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Abstract In the past few decades, it has been
widely accepted that forest loss due to human actions
alter the interactions between organisms. We studied
the relationship between forest fragment size and
arbuscular mycorrhizal fungi (AMF) and dark septate
endophytes (DSE) colonization, and the AMF spore
communities in the rhizosphere of two congeneric
Euphorbia species (native and exotic/invasive). We
hypothesized that these fungal variables will differ
with fragment size and species status, and predicted
that (a) AMF and DSE colonization together with
AMF spore abundance and diversity would be
positively related to forest fragment size; (b) these
relationships will differ between the exotic and the
native species; and (c) there will be a negative
relationship between forest fragment size and the
availability of soil nutrients (NH,", NO;~, and
phosphorus). This study was performed in the eight
randomly selected forest fragments (0.86—-1000 ha),
immersed in an agricultural matrix from the Chaqu-
ean region in central Argentina. AMF root coloniza-
tion in the native and exotic species was similar, and
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was positively related with forest fragment size.
Likewise, AMF spore diversity and spore abundance
were higher in the larger fragments. While DSE root
colonization in the native host was positively related
with forest fragment size, DSE colonization in the
exotic host showed no relationship. Soil nutrients
contents were negatively related with forest fragment
size. In addition, NH," and NO;~ were negatively
correlated with AMF spores abundance and root
colonization and with DSE colonization in the native
species. The results observed in this study show how
habitat fragmentation might affect the interaction
between key soil components, such as rhizospheric
plant-fungal symbiosis and nutrient availability.
These environmental changes may have important
consequences on plant community composition and
nutrient dynamics in this fragmented landscape.

Keywords Habitat fragmentation - Arbuscular
mycorrhizal fungi - Dark septate endophytes -
Spores communities - Nutrients

Introduction

Forest loss and habitat fragmentation due to human
actions are the most important causes of declining
biodiversity (Saunders et al. 1991). Landscape mod-
ification and arrangement of remnant forest fragments
have been shown to have major effects on population
dynamics (Barbosa and Marquet 2002). Habitat
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fragmentation is a complex concept usually defined
as a landscape-scale process that includes, besides
fragmentation per se (i.e., a simple subdivision of
habitat without habitat loss), a patchiness of the
original matrix, habitat loss and patch isolation
(Fahrig 2003). However, several studies commonly
use forest fragment area as a good indicator of the
relationship between habitat fragmentation and fun-
gal organisms (Benitez-Malvido et al. 1999; Bergl-
und and Jonsson 2001; Mangan et al. 2004; Brown
et al. 2006; Peay et al. 2007; Jones et al. 2008). In
addition, there are dozens of articles showing the
ubiquitous species—area curve, representing the col-
lective responses by population of different species to
shifts in habitat area (Collinge 2009 and references
therein). Nevertheless, the relationship between
organisms and forest fragment size are species-
specific and could be positive, negative, or neutral
(Ewers and Didham 2006; Galetto et al. 2007).
Despite that belowground organisms have a major
role in maintaining the ecosystem functioning and
ecological processes (Fitter et al. 2004; Wardle et al.
2004), most of the ecological knowledge developed
in fragmented landscapes has principally centered in
aboveground organisms (mainly plants and animals)
and their interactions. Few studies have examined the
relationship between fragmented environments and
belowground organisms, such as microarthropods,
nematodes, and fungi (e.g., Gonzalez and Chaneton
2002; Mangan et al. 2004), and therefore the
consequences of forest fragmentation on below-
ground biota still remains largely unknown. In
particular, little is known about the relationship
between the most widely distributed plant root
symbionts, arbuscular mycorrhizal fungi (AMF) and
dark septate endophytes (DSE), and forest fragment
size (Smith and Read 2008; Jumpponen and Trappe
1998; Mandyam and Jumpponen 2008). AMF are an
important soil microbial component conferring ben-
efits to different plant species, such as uptake of
inorganic N and P (Smith and Read 2008), while DSE
have been suggested to increase plant performance
through organic N mineralization (Newsham 2011).
Both fungal interactions with plant species might be
affected by alterations in the abiotic environment
such as soil nutrient availability (Smith and Jones
2004; Jumpponen 2001). In addition, these fungal
symbionts may be directly affected by habitat
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fragmentation (Mangan et al. 2004). Some evidence
suggests an inverse relationship between forest
fragment size, nitrogen mineralization, and nutrition
in plants due to a greater root biomass with higher N
concentration in smaller fragments. Such amount of
root decomposition into soil organic matter eventu-
ally changes biomass quality, quantity, and resulting
N cycling parameters (Billings and Gaydess 2008).
In addition, higher nutrient availability nega-
tively affects the abundance and diversity of fungi
(Treseder 2004 and references there in; Mandyam
and Jumpponen 2008).

Another consequence of landscape fragmentation
could be the emergence of favorable conditions for
the establishment and invasion by exotic plant
species (Hobbs and Huenneke 1992; Lindenmayer
and Fischer 2006). Exotic plants might alter AMF
communities by showing a different physiology,
phenology, and life history than the native plants
(Hawkes et al. 2006). They could favour certain AMF
species and promote changes in AMF community
composition present in their roots by supplying
higher amounts of C (Wolfe and Klironomos 2005).
In turn, AMF feedbacks on plants may have an
important role on exotic establishment and growth
(Klironomos 2002). On the other hand, DSE show a
wide distribution without apparent host specificity
(Mandyam and Jumpponen 2008), but the effect of
plant composition on these fungi remain unknown.

Altogether, the evidence suggests that fungal root
symbiosis could be affected by forest fragmentation
through complex pathways that include fragmenta-
tion per se, changes in nutrient dynamics and host
identity in plant communities.

In this study, we analyzed the AMF and DSE
colonization and the AMF spore communities in the
rhizosphere of two congeneric species, Euphorbia
acerensis (native) and Euphorbia dentata (invasive
exotic), and nutrient availability along a fragmenta-
tion gradient in the Chaco forest in central Argentina.
We hypothesized that fungal colonization and spore
diversity would increase with forest fragment size,
while nutrient availability would decrease with
fragment size. Furthermore, these relationships may
be stronger for the native than for the exotic
congeneric species because native hosts should be
co-adapted to the local microbial community (Hallett
2006; Johnson 2010).
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Methods
Study site

This study was conducted in a fragmented landscape
of the Chaco forest district in Cordoba, central
Argentina (Cabrera 1976). The study area coordinates
range between 31°11'19”S; 64°16'02"W; and
31°13’05”S; 64°15'55"W. The rainy season occurs
between October and May with an annual precipita-
tion of 750 mm (Luti et al. 1979; Moglia and
Giménez 1998). Mean maximum and minimum
temperatures are 26 and 10°C, respectively. The
vegetation of the semiarid shrub—forest in fragments
is characterized by Aspidosperma quebracho-blanco
Schitdl., Acacia spp., Zanthoxylum coco Engl., Pros-
opis spp., Celtis ehrenbergiana Liebm., native and
exotic herbs and grasses, vines, and epiphytic plants.
These forest fragments, which are rocky outcrops
immersed in an agricultural matrix, remain in the
landscape because of their futility for agriculture and
have an average isolation age of approximately 60
years. In areas surrounding the fragments, soybean is
sown in summer and spring, maize in summer, and
wheat in winter. Eight fragments from 0.86 to
1000 ha were selected randomly in the landscape;
these fragments represent a size gradient of the Chaco
forest (Fig. 1). Despite the low size of smaller
fragments, the plants were collected several meters
from the border, avoiding major edge effects and
selecting sites lacking visible signs of soil
disturbance.

We considered for this study two abundant con-
generic herbs in Chaco forest fragments: E. acerensis
Boiss and E. dentata Michx. Both species present
AMF and DSE fungal symbionts. Although this is
only one pair of species, among herbs species there
are similar values of root mycorrhizal colonization at
Chaco forest (Urcelay and Battistella 2007). Both
species have a similar reproductive biology, are
annual herbs and can reach 45-50 cm of height
(Subils 1977). Annual herbs were chosen because
fragmentation effects might be better expressed on
plants with short life cycles. E. acerensis is a native
herb from the region, whereas E. dentata is an
invasive exotic weed from North America. Individ-
uals were collected between April and May of 2008,
at the end of the rainy season. Ten individuals of each
plant species per fragment were selected at the end of

the reproductive stage; a total of 160 individuals, 80
per species. The congeneric species co-occur in
similar microhabitats and were collected beneath
understorey cover in the forest fragments. Plants were
gathered together with 15 cm of soil depth surround-
ing the entire rhizosphere (most of the root system
recovered) and brought to the laboratory.

AMF and DSE colonization

Roots were washed and separated carefully; then
those with a diameter less than 2 mm were selected.
All dead and damaged roots were discarded. Potas-
sium hydroxide (KOH) was utilized to clarify roots
for a period of approximately 22-24 h. Then, the
roots were washed with water and acidified in 10%
hydrochloric acid (HCI) for 30 min to be dyed with
0.05% aniline blue for 24-36 h (Grace and Stribley
1991; Brundrett et al. 1996). The roots were mounted
in semi permanent slides in polyvinyl-lactic acid-
glycerol; we prepared one slide per individual
because of the reduced rhizospheric system of most
adult plants and, consequently, the low availability of
active roots. We measured a minimum of 25 cm of
roots per individual. AMF and DSE colonizations
were determined following the magnified intersection
method of McGonigle et al. (1990) using a compound
microscope (Nikon optical, Model E200), 200x
magnification. Percentage of root colonization (total,
vesicle, arbuscule, and dark septate) was assessed as
the proportion of total root intersections that were
colonized.

Quantification of AMF spores

Spore density and diversity were determined from six
samples of rhizospheric soil of randomly selected
Euphorbia individuals per forest fragment: three from
the native and three from the exotic. Spores were
extracted from 50 g of soil using a wet sieving and
centrifugal flotation technique (Daniels and Skipper
1982). Spores were counted using a light microscope
Wild M5A, 500x magnification. Only viable spores
(based in general appearance) were counted and then
identified (when it was possible) to species level
using morpho-taxonomic criteria (http://invam.caf.
wvu.edu/HH). Spore density was expressed as num-
ber of spores in 100 g soil dry weight. We used
spores to estimate Shannon’s diversity index and
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Fig. 1 Study site in the Chaco forest of central Argentina. In black, the studied fragments

evenness index of each AMF community. Evenness
index (E) was calculated following Pielou (1969):
E = H'/In(S) where H' is the Shannon diversity
index, and S is the species richness.

Soil nutrient analysis

Samples of soil were collected to assess nutrient
availability and to characterize the soil of each forest
fragment. Soil samples were stored at 4° C. Three
subsamples of 100 g of soil per fragment were
separated from the rhizospheric soil of randomly
selected Euphorbia individuals and sent to the
Edaphologic Laboratory of the Faculty of Agronomic
Sciences (Universidad Nacional de Cérdoba) where
nutrients were measured. The methods adopted to
measure nutrients were the Bray and Kurtz No. 1 for
phosphorus; Kjeldahl for total nitrogen; direct poten-
tiometry for nitrate and ammonia; Walkley and Black
for organic matter; steam distillation method after
treatment of the samples with ammonium acetate for
cations; and 10 g air—dry soil mixed with 10-ml
deionized water for pH (Sparks 1996). Additional
data are given in Supplementary material 1.

Statistical analysis

We first examined mycorrhizal fungi colonization
(total and vesicle AMF and DSE) along a forest
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fragmentation gradient in two plant species. Each
mycorrhizal variable was analyzed with generalized
linear mixed models (GLMM) in R v.2.12.0
(R Core Development Team 2010) with plant
species (native and exotic) and LogArea as fixed
effects, including the interaction term. Generalized
mixed-effects models use the concept of random
effects to emulate the randomness inherent in the
data (Millar and Anderson 2004). “Individuals”
term was nested within “forest fragments” and
specified as random effect to avoid spatial pseudo-
replication (e.g., Underwood 1997; Jauker et al.
2009; Douglas et al. 2010). AMF spore diversity
and nutrients relationship with forest fragment size
was analyzed with GLMM in the same way but
excluding species effect. Models were fitted with a
Gamma error structure and log-link. The signifi-
cance of model terms was assessed by examining
changes in the deviance using chi-square test.

The LogArea x Species interaction was margin-
ally significant (* = 1.31, P = 0.07) for DSE root
colonization. Therefore, we analyzed DSE coloniza-
tion of each plant species separately (native and
exotic) (Table 1d-e).

The Spearman correlation coefficient was adopted
to examine the relationships between mycorrhizal
colonization and nutrient availability. We used the
statistical package SPSS (15.0) for the correlation
analyses.
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Table 1. GLMM f)utputs .Of Term df Deviance (9(2) P
mycorrhizal colonization in
two Plant species (native a.nd (a) Total mycorrhizal colonization Species 1 0.00 0.88
exotic) along a fragmentation
gradient (n = 8) in Cdrdoba, LogArea 1 4.57 <0.0001
Argentina LogArea x Species 1 0.00 0.99
(b) Vesicular colonization Species 1 3.92 0.16
LogArea 1 95.80 <0.0001
LogArea x Species 1 0.33 0.68
(c) DSE colonization Species 1 0.22 0.44
LogArea 1 0.60 0.21
LogArea x Species 1 1.31 0.07
(d) Native DSE colonization LogArea 1 1.81 0.01
(e) Exotic DSE colonization LogArea 1 0.095 0.65
Results AMF spores abundance and diversity

AMF and DSE colonization

The values of root colonization ranged between 30
and 95% AMF and 5-60% DSE. Colonization by
vesicles in the roots of both species showed values
between 0 and 25%. Colonization by arbuscules was
very low ranging between 0 and 3%. AMF and DSE
colonizations were observed in all the individuals of
both species.

The patterns observed in total AMF colonization
were not significantly different between species
(;{2 = 0.00, P =0.88). Total AMF colonization
increased with forest fragment area size (y° =
4.57, P < 0.0001) (Table 1a; Fig. 2a). AMF coloni-
zation in both plant species reached the highest
percentages in the continuous forest. In addition,
AMF colonization by vesicles also increased
with fragment area size (;(2 = 95.8, P < 0.0001)
(Table 1b; Fig. 2b).

DSE root colonization showed no relationship with
fragment area (y> = 0.6, P = 0.21). However, the
interaction term LogArea x Species was marginally
significant (;(2 = 131, P = 0.07). Therefore, we
analyzed each species separately and found that
DSE root colonization increased with fragment area
on the native E. acerensis (;(2 = 1.81, P = 0.01) but
not on the exotic E. dentata (3> = 0.095, P = 0.65)
(Table 1d—e).

in the rhizosphere of plant species

Shannon’s diversity index (y* = 1.03, P = 0.004)
and abundance based on AMF spores occurrence
increased significantly, except for abundance that was
marginally significant (y* = 2.46, P = 0.056), with
forest fragment size. Fragments larger than 6 ha
tended to have higher spore abundance than the
smallest fragments. While evenness showed no
relationship with forest fragment size (3> = 0.02,
P = 0.69) (Table 2a—c; Fig. 3a—c). When AMF spore
morphospecies were examined individually, they
displayed different responses to forest fragment size.
We identified 12 morphospecies (Supplementary
material 2) and among them, only three, belonging
to Glomeraceae, increased with forest fragment size
(Table 2d—e). Spore community composition in the
rhizosphere of both Euphorbia were similar between
the native and the exotic species (data not shown).

Nutrient availability and their relationship
with mycorrhizal colonization

Soil chemical analyses revealed a significant negative
relationship between fragment area and P, NO; ™, and
NH, " availability (Table 3a—c; Fig. 4a—c).

In the native E. acerensis, total AMF coloniza-
tion, colonizations by vesicles and by DSE were
negatively correlated with NO;~ and NH,"
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Fig. 2 Relationship between fragment size and fungal coloni-
zation: a total mycorrhizal colonization of (filled diamond)
E. acerensis and (open square) E. dentata, b vesicular coloni-
zations of (filled diamond) E. acerensis and (open square)
E. dentata, and ¢ DSE colonizations of (filled diamond, solid
line) E. acerensis and (open square, dashed line) E. dentata with
Chaco forest fragments areas (n = 8) from Cérdoba, Argentina.
Data are the mean &+ SE

contents and electric conductivity of soil. In the exotic
E. dentata, total AMF colonization was negatively
correlated with NO;~ and NH, " contents. In addition,
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colonization by arbuscules in E. dentata showed a
strong negative correlation with total nitrogen in soil
(Table 4).

Discussion
AMEF-DSE colonization and AMF spore diversity

As far as we know, this is the first evidence showing
that AMF spore diversity and mycorrhizal coloniza-
tion in the rhizosphere of native and exotic plants is
negatively related to forest fragment size. These
results contrast with the only study published to date,
which evaluated AMF spore diversity in a fragmented
landscape in Panama (Mangan et al. 2004). These
authors found no differences in species richness and
Shannon diversity in forests with different sizes.

It is worth mentioning that soil AMF spore
composition may not necessarily reflect root-colo-
nizing AMF diversity (Clapp et al. 1995; Sykorova
et al. 2007). In addition, differences might exist
between classical morphotaxonomy and sequence-
based taxonomy. Because both methods present
limitations (Hibbett et al. 2009), it seems that they
are rather complementary than mutually exclusive.
Certainly, further research using molecular tools
would contribute to have a better picture (Opik
et al. 2010) regarding the relationships between forest
fragmentation and AMF communities in the study
region.

Nutrient availability and its relationship
with mycorrhizal fungi in forest fragments

The observed negative relationships between nutrient
availability and forest fragment size are consistent
with a recent study in a fragmented landscape in the
northern hemisphere despite differences in geograph-
ical location, plant communities, and soil character-
istics (Billings and Gaydess 2008). Reduction of
nitrogen and phosphorus availability with increasing
fragment size could be one of the possible explana-
tions for the enhanced AMF colonization in both
plant species and AMF spore abundance and diver-
sity. This conjecture is supported by many field
studies that show a negative influence of increasing
nutrient availability on mycorrhizal fungi (Treseder
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rhizqsphere .Of two plant. (a) Shannon index Species 1 0.012 0.75
species (native and exotic)
along a fragmentation gradient LogArea 1 1.029 0.004
(n = 8) in Cdrdoba, Argentina LogArea x Species 1 0.012 0.33
(b) Evenness Species 1 0.022 0.19
LogArea 1 0.021 0.69
LogArea x Species 1 0.053 0.53
(c) Total spores abundance Species 1 0.111 0.69
LogArea 1 2.462 0.056
LogArea x Species 1 1.214 0.18
(d) Glomus sp2 LogArea 1 14.81 0.043
(e) Glomus sp7 LogArea 1 16.714 <0.0001
Only morphospecies with (f) Glomus (Sclerocistys) LogArea 1 21.474 0.029
significant relationship with () Glomus sp9 LogArea 1 51.81 0.076

forest fragment area are shown

2004 and references therein). The strong negative
correlation between AMF colonization and nitrogen
(ammonia and nitrate), but not phosphorous, avail-
ability found here, suggests that mycorrhizal coloni-
zation is more sensitive to nitrogen than to
phosphorous in this ecosystem.

It has been suggested that DSE might be nutri-
tionally important for plants (Jumpponen 2001;
Barrow and Osuna 2002). A recent meta-analysis
shows that DSE promote mineralization of organic
N to inorganic N forms available for plants (New-
sham 2011). Moreover, DSE may increase plant
biomass and N and P tissue contents (Newsham
et al. 2009; Alberton et al. 2010; Newsham 2011). In
this study, similar to that observed for AMF, DSE
colonization in the native Euphorbia showed an
inverse relationship with nitrogen availability along
the fragmentation gradient. This evidence suggests
the existence of a nutritional role in this plant-fungal
symbiosis (Alberton et al. 2010; Newsham 2011).
The lack of relationship between DSE colonization
in the exotic Euphorbia and habitat fragmentation
and/or nutrient availability suggests the functional
role of the plant-DSE interaction is context
dependent.

These results could be related to direct conse-
quences of area size reduction (Ewers and Didham
2006). For example, smaller fragments present higher
light intensity, temperature variability, and soil
disturbance that in turn could negatively affect
mycorrhizal fungi, either colonization, or spore

communities (Hayman 1974; Heinemeyer et al.
2003; Staddon et al. 2003; Urcelay et al. 2009). In
comparison to other AMF lineages (e.g., Gigaspor-
aceae and Acaulosporaceae), Glomeraceae develops
higher intraradical colonization rates (Maherali and
Klironomos 2007). Therefore, reductions in AMF
colonization with decreasing fragment size could be a
direct consequence of the observed reductions of
spore abundance in Glomeraceae.

Mycorrhizal fungi and their relationship
with native and exotic hosts

Mycorrhizal fungi might affect directly (positive or
negative) plant growth depending on the host identity
(i.e., native or exotic) (Wolfe and Klironomos 2005).
For example, AMF root colonization rates were
positively related with growth and development of
exotic annual herbs in France (Fumanal et al. 2006).
However, the outcome of plant—fungus interaction
might be the result of the co-adaptation time between
hosts. It has been suggested that symbiosis in long-
term partners may be tighter than in novel combina-
tions of partners (Hallett 2006; Johnson 2010). The
results observed here partially support this hypothe-
sis. According to our results, this might apply to
DSE but not AMF. Although the identity of the
fungi colonizing plant roots remains unknown, the
differential responses of AMF and DSE to the frag-
mentation gradient suggests that the tightness of
the relationship or the sensitivity of the symbiotic
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1.75 7 a Table 3 GLMM outputs of nutrients availability along a
1654 fragmentation gradient (n = 8) in Cérdoba, Argentina
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Fig. 3 Relationship between fragment size and AMF spores: 51
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¢ total AMF spore abundance per 100 g of soil of AMF spore
morphotypes with Chaco forest fragment areas (n = 8) from
Cordoba, Argentina. Data are the mean + SE

interaction with DSE depends on host identity.
Molecular identification of the fungal lineages that
are colonizing the roots in both plant species in the
fragmentation gradient may provide further insights
on the observed patterns. Certainly this issue deserves
further attention in future studies.
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Log Area (ha)

Fig. 4 Relationship between fragment size and nutrient
availability: a P (ppm), b NO;~ (ppm), and ¢ NH;+ (ppm)
concentrations with Chaco forest fragment areas (n = 8) from
Coérdoba, Argentina. Data are the mean £+ SE

Conclusions

To our knowledge, this is the first report that shows a
negative relationship of the interaction between plants
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Table 4 Spearman correlation‘s coefficient between mycor-
rhizal colonization in two Euphorbia species (E. acerensis and
E. dentata, native and invasive, respectively) and edaphic soil

conditions of eight forest fragments of Chaco forests of
Coérdoba, Argentina

Euphorbia acerensis

Euphorbia dentata

T™MC VvC AC DSEC TMC vC AC DSEC
Total nitrogen —0.54 —0.44 —0.14 —0.48 —0.49 —0.48 —0.74* 0.22
NO;~ —0.91%* —0.93%* —-0.25 —0.86%* —0.83* —0.86%* —0.13 —0.04
NH,* —0.91%* —0.86%* —0.07 —0.76* —0.81* —0.83* —0.43 0.02
P —0.31 —0.36 0.18 —0.45 —0.21 —0.38 —0.18 —0.24
Carbon -0.19 —0.07 —-0.34 -0.10 -0.17 —0.14 —0.67 —0.14
C:N rate 0.62 0.69 —0.25 0.69 0.64 0.62 —0.06 0.19
Organic matter —0.19 —0.07 —0.34 —-0.09 —-0.17 —0.14 —0.68 0.14
pH —0.36 —0.45 -0.39 —0.24 —0.54 —0.31 —0.31 —0.69
Ca —0.31 —-0.41 —0.07 —0.62 —-0.17 —0.45 —0.36 —0.26
Mg —0.57 —0.58 —-0.29 —-0.33 —0.46 —0.58 —0.08 -0.57
K —0.09 —0.23 —0.10 -0.23 —0.04 —0.30 —0.08 —0.53
Na -0.23 —0.14 —0.09 —-0.23 —0.26 —-0.02 0.53 0.24
Electric conductivity —0.88** —0.86%* 0.15 -0.81* -0.81* -0.79* -0.21 —0.02
CIC —0.60 —0.55 —0.07 —0.48 —0.45 —0.52 —0.04 —0.33

TMC total mycorrhizal colonization, VC vesicular colonization, AC arbuscular colonization, DSEC dark septate endophytes

colonization
* P <0.05; ** P <0.01

and mycorrhizal fungi (i.e., AMF and DSE) with forest
fragment size. The strong negative correlations
between nitrate and ammonia with AMF colonization
and spores communities suggest that nitrogen avail-
ability more than phosphorus, could be a key factor
underlying the population’s dynamics of rhizospheric
fungi in forest fragments. In the case of DSE symbiosis,
the relationship differs between the native and the
exotic and was not related to nutrient availability. This
suggests that the effects of forest fragmentation on
DSE depend on host identity.

Previous studies from other ecosystems have
shown negative relationships between fragmented
landscapes and different fungal groups, including
ectomycorrhizal fungi (Dickie and Reich 2005; Peay
et al. 2007) and wood-decaying fungi (Berglund and
Jonsson 2001; Edman et al. 2004). Despite the
important phylogenetic and functional differences
between these fungal groups, all the evidence
together suggests a widespread sensitivity of fungi
to forest fragmentation. It is worth mentioning that
those studies, like this one, refer to data collected at
one time period and to a unique fragmented land-
scape suggesting that these patterns should be further

validated considering temporal and landscape varia-
tion of fungal communities.

Overall, the results observed in this study show
how an important environmental threat, such as forest
fragmentation, affects key soil interactions such as
rhizospheric plant—fungal symbiosis. Differences in
DSE colonization between native and exotic species
along the fragmentation gradient may imply differ-
ential growth responses of these plant species to the
fungal symbionts. Certainly, this issue deserves
further studies because of the implications it has on
important processes such as biological invasions at
fragmented landscapes.
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