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ABSTRACT

I challenge (1) the assumption that habitat patches are natural units of mea-

surement for species richness, and (2) the assumption of distinct effects of hab-

itat patch size and isolation on species richness. I propose a simpler view of

the relationship between habitat distribution and species richness, the ‘habitat

amount hypothesis’, and I suggest ways of testing it. The habitat amount

hypothesis posits that, for habitat patches in a matrix of non-habitat, the patch

size effect and the patch isolation effect are driven mainly by a single underly-

ing process, the sample area effect. The hypothesis predicts that species richness

in equal-sized sample sites should increase with the total amount of habitat in

the ‘local landscape’ of the sample site, where the local landscape is the area

within an appropriate distance of the sample site. It also predicts that species

richness in a sample site is independent of the area of the particular patch in

which the sample site is located (its ‘local patch’), except insofar as the area of

that patch contributes to the amount of habitat in the local landscape of the

sample site. The habitat amount hypothesis replaces two predictor variables,

patch size and isolation, with a single predictor variable, habitat amount, when

species richness is analysed for equal-sized sample sites rather than for

unequal-sized habitat patches. Studies to test the hypothesis should ensure that

‘habitat’ is correctly defined, and the spatial extent of the local landscape is

appropriate, for the species group under consideration. If supported, the habi-

tat amount hypothesis would mean that to predict the relationship between

habitat distribution and species richness: (1) distinguishing between patch-scale

and landscape-scale habitat effects is unnecessary; (2) distinguishing between

patch size effects and patch isolation effects is unnecessary; (3) considering

habitat configuration independent of habitat amount is unnecessary; and (4)

delineating discrete habitat patches is unnecessary.
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THE HABITAT PATCH CONCEPT

Over the years following publication of the theory of island

biogeography (MacArthur & Wilson, 1963, 1967), the idea

that patches of habitat are analogues of islands took root,

becoming a central theme in conservation biology. Patch size

and isolation, analogous to island size and isolation, became

viewed as primary determinants of species richness in habitat

patches. As an important outcome, the habitat patch has

been widely adopted as the ‘natural’ area for measuring and

recording species richness, as well as the abundance and

occurrence of individual species. In the habitat patch frame-

work, sampling effort is usually scaled to patch size, and spe-

cies richness (or abundance or occurrence) is reported and

analysed on a per-patch basis, even if the original data are

based on sample sites or quadrats. The resulting data points

therefore represent values from areas that may range in size

over two or three orders of magnitude (e.g. Rosin et al.,
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2011; Robles & Ciudad, 2012), a significant departure from

the equal-sized sample sites or quadrats in classical ecological

studies (Fig. 1).

The notion that the habitat patch is the natural spatial

unit for recording and analysing species richness, abun-

dance and occurrence comes from the implicit assumption

that habitat patch boundaries contain or delimit popula-

tions and communities, such that each patch represents a

meaningful ecological entity. I refer to this idea as the ‘hab-

itat patch concept’. A persistent difficulty with the habitat

patch concept has been uncertainty in how to delineate

ecologically relevant patches. If two patches are very close

together, should they be analysed as a single patch? At what

distance apart should they be recognized as two patches

(Fig. 1b vs. 1bi)? As ‘habitat’ implies the particular cover

types used by a given species or species group, does the

inclusion of more detailed information on cover types

within patches require subdivision of patches into smaller

patches of uniform type (Fig. 1b vs. 1bii)? Also, more

generally, should the habitat associations of species and spe-

cies groups determine habitat patch delineation (Fig. 1b vs.

1biii)?

Even if patches could be delineated ‘correctly’, many stud-

ies have challenged the notion that patch boundaries contain

or delimit populations (Harrison, 1991; reviewed in Bowne

& Bowers, 2004). Animals make frequent movements into

and through the non-habitat parts of the landscape, the

‘matrix’, including not only dispersal movements but also

seasonal movements and even daily movements (e.g. Bagu-

ette et al., 2000; Broome, 2001; Fraser & Stutchbury, 2004;

Petranka & Holbrook, 2006; Roe et al., 2009; Schultz et al.,

2012). If animals move frequently in the matrix and between

habitat patches, their populations are not bounded by them.

On the other hand, habitat patch boundaries do constrain

the movements of some species (Stasek et al., 2008; Franz�en

et al., 2009; Jackson et al., 2009).

Here, I challenge (1) the assumption that habitat patches

are natural units of measurement for ecological responses, in

particular for species richness, and (2) the assumption of dis-

tinct effects of habitat patch size and isolation on species

richness. I propose a simpler view of the relationship

between habitat distribution and species richness, the ‘habitat

amount hypothesis’, and I suggest ways of testing it.

Although I focus here exclusively on habitat patches, the

ideas I present may also apply to many island clusters and

islands within lakes, or sets of islands near the coast such as

barrier island systems. Also, I limit my treatment here to

species richness, but I suggest that, if habitat patches are not

natural units for studying species richness, they are also

probably not natural units for studying species abundance

and occurrence.

PATCH SIZE EFFECT OR SAMPLE AREA EFFECT?

In their opening sentence, MacArthur & Wilson, [1963; p.

373 (with reference to Preston, 1962)] state: ‘[as] the area of

sampling A increases in an ecologically uniform area, the

number of plant and animal species s increases in an approx-

imately logarithmic manner’. The simplest explanation for

this increase in species number is the sample area effect: in

any region of continuous habitat, larger sample areas will

contain more individuals and, for a given abundance distri-

bution, this will imply more species (Fig. 2a). If one were

subsequently to remove large amounts of habitat from the

region, leaving habitat patches of different sizes, the species–

area relationship would still hold across these patches, owing

to the sample area effect (Fig. 2b), and the level of the curve

would subsequently drop over time as species disappear from

non-habitat 

vs. 

(a) equal-sized  
sample sites 

unequal-sized  
sample patches 

(bi) gap-crossing 

(bii) habitat detail 

(biii) interior specialists 
habitat 

(e.g. forest)  
non-habitat 

planta on 

na ve 
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(b) 

Figure 1 (a) Equal-sized sample sites versus
(b) unequal-sized sample patches, where

patch delineation depends on: the minimum
distance between patches (b vs. bi); the level

of cover type detail in habitat mapping
(b vs. bii); and the specific habitat

association of the species group (b vs. biii).
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the region (faunal relaxation). Many researchers have con-

structed species–area curves across habitat patches of differ-

ent sizes (i.e. Type IV curves sensu Scheiner, 2003; or island

species–area curves, ISARs; Triantis et al., 2012), confirming

the species–area relationship for habitat patches, for a wide

range of taxa, including plants (Piessens et al., 2004; Galanes

& Thomlinson, 2009), birds (Freemark & Merriam, 1986;

van Dorp & Opdam, 1987; Beier et al., 2002; Uezu & Metz-

ger, 2011), mammals (Holland & Bennett, 2009), amphibians

(Parris, 2006), and insects (Fenoglio et al., 2010; €Ockinger

et al., 2012).

Importantly, the species–area relationship, as predicted

from the sample area effect, does not require that the area

sampled for each data point on the species–area curve be

spatially contiguous. In a region of continuous habitat, the

number of species present in a contiguous sample area of a

given size will be the same (on average) as the number pres-

ent in two or more smaller sample areas of the same total

size as the single contiguous sample area (Fig. 3). Similarly,

due to the sample area effect, as habitat loss proceeds, the

number of species in a given habitat type in a whole land-

scape will decline with the total remaining area of that habi-

tat type in the landscape (Fig. 4), irrespective of the

individual sizes of the remaining patches. As stated by Helli-

well (1976), ‘[o]bviously there will be a better chance of

finding almost any species in a sample of larger size, whether

this sample is made up of a single large unit or several smal-

ler units, and regardless of any island effect’. Therefore, the

occurrence of a species–area relationship across a set of

patches is not necessarily related to the delineation of those

areas as patches. While this has been pointed out previously

(Helliwell, 1976; Haila, 1988), it has been ‘all but neglected

in the fragmentation literature’ (Haila, 2002).

MacArthur & Wilson (1967: Chapter 2) noted that remote

islands differ from sample areas in continuous habitat, in

that the species–area relationship across a set of remote

islands is typically steeper than the species–area relationship

across a set of sample areas in continuous habitat (con-

firmed in a review by Watling & Donnelly, 2006). Remote

islands have a higher extinction : colonization ratio than

areas of the same size on continents, and this difference is

greater when the island and its corresponding sample area
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Figure 2 Comparison of the species–area
relationship for (a) sample areas within
continuous habitat, (b) habitat patches and

(c) islands. Species richness increases with
increasing sampled area within continuous

habitat, because of the sample area effect.

The species–area relationship is steeper for
islands than for sample areas within

continuous habitat because of the island
effect. The sample area effect alone predicts

that the species–area relationship for habitat
patches should be lower, but have the same

slope, as the relationship for sample areas
within continuous habitat. In contrast, the

island effect for habitat patches predicts that
the species–area relationship for habitat

patches should be steeper than for sample
areas within continuous habitat.
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Figure 3 Different sized sample areas in an
area of continuous habitat. The number of

species in equal-sized quadrats is the same
(on average), irrespective of the sample area

containing the quadrat. The number of
species in a given amount of sampled

habitat is the same, irrespective of the sizes
of individual sample areas included in the

total sample area; e.g. number of species in
G = number of species in

A + B + C + D + E.
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are small than when they are large. The smaller and more

isolated the island, the less likely it is to contain ‘transient’

or ‘sink’ species, whose persistence on the island would

depend on frequent immigration from elsewhere (Mac-

Arthur & Wilson, 1967: Chapter 2; Rosenzweig, 2004). The

steeper slope for islands than for sample areas in continuous

habitat (the ‘island effect’) means that the species–area rela-

tionship for islands results from more than just the sample

area effect.

The island effect also implies that smaller islands have

fewer species in randomly selected quadrats of a given size

than do larger islands. Imagine that the islands and the area

of continuous habitat are divided into quadrats, all the same

size. In continuous habitat, all quadrats contain (on average)

the same number of species (Fig. 3), so in continuous habitat

the ratio of the number of species in a random quadrat in the

largest sample area to the number of species in a random

quadrat in the smallest sample area is one. In addition, since

the log–log species–area slope for the islands is steeper than

the slope for sample areas within continuous habitat, the

ratio of the total number of species on the largest island to

the total number of species on the smallest island is higher

than the ratio of the total number of species in the largest

sample area to the total number of species in the smallest

sample area within continuous habitat. Taken together, these

two points imply that the ratio of the number of species in a

random quadrat on the largest island to the number of spe-

cies in a random quadrat on the smallest island must be

greater than one, i.e. greater than the ratio for continuous

habitat. Essentially, the species pool sampled by a random

quadrat is smaller on a small island than on a large island

(e.g. Stiles & Scheiner, 2010), whereas the sampled species

pool is the same for all quadrats in continuous habitat. In

other words, the island effect implies declining number of

species in equal-sized quadrats with declining island size.

Is the species–area curve across habitat patches steeper

(like the curve for islands) or shallower (like the curve for

sample areas within continuous habitat)? If the latter, we can

hypothesize that the species–area curve for habitat patches

primarily results from the sample area effect, where larger

patches represent larger sample areas. This is an important

question because, if the patch size effect were due only to

the sample area effect then, for biodiversity conservation,

only the total amount of habitat in the landscape would

matter (Fig. 4), and not the sizes of the individual patches

that make up that total.

I attempted an exhaustive search for studies that compared

the slope of the species–area relationship across a set of dif-

ferent-sized habitat patches with the slope of the species–area

relationship across a set of sample areas equal in size to these

habitat patches but embedded in a region of continuous hab-

itat. If habitat patches are analogous to remote islands, the

slope of the former should be steeper than the slope of the

latter (Fig. 2). I found remarkably few such studies, six in

all. Middleton & Merriam (1983) compared species richness

of small mammals, plants and insects along a 6-km transect

within continuous woods, with a similar total transect length

within 15 small forest patches. Consistent with the sample

area effect, the total number of species was greater in the

continuous forest, but inconsistent with the island effect, the

slopes of the species–area curves were essentially identical.

Similarly, Schmiegelow et al. (1997) and Laurance et al.

(2002) found almost identical species–area slopes for boreal

forest birds and for tropical forest birds, respectively, across

control sites within continuous forest compared with spe-

cies–area slopes across experimental fragments. Collinge

(2000) found no difference in insect species richness between

experimentally created grassland plots and sample areas of

the same sizes within continuous grassland. Shirley & Smith

(2005), studying birds in uncut riparian buffer strips retained
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Figure 4 Due to the sample area effect, the

total number of species in a given habitat
type within a landscape increases with the

total amount of that habitat in the
landscape, irrespective of the sizes of

individual habitat patches in the landscape.

Journal of Biogeography 40, 1649–1663
ª 2013 John Wiley & Sons Ltd

1652

L. Fahrig



after clear-cutting, found no evidence for a steeper slope in

the species number versus buffer-width relationship among

remnant buffers than at control sites. Finally, Paciencia &

Prado (2005) found no difference in pteridophyte species-

accumulation curves across small versus large tropical forest

fragments. In summary, these six studies suggest that the

species–area relationship across habitat patches could be

simply due to the sample area effect.

An indirect way to test for the island effect on habitat

patches is to compare species richness in one large patch

with total species richness in many small patches equal in

total area to the large patch (i.e. single large or several small:

SLOSS). This has been done empirically by calculating

cumulative species number over cumulative area, summing

over patches in two ways, first where patch areas are

accumulated from smallest to largest patch, and second

where they are accumulated from largest to smallest patch

(Fig. 5). If the patch size effect is due only to the sample

area effect, these two curves should coincide, whereas if there

is an additional island effect, species should accumulate more

quickly when area is accumulated from the largest to smallest

patch than when area is accumulated from the smallest to

largest patch (Fig. 5). Using the search term ‘SLOSS’ in the

Web of Knowledge database, I found 14 empirical studies of

this type. One of these (Hoyle & Harborne, 2005) was based

on experimentally created patches, 12 were based on observa-

tional data from sets of pre-existing patches (McCoy &

Mushinsky, 1994; Sætersdal, 1994; Baz & Garcia-Boyero,

1996; Virolainen et al., 1998; Oertli et al., 2002; Tscharntke

et al., 2002; Hokkanen et al., 2009; Fattorini, 2010; Hattori

& Shibuno, 2010; Gavish et al., 2011; Mart�ınez-Sanz et al.,

2012), and one had both observational and experimental

data (McNeill & Fairweather, 1993). All thirteen of the

observational studies found the opposite pattern to that pre-

dicted by the island effect: several small patches had higher

species richness than a single large patch of the same total

area. This result held true even when authors evaluated only

rare, threatened or specialist species groups (McCoy &

Mushinsky, 1994; Sætersdal, 1994; Virolainen et al., 1998;

Oertli et al., 2002; Tscharntke et al., 2002; Peintinger et al.,

2003; Hokkanen et al., 2009). As suggested by several of the

SLOSS authors, and shown theoretically by Tjørve (2010), it

seems likely that at least part of the reason for higher species

richness in several small than in one large patch is that

several small patches are spread over a larger extent (Fig. 5),

so they intersect the distributions of more species. Interest-

ingly, the two experimental SLOSS studies (McNeill &

Fairweather, 1993; Hoyle & Harborne, 2005) found no differ-

ence between species richness on single large versus several

small patches. This is consistent with this explanation,

because these two experiments were conducted over much

smaller spatial extents than were the 13 observational studies.

A slightly different way to test SLOSS, which does not

confound the several-small scenario with the spatial extent

sampled, is to extrapolate the species–area curve to predict

the number of species that should occur in a single hypo-

thetical patch equal in size to the sum of the sizes of the

actual sampled patches, and then compare this with the total

species richness over the actual patches. The island effect

would predict lower species richness summed over the actual
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Figure 5 Method for empirically evaluating
single large versus several small (SLOSS).

Species richness is accumulated over area
either beginning with the largest patch and

adding patches in order of decreasing size
(solid lines), or beginning with the smallest

patch and adding patches in order of
increasing size (dashed lines). (a) The island

effect predicts more species in a single large
patch than in several small patches of the

same total area as the single large one. (b)
The habitat amount hypothesis predicts that

species number should increase with total
area, irrespective of the number of patches

making up that total. (c) A third possibility
is that several small patches contain more

species than a single large patch equal in
area to the sum of the areas of the small

ones.
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patches than the species richness predicted for the hypotheti-

cal single large patch. Rosenzweig (2004) conducted this sort

of analysis for 37 datasets and found equal numbers (19 vs.

18) of situations in which the actual value was higher versus

lower than the predicted value. In summary, empirical tests

of the SLOSS question do not support the island effect for

habitat patches.

Overall then, empirical studies so far are consistent with

the idea that the species–area relationship across habitat

patches is mainly due to the sample area effect. If this is

widely true then its significance is clear: when the conser-

vation objective is to maximize species richness in a given

habitat type, what matters is the total amount of that habitat

in the landscape and not the sizes of individual patches that

make up that total.

PATCH ISOLATION EFFECT OR SAMPLE AREA

EFFECT?

MacArthur & Wilson (1963, p. 373) described the coloniza-

tion of remote islands as occurring by immigration from the

‘primary faunal source area’, which later authors shortened

to the ‘mainland’. The mainland community determined the

total species pool available for colonization, and islands more

distant from the mainland were predicted to have fewer

colonists and therefore fewer species than islands closer to

the mainland. In contrast, in most patchy habitat situations

(and some island situations: Kalmar & Currie, 2006; Weigelt

& Kreft, 2013), immigration occurs predominantly from hab-

itat within the neighbourhood of the patch, rather than from

a common mainland area. Each patch effectively has its own

mainland, which is sometimes assumed to be the nearest

patch, sometimes the nearest patch weighted by area or

occupancy, sometimes the summed areas of all patches

within an appropriate distance (see ‘Caution 2: appropriate

spatial scale’, below, for a discussion of appropriate dis-

tance), and sometimes the summed areas of all patches

within an appropriate distance, with the summation

weighted inversely by the distances of the patches from the

focal patch. Each patch thus has a different potential pool of

immigrants, and the isolation of a patch depends not just on

the distance to, but also, and probably more importantly

(see below), on the area represented by the nearby patch(es).

In other words, patch isolation depends on the amount of

habitat within some distance of the patch (Fig. 6). Many

studies have found negative effects of such measures of patch

isolation on species richness (e.g. van Dorp & Opdam, 1987;

Beier et al., 2002; Piessens et al., 2004; Bailey et al., 2010;

Galanes & Thomlinson, 2011; Sch€uepp et al., 2011; Uezu &

Metzger, 2011; €Ockinger et al., 2012).

Of the various measures of patch isolation (above), the

amount of habitat within an appropriate distance of a patch

(and measures that are highly correlated with it) best pre-

dicts patch immigration rate and related ecological responses

(Moilanen & Nieminen, 2002; Bender et al., 2003; Tischen-

dorf et al., 2003; Prugh, 2009; Ranius et al., 2010; Figure 2

in Thornton et al., 2011; Martin & Fahrig, 2012), including

species richness (Piessens et al., 2004). The amount of occu-

pied habitat is a slightly better measure than simply total

habitat amount (Prugh, 2009), but such measures are usually

not practical as information on occupancy in all habitat is

usually not available; in any case, the amount of occupied

habitat is typically highly correlated with total habitat

amount. Measures of patch isolation that rely entirely on dis-

tance, particularly the distance to the single nearest patch,

are generally poor predictors of species richness, except when

highly correlated with habitat amount (van Dorp & Opdam,

1987; Piessens et al., 2004; Fenoglio et al., 2010; Sch€uepp

et al., 2011; but see Bailey et al., 2010). Generally, the more

information about the amount of habitat, particularly occu-

pied habitat, that is contained in the isolation measure, the

better it predicts species richness.

What drives this relationship between species richness in a

patch and the amount of habitat within an appropriate dis-

tance of the patch? As discussed above, landscapes containing

less habitat should contain fewer species associated with that

habitat type, due to the sample area effect (Fig. 4). There-

fore, landscapes surrounding more isolated patches (i.e. land-

scapes containing less habitat) should contain fewer species

than landscapes surrounding less isolated patches, again due

X XXX

(a) (b)

landscape surrounding habitat patch X

Figure 6 Habitat patch isolation depends
not only on the distance to the nearest

patch (arrows), but also, and probably more
strongly, on the amount of habitat within

an appropriate distance of the sampled
patch. The species pool available to colonize

the central patch X is lower in panel (b)
than in panel (a), making X more isolated

in (b) than in (a).
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to the sample area effect. The habitat in the landscape sur-

rounding a patch is its primary source of colonists, so fewer

individuals and species colonize a more isolated patch

(P€uttker et al., 2011), reducing its species richness compared

with a less isolated patch. Therefore, the patch isolation

effect is indirectly due to the sample area effect. Of course,

less habitat in the landscape surrounding a patch also means

that individuals must travel further, on average, to reach the

patch (Andr�en, 1994; Fahrig, 2003) (Fig. 6). The isolation

effect is thus due to the combination of distance and reduced

habitat amount in the surrounding landscape, the latter most

likely outweighing the former (as argued above).

THE HABITAT AMOUNT HYPOTHESIS

This leads to a simple hypothesis, that the patch size effect

and the patch isolation effect are driven mainly by a single

underlying process, the sample area effect. The number of

species in a patch is a function of both the size of the

patch (i.e. the sample area represented by the patch), and

the area of habitat in the landscape surrounding the patch

(i.e. the sample area represented by the surrounding habi-

tat), which affects the colonization rate of the patch. We

can combine these two sample area effects to predict that

species richness in equal-sized sample sites should increase

with the total amount of habitat in the ‘local landscape’ of

the sample site (Fig. 7), where the local landscape is the

area within an appropriate distance of the sample site.

Several studies have shown such positive effects of the

amount of habitat in the local landscape on species richness

within sample sites (Holland & Fahrig, 2000; Fischer et al.,

2005; Hendrickx et al., 2009; Bailey et al., 2010; Garden

et al., 2010; Smith et al., 2011; Flick et al., 2012; Rodr�ıguez-

Loinaz et al., 2012). The habitat amount hypothesis further

predicts that species richness in a sample site is inde-

pendent of the area of the particular patch in which the

sample site is located (its ‘local patch’), except insofar as

the area of that patch contributes to the amount of habitat

in the local landscape of the sample site. In other words,

the hypothesis replaces two predictor variables, patch size

and isolation, with a single predictor variable, habitat

amount, when species richness is measured and analysed in

equal-sized sample sites rather than in unequal-sized habitat

patches (Fig. 7).

Note that in proposing the habitat amount hypothesis I

do not deny that extinction and colonization drive observed

species richness. This has to be true on any spatial scale,

including in sample sites within patches, as has been recog-

nized in theoretical work for quite some time. For example,

Lande (1987) modelled individual territories as the spatial

units of local extinction and colonization, and Holt (1992)

modelled colonization–extinction dynamics of equal-sized

areas within patches. The habitat amount hypothesis implies

that there is nothing special about the habitat patch that

would require extinction–colonization dynamics to be

assessed at the scale of individual patches.
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Figure 7 Predictions of the habitat amount (HA) hypothesis. The HA hypothesis predicts that species richness in a given sample site
(central black squares) increases with the amount of habitat in the local landscape (scenarios (a) and (c); shown in upper graph).

Furthermore, if the amount of habitat in the local landscape remains constant, species richness in the sample site should be independent
of the size of the habitat patch containing the sample site (the local patch) (scenario (b), shown in lower graph), and species richness in

the sample site should increase with increasing habitat amount in the local landscape, even if the size of the local patch decreases
(scenario (c), shown in upper graph). Note that there is no prediction for local patch size in scenario (a) or for habitat amount in

scenario (b), because they do not vary in these scenarios. Scenario (c) varies in both local patch size and habitat amount.
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TWO CAUTIONS AND A CAVEAT

Caution 1: habitat definition and species group

selection

Testing the habitat amount hypothesis requires that ‘habitat’

be correctly defined for the species group under consider-

ation (Fig. 8). For example, if habitat amount is equal to the

amount of forest, then the species included in the test should

be those that can occur in all forest stand types; species that

specialize on particular stand types should not be included,

or should be analysed in separate tests where habitat amount

is the amount of the particular stand type (Fig. 8). Similarly,

only edge habitat amount should be used for tests involving

edge specialists and only interior habitat amount should be

used for tests involving interior specialists (e.g. Bailey et al.,

2010) (Fig. 8).

Of course any single delineation of ‘habitat’ for a species

group will contain errors for at least some of the species in

the group. A species may use other cover types in the land-

scape, but with reduced likelihood or reduced breeding suc-

cess in them. In a single-species context, these issues can be

dealt with using habitat suitability mapping (e.g. Betts et al.,

2007). Probabilities of species occurrence are estimated for

different cover types, and the total amount of habitat for the

species in the local landscape of a sample site is then the

sum of these probabilities over all points within the local

landscape. While this is a reasonable approach for a single

species, it is difficult to imagine how one could apply it to

species richness. To test the habitat amount hypothesis

directly, we need a single value of habitat amount for each

sample site; it is not clear what that value would be if the

habitat amount available to each species (both present and

absent) is different. Therefore, tests of the habitat amount

hypothesis will generally rely on a habitat/non-habitat view

of the landscape, where only the species that are expected to

use predominately the same cover type should be included in

the species richness estimate. Note that, as this cover type

must occur (in varying amounts) over the whole spatial

extent of the test, the habitat amount hypothesis applies

within, but not across, ecoregions, i.e. it applies within

regions containing the focal cover type.

Caution 2: appropriate spatial scale

To test the habitat amount hypothesis, the amount of habitat

must be estimated in the local landscape surrounding each

sample site. But what is the appropriate spatial extent of this

local landscape? We know that landscape structure affects

different species most strongly at different spatial scales, the

‘scale of effect’ (e.g. Holland et al., 2005; Eigenbrod et al.,

2008; Martin & Fahrig, 2012), and that if landscape structure

is measured at an inappropriate scale, relationships may go

undetected (Holland et al., 2005). Most authors assume,

intuitively, that the scale of effect is related to the movement

range of the study species. This is confirmed by modelling

work, which suggests that for simple random dispersal, the

scale of effect should occur at about 4–9 times the species’

median dispersal distance (Jackson & Fahrig, 2012). More

complex, decision-based movement generally leads to smaller

scales of effect (Jackson & Fahrig, 2012).

What is the appropriate scale for the local landscape when

the response variable is species richness? Interestingly, multi-

scale analyses suggest that the response of species richness to

habitat amount in the local landscape is strongest within a

particular range of scales, at least for taxonomically related

groups (e.g. Ricketts et al., 2001; Horner-Devine et al., 2003;

Flick et al., 2012). This scale is presumably related in some

way to the average movement ranges of the species in the

species group. Because this scale will often be impossible to

predict a priori, in practice a multi-scale analysis will be nec-

essary (Fig. 9), where the species richness–habitat amount

(e) edge specialists(d) interior specialists

(a) forest generalists

sample 
site

local landscape

(b) old growth specialists (c) early successional
specialists Figure 8 The amount of habitat in the

local landscape of a sample site (black
squares) within forest depends on whether

the study species are (a) forest generalists,
(b) old growth specialists, (c) early

successional forest specialists, (d) forest
interior specialists, or (e) forest edge

specialists.
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relationship is evaluated for habitat amount estimated at

multiple nested extents around the sample sites. As habitat

amount is highly correlated between adjacent nested extents,

if there is an effect of habitat amount, the fit of the richness–

habitat amount relationship should increase smoothly to the

scale of effect and then gradually decrease (e.g. Ricketts et al.,

2001; Horner-Devine et al., 2003; Eigenbrod et al., 2008).

Caveat: habitat amount isn’t everything

Omission of matrix effects from the habitat amount hypoth-

esis does not suggest that they are unimportant. The hypoth-

esis posits that habitat patch size and isolation effects on

species richness are due to the sample area effect. However,

in addition to the sample area effect, there is ample evidence

that the matrix can influence species richness in habitat

(Fig. 10; reviewed in Prevedello & Vieira, 2010). For exam-

ple, fewer species of amphibians are found in ponds, and

fewer species of Neotropical migrant birds are found in for-

ests, when the pond or forest is situated in a predominantly

urban local landscape than in a predominantly agricultural

local landscape (Dunford & Freemark, 2004; Gagn�e & Fahrig,

2007). Therefore, in proposing the habitat amount hypothe-

sis, I am not suggesting that habitat amount is the only dri-

ver of species richness, although it is usually the most

important (Prevedello & Vieira, 2010).
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appropriate local landscape scale is
unknown. (a) Species richness is sampled in
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nested local landscapes at multiple spatial
extents surrounding each sample site. (c)
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HOW TO TEST THE HABITAT AMOUNT

HYPOTHESIS

The habitat amount hypothesis posits that the patch size

effect and the patch isolation effect are both due mainly to

the sample area effect. The former can be tested by com-

paring the slope of the species–area relationship across a set

of different-sized patches with the slope of the relationship

across a set of sample areas equal in size to these patches

but contained within a region of continuous habitat. If the

patch size effect is due to the sample area effect, there

should be no difference between these slopes; a steeper

slope for the patches would be consistent with the island

effect and inconsistent with the habitat amount hypothesis.

Because several factors can affect the slope of a species–area

curve – the species group, the sampling effort per area, and

the size of the study region (Azovsky, 2011; Triantis et al.,

2012) – these factors would need to be identical for the set

of patches and the set of sample areas in continuous habi-

tat. In addition, it would be important that the patches

were created sufficiently long ago such that if the island

effect were operating, its effect on the slope would be

detectable. Difficulty in finding such directly comparable

sets may be the reason that there are few such studies to

date.

Testing the assertion that the patch isolation effect on spe-

cies richness is mainly due to the sample area effect (rather

than to inter-patch distances) would require an experiment

(or quasi-experiment), where sample sites are created (or

selected) such that the distance from the local patch to the

next nearest patch, and the amount of habitat within the

local landscape are varied independently across sample sites

(Fig. 11). A much stronger effect of habitat amount than

nearest-neighbour distance on species richness in sample sites

would be consistent with the habitat amount hypothesis

(Fig. 11).

The habitat amount hypothesis also implies two predic-

tions that could be tested using experiments (or quasi-exper-

iments). First, a set of landscapes could be created (or

selected) such that they all contain the same total amount of

habitat in the local landscapes around sample sites, but there

is variation in the sizes of the local patches containing the

sample sites. In this case, the hypothesis predicts that there

should be no effect of increasing local patch size on species

richness in the sample sites (Fig. 7b). A positive effect would

be consistent with the island effect and inconsistent with the

habitat amount hypothesis. Second, a set of landscapes could

be created (or selected) such that there is a negative correla-

tion between the sizes of the local patches and the total

amount of habitat in the local landscapes of the sample sites.

In this case, the hypothesis predicts a positive effect of habi-

tat amount in the local landscapes on species richness in the

sample sites, even though the size of the local patch decreases

(Fig. 7c). Here, a lack of effect of habitat amount (given

sufficient statistical power) would be inconsistent with the

habitat amount hypothesis.

An indirect way to test the hypothesis is to test the above

predictions for each of a large number of species individu-

ally, using the study designs suggested above, but where the

response is species occurrence rather than species richness.

Because species richness is the sum of the occurrences of

individual species, the hypothesis implies that, for most spe-

cies, the effects of patch size and isolation on species occur-

rence are due to the sample area effect. Ultimately it may be

more valid to test the hypothesis indirectly by accumulating

such tests across many species, than by conducting tests on

species richness, because the habitat of individual species can

be defined a priori using habitat suitability modelling, as

discussed above (Betts et al., 2007).

Population processes and patch size

At this point the reader may be wondering about the role of

the numerous population processes that can affect popula-

tion size, and that have been linked to patch size. Examples

include pairing and reproductive success (e.g. Fraser & Stut-

chbury, 2004; Butcher et al., 2010), conspecific attraction

(Fletcher, 2009; Schipper et al., 2011) and predation by

generalist predators (Møller, 1988; Beier et al., 2002; but see

Huhta et al., 1998; Loman, 2007). It has been argued that

these processes and others lead to reduced abundances in

smaller patches. If true, this should lead to reduced persis-

tence and therefore reduced species occurrence, which,

summed over species, should lead to lower species richness

habitat amount
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Figure 11 Study design for estimating the independent effects
of habitat amount and nearest-neighbour distance on species

richness in a sample site (black squares). Given an appropriate
local landscape scale (circles), the habitat amount hypothesis

predicts that the effect of habitat amount (a vs. b, or c vs. d)
should be much stronger than the effect of nearest-neighbour

distance (a vs. c, or b vs. d).
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in smaller patches. In other words, one might argue that

these processes imply that the patch size effect is due to

more than the sample area effect, which is inconsistent with

the habitat amount hypothesis. However, this inference

requires that these processes are linked specifically to patch

size, and not indirectly to patch size through its (usual) cor-

relation with local habitat amount. These processes would be

inconsistent with the habitat amount hypothesis if: (1) they

are related to patch size even when habitat amount in the

local landscape remains constant or decreases; and (2) spe-

cies richness is lower in sample sites within smaller habitat

patches than in sample sites of the same size within larger

patches, even when the amount of habitat in the local land-

scape is the same (i.e. Fig. 7b).

It has also been suggested that species should be absent

from patches that are too small to hold a single territory, on

the assumption that a territory must be contained within a

single habitat patch (‘minimum patch size requirement’:

Hinsley et al., 1996; Lindenmayer et al., 1999; Beier et al.,

2002). If true, then a subset of the regional species pool

(those with larger territories) should be absent from smaller

patches and this should lead to effects of patch size on spe-

cies richness beyond the sample area effect. Some have

argued that this is shown by ‘nested subset’ structuring of

species, when the species matrix is ordered by patch area

(Berglund & Jonsson, 2003; Fischer & Lindenmayer, 2005;

Soga & Koike, 2012; but see Honnay et al., 1999). Species

nestedness patterns would be inconsistent with the habitat

amount hypothesis only if the nestedness pattern with

increasing patch size remains, even when the local habitat

amount is constant or decreases. To summarize, the exis-

tence of these population processes and nestedness patterns

is not in itself inconsistent with the habitat amount hypothe-

sis. In proposing the hypothesis, I am implicitly questioning

both their linkage to patch size itself (rather than to local

habitat amount) and their impact on species richness.

IMPLICATIONS

Of course, in reality, fragmented ecological systems are com-

plex webs of interacting processes affecting complex webs of

interacting species (Didham et al., 2012). One role of

research is to catalogue these processes. However, another,

important role is to identify the dominant processes and, by

subtraction, those that can be safely ignored in most situa-

tions. This simplification is needed in the context of pressing

conservation challenges, where simple yet effective advice is

needed. The habitat amount hypothesis is one such simplifi-

cation. It posits that patch size and patch isolation can be

replaced with a single predictor, habitat amount, when

species richness is measured in sample sites rather than over

whole patches. Patch area only affects species richness in

sample sites through its contribution to habitat amount, and

patch isolation affects species richness in sample sites

predominately through habitat amount rather than through

inter-patch distance effects.

The habitat amount hypothesis can also be viewed as pos-

iting that the relevant spatial extent for evaluating extinction

is much larger than individual habitat patches. Faunal relaxa-

tion following habitat loss may be observed for a whole

region or landscape, but movement rates among patches are

too high for there to be additional effects of patch size

beyond these effects of regional habitat loss. In another

sense, the hypothesis posits a shift, from remote islands,

where island size and island isolation are independent pre-

dictors of species richness (Kalmar & Currie, 2006), to much

less isolated continental habitat, where patch size and

isolation can be replaced with habitat amount in the local

landscapes of sample sites. An intermediate situation proba-

bly occurs for islands in tight clusters or spread over small

areas, and continental island-like habitats such as mountain-

tops. Consistent with this idea, a comprehensive review of

species–area relationships for sets of true islands showed that

the species–area slopes for inland islands, such as those in

lakes, are shallower than the species–area slopes for oceanic

islands (Triantis et al., 2012).

If the habitat amount hypothesis turns out to be generally

supported, it would mean that the habitat patch concept is

flawed and that ecological communities are not spatially

bounded entities (Ricklefs, 2008). It would also lead to some

fairly radical implications. First, it would mean that the com-

monly made distinction between patch-scale and landscape-

scale habitat effects (e.g. reviewed in Thornton et al., 2011)

is unnecessary: all habitat within the local landscape of a

sample site, including the local patch, contributes to the hab-

itat amount effect. Second, it would mean that distinguishing

between patch size and patch isolation effects on species

richness in sample sites is also unnecessary, as both are com-

ponents of habitat amount in the local landscape, affecting

species richness mainly through a single process, the sample

area effect. Third, it would mean that the configuration of

habitat in the landscape (e.g. fragmentation per se; Fahrig,

2003) generally has little or no effect on species richness in

sample sites. Finally, it would even mean that the identifica-

tion of discrete habitat patches is unnecessary for under-

standing the relationships between habitat distribution and

species richness in sample sites.
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