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Fungi are organisms with important roles in ecosystem

functioning and services, but knowledge about how habitat

fragmentation affect fungal diversity is biased by experimental

approaches and it is spread in different trophic groups. We

analyzed the empirical evidences of fungal diversity in

fragmented landscapes, and proposed future perspectives for

the study of these organisms under land use changes. Fungal

diversity might be negatively affected by habitat fragmentation;

however, this trend may differ in magnitude depending on

fungal groups and their nutritional habits. In addition, due to the

fact that fungal diversity at fragmented landscapes has been

studied mainly through few indicators (e.g. isolation, area and

edge effect); we propose incorporating the landscape structure

and accurate spatio-temporal scales to the study of fungal

diversity responses to fragmented landscapes. Together, this

methodological refinement may allow improving knowledge on

fungi when designing proper strategies for landscape

management.
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Introduction
Humans have triggered a wave of species extinction,

threats, and local population declines across taxonomic

groups that may be comparable in magnitude to previous

mass extinctions of Earth’s history [1]. In particular, land

use changes are one of the main threats to biodiversity

worldwide [2,3]. Losses and degradation of natural eco-

systems, mainly promoted by agriculture and urbanism,

strongly influences the structure and persistence of
www.sciencedirect.com 
ecological communities [4–6,7��,8]. Among land use

changes, the habitat fragmentation process is one of

the most important anthropogenic impacts shaping the

communities at current landscapes.

Habitat fragmentation affects a diverse array of living

groups inhabiting the remaining fragments of natural habi-

tat (e.g. birds, insects, mammals, vascular plants, fungi)

having consequences on different attributes of biodiversity

(compositional, structural and functional, sensu [9]).

Among biological groups, fungi are one of the less studied

groups at fragmented landscapes, despite of their impor-

tance in the ecosystem maintenance and functioning [10–

12]. Fungal diversity encompasses an extremely diverse

array of taxa, life forms, nutritional habits and functional

types that can be clustered into ecological guilds according

to trophic modes [13]. They have shown to be particularly

sensitive to alterations promoted by land use changes,

which draw the abiotic and biotic conditions of microha-

bitats [14,15]. However, the magnitude and direction of the

response of fungal community attributes to these indicators

have shown to be variable. Then, a synthetic analysis to

evaluate fungi at fragmented landscapes would contribute

to discuss if the responses of specific groups are biased by

experimental approaches, and if they vary across different

fungal nutritional habits.

Despite of the negative impacts of habitat fragmentation

on biodiversity, the theoretical bases to assess the study of

this landscape process are not clear-cut, yet they are in

continuous development (e.g. [16]). Consequently, the

theoretical framework of ‘habitat fragmentation’ goes

from the most simply explanation, such as a disruption

in the habitat continuity [17]; to the most complete over-

arching concept where the ‘habitat fragmentation’ con-

cept implies more than fragmentation per se. The latter

means that the remaining fragments of the original land-

scape are immersed in a new distinct matrix and may

present different features (i.e. degrees of habitat quality,

isolation, size, shape, age and connectivity). In addition,

recently some new insights for the study of habitat

fragmentation have been gained with the incorporation

of the landscape structure and proper scales to evaluate

different groups of organisms at modified landscapes [18].

Therefore, the habitat fragmentation process affecting

fungi can be assessed through indicators at different

spatial scales (e.g. landscape scale, patch scale) that

may affect biodiversity differently.
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Here, we analyze the responses of fungal diversity to

common indicators used in the ‘habitat fragmentation’

framework, and propose future perspectives for the study

of this landscape process on fungi. In particular, we

identified which indicators were used in order to highlight

possible bias on the use of them; and discuss new insights

of the concept of habitat fragmentation that would intro-

duce some avenues for promising studies of fungal

diversity.

Response of fungal diversity to indicators of
the habitat fragmentation process
In general, the available studies reveal that fungal diver-

sity is negatively affected by habitat alterations promoted

by habitat loss and fragmentation. These evidences are

supported by three common indicators used when fungal

responses to the habitat fragmentation process are evalu-

ated: fragment area, edge effects, and spatio/temporal

isolation [e.g. 19–21]. The trends associated to these

indicators could be a consequence of severe alterations

in soil abiotic conditions [19], reduction in microhabitat

complexity for substrate-depending fungi, and incre-

ments in light availability due to a reduction in canopy

cover [14], altered microclimatic conditions at fragment

edges [11], or dispersal limitations due to patch isolation

[22,23].

Regarding the attributes of fungal diversity (i.e. compo-

sitional, structural and functional), most studies are

focused on variations of fungal composition and show

negative effects of habitat fragmentation particularly on

fungal richness and fungal interactions. A general decline

of fungal diversity facing land use changes has been

observed for some regions [24��,15]. On the other hand,

fungi structural diversity (i.e. abundance) show response

patterns in different directions, probably because frag-

mentation might increase the abundance of species tol-

erant to disturbances but decrease that of sensitive spe-

cies [25,15]. Functional diversity was less studied in the

context of habitat fragmentation, probably because natu-

ral history of many taxa are unknown and because repro-

ductive and dispersal processes of many groups are diffi-

cult to measure and quantify [26,27].

Finally, when considering the nutritional habits, mycor-

rhizal and xylophagous fungi seem to be more negatively

affected by habitat fragmentation than pathogenic fungi.

Some studies have shown how the relationship between

mycorrhizal symbionts changed with the size and isola-

tion of Chaco forest fragments at dry seasonal forests

[19,28,29,30��]. Mycorrhizal fungi are affected by land

use changes involving soil disturbance [6], diminution of

fragment size [19,28,31], and habitat connectivity [32].

Other studies assessed the richness and abundance of

xylophagous fungi at boreal forest fragments [14,20,33–

35]. Xylophagous fungi strongly depend on resource

availability and composition (i.e. number of logs, variety
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of woody debris, diameter of wood, decay stage, and so

on) and the environmental variables that dramatically

change with the reduction of forest fragment size,

increasing edge proportion, and isolation [e.g.

14,20,33,34,36]. Conversely, patterns for pathogenic

fungi with indicators of habitat fragmentation are not

clear, possibly due to their ability to disperse over long

distances [21] that attenuate the adverse effects of

isolation and to their capacity of persisting in unfavor-

able conditions (i.e. fragment size reduction, increase of

edge proportion) since they might present dormancy or

latency [37,38].

Assessing fungal diversity at fragmented
landscapes: future perspectives
We identified that fungal diversity in the habitat frag-

mentation context has been studied mostly through one

or a few indicators. Particularly, these are patch size,

isolation and edge effects, all of them indicators of

habitat fragmentation at a patch scale. This finding

highlights that fungal diversity responses to habitat

fragmentation at broader scales are less known. For

example, if we consider the complex responses of path-

ogenic fungi to habitat fragmentation, we might think

that the long dispersal ability of these fungi was under-

estimated and cannot achieve the size effect of the

habitat fragmentation indicator on the pathogenic fungi

response, due to the small ‘scale of effect’ evaluated.

Therefore, researchers do not always evaluate the ade-

quate ‘scale of effect’ for every fungal group failing thus

to identify the strongest fungal species-landscape rela-

tionship is occurring. The ‘scale of effect’ at which

landscape configuration influences ecological processes

vary among fungi and influences logistically the experi-

mental design that must be carefully judged. Therefore,

it would be promising for future studies to gain knowl-

edge about the natural history of the studied fungi in

order to properly select the scale of the study. In conse-

quence, the assessment of the optimal scale of fragmen-

tation effects for different fungi would reveal the appro-

priate outcomes of species interactions with landscape

variables [39]. In this sense, several hypotheses were

postulated to predict what determines the scale at which

an environmental variable could influence biodiversity

[40]. However, for many fungi groups empirical evidence

is not enough to predict a priori the ‘scale of effect’ of the

landscape changes that can be affecting fungal diversity.

Meanwhile, the most feasible way to evaluate a biologi-

cal response to landscape modifications is a multi-scale

study where the most relevant ‘scale of effect’ is ana-

lyzed for specific organisms [39].

Fungi encompass a diverse array of living forms and

different functional needs that must be supplied along

the landscape. Human-modified landscapes may present

high levels of heterogeneity in their cover types and

might vary in a compositional (i.e. different cover types
www.sciencedirect.com
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The conceptual map shows (a) a synthesis of the empirical evidences on the literature of the effects of habitat fragmentation on fungal diversity at

the patch scale, and (b) a landscape perspective for future analysis suggested for the study of fungal diversity at fragmented landscapes.
across the landscape) or/and in a configurational manner

(i.e. spatial arrangement of cover types across the land-

scape; [41]). In consequence, if our goal is to evaluate the

response of fungal diversity to landscape heterogeneity it

is important characterizing the different cover types in

the landscape according to the function provided for the

fungal species studied. For example, whether different

vegetation cover types represent a gradient of suitable

substrate for the diversity of xylophagous fungi (e.g.

substrate availability, diameter of wood, and so on). In

this sense, some of these cover types might have not

apparent differences to satellite or human eye perspec-

tives, but could be biologically significant for the group of

fungi studied. Therefore, the assessment of the particular

fungal species needs and the suitable cover types to

satisfy those needs might allow finding the proper

approach to studying fungal diversity at increasing con-

figurational and compositional heterogeneity of the

landscapes.

Altogether, studying fungal diversity in the habitat frag-

mentation context is a conceptual and methodological

challenge, considering the interdependence between

the different effects of habitat fragmentation indicators

[16]. There are different approaches to deal with this

matter that can be mentioned. Smith et al. [42] suggest

performing statistical analyses to evaluate this
www.sciencedirect.com 
interdependence of highly correlated effects of the

indicators of the habitat fragmentation, so the relative

importance of each one of the indicators considered can

be estimated separately. Another approach to carry out is

to maintain constant some habitat fragmentation indi-

cators (e.g. at patch scale: patch size or shape) in order to

assess others that vary (e.g. at landscape scale: habitat

amount or habitat heterogeneity), and vice versa [43].

This strategy would allow separating experimentally the

effects of particular habitat fragmentation indicators on

fungal diversity (Figure 1).

Knowledge gaps and conclusions
Although the number of studies investigating the fungal

diversity at fragmented landscapes is still limited, the

synthesis provided here suggests that fungal diversity is

affected by habitat fragmentation. However, explicit test

through a meta-analysis might provide clearer patterns

on the magnitude and direction of these effects on fungal

diversity. Then, studies involving different functional

groups of fungi seem to be a fruitful way forward to

assess for further generalization of these promising pat-

terns. In addition, more studies oriented to elucidate the

mechanisms behind these fungal diversity–landscape

relationships together with those focused on the effects

observed in fungal composition on plant communities,

ecosystem functioning and services are evidently
Current Opinion in Microbiology 2017, 37:161–165
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needed. Also, the evaluation of species–landscape rela-

tionships at optimal scales might allow a correct estima-

tion of the biological responses for different fungi

groups. Altogether, this knowledge supported by the

incorporation of landscape structure and proper scale

of effects for fungal responses will be a milestone when

carrying out accurate strategies for sustainable land uses

and landscape management in face of worldwide habitat

fragmentation.
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