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Abstract: Ecotones, representing the transition zones between species or communities, have been suggested as focal points for
detecting early shifts in vegetation composition due to anthropogenic impact. Here we examined if changes in ecotone location
or properties can be used as reliable indicators of hydrological change in temperate wetland communities. We examined 38
woodland-wetland-woodland transitions, distributed across four sites with different anthropogenic disturbance histories and hy-
drological traits. We tested whether: 1) the ecotones are associated with environmental gradients, and 2) the location or proper-
ties of these ecotones change with disturbance history. Well-defined ecotones were associated with steep gradients in soil depth
and soil moisture. Most ecotones showed a change in vegetation from hydrophytic to dryland species. There was also some
evidence that in highly disturbed sites the link between ecotones and environmental gradients was less apparent. By sampling
across boundaries we can better understand the factors controlling the distribution of species. This allows us to make better pre-
dictions about the impacts of anthropogenic change in wetland communities. By investigating the transitions between different
vegetation communities we were able to highlight key indicators that could be used to monitor these ecologically sensitive and
diverse wetland communities.

Abbreviations: Ate — Amphibious, fluctuation-tolerating, emergent, ATw — Amphibious, fluctuation-tolerating, woody, Tda —

Terrestrial damp, Tdr — Terrestrial dry, VWC — Volumetric Water Content, WPFG — Water Plant Functional Groups.

Introduction

Ecotones, transition zones occurring where the envi-
ronmental limits of species and communities overlap, have
frequently been suggested as focal points for detecting early
shifts in community composition due to disturbance (Allen
and Breshears 1998, Stohlgren et al. 2000, Batllori et al.
2010, Aune et al. 2011, Mathisen et al. 2014). Ecotone shifts
are frequently considered at large scales (e.g., mountain
ranges or continental level), often in the context of climate
change (e.g., Aune et al. 2011, Mathisen et al. 2014), but such
shifts can also occur at more localised scales (e.g., forest
or wetland edges) and be driven by a range of other factors
(Cornet et al. 1992). Monitoring data on changes in ecotone
location or properties may be used to inform conservation and
management decisions, but before reliable predictions about
the effects of disturbance on ecotones can be made, a better
understanding of landscape processes occurring at commu-
nity boundaries is required (Cadenasso et al. 2003, Ries et
al. 2004, Hofgaard et al. 2012). Here we set out to determine
the likely effects of anthropogenic disturbance to hydrology
on wetland-woodland vegetation ecotones by characterising
the links between site traits (e.g., hydrology and disturbance
history) and ecotone location and properties.

Ecotones can be either gradients or discontinuities (i.e.,
gradual or sharp) controlled by environmental conditions,
habitat availability, disturbance or biotic interactions. The
identity of ecotones (i.e., the type and extent of commu-
nity composition shifts) can vary spatially and temporally
(Danz et al. 2013). Ecotones and their properties have been
described in a wide range of systems; along gradients of
bird distributions (Williams et al. 1999), at grassland-forest
edges (Danz et al. 2013, Erdds et al. 2013) and at wetland-
forest boundaries (Carter et al. 1994, Kirkman et al. 1998,
Brownstein et al. 2013); in both natural and modified habitats
(Lloyd et al. 2000, Walker et al. 2003). However, studies of
vegetation dynamics in ecotones often report findings that are
contradictory or inconsistent with each other and there is little
agreement about how ecotones function. For example, some
authors predict that increased environmental variability and a
greater range of environmental niches might drive higher spe-
cies richness within the ecotones than in adjoining communi-
ties, while others predict that species richness will be lower
in ecotones due to stress from environmental fluctuation (van
der Maarel 1976, Lek-Ang et al. 2007, Liu and Cui 2009)
or that relative species richness is unpredictable, driven by
stochastic distribution of resources (Ries et al. 2004). Some
of this inconsistency could be attributable to differences in
the spatial and temporal resolutions under study (Danz et al.
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2013) or the lack of sufficient information from which to de-
rive commonalities. It is clear that a better understanding of
ecotones and the factors that create and maintain them could
increase our ability to predict shifts in ecotone properties
(Stohlgren et al. 2000).

In this study, we examine patterns of species richness,
beta diversity, and functional group presence across wood-
land-wetland-woodland vegetation sequences from four sites,
to determine how they relate to gradients in soil moisture and
soil depth and differences in water regime and disturbance
history between sites. We test the hypothesis that a greater
range of environmental niches in the ecotone would result in
higher species richness, beta diversity and a greater number
of functional groups within ecotones, compared to adjacent
vegetation communities. Based on our findings, we discuss
ecotone traits that could provide sensitive indicators of hy-
drological change for wetland monitoring.

Methods

This study was conducted on the Newnes Plateau situ-
ated approximately 20 km northeast of Lithgow in the Blue
Mountains, Australia (33" 23 S, 150° 12 E). The Newnes
Plateau covers more than 400 km?2, with elevations ranging
between 950 m and 1300 m above mean sea level. The area
experiences a climate with mean monthly temperature rang-
ing between 9°C and 24°C, and a mean annual temperature of
17°C (since 1991 at Mount Boyce 35 km to the South; bom.
gov.au last visited on 23, October 2012). Mean monthly pre-
cipitation ranges between 44 mm and 129 mm, with a mean
annual rainfall of 953 mm (since 1994).

The Newnes Plateau is floristically diverse with approxi-
mately 590 native plant species (Royal Botanical Gardens and
Domain Trust, http://www.rbgsyd.nsw.gov.au, accessed 14,
March 2013) in a mosaic of forest, woodland, heath and shrub
swamps over Triassic sandstone. The Newnes Plateau is a flo-
ristically important area because it contains several endan-
gered plant species and communities, including the Newnes
Plateau Shrub Swamps which are protected as Endangered
Ecological Communities under New South Wales legislation
(DEC 2006). Newnes Plateau Shrub Swamps are located on
periodically to permanently waterlogged alluvial soils along
open drainage lines; and are characterized by a dense to
sparse shrub canopy and sedge understory with occasional
emergent eucalypt trees (Benson and Baird 2012). The sur-
rounding vegetation is characterised by tall eucalypt forests
and woodlands with a diverse moderately dense shrub and
herb layer (DEC 2006) and boundaries between communi-
ties evident as a sharp (2m to 3m wide) vegetation transition
seemingly related to moisture availability (Benson and Baird
2012). The potential anthropogenic impacts on the hydrol-
ogy of these communities include lowering of water tables
(related to underground mining) or increased volume of in-
termittent surface flows of water pumped from underground
mines. If the properties of the woodland/wetland ecotones are
closely related to the hydrological regime, then changes in
hydrology should alter the location and properties of the eco-
tones, providing an indicator of impact.
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The data presented here were collected from four Newnes
Plateau shrub swamps (sites) with varying hydrology: West
Wolgan, Bungleboori North, Sunnyside East and Narrow
Swamp. West Wolgan (‘damp” hydrology, i.e., intermittently-
saturated peat-swamps that have water tables that fluctuate
extensively based on availability of surface runoff from re-
cent rainfall) is 220 m long and 30 m wide, it sits in a small,
bowl-like depression in the landscape with no surface water.
Bungleboori North (‘wet’ hydrology, i.e., permanently-sat-
urated peat-swamps that are maintained in a constantly wet
state by groundwater and surface flows) is 180 m long and
60 m wide, it too sits in a small depression in the landscape
but much of the wetland has standing water with a flowing
stream through the centre. Sunnyside East (‘mixed’ hydrol-
ogy, i.e., contains areas of peat-swamp similar to both ‘wet’
and ‘damp’ types) is 1000 m long and on average 40 m wide;
this wetland slopes northeast along a steep-sided valley floor
spanning a hydrological gradient from dry/damp with a fluc-
tuating water table at the top end to wet with a stable water
table and stream at the low end. Narrow Swamp (‘impacted’
hydrology, this site had artificially high volumes of surface
flow in previous years due to mine waste-water discharge and
when this ceased, there was a marked decrease in flow and
substantial drop in water table) is 900 m long and on average
30 m wide; this wetland runs northeast along the bottom of
a steep-sided valley. All four sites are surrounded by open
eucalypt woodland.

Sampling methods

Depending on the size of the wetland, between 3 and 14
transects were placed to span the width the wetland plus 10 m
either side and spaced between 50 m to 175 m apart (Table 1).
Before going in the field, the start locations of each transect
were located on along the edge of the mapped wetland bound-
ary (using the vegetation maps produced by OEH, 2012) us-
ing randomly selected points generated in ArcGIS10.1 (ESRI,
CA, USA). Each transect was laid out perpendicular to the
mapped wetland boundary and extended 10 m inside the eu-
calypt woodland from the mapped woodland/wetland bound-
ary. In the field, the location of each random transect was
located using a GPS (with an accuracy of ~5 m). Transect
length ranged between 40 m to 96 m depending on width of
the wetland.

Species data

Starting from 0 m on the transect, sets of four 1 m2 contig-
uous quadrats were placed every 8 m along each transect (i.e.,
a4 m gap between every set of four 1 m2 quadrats, Figure 1).
Prior experience in sampling these swamps suggested that a
narrow ecotone of 2 m to 3 m wide could be expected. We set
the start of the sampling so that at least one set of contiguous
quadrats overlapped the woodland/wetland edge, at least one
set of 4 m x 1m contiguous quadrats was located completely
inside the woodland, and at least one set was positioned in-
side the wetland. In each quadrat, the percentage cover of
each species (shoot presence) was visually estimated. Plants
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Table 1. Details of number of transects and ecotones surveyed at
each site. Transects spanned the width of the wetland, however
regular placement of quadrats meant that that sometimes both
boundary areas (ecotones) were not sampled.

Site Hydrology I\?rlamnsgtgf Ecotones
West Wolgan Damp 3 4
Bungleboori North Wet 4 5
Sunnyside East Mixed 14 16
Narrow Swamp Impacted 7 13

were classified into water plant functional groups (WPFG)
based on relative inundation tolerance, how they respond to
fluctuations in water depth, and life form (sensu Casanova
2011, Table 2); the number of functional groups per quadrat
was then calculated. Beta diversity (), a measure of conti-
nuity, or the average change in species composition between
quadrats (Koleff et al. 2003) was calculated using the ‘beta-
diver’ function in the ‘vegan’ package in R (Oksanen et al.
2011).

Environmental variables

Starting from 0 m on each transect, we measured soil
moisture (% VWC) and depth (cm) every 2 m along the
full transect length (two readings, ~0.5 m apart, were aver-
aged for each point). Soil moisture was measured using a
HydroSense I CD658 (Campbell Scientific, Australia) soil
moisture probe. Soil depth recorded to the nearest 5 cm and
was measured by pushing a 2 m long, 1 cm diameter steel rod
marked at 10 cm intervals into the ground.

Data analysis

e Woodland __ _|
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All data analyses were performed using R (R Development
Core Team 2011). For soil characters, the rate of change
(the first derivative) was calculated along each transect us-
ing moving window analysis (with a window five data points
wide). We chose to examine rate of change (the absolute val-
ue of the slope of the line) as we were interested in how fast
the environmental variables were changing rather than the
actual values (e.g., we were not interested in if the wetland
had higher soil moisture than woodland).

Quadrats were classified into one of three location cat-
egories: ‘ecotone’ (quadrats within the boundary between
vegetation types), ‘wetland’ (quadrats dominated by wetland
vegetation i.e., species belonging to ‘amphibious’ or ‘aquatic’
water plant functional groups) and ‘woodland’ (dominated by
woodland vegetation, i.e., species belonging to ‘terrestrial’
plant functional groups). To examine if ecotones quadrats
differ from woodland and wetland quadrats in species rich-
ness, beta diversity, the number functional groups, absolute
and relative change soil moisture, and absolute and relative
change in soil depth, ANOVAs were performed at the wetland
level for each factor using the Anova function in the ‘car’
package (Fox and Weisberg 2010). Post-hoc pairwise com-
parison of locations was conducted, using t-tests with pooled
standard deviation (with a Bonferroni adjustment), when the
‘location” and/or ‘location by transect’ term was significant
in the ANOVA.

Results
Species

Plots of species presence and abundance along each
transect showed clear patterns of species association/com-

munity change along environmental gradients. Most ecotone
areas were made up of a mixture of species from both wood-
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Figure 1. Conceptual diagram of sampling layout across the woodland-wetland-woodland transitions. The transects extend from 10 m
inside the eucalypt woodland edge across the wetland to 10 m inside the eucalypt woodland on the far side. Transects were placed to
ensure at least 1 ecotone / boundary region was sampled (see the methods section for further details).
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Table 2. Wetland Plant Functional Groups (WPFG) used here and definitions from Casanova (2011).

WPFG

Definition

Terrestrial (T)

Tdr Terrestrial dry habitat spp.

Species that lack adaptations for survival during prolonged inundation.

Tda Terrestrial damp habitat spp. i.e., typically found in moist habitats.

Amphibious (A)

Species that tolerate fluctuations in water level (i.e., flooding and drying)

ATe Amphibious fluctuation-tolerators, emergent growth form.
ATI Ampbhibious fluctuation-tolerators, low-growing.
ATw Amphibious fluctuation-tolerators, woody growth form.

ARp presence/absence).

Amphibious fluctuation-responders, plastic (i.e., display morphological plasticity according to water

land and wetland communities (Table A.1 species list for each
swamp). Six species were found solely in the ecotones, al-
though each species had a cover of 6% or less and were only
recorded in one site (Table A.1).

The number of species in each quadrat (local species
richness) in ecotones tended to be mid-way between that of
the woodland and wetland quadrats (Figure 2a). In wet and
mixed hydrology sites, local species richness in the wetland
quadrats was significantly lower than ecotone and woodland
quadrats, while in the damp site the local species richness
was significantly lower in the woodland quadrats compared
to wetland and ecotone quadrats, and in the impacted site
there was no difference between the three locations (Figure
2a, Table 3).

Beta diversity (B,) in the ecotone quadrats, was mid-way
between [, in the woodland and wetland quadrats in three
sites, though only significantly different from both wood-
land and wetland in the mixed hydrology site (Figure 2b).
In the impacted site B, was higher (though not significantly
s0) in the ecotone quadrats than either woodland or wetland
quadrats (Figure 2b). Impacted, mixed and wet sites had sig-
nificantly lower B, in the wetland quadrats than the woodland
quadrats.

Functional groups

Seven plant functional groups were detected across the
four sites (Table Al). In both the impacted and damp sites
the number of groups per quadrat was significantly lower in
the woodland quadrats compared to the ecotone and wetland
quadrats; while in the wet site the wetland quadrats had sig-
nificantly lower number of groups compared with the ecotone
and woodland quadrats (Figure 2c, Table 4).

The most abundant amphibious groups were amphibi-
ous, fluctuation-tolerating, emergent (ATe) and amphibious,
fluctuation-tolerating, woody (ATw) species (Figure 3). The
ATe group accounting for between 35% and 70% and ATw
group accounting for 12 to 40% of the proportional cover in
the wetland quadrats, across all sites. In wet, mixed and damp
sites there were significant differences in the proportion of

ATe cover between ecotone, woodland and wetland quadrats,
with ecotone quadrats mid-way between woodland and wet-
land quadrats; while for the impacted site there was no sig-
nificant difference between the ecotone and wetland quadrats
(Figure 3a, Table 4). The proportional cover of ATw group
was highest in the wetland quadrats and significantly differ-
ent from the woodland quadrats for all four sites (Figure 3b).

The proportion of total cover represented by the terrestri-
al damp (Tda) habitat species group ranged between less than
1% (wet site wetland quadrats) and 17% (damp site wetland
quadrats, Figure 3c, Table 4). The proportion Tda cover in the
woodland quadrats was significantly higher than in wetland
quadrats in the mixed site; and mid-way between the ecotone
and wetland quadrats in wet, damp and impacted sites.

The proportion of terrestrial dry (Tdr) habitat species
group cover in the ecotone quadrats was mid-way between
woodland and wetland quadrats, with all locations signifi-
cantly different at the site level (Figure 3d, Table 4). The pro-
portion of Tdr cover ranged between 10% (wet site wetland
quadrats) and 75% (damp site woodland quadrats).

Abiotic factors

Soil moisture changed more sharply in the ecotone quad-
rats than the wetland and woodland quadrats in the wet,
mixed and damp sites (though change was significantly faster
in the damp hydrology site only). At the impacted hydrol-
ogy site, soil moisture changed more quickly (though not
significantly so) in both ecotone and wetland quadrats than
woodland quadrats (Figure 4a, Table 5). Change in soil depth
tended to be sharper in the ecotone quadrats for the mixed and
impacted sites (though not significantly so, Fig. 4b).

Discussion

We sampled across 38 ecotones in the four wetland/
woodland sites. Although some ecotones provided evidence
to support our a priori hypothesis (i.e., they were associated
with steeper gradients in soil moisture or soil depth), most
did not. Further, although there was turnover in species com-
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Table 3. ANOVA tables for the analysis of variance on linear models for species richness and beta c at each site. Significant terms (p

< 0.05) are in bold.
Species Richness Be

Site df SS F SS F

Location 2 266.23 19.78 6.28 1.45
West Wolgan

Location: Transect 3 59.67 2.95 9.76 1.5
Bungleboori  Location 2 315.91 13.8 110.08 1334
North Location: Transect 9 154.49 1.5 46.9 1.26
Sunnyside Location 2 298.03 34.71 112.93 38.61
East Location: Transect 33 560.42 3.65 175.63 3.63
Narrow Location 2 14.19 0.657 24.91 327
Swamp Location: Transect 17 567.61 3.09 78.42 1.28
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Figure 2. Comparison of a) local species richness (number of species per quadrat, b) Beta C (Beta diversity) and ¢) number of func-
tional groups found in woodland, ecotone and wetland quadrats for each of the sites; within each site letters indicate significant differ-

ences between locations.

position across the ecotone only one ecological property,
functional group distribution, showed consistent patterns of
change across all ecotones; thus providing weak support for
our a priori hypothesis. By investigating the transitions be-
tween vegetation communities we were able to highlight key
functional groups that could be used to monitor these eco-
logically sensitive and diverse wetland communities. Below
we discuss our findings further, in relation to current theory
surrounding ecotones.

Conflicting theories and evidence for ecotones predict
that parameters are higher, lower or intermediate compared to

the values found in the neighbouring areas (Lloyd et al. 2000,
Ries et al. 2004, Mclntire and Fortin 2006, Brownstein et al.
2013). Some predict species richness should be higher within
the ecotone than in adjoining communities due to a greater
number of potential niches, while others predict species rich-
ness to be lower due to stress from environmental fluctua-
tion (van der Maarel 1976, Lek-Ang et al. 2007, Liu and Cui
2009). Here the ecotone values were intermediate between
the woodland and wetland areas for most measures in most
wetlands (although most were not statistically different). The
intermediate values in species richness and functional group
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Table 4. ANOVA tables for the analysis of variance on linear models for functional groups at each site. Significant (p < 0.05) terms

are in bold.
Number of groups ~ Proportion Ate ~ Proportion Atw Proportion Tda  Proportion Tdr
Site df SS F SS F SS F SS F SS F
Location 2 74.54 28.7 1.11 1524 0.19 3.93 022 711 3.13 21.46
West Wolgan
Location:Transect 3 21.12 5.42 0.51 4.69 0.06 0.85 0.01 021 0.36 1.68
Bungleboori Location 2 13.68 7.02 2.36 292 1.24 23.78 0.039 5.55 3.69 3245
North Location:Transect 9 7.22 0.82 0.3 0.83 1.26 5.39 0.057 1.8 041 0.81
) Location 2 1.43 0.77 10.19 83.05 0.57 16.7 0.0062 5.16 11.17 94.84
Sunnyside East
Location:Transect 33 77.66 2.53 6.19 3.05 324 5.71 0.005 2.54 498 2.56
Narrow Location 2 23.14 8.87 1.19 10.34  1.25 13.62 0.33 11.39 9.08 72.44
Swamp Location:Transect 17 76.59 3.45 4.4 447 3.72 4.75 096 3.82 1.65 1.55
a) b)
c c
06 b 4
o c =
2 b o, i
s i 502, i
Q a Q
g02 7 a g b b ?
) ! ﬂ
0.0 =2 0.0 2 2
Wet Dahp Site Mixed Impécted Wet Da'mp Site Mixed Impécled
c) d)
0.20 b b a
0.8 %
a a a
1 o4
AL b . 06"
kel ©
= 'E b Location
< [ |woodiana
'19-_'0-10 "gm- i | Jecotone
3 a 8 b wetiand
(<] < b
Q-0.05 D‘o»g. c c R
b a a c
0.00 < ”F b b 0.01
Wet Damp Site Mixed Impacted Wet Damp Site Mixed Impacted

Figure 3. The proportion cover of each functional group a) Amphibious fluctuation-tolerators, emergent growth form (ATe), b)
Amphibious fluctuation-tolerators, woody growth form (ATw), ¢) Terrestrial damp habitat spp. (Tda), and d) Terrestrial dry habitat spp
(Tdr) in woodland, ecotone and wetland quadrats for each of the sites; within each site, letters indicate significant differences between

locations.

cover indicate that most species are adapted to either a wet or
dry environment with very few species spanning the length
of the moisture gradient. Our results are consistent with evi-
dence from other systems. Erdds et al. (2011) report inter-
mediate species richness and diversity in the ecotone, which
they also relate to changes in soil depth (as a proxy for soil
moisture and nutrient content). Both Lloyd et al. (2000) and
Walker et al. (2003) found intermediate species richness val-
ues in ecotones they investigated. Although our study does

not provide conclusive evidence for intermediate ecotone
properties, it adds weight to the argument that a greater or
lesser number of species is not an intrinsic ecotone property.

In many cases, the species composition in ecotone ar-
eas differed from either the wetland or woodland, but rarely
both. We found an mix of species from both the wetland and
woodland in the ecotone and none of the water plant func-
tional groups were confined solely to the ecotone. This dif-
fers from Erdds et al. (2011), who found that most species



Ecotones as indicators

241

Table 5. ANOVA tables for the analysis of variance on linear models for soil characters at each site. Significant (p < 0.05) terms are

in bold.
Change in soil moisture Change in soil depth
Site df SS F SS F
Location 2 3.19 11.06 1.19 0.95
West Wolgan
Location: Transect 3 9.25 17.41 6.07 3.25
Location 2 5.68 2.38 110.81 6.22
Bungleboori North )
Location: Transect 9 72.32 6.74 90.1 1.12
) Location 2 22.86 6.35 166.18 591
Sunnyside East )
Location: Transect 33 204.76 345 1533.03 33
Location 2 2.47 6.25 39.05 1.11
Narrow Swamp
Location: Transect 16 7.19 2.27 728.04 2.59
a) b)
a b a
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Figure 4. Comparison of rate of change in a) soil moisture, and b) soil depth in woodland, ecotone and wetland quadrats for each of the
sites; within each site, letters indicate significant differences between locations.

in the ecotone came from a more species-rich community.
Some authors have suggested that ecotones might contain
characteristic species (i.e., “ecotonal species”, Lloyd et al.
2000, Stohlgren et al. 2000, Erdds et al. 2011): a property
of ecotones that would provide a focal point for monitoring
of anthropogenic impacts in this wetland system. We found
six species that only occurred in ecotone areas, although we
doubt they are truly confined to the edge areas because 1)
they are reasonably common across the Newnes Plateau and
2) for this survey these ecotone species were recorded at only
one site. The lack of a characteristic ecotonal species is prob-
ably because the ecotone is an intergrade between the wood-
land/wetland rather than a transition zone containing unique
environmental conditions (Lek-Ang et al. 2007).

While the specific properties of ecotones remain elusive,
Mills et al. (2006) suggest that examination of ecotones can
give insight into the ecological processes driving commu-
nity assembly either side of the boundary. Through sampling
across the vegetation gradients we were able to place the wet-
lands in ecological context. In the damp site both the number
of functional groups and species richness were higher in the
wetland than outside the wetland, while in the wet site the
opposite was true. This probably reflects where along the soil
moisture gradient these two wetland/woodland complexes sit.

The typical response is hump-shaped, with a greater number
of species the middle of the gradient, with fewer species at
the extremes (Grime 1973, Keddy 2010). For monitoring
changes in vegetation we predict that the permanently wet
wetland would potentially gain species as it dried, while the
periodically wet wetland would potentially lose species. This
is a key factor to consider when deciding on triggers for man-
agement actions, which through examination of ecotones, we
were better able to understand.

Ecotones can also aide in the selection of indicator spe-
cies for anticipated environmental changes (Stohlgren et al.
2000). Mills et al. (2006) suggest that the environmental fac-
tors that change the most between two communities will be
the ones controlling species distributions. Unfortunately, to
be of practical use as a monitoring tool, an indicator species
must be both distributed widely and sensitive to change: cre-
ating a paradox that is rarely fulfilled. As an alternative, some
authors have suggested a functional group approach might
be more appropriate (Noble and Gitay 1996, Campbell et al.
2014). Here, the transition between terrestrial and amphibi-
ous functional groups also tended to occur in the ecotones,
indicating ecotones probably represent the upper and lower
tolerance limits of some species. A reduction in the abun-
dance of amphibious functional groups (e.g., ATe and ATw)
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and increased abundance of Terrestrial dry land (Tdr) func-
tional group in the ecotone could be used as an indicator of
drying. The presence of functional groups have been used as
indicators of wetland edges (Tiner 1991, Carter et al. 1994,
Kirkman et al. 1998). Here we propose that changes in func-
tional group abundance in ecotones could be an early indica-
tion of hydrological change.

While there have been many calls for a better understand-
ing of these important transition areas (Stohlgren et al. 2000,
Hofgaard et al. 2012), there is still a lack of a general pre-
dictive framework for ecotones (Ries et al. 2004). Multiple
factors may influence the spatial and temporal structure of
ecotones and it is difficult to predict the relative importance
of each (Moen et al. 2008). While a lack of understanding of
ecotones themselves currently limits their use for monitoring,
by examining these transition areas we gained a better un-
derstanding of the environmental factors controlling species
distribution either side and were able to propose indicators for
monitoring for negative hydrological impacts.
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Electronic Appendix

Figure A.1. Typical Newnes Plateau wetland.

Table A.1. The species list for the four sites, including func-
tional group membership and species abundance in each loca-
tion (woodland/ecotone/wetland).

The file may be downloaded from www.akademiai.com.



