with the seasons or directional impacts such as fishing and
climate change (Lauchlan and Nagelkerken 2020).
Fish are also constrained by various factors that determine
whether certain habitat features can be accessed and used.
For example, gradients in abiotic conditions, such as salinity
or dissolved oxygen, lead to the exclusion of fish from some
areas in which there is otherwise suitable habitat (Akin et al.
2005, Ludsin et al. 2009). In these cases, a habitat feature
cannot provide suitable habitat simply because it cannot be
inhabited, such as if there is not enough oxygen for a fish
to respire (Mattone and Sheaves 2017, Dubuc et al. 2019).
The range of conditions experienced over time in a location
can also determine the usability of a habitat; a habitat may
lose its value for fish if conditions are suboptimal even for
a very brief period (Knight and Arthington 2008). These
effects are evident for a range of different physical factors
(table 2, physical context). Shallow water coastal habitats
are thought to provide refuge for juveniles through the
exclusion of larger predators (Ruiz et al. 1993, Paterson and
Whitfield 2000). If shallow water is central to refuge value,
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Important contextual factors for fish–habitat
relationships
Coastal fish fauna provide a compelling focal example of
how context can alter animal–habitat relationships. To
demonstrate the concepts described in this article, and to
progress the study of context dependence within our particular field of expertise, below we apply this new lens to
coastal fish–habitat relationships. As was described in the
previous section, the first practical step in defining ecologically equivalent windows for animal–habitat relationships is
to define the important contextual factors that may regulate
those relationships. In this section, we discuss the broad
range of factors likely to affect fish–habitat relationships
and identify important geographic drivers for these factors.
First, we describe some of the ways in which different factors can modify relationships between fish and key habitat
types. A great number of studies consider various factors
that affect habitat relationships. However, these variables
tend to be considered in isolation (e.g., Schaffler et al. 2013)
rather than as part of a broader effort to aid in transferability
of habitat relationships. So although these studies provide
useful data for partially defining contextual boundaries of
fish–habitat relationships, they must be incorporated into
the larger theoretical framework of context dependence presented in the present article to define ecologically equivalent
windows. Accordingly, second, we describe how broad scale
geographic factors tend to create consistent differences in
important environmental factors between locations in the
coastal zone. We identify tidal range, rainfall, and coastal
geomorphology as key drivers that structure variation in
habitat relationships for coastal fish fauna.
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Table 2. The four broad categories of factors affecting fish–habitat relationships in coastal aquatic systems, with
example factors, their potential impacts on habitat relationships, and example references.
Example factor

Potential impact on habitat relationships

Example reference

Physical

Salinity

Regulates habitat use

Martino and Able 2003

Drives movement between habitats

Cyrus and Blaber 1992, Whitfield et al. 2006

Regulates habitat use

Attrill and Power 2004, Lauchlan and
Nagelkerken 2020

Drives habitat use (thermal optima)

Sims et al. 2006

Regulates habitat use

Eby and Crowder 2002

Low values necessitate movement between
habitats

Hasler et al. 2009

Water depth

Regulates habitat use

Bradley et al. 2017, Somero 1992

Solar irradiance

Can necessitate the use of shade, positive
relationship with shade providing habitat use

Kerry and Bellwood 2015, Verweij et al.
2006

Wave energy

Can have a negative relationship with
diversity of habitats used, positive
relationship with structured habitat use

Bellwood et al. 2002, Fulton et al. 2001,
Johansen et al. 2008, Shirvell 1990

Soundscapes

Biological soundscapes; affects habitat
selection

Huijbers et al. 2012

Artificial soundscapes; negative relationship
with habitat use

Slabbekoorn et al. 2010

Positive relationship with structured habitat
use

Bain et al. 1988, Ensign and Doyle 2006,
Thorp et al. 2006, Williams and Bax 2001

Influences physical conditions

Bouillon et al. 2007, Decho 2000, Jorgensen
and Des Marais 1990, Officer 1981

Influences the distribution of food resources
in time and space

Ackerman et al. 2000, Hamner et al. 1988,
Mendes et al. 2002, Noda et al. 1994,
O’Brien and Showalter 1993

Can regulate diversity of habitats used,
influences home-range size

Meyer et al. 2007, Minns 1995, Woolnough
et al. 2009

Dissolved nutrients

Influences food resource availability

Paerl et al. 1999

Structural complexity

Influences which species and life stages are
able to use a habitat

Felix-Hackradt et al. 2014

Relationship between scale of structural
complexity and body size of fauna

Nash et al. 2014, Nash et al. 2013

Predator environment

Regulates habitat use, generally positive
relationship with structured habitat use

Gotceitas et al. 1995, Shirvell 1990, Turner
et al. 1999

Food availability

Regulates habitat use, interactive with other
contextual factors

Abrahams and Dill 1989

Competitor environment

Regulates habitat use, negative relationship
with diversity of habitats used

David et al. 2007, Hesthagen and Heggenes
2003, Hixon 1980, Hughes 1992, Nakano
1995, Webster and Hixon 2000

Mutualisms and symbioses

Absence of partner species can restrict
habitat use

Sun et al. 2015

Social environment

Absence of conspecifics can restrict habitat
use

Bietz 1981

Isolation

Modifies predation effects, regulates use of
habitat

Overholtzer-McLeod 2006

Patch size

Modifies predation effects, regulates use of
habitat

Hovel and Regan 2008

Configuration

Regulates use of habitat

Pittman et al. 2004

Presence of a second
habitat type

Regulates use of habitat

Beard and Carline 1991, Dorenbosch et al.
2007, Luo et al. 2009

Periodic variation in physical
conditions (e.g., seasonality,
disturbance events)

Positive relationship with diversity of
habitats used

Allouche 2002, Copp 1992, Vilizzi et al.
2004

Periodic variation in
availability of habitat

Positive relationship with diversity of
habitats used

Gibson 1992, Sheaves 2005

Positive relationship with importance of
spatial context of alternative habitat

Sheaves 2005

Temperature

Dissolved oxygen

Water movement

Ecological
(species
interactions)

Spatial

Temporal
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Key drivers of environmental variation between
coastal ecosystems
Fish–habitat relationships are clearly sensitive to a range of
physical, ecological, spatial, and temporal factors, and these
kinds of factors can vary consistently between ecosystems.
Large-scale geographic forces tend to constrain variability
in a range of factors, characterizing regions by regulating
fundamental ecological processes (Harris and Heathwaite
2012). Tidal forces, rainfall regimes, and large-scale geomorphological characteristics interact to determine the nature of
coastal environments (figure 3). For example, in steep volcanic landscapes, orographic rainfall runs off rapidly in channels directly into the marine environment, whereas alluvial
terraces produce slow flowing riverscapes and wetlands
that can interact with tidal forces to form complex brackish
intertidal mosaics. The intersection of these various factors
create predictable contexts with similar physical, ecological,
spatial, and temporal conditions (e.g., Thom 1982) that are
repeated throughout the world (figure 4)—factors that will
be useful in defining recognizable settings for key fish–habitat relationships (Nagelkerken et al. 2015).
Tidal regimes appear to predictably change the function of
certain coastal habitat types, because of the profound effect
they have on physical factors, species interactions, movement and connectivity pathways, and spatial and temporal
elements of context (Krumme 2009). Tidal forces determine
water movement, directly changing the physiochemical
attributes of water column (table 2, physical context). Where
habitat value is conferred by shallow water refuge, that value
will change through time and change geographically with
varying tidal and other hydrodynamic forces, because of the
amount of time that the feature will not provide that value
for fish, because it is either too shallow and inaccessible or
too deep and low value. In intertidal and adjacent subtidal
areas, tidal regime regulates the temporal availability of certain habitats by controlling access (Minello et al. 2012, Rozas
1995) and, in some animals, creates the requirement for
certain spatial contexts, in which habitats used at high tide
and those used at low tide are present at appropriate scales
(Sheaves 2005). Tides display extreme variation globally in
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three main dimensions: tidal range, frequency of flooding,
and the duration of flooding (Pugh 1996). Although tidal
harmonics will determine the range of possible inundation
patterns for any habitat patch in the region, tidal forces
interact with local geomorphology, leading to fine-scale
differences in the inundation patterns of coastal intertidal
habitats, such as along a coastline (Baker et al. 2015), with
predictable influences on habitat function (Baker et al. 2013,
Kneib 2003, Rozas 1995). For example, the range of habitat
functions provided by saltmarsh can be heavily dependent
on tidal regime (Raposa and Roman 2001), particularly
nursery function (Minello et al. 2012). The situation is mirrored in tropical regions in the nursery function of mangrove forests and seagrass beds (Igulu et al. 2014). As such,
tidal regime is likely to be a strong predictor of fauna–habitat
relationships among locations.
Rainfall patterns are another key determinant of fauna–
habitat relationships in the coastal zone (Gillanders and
Kingsford 2002). Terrestrial freshwater input changes the
physical context of the coastal zone, lowering salinity and
increasing sediment loads, leading to turbidity in the water
column and changes in nutrient availability, all of which can
alter habitat relationships directly (table 2, physical context), determine habitat mosaics (table 2, spatial context),
and modify species interactions, such as the quantity and
type of food available to fish (table 2, ecological context).
It is not simply freshwater flow itself that matters, but the
context of reliable freshwater flows that leads to the evolution of processes, such as trophic structures and ontogenetic
habitat shifts that harness these flows (Sheaves et al. 2007).
Although similar habitat features may be present in estuarine versus marine contexts, they appear to function very
differently. In northern Australia, mangrove forests formed
by the same plant species and substrates are used by entirely
different juvenile fish in estuarine and marine contexts, as
are seagrass beds and rocky reefs (Bradley et al. 2019). The
same distinction in the use of mangrove forests and seagrass
beds has been observed in North America and at a global
scale (Igulu et al. 2014, Ley et al. 1999). Rainfall constrains
the kinds of ecosystems found in a location and is likely to be
a key predictor of ecological equivalence between apparently
similar coastal locations.
How the full range of important contextual factors interact
to determine fauna–habitat relationships in the coastal zone
remains unknown. Multiple factors operate at a range of
scales to determine the ecosystem context of a relationship
at any one place and time. The two important contextual
factors discussed above, tidal regime and rainfall, vary across
the world (figure 4a), resulting in apparently similar conditions in different parts of the world (figure 4b). Do coastal
ecosystems in these locations share similar functionality?
Potentially, but the simplicity of these similarities will be
complicated by large-scale geomorphology and small-scale
topography. For instance, estuary morphology can determine
the fish species that use seagrass beds (Schrandt et al. 2018),
and the location of a habitat within an estuary system will also
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in contexts in which the depths of coastal habitats vary
because of tidal movement, meteorological forces or flooding, any refuge value will vary (Minello et al. 2012, Baker
et al. 2015), and the location of that shallow-water refuge will
move across the landscape and change in size (Sheaves et al.
2016). Temporal fluctuations in environmental conditions
can regulate access to one habitat type (Dorenbosch et al.
2006), and the animal’s requirements must be fulfilled by an
alternative habitat while it is unavailable (table 2, temporal
context). This necessitates animal movements and the use of
multiple habitat types, and the relationship between a species and a habitat type may be dependent on the distance to
other habitats in the surrounding seascape (e.g., Olds et al.
2012). For fish, the value of a habitat can depend on a whole
suite of environmental factors that support use.
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Conclusions
Context dependence in fauna–habitat relationships has far
reaching implications. It questions the usually untested
assumption that the same habitat type fills the same ecological role for fauna in different locations (figure 1). Distinct
from the idea that habitat itself can vary between locations
(Nagelkerken et al. 2010), this implies that we cannot rely
on measures of quality alone (e.g., sediment grade, canopy
type) to determine ecological function. This complicates
assumptions of equivalence in the value of a habitat, how
that value is derived, and the response of fauna to changes
in habitat. These assumptions of equivalence are pervasive
in the application of scientific understanding for management purposes. The concepts of critical habitat (Rosenfeld
and Hatfield 2006) and essential fish habitat (Rosenberg
et al. 2000) struggle to capture context-specific pathways
and processes through which habitats support fauna. For
habitat-based management actions, this could lead to targeting incorrect habitat for the protection of a species, leaving
critical habitats unprotected (Takekawa and Beissinger 1989,
McAlpine et al. 2008). Importantly, for species population
viability, it is not just the habitat feature that must be protected; the nuances of ecosystem function supported by the
ecological setting must also be maintained (Sheaves et al.
2015). Assumptions of equivalence also lie at the heart of the
concept of environmental offsetting, such that the degradation or destruction of habitat (and resulting loss of ecological
function) in one location is compensated for by the protection, restoration, or creation of similar habitat elsewhere,
with the goal of no net loss in ecosystem values and functions (Middle and Middle 2010, Robertson 2000). In all of
these applications, a failure to deliver expected functional
values can have serious social and economic consequences,
such as loss of livelihoods (Rose et al. 2015).
Context dependence in habitat relationships implies that
certain environmental drivers, such as tides, climate, and
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geomorphology, define ecosystem function to such an extent
that they can shape relationships between key components
in those ecosystems. Transferring knowledge between different tidal, climatic and geomorphological zones is risky
and must therefore be supported by empirical evidence.
Although we may not be able to generalize our understanding of habitat relationships universally, we may be able to
set meaningful, quantifiable limits on our understanding
of particular predictable nearshore habitat relationships.
This means that the problem of generalization is at least
partially tractable; for some relationships, real transferability (sensu Wenger and Olden 2012) should be possible
by validating the assumptions that underlie transferability
(figure 1). Environmental management decisions regularly
rely on knowledge that is based on information from other
places. There is a vital need for the translation of ecological
knowledge into information that is specific to the scale and
context of a particular management problem (Schlesinger
2010, Beier et al. 2017, Enquist et al. 2017). For practitioners,
knowing when one is working inside the limits of available
knowledge and knowing when one is in situations beyond
those limits is critical in assessing and comparing potential
actions and their outcomes. In this way, a well-developed
understanding of context dependence would provide an
effective means to translate scientific understanding into
actionable knowledge for management, and we hope that the
concepts and framework provided in the present article help
to advance the field toward this goal.
As human impacts on the biosphere continue to accelerate and as the countless services provided by ecosystems are
undermined, nations and organizations seek to preserve,
restore, or enhance important habitat functions. Global climatic change, along with intensive land transformation and
wild harvest, promises large shifts in many aspects of environmental context (Stenseth et al. 2002). In order to predict
the consequences of anthropogenic change beyond obvious first order impacts, we must develop knowledge of the
complex interactions that maintain ecological communities
(Tylianakis et al. 2008). Our ability to forecast and anticipate
how habitat functions are altered is an integral part of our
adaptation response (Metcalf et al. 2013). Without the ability
to better understand habitat relationships, we risk the failure
of ecological science to provide useful information where
and when it is needed most.
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modify its value for fish (Schloesser and Fabrizio 2019). On
the basis of figure 4, we would predict a habitat type within
a particular geomorphological setting (e.g., seagrass in an
enclosed estuary) within the same space in the biplot (figure
4b) to have similar function. Do important shifts in function
occur as we move across this parameter space? These factors
do distinguish between the fish fauna of mangrove ecosystems in tropical Australia (Ley 2005) and within the IndoPacific (Bradley 2019). Violations of these predictions would
help further identify and refine important contextual factors
that define ecologically equivalent windows. In general, we
might understand the particular effect that individual factors have on habitat relationships in particular situations
(e.g., table 2), but we lack a firm understanding of how these
myriad factors act in concert to determine ecosystem function. How these various factors shape ecologically equivalent
windows remains to be defined for even the most important
habitat functions. The practical steps outlined above provide
a cohesive heuristic approach to advance our understanding.
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