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Chapter 4: The Recovery of vegetation following
restoration work in New Forest wetlands.
4.1 Introduction
Freshwater wetlands are some of the most important ecosystems globally, providing both
biodiversity and important ecosystem services through their functional processes (Gopal &
Junk, 2000). They play a large role in cycling and storing carbon and other nutrients,
support a diverse and endemic biology, and regulate water cycling and flow throughout the
wider landscape (Moreno et al., 2012; Millenium Ecosystem Assessment, 2005). Globally,
wetlands are increasingly under threat from a variety of sources, including river
modification, pollution, exotic species introduction and particularly land-use change - with
drainage, afforestation and river diversion being major contributors to decline (Gopal &
Junk, 2001). Europe has suffered major losses in the extent of wetlands, particularly of
marsh and mire habitats (Morre, 2002; Joosten, 1997). These declines have been greatest
in North-West Europe, and in the UK up to 90% of mire habitat has been destroyed (Burns
et al., 2013). Wetlands such as mires and wet grassland are also low-nutrient habitats, so
changes in nutrient inputs (i.e. through nitrogen deposition) also have damaging effects on
ecosystem function and biodiversity (Bragazza et al. 2003; Bobbink & Roelofs 1995;
Lamers et al. 2000). Despite these decines, study of wetland biodiversity has become the
focus of widespread investigation relatively recently (Gopal & Junk, 2001), and wetlands
are poorly understood with large gaps in knowledge of biodiversity, microbial communities
and the relationships between biodiversity and ecosystem function.

As a result of these declines and in parallel with increasing awareness of their importance,
wetlands have become a focus of conservation efforts, both through protection and
restoration (Pfadenhauer & Grootjans, 1999). Awareness of the importance of wetlands
has led to their protection under The Convention on Wetlands of International Importance
(Ramsar, Iran, 1971), EU Birds Directive (79/409/EEC) and Habitats Directive
(92/43/EEC).

In Europe and North America, a number of restoration projects have been

undertaken (Galatowitsch & van der Valk, 1996; Wheeler et al., 1995), often with the
ambition of restoring lost ecosystem services. However, many of these projects have
focused on specific wetland functions, particularly flood control, and few addressed
biodiversity issues or the combination of restoring biodiversity and wetland function (Gopal
& Junk, 2001; Zedler, 2000). Restorations are often aimed at raising the water table
(Grand-Clement et al., 2013), removing successional or invasive species, or large-scale
habitat recreation. Restorations of mires have recently become widespread as their value
as carbon sinks is recognised, leading to a number of studies (Grand-Clement et al., 2013;
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Holden et al., 2011; Haapalehto et al., 2010; Worral et al., 2007) though there are still
relatively few that focus on biodiversity changes (Ramchunder et al. 2009), and few studies
recording long-term change (Haapalehto et al., 2010). Similar practices have also been
undertaken for wet grassland (Schrautzer et al., 2013; Kolos & Banaszuk, 2013; Acreman
et al., 2010).

Despite these studies, the practice of wetland restoration is still in its infancy, with many
uncertainties remaining. Highly variable conditions make general proscriptions difficult,
and in mire systems long-term changes have often been uncertain when compared to short
term changes (Wheeler et al., 2002). These uncertainties and limitations represent the
main knowledge gaps within wetland restoration ecology. Often restoration projects have
not been scientifically studied, with monitoring based on an intuitive or subjective habitat
condition approach (Wheeler et al., 2002).

Additionally, restoration of abiotic conditions

and ecosystem function has rarely been measured (Ruiz-Jaen & Aide, 2005; Wheeler et al.,
2002). Those studies that have assessed ecosystem functions have tended to detect a lack
of recovery even when biological communities appear to be restored (Moreno et al., 2012).
Several mire studies (e.g. Haapalehto et al. 2010; Vasander et al., 2003) found that
species composition on restored sites can remain in a degraded state for long periods of
time, even following successful restoration, making it very important to study at least some
functional changes alongside standard approaches (Ruiz-Jaen & Aide, 2005; Morgan &
Short, 2002).

Measuring abiotic changes also allow the mechanisms behind the

restoration to be understood (Pfeifer-Meister et al., 2012) as restored areas may differ in
function to those of 'natural' wetlands (Moreno et al., 2012; Rey Benayas et al., 2009;
Aronson & Galatowitsh, 2008).

The New Forest contains a network of wetlands designated under the Ramsar Convention
and the EU Habitat and Birds Directives for its wetland areas (Cantarello et al., 2010).
These are considered of great importance to the elements of the Forest’s biodiversity,
including breeding wading birds (Goater et al., 2004) and rare, specialised flora (Atkinson,
1984). In the past, mires, which are often located within small valleys, have been subject
to a variety of drainage measures, which were initially aimed at improving grazing provision
for Commoners livestock and for forestry (Tubbs, 2001). As a result of these changes, the
biodiversity and function of the mires have been degraded (Clarke, 1984). Since 1997,
these areas have been the focus of a number of restoration efforts aimed at restoring past
watershed function and reducing drainage from mire habitat. Natural processes are not
expected to recover without clear intervention (Van Seters & Price 2001 in Holden 2004)
and past drainage may have caused irreversible changes in the physical properties of peat
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substrates in the Forest, as found by Holden et. al. (2004) in other locations. Such damage
may reduce the likelihood of successful restoration, but also highlight the need for a rapid
repair of the mire watershed in order to prevent further damage. The main restoration
programmes in the Forest are (in chronological order), the Life II and Life III projects, the
Rural Pathfinder Scheme and the current Higher Level Stewardship (HLS) Scheme (Cooch &
Morris, 2001; New Forest Life Partnership, 2001; 2006; Smith, 2006; Natural England,
2010). Restoration has focused on a variety of habitat types, including mire and valley
bogs, wet grassland, bog and riverine woodland and river channels, where past
modifications had promoted drainage. Much of the restoration work has focused on
removing sources of drainage through blocking or modifying channels, and removing scrub
or trees where past drainage has allowed succession to non-wetland habitats (Holzer &
Elliot, 2010). The management goal of this restoration work is to restore habitats to
“favourable condition”, based on the JNCC’s guidelines for individual habitats (JNCC,
2004).

Monitoring of restoration work has been limited, and restricted to condition

assessment of SSSI units and photographic documentation, except in the case of river
channel restorations where some hydrological studies have been undertaken (e.g.
Millington et al., 2007). Existing monitoring schemes, based on the vegetation cover of the
sites, also do not give any indication of abiotic changes in the ecosystem that may have
long-term implications of the success or failure of the restorations.

The New Forest presents a unique opportunity for research into wetland restorations owing
to the large number of essentially separate sites that have undergone restoration, over a
variety of time periods. This allows the response following management to be investigated
with a chronosequence approach. This is in contrast to many existing studies of wetland,
particularly fen and mire restorations (e.g. Large et al., 2007; Vasander et al., 2003; Klötzli
& Grootjans, 2001), which have focused on intensive studies of individual sites.

These

measurements will also allow a comparison of the mires in the New Forest with those
elsewhere in Europe, which may aid future management and conservation. This has not
previously been undertaken, and is particularly important when comparing monitoring
results to other wetland systems (Haapalehto et al., 2010).
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This research aims to investigate the impact that restoration work has had on both the
biotic and abiotic components of a wetland ecosystem (valley mires) in the New Forest. The
objectives of this research are to answer the following questions:

vii.

How has the plant community changed following restoration work?

viii.

How have abiotic and structural conditions changed as a result of restoration?

ix.

To what extent do the restoration interventions account for the variation in the plant
communities observed?

x.

What are the pathways where restoration success could be improved, and what are
the potential barriers to successful restoration?
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4.2 Method
4.2.1 Location of Restored Sites
In order to investigate the past effects of restoration, a number of sites of different ages
were needed. As there is a lack of information about these restorations in published
literature, it was necessary to quantify and map past restoration actions and their location
before selecting sites. Data for the locations of HLS, Rural Pathfinder scheme (referred to
as 2006-2009 restorations) and Life II and III programmes was provided directly by the
Forestry Commission, who are responsible for the restoration work. The location of HLS
restorations can be seen in figure 4.1 and the other schemes in figure 4.2. Proposed
restoration work, labelled as red shapes in the figure, were included in the study to serve as
a comparison to the restoration projects, to determine whether there were any differences
between these areas and those that had experienced restoration. In addition, mires in
favourable conservation status were identified from publically available Natural England
data to essentially serve as a control group demonstrating the ideal outcome, based on
management goals. These sites were selected from sites classified as favourable that had
no documented restoration work. The Natural England data constituted the most recent
condition assessment of the New Forest SSSI units at the time of the survey in 2013
(accessed from designatedsites.naturalengland.org.uk).

Restoration of the mire areas

consists of three actions: tree and shrub removal, in-filling of drainage ditches with heather
bales, and blocking of drainage areas with clay plugs. Restoration often accompanied work
on path areas to prevent erosion on the mires (personal observation). These actions were
undertaken in concert or separately with each other depending on the location;
unfortunately there is a lack of detailed information regarding the specific locations of
these interventions. Site visits were used to determine what restorations had been carried
out in some areas where there was uncertainty about the approach.
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Figure 4.1 Location of wetland restorations carried out (green) and proposed (red) under the current
HLS scheme, which began in 2010 and runs until 2020. Several of the proposed works are now
underway, at the time of publication. Data supplied by the Forestry Commission.
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Figure 4.2 Location of wetland restorations carried out prior to the current scheme. From earliest to
most recent: Life II scheme (Light Blue), Life III scheme (Orange) and the 2006-2009 Rural
Pathfinder Scheme (Dark Blue). Data supplied by the Forestry Commission.
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4.2.2 Site Selection
A space-for-time substitution approach was taken for the study, comparing vegetation
changes across successive restoration programmes. Restorations included were the Life 2
(1997-2001), Life 3 (2002-2005), Rural Pathfinder Scheme (2006-2009) and HLS scheme
(2010 – present). The study therefore shows a continuous pattern of different aged sites
from 1997 to the time of the survey (2013). Additional mires were included, based on
proposed future locations for restoration (considered ‘degraded’ sites) and those in
favourable status without any documented restoration work. 10 sites of each type (referred
to and analysed in the following text as “groups”) were selected for study, resulting in a
total of 60 mires to be surveyed. In order to minimise uncertainty from the use of different,
independent locations, sites were selected based on similar criteria. Excessively small sites
(those less than 0.5 ha), which are relatively frequent, were excluded from the study owing
to potential edge effects, and areas of surface flowing water (fens, streams and rivers) were
also excluded. The selected sites are shown in figure 4.3.

4.2.3 Quadrat survey
Plots were surveyed from July - September 2013. At each study location, a 50 x 50 m plot
was set up in order to assess vegetation composition.

The precise location was

randomised within mires using the random point function in ArcGIS. If the centre point of
the plot was located within 10 m of the mire edge or in non-mire vegetation or a stream
channel, it was excluded and a different point used.

This ensured that the location

sampled included a similar habitat on all sites, but this approach may have reduced the full
variability of site conditions being recorded.

Within each plot, a set of 10 2 m x 2 m quadrats was used to visually assess vegetation
composition. The same researcher (the author) assessed all plots to minimize perception
bias between plots. Vegetation composition was recorded by estimating the percentage
cover of each plant species present, using five percent intervals, with a one percent score
for flora of very low cover. Additional observations were made for the height of vegetation
(using a drop disk method), the amount of surface water, soil or ground visible, and the
number of seedlings of tree species. Vascular plants were identified to species level in the
field where possible and were classified based on Rose and O’ Reilly (2006) and Rose
(1989). Where this was not possible, photographs were taken and a sample recovered for
identification in the laboratory. Within quadrats, the total percentage of bryophyte cover
was visually assessed, with the cover of Sphagnum sp. also recorded. The presence or
absence of bryophyte species within each quadrat was then identified in the field, or based
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on photographic and sampled specimens. Identifications were based on Atherton et al.
(2010) and Daniels and Eddy (1990).

4.2.4 Abiotic analysis of the substrate
Abiotic conditions were investigated by sampling the mire substrate at each location. A
total of 10 samples were collected from each site using a soil corer, to 20 cm depth. Each
of these samples was subsequently weighed, air-dried, and re-weighed in order to calculate
volumetric water content. Samples were then bulked and sieved (2 mm) for further
chemical analysis. Substrate analyses were conducted by the analytical laboratory at
Forest Research, Alice Holt, Hampshire, UK. Substrate pH was measured by suspension of
5 grams of soil with 25 ml of water, shaken on an orbital shaker for 15 min and rested for
45 min before being analysed by a Sentek pH electrode. Total Nitrogen, Carbon, Organic
Carbon and Inorganic Carbon (TN, TC, TOC, TIC) were measured with Reference method ISO
10694 & 13878, a combustion method using a Carlo Erba CN analyser (Flash1112 series).
Samples were ball milled before analysis, with 30 mg of milled soil weighed in tin capsules
before being analysed simultaneously for total carbon and total nitrogen. Around 30 mg of
soil were weighed in a silver capsule and placed in a furnace at 500 oC for 2 hours to
remove the organic carbon. Bulk density was calculated using the volumetric method on
fresh substrates (Rowell, 1994).
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Figure 4.3 Location of the study sites and the boundary of the New Forest National Park. The legend indicates the groups of restorations, with 10 sites from each
group included in the survey.
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4.2.6 Herbivory Index
Visual assessment of the amount of grazed vegetation was considered useful but potentially
subjective, so in addition a ‘grazing index’ was created in order to give a score to different
intensities of herbivory. The scoring method was based on Reimoser et. al. (1999), with some
modifications to adapt the score to New Forest open habitat based on Bokdam and Gleichman,
(2000); McNaughton, (1984) and Bakker et. al. (1984). Criteria are shown in table 4.1. Areas
dominated by Sphagnum moss were not considered to be indicative or otherwise of grazing
effect as they are unlikely to be browsed and can dominate the vegetation composition for
other reasons. Signs of trampling however, did contribute to the score.

Table 4.1 Scoring system for Herbivory index on wetland sites
Score

Intensity of herbivory

Indicators

1

None

No signs of herbivory on all plants, extensive
ground flora, no signs of tracks or dung, shrubs
extensive in drier areas

2

Light

Extensive ground flora but some sign of
browsed leaves, some tracks may be present

3

Moderate

Ground

vegetation

noticeably

variable

in

height, shrubs patchy where they occur, some
localised areas where grazing creates a lawn
4

Heavy

Ground flora shaped into lawn by grazing, but
still with some variation in vegetation height,
light tussock formation

5

Very Heavy

Ground vegetation <3cm tall, patches of bare
soil present, extensive tracks and dung, shrubs
absent or suppressed by grazing, herbaceous
plants confined to inaccessible areas, Heavily
tussocked vegetation
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4.2.7 Statistical Analysis
Data were analysed with R 3.2.3, with the addition of the following packages: corrplot (Wei,
2013), lawstat (Gastwith et al., 2015), multcomp (Hothorn et al., 2008) and vegan (Oksanen et
al., 2015). The data were analysed by grouping sites restored under the same restoration
program, in addition to comparator sites; this lead to six groups being compared: degraded
sites (group 1), HLS sites (group 2; the most recent restorations), RP sites (group 3), Life III
sites (group 4), Life II sites (group 5, the oldest restorations) and favourable sites (group 6).
The structure of the data was initially examined using boxplots, and correlation of important
variables was investigated to examine their relationships and detect collinear variables.
ANOVA tests were performed on a priori selected structural, abiotic and species variables, data
were transformed where necessary to meet assumptions. Assumptions were tested in R for
normality (Q-Q plotting of residuals) and homogeneity of variance (Levene’s test), and outliers
were examined using the aforementioned boxplots. Tukey’s HSD post-hoc was performed
where ANOVA results were considered worthy of further investigation (p =~ <0.05).

Where

data could not be transformed satisfactorily, non-parametric Kruskal Wallis tests were used as
an alternative. These were followed up with post-hoc tests. Eta-squared effect sizes for ANOVA
tests were calculated using the lsr package (Navarro, 2015).

Non-metric multi-dimensional scaling (nMDS) was performed on the community data in order to
examine any patterns in species distributions across the sites.

Data were Hellinger

transformed prior to analysis, as recommended by McGarigal (2000). The effectiveness of the
nMDS ordination was determined using stress output and Shepard diagrams. Adonis analysis
was used to test whether apparent differences between groups were supported by statistical
tests. Constrained Correspondence Analysis (CCA), which constrains the placement of site and
species points based on explanatory variables, was performed on the species data, with
environmental and soil variables used as constraints. The final constraints were chosen by
defining important influences a priori, investigation of co-linearity between variables (figure
4.12), and removal of data shown to have little influence. Species that occurred at less than
five plots were excluded, as these are both unlikely to be correctly placed in ecological space
and have an undue influence on the ordination (McGarigal, 2000).

Species data were

subsequently square-root transformed and standardised (using Decostand Range function).
Environmental data was standardised to range from 0-1 so that different variables had
comparable scales. The effectiveness of the constrained ordination was tested with Monte
Carlo permutation on the axes and goodness-of-fit tests for species/samples diagnostics, with
inertia and axes eigenvalues also examined.
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4.3 Results
4.3.1 Response of the plant community following restoration
A selection of nine important vascular plants were examined in order to determine whether any
of these showed significant differences between restoration groups. Of these, only Carex
panicea and Drosera rotundifolia showed significant differences in ANOVA tests.

Carex

panicea (df = 5, F = 5.25, p = 0.001) showed a relatively complex structure in the post-hoc
analysis, but the broad trend indicates that is was found at much lower abundance on older
restorations and in favourable mire sites, with HLS and 2006-2009 restorations showing a
cover of 4.5% ± 0.8 and 4.8% ± 1.0 respectively, against 1.4% ± 0.5 (Life III), 1.0% ± 0.4 (Life
II) and 1.6% ± 0.4 (Favourable, mean ± SE for all groups). An effect size of η2 = 0.33 indicated
that substantial variation was attributable to the differences between groups. This species is
often characteristic of edge habitat in typical valley mires, so may be indicative of slightly drier
condition in the sites where it is found in higher abundance. Conversely, Drosera rotundifolia
(df = 5, F = 2.62, p = 0.034) is a hydrophilous species, but one that would otherwise be
expected to appear frequently in most, if not all of the surveyed sites. This species showed the
highest abundance in late stage and favourable sites, although differences were only
distinguished in post-hoc tests between early and middle stage restorations (figure 4.4). A
relatively small effect size was found to be attributable to differences between restoration
groups (η2 =0.20). Cover in degraded and 2006-2009 restorations was 0.8% ± 0.2 and 0.6% ±
0.2 compared with 1.8 ± 0.2 for the highest recorded cover at Life III mires.

Of the other vascular species tested with ANOVA, Molinia caerulea (df = 5, F = 0.97, p =
0.443), Erica tetralix (df = 5, F = 0.85, p = 0.521), Eriophorum angustifolium (df = 5, F = 1.15,
p = 0.346), Rhyncosphora alba (df = 5, F = 0.81, p =0.549), Juncus acutiflorus (df = 5, F =
0.72, p = 0.609), Narthercium ossifragum (df = 5, F = 1.54, p = 0.195) and Myrica gale (df =
5, F = 1.06, p = 0.393) showed no significant statistical differences between restoration
groups. These are important mire species but ubiquitous throughout the study, as such it may
be the case that rarer species are more useful guides to vegetation community changes after
restoration work. For this reason, more detailed ordination analyses were performed on the
habitat community data in section 4.3.3.

Despite the lack of differences between the

restorations, the overall cover of Molinia caerulea (21.7% ± 1.2 SE) was very high for the type
of habitat surveyed.
The total cover of Sphagnum, a very important component of the mire bryophyte community,
showed no real differences between restorations (df = 5, F = 2.13, p = 0.076), with a mean
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cover recorded across all plots of 34.3% ± 2.5 SE. Individual Sphagnum species showed some
differences.

Sphagnum papillosum, a very important peat building species, showed

statistically significant differences across restoration groups (df = 5, F = 4.22, p = 0.003), with
post-hoc analysis highlighting the differences between late stage restorations and earlier ones
(figure 4.5, present in 100% of Life III, Life II and favourable plots compared with 50% ± 20 SE
of 2006-2009 restorations). An effect size of η2 = 0.28 showed that a fair proportion of the
variance in the sample was attributable to between-group differences. Sphagnum cuspidatum
showed a somewhat similar pattern (df = 5, F = 3.65, p = 0.006, figure 4.5, η2 = 0.25) but
lower abundance overall than S. papillosum, present in 10% ± 10 of 2006-2009 mire
restorations, 80% ± 13 of Life II restorations and 70% ± 15 of favourable mires. Sphagnum
palustre also showed differences between restorations (df = 5, F = 2.38, p = 0.051) but
revealed a different pattern, with post-hoc tests showing the biggest differences between
degraded sites (20% ± 13 of plots) and early restorations (80% ± 13 of HLS plots and 20062009 plots; see figure 4.5). An effect size of 0.18 suggests that most of the variation in the
cover of S. palustre is not related to the restoration work. Of the other Sphagnum species
examined, S. fallax (df = 5, F = 1.53, p = 0.195), S. denticulatum (df = 5, F = 0.51, p = 0.764),
and S. magellanicum (df = 5, F = 1.84, p = 0.12) did not show any significant statistical
differences between restorations. Changes in other Sphagnum species were examined as part
of the vegetation community as a whole.

Relatively few measures of vegetation structure showed differences that could be distinguished
statistically between restoration. The cover of bare ground showed evidence of differences in
ANOVA (df = 5, F = 3.04, p = 0.017) between the oldest and youngest restorations (figure 4.6),
but differences could only be determined with Tukey’s HSD for the 2006-9 restorations (mean
cover of 5.1% ± 1.7 SE) compared to the Life II (1.2% ± 0.5) and Life III (1.3% ± 0.5)
restorations. The structure of the data may be partially responsible here, with bare ground
showing unequal variances (Levene’s test, p = 0.04) and a departure from the expected
normal distribution in q-q plots. The ANOVA test itself should be fairly robust here, however, as
the group sizes were equal. With an effect size of η2 = 0.22, a fair proportion of the variance in
the data could be attributed to differences between the restorations, but there were clearly
several other sources. Trample damage also showed similar patterns, but with a marginally
insignificant difference (df = 5, F = 2.35, p = 0.053), and not supported by post-hoc analysis
(figure 4.6). Herbaceous plants, assessed as a group, showed significant differences across
restorations (df = 5, F = 3.96, p = 0.04). Post-hoc analysis indicated that cover was highest at
the 2006-2009 restorations (20.4% ± 4.9, figure 4.4), and lower at the Life III (8.8% ± 2.4),
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Life II (5.5% ± 1.1) and favourable (6.5% ± 1.8) mires.

The data for herbaceous plants

violated several of the ANOVA assumptions, however.

Lichen cover did not show any significant differences (df = 5, F = 0.60, p = 0.701) and there
were relatively few detections in the survey. The lichens recorded, mostly Cladonia sp., were
those more suited to drier heath conditions than those found in the mire sites. The cover of all
recorded bryophyte species did not show significant differences between different restorations
(df = 5, F = 2.19, p = 0.069). Total graminoid cover (df = 5, F = 0.36, p = 0.872) and dwarf
shrub cover (df = 5, F = 1.33, p = 0.265) also failed to show any significant differences.
Variables that were indicative of herbivorous pressure on the plots, including vegetation height
(df = 5, F = 1.48, p = 0.213), the percentage of the plots showing evidence of herbivory (df = 5,
F = 1.62, p = 0.171), and the calculated herbivory index (df = 5, F = 1.67, p = 0.157) did not
show any differences between restoration groups but substantial variation was observed.

4.3.2. Abiotic conditions following restoration
Of the measured abiotic variables, soil pH was similar between all restorations (df = 5, F =
0.23, p = 0.946), with a mean of 4.74 ± 0.05. Total nitrogen and total organic carbon in the
substrate were statistically distinguished, along with volumetric water content and bulk density.
Together, these suggested that changes in soil characteristics occurred as restorations age. In
soil nitrogen (df = 5, F = 3.33, p = 0.011), only middle-late stage (Life III) restorations could be
distinguished statistically from the degraded sites (figure 4.6, Tukey’s HSD). An effect size of
η2 = 0.24 shows that a significant portion of variance can be related to the restoration groups.
Soil carbon (df = 5, F = 3.36, p = 0.01) showed a very similar pattern (figure 4.6, Tukey’s HSD),
with a similar effect size (η2 = 0.24). Despite changes in nitrogen and carbon, C/N ratios did
not show any differences between groups (df = 5, F = 1.44, p = 0.226), which may illustrate
that substrate processes were somewhat similar across the study despite the restoration work.

Volumetric water content, a potentially critical measure for the success of restorations, did
show differences between sample groups (df = 5, F = 2.64, p = 0.033), but the pattern was not
quite the one that was expected. Generally, water content was relatively high across all sites
(69% ± 0.02 SE), but Tukey post hoc tests could not distinguish between groups, despite the
pattern that appeared (figure 4.7).

Unexpectedly, sites not subject to restoration but

considered favourable (by management records), did not show any difference from degraded
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sites. The effect size (η2 = 0.20) suggested that any changes in the water content were
relatively small.

Surface water also failed to show differences determinable across

management groups (df = 5, F = 0.75, p = 0.585), which could potentially be a result of
variability in weather conditions during the survey period. However, taken with the results from
the volumetric water content, it appears that restoration has had little detectable effect on the
presence of water in the habitat during the survey.

The bulk density of soil (df = 5, F = 4.61, p = 0.001) showed an interesting pattern with some
similarities to water content, but with much higher and significant differences between groups.
Both favourable and degraded sites showed similar, relatively high bulk density scores (0.36 g
cm-3 ± 0.05 and 0.37 g cm-3 ± 0.6 respectively), whereas the oldest restorations showed low
scores (Life III = 0.15 g cm-3 ± 0.03, Life II = 0.17 g cm-3 ± 0.4; see figure 4.7). Other
restorations showed medium scores that could not be statistically distinguished from either the
older sites or those not subject to management. This appears to show a pattern of lowering
bulk density as sites age following restoration. However, the unexpected high density of the
favourable sites again suggests that these areas may not be appropriate comparators for
successful restorations. The effect size (η2 = 0.30) indicates a moderately sized effect of
restoration groups on the differences in bulk density.
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Figure 4.4 Community structure, including species, which differed between restoration groups. Error bars show standard error. Values grouped by the same
letter are not significantly different from each other at P ≤ 0.05 (Tukey’s HSD). α was adjusted for family-wise false discovery rate.
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Figure 4.5 Important Sphagnum species that showed significant differences across restoration groups. Error bars show standard error. Values grouped by the
same letter are not significantly different from each other at P ≤ 0.05 (Tukey’s HSD). α was adjusted for family-wise false discovery rate.
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Figure 4.6 Abiotic conditions that significantly differed between restoration groups. Error bars show standard error. Values grouped by the same letter are not
significantly different from each other at P ≤ 0.05 (Tukey’s HSD). α was adjusted for family-wise false discovery rate.
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Figure 4.7 Abiotic and diversity conditions that differed between restoration groups. Error bars show standard error. Values grouped by the same letter are not
significantly different from each other at P ≤ 0.05 (Tukey’s HSD). α was adjusted for family-wise false discovery rate.
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4.3.3 Patterns in community structure
The ordination plot produced by nMDS (figure 4.8) shows a highly clustered pattern of sites, but
the relatively high stress level of 0.23 means some caution should be applied to the
interpretation, and that relatively limited conclusions can be drawn from the 2-dimensional
output.

There appears to be some grouping with the oldest sites (Life II and Life III

restorations) being clustered with favourable areas, whereas earlier restorations and differ in
both the location of their plots. There also appears to be a greater degree of variability in site
location in the other groups, including those of favourable sites, suggesting that the restoration
groups may be subject to a dispersion effect. Overall, the diagram indicates that there are
some differences between the groups in ecological space, but that these are relatively subtle
and with considerable overlap between groups. Species were placed in a scattered pattern,
with those associated with mires in the centre of the plot, and non-mire species around the
edges. Selected species that are important to valley mire habitats (particularly the M21
community), as indicated by JNCC (2004), showed an association with the older restorations
and favourable sites. The placement of many early restorations and degraded sites away from
these species is clearly shown. Adonis analysis, a robust test of the similarities between
groups (Oksanen et al., 2015), found a significant result (p = 0.005) and suggested that the
restoration groups explain 13 % of the variance in the data. This supports the impression given
by the ordination diagram that different stages of restoration did feature slightly different
communities, but that there was substantial variation that was not attributable to the
restoration groups. Shepard diagrams and Adonis output are shown in Appendix IV.
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Figure 4.8 nMDS ordination showing the location of important species. RF = Rubus fruticosa, SM = Sphagnum magellanicum, DR = Drosera rotundifolia, RA =
Rhynchosphora.alba, SF = S. fallax, SP = S. papillosum, PA = Phragmites australis, NO = Narthecium ossifragum, SD = S. denticulatum, SC = S. cuspidatum, MC
= Molinia caerulea, CV = Calluna vulgaris and VM = Vaccinium myrtillus.

A partial association with older restorations is seen. Stress level = 0.23
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4.3.4 What influences variation in mire sites?
It is clear that considerable variability in the data is not directly attributable to management.
Determining the other influences on community composition, and their relative importance, is
essential for a successful management approach to restoration and to consider whether past
restorations have succeeded. To address this, Figure 4.9 shows an ordination graph produced
with CCA. In this ordination, the intensity of herbivory appears to have greater measured
impact on the community than surface or soil moisture levels, indicated by the relative length
of the vector arrows. However, there does seem to be a relationship between these variables
with both highly browsed and trampled sites also those featuring less surface water and often
less soil moisture.

Generally, the oldest restorations cluster together, and there is more

variability in the younger sites. This could be interpreted as showing successful restoration in
older sites, but picture is somewhat confused by favourable sites also being highly variable, in
broadly the same dimensions as younger sites. In fact, favourable and unfavourable sites
seem to be poor comparisons with the restoration work, as they are both highly variable and
appear to be more closely associated with herbivory than with other restorations.

Permutation tests of the overall ordination model showed a significant result (df = 5, F = 1.68,
p = 0.001), and tests on the predictive variables showed significance for surface water (F =
1.5033, p = 0.012), trample damage (F = 1.75, p = 0.002), and the percentage of vegetation
that was browsed (F = 2.54, p = 0.001). Soil moisture was relatively close to significance (F =
1.32, p = 0.090), but total nitrogen in soil was not (F = 1.10, p = 0.351) and is therefore
unlikely to be the cause of vegetation variability in this study. Tests were also run on the plot
axes; both of these were significant (CCA1, F = 3.53, p = 0.001; CCA2, F = 1.87, p = 0.001),
and further axes scores were not significant. This suggests that the ordination, and the 2-D
plot, are therefore good representations of the position of sites and species in environmental
space.

Eigenvalues, variance inflation factors and the proportion of variance explained by the

test are given in Appendix VI.
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Figure 4.9 CCA ordination plots showing placement of groups (left) and species (right). Arrows indicate constraints; these are explanatory variables.

Species

occurring in <5 plots were dropped, and species data square root transformed. Environmental variables were standardised to range. For species, RF = Rubus
fruticosa, SM = Sphagnum magellanicum, DR = Drosera rotundifolia, RA = Rhynchosphora.alba, SF = S. fallax, SP = S. papillosum, PA = Phragmites australis, NO
= Narthecium ossifragum, SD = S. denticulatum, SC = S. cuspidatum, MC = Molinia caerulea, CV = Calluna vulgaris and VM = Vaccinium myrtillus. For
explanatory variables, TN = Total N, tr = trample damage, pb = percentage browsed, sw = surface water and sm = soil moisture content.
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The ordination appears to indicate a gradual change in both water and vegetation. Surface
water was a better predictor of the vegetation community than volumetric content; the latter
not a reliable predictor of habitat community according to test results. In terms of the
interaction between explanatory variables, of particular note are the strong negative
correlations between bulk density and the presence of water and nutrients in the soil (Fig
4.12), suggestive of different soil characteristics.

There was also a positive relationship

between grazing and bare ground and the presence of some plant species, most notably Carex
panicea. Surprisingly, there were few correlations with measures of water (both within the soil
and on the surface of the plot) and plant species. Younger restorations (RP and HLS) and
degraded sites appeared to feature a community driven by high herbivory and high trampling
damage, as opposed to later restorations, and some favourable sites, where water retention
appeared to be a bigger influence. The favourable surveyed sites also appeared to be subject
to greater influence from herbivory than the oldest restorations.

Plotting the averaged positions of the restoration groups, and the control groups of favourable
and degraded condition, allows the differences between groups to be investigated more easily
(figure 4.9). It appears that recent restorations (HLS and RP) show similar, highly variable
communities, and were associated with higher levels of herbivory but variable soil and surface
water.

The Life III restorations appear to be transitional between these and the Life II

restorations. These are progressively less variable and increasingly associated with typical
mire communities and higher amounts of water. Of the control groups, favourable mires show
an overlap with the oldest mire restorations, but also some of the recent ones, and with
degraded sites. The degraded group does not seem to show association with many of the
restoration groups, but instead a particular set of communities and conditions that differs from
both. The high variability of the vegetation community, both between and within sites, is likely
to contribute to this overlap. A similar ordination overlay showing mire structure, shows clearly
defined groups, demonstrating the importance of structural conditions on the vegetation
community and abiotic conditions.
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Figure 4.10 CCA ordination showing the placement of restoration plots (left) and control groups (right). The ellipses drawn around the standard
error of the factor means. For explanatory variables, TN = Total N, tr = trample damage, pb = percentage browsed, sw = surface water and sm =
soil moisture content.
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Figure 4.11 CCA showing ellipses around mire structures. There appear to be strong differences in the community based on the mire structure
(note, this structure is easily affected by the amount of water present). For explanatory variables, TN = Total N, tr = trample damage, pb =
percentage browsed, sw = surface water and sm = soil moisture content.
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Figure 4.12 Spearman correlation matrix showing the strength of correlation coefficients between
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size relating to the strength of correlation (r 2), with red indicating negative correlations and blue positive
correlations. Numerical values are available in the digital supplement.
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4.4. Discussion
4.4.1 Changes in the plant community following restoration work
Change in valley mire communities in response to restoration are poorly understood,
particularly in lowland situations such as the New Forest. This study has demonstrated a
variety of different responses in the plant community. A few important Sphagnum species
showed changes, but the overall cover of Sphagnum did not. Sphagnum cuspidatum, an
indicator of water retention in mires (JNCC, 2004) and S. papillosum, an important peat
building species (Daniels & Eddy, 1990) were more likely to be present on older restorations
and in favourable sites. S. papillosum is intolerant of drought conditions (Clymo & Haywood,
1982) and has increased in abundance in other successful restoration projects (Gonzalez et
al., 2014). Peat building species including S .papillosum and S. magellanicum are typically
slow to respond to management (Smolders et al. 2003), unlike other species of Sphagnum
(Maanavilja et al., 2015), highlighting the importance of examining long-term trends. In
contrast to its close relative, S. magellanicum showed no changes following restoration work in
this study. A particular increase was notable in S. palustre in early restorations when compared
to degraded sites. In the UK, this species is often associated with high nutrient conditions
relative to other Sphagnum species (Atherton et al., 2010), and these conditions are expected
to temporarily follow restoration work as a result of disturbance (Haapalehto et al., 2014). A
possible reason for a lack of change in Sphagnum cover is competitive exclusion by related
species, described by Robroek et al. (2007).

Unlike several other studies (e.g. Komulainen et al., 1997; Tuittila et al., 2000), no changes in
Eriophorum spp. were detected here, although increases in Carex spp. were similar to Tuittila
et al. (2000; different individual species were responsible). In terms of species groups or
guilds, herbaceous plants peaked in abundance in the middle restorations (2006-2009), which
could be interpreted as showing temporary colonisation as mires are altered following
restoration, although this is not supported by the conclusions of some studies (Sottocornola et
al., 2009). A low cover of lichen was found throughout all plots; abundant cover of lichen is
considered a negative indicator of mire health owing to their adaptations to dry conditions
(Gonzalez et al., 2014). The cover of vascular plants, and in particular Graminoids, was
generally quite high in proportion to the cover of bryophytes, but this is a pattern consistent
with other valley mires where soligenous peat formation occurs (Malmer et al., 2003).
However, Molinia caerulea, sometimes considered an invasive species in mires (Gogo et al.,
2011), showed high cover in all areas.
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Ordination analysis of the vegetation community distinguished older restorations from more
recent ones, and older sites also showed less variation in ecological space. Important mire
species, identified from the JNCC (2004), were also more likely to be found in these older
restorations than in sites of younger ages and in degraded sites. Section 4.4.3 examines the
causes of this distribution in greater detail, with the addition of explanatory variables. Changes
in vegetation composition are often expected to be relatively small in mire habitats
(Haapalehto et al., 2010), and high variability of the habitat community often occurs regardless
of management treatments (Falk et al., 2015); apt descriptions for the findings here. The
relative similarity of degraded and “favourable” sites supports observations by Wilson et al.
(2011) that there is sometimes limited evidence linking drainage with community declines in
peatlands. Overall, changes reflected the findings of some restoration studies in other mires
showing a demonstrable impact on relatively few species (Haapalehto et al., 2010), but also
contrast with others that showed rapid and dramatic community changes in a relatively short
space of time (Maanavilja et al., 2015; Poulin et al., 2013). There are notable similarities here
with a study of grazed mires by Wilson et al. (2011), who found similar species and conditions
in drained and undrained areas, although they did record differences in dominant habitat.

4.4.2 Abiotic and structural changes following restoration
The effect of restoration interventions on substrate conditions has not previously been
examined in the New Forest, despite the importance for restoration success. This effect was
small, although soil nitrogen, carbon, and bulk density showed changes between restoration
groups. An increase of N and C in the early stages of restoration matches finds by Haapalehto
et al. (2014) and is often expected (Vasander et al., 2003). Elevated concentrations of N are
often associated with increased decomposition and mineralisation caused by aeration of the
mire substrate (Laiho et al., 1999; Sundström et al., 2000), suggesting that water retention
has been poor in these areas, but could conceivably be related to disturbance (such as
management interventions or herbivory).

Carbon concentrations in the substrate were

relatively low overall, as were the associated C/N ratios, when compared to other some other
mires (eg over 50% C and C/N ratios of 30-47 in Tuittila et al., 2000), but quite comparable to
others that had experience drainage (Urbanová et al., 2011). Lower C/N ratios would again be
expected in areas with higher decomposition rates and low water retention. There may also
have been some loss of C as a result of the sampling method (i.e. sieving the substrate) which
would affect these ratios in comparison to other studies. Substrate bulk density was lowest in
the oldest restoration sites (Life II and III) but surprisingly did not differ between favourable and
unfavourable sites. Aside from these older restorations, the density of substrate was much
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higher in this study than in comparable ecosystems (eg Tuittila et al., 2000 who found density
of 0.1-0.2 g cm-3 and Bragazza & Gerdol, 1999 who found density of approximately 0.25 g cm3).

This could be related to the high concentration of large herbivores in the New Forest, which

compact the substrate in and around the mires, but are also associated with drainage
(Minkkinen and Laine, 1998) and are similar to some drained mires (Urbanová et al., 2011).
High bulk density scores are indicative of poor conditions for Sphagnum development however
(Price, 1997), so this is a potential area of concern.

There were few indications that restorations had positively impacted either volumetric water
content or the surface cover of water. Ditch blocking should lead to an immediate rise in the
water retention and this has been found in many other studies (e.g. Haapalehto et al., 2010;
Verberk et al., 2010; Ruseckas and Grigaliunas, 2008), although not all (Maanavilja et al.,
2015) and with sometimes inconsistent results (Jarasius et al., 2015). The volumetric water
content was broadly comparable to undisturbed mires in other studies (eg. 60-80% in Kellner &
Halldin, 2002, who measured to the same depth of substrate as this study), potentially
indicating that water conditions were adequate. However, there was high variability within the
restoration groups which could have hampered any ability to detect changes. The failure of
heather bales to stop drainage from the sites was directly observed (figure 4.13), and even
where drains had been successfully blocked, permanent physical changes in peat substrates
that reduce water retention may have occurred (Vasander et al., 2003; Smolders et al., 2003;
Grootjans et al., 2002; Holden & Burt 2002).

Unexpectedly, in terms of water content,

favourable status sites did not differ from those where restoration actions were proposed, a
pattern reflecting that found in the vegetation community. There are a number of possibilities
that could explain this pattern: favourable sites could have featured a wider range of natural
conditions than restoration areas, favourable status may not adequately describe mire
condition owing to inadequacies in condition assessment or alternatively that degraded sites
had not lost significant amounts of water, the latter reflecting findings by Wilson et al. (2011) in
blanket bog. Deleterious effects could still occur in this situation, however, because of the
likelihood of increased water flow through the substrate. Restoration did not influence pH
values, which were comparable to those of previous studies of the New Forest (Newbould and
Gorham, 1956) and other Atlantic bog communities (Sottocornola et al., 2009). As noted by
Newbould and Gorham, the values suggest that there is some groundwater contribution to the
water regime in addition to rainfall, as they are higher than typical ombrotrophic communities.
Structurally, there were also relatively few changes, and those that did occur may not be
important changes. Areas of bare substrate or peat varied between restoration groups; these
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are often considered to be negative indicators of restoration success (Gonzalez et al., 2013)
but were not very numerous even in the degraded mires recorded, which may limit the use of
bare substrate as an indicator. Bare ground was often associated with trampling damage from
herbivores, and so the cause of such changes in the cover of bare ground is difficult to directly
attribute to restoration work. Trampling and grazing intensity did not differ between sites, but
the impact of grazing on both the vegetation community and restoration effectiveness is
explored further in the following sections.

Figure 4.13 Failed heather bale restoration and erosion around a channel, downstream from one of the
RP 2006-2009 mire sites. Note also the dry condition of the channel. The surrounding area is also
heavily grazed but this is unlikely to be related to the failure of the heather bale. Photograph by the
author.
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4.4.3 Variation in mires and their ecological causes
Previous studies examining the causes of variation in New Forest mires were all carried out
before any restoration work took place, so understanding the patterns in distribution is
important to any assessment of restoration. Three main drivers in community diversity were
identified with this study: herbivory, the presences of water, and mire structure. This study has
shown like many others (e.g. Glaser et al., 1990; Bubier et al., 1996; Sottocornola et al., 2009)
that there was a strong association between water and the distribution of the plant community.
CCA revealed that older restorations had a positive relationship with water levels (both surface
water cover and volumetric content) while more recent restorations had a less strong and more
variable association with water, which was somewhat unexpected. A gradual gradient in both
water and vegetation across the study as a whole was also observed.

A number of

explanations are plausible here, such as a slow increase in Sphagnum matter in the soil
retaining water, but regardless of these it appears likely that older restorations have better
retention of water than more recent ones.

Restorations have had an influence on the

developing habitat community through changes in the water regime, but it is subtle – both
water and habitat are much more variable than expected, and restoration has not had
consistent results.

The most important driver of variation in the vegetation community was herbivory. Many other
studies of mires in the New Forest have not considered or described the impact of grazing
(Newbould & Gorham, 1956; Newbould, 1960; Clarke and Allen, 1986) with the exceptions of
Clarke (1984) and Atkinson (1984), but it clearly plays a huge role in determining the
vegetation community. Clarke’s 1984 work found grazed mires to be much more diverse than
ungrazed mires, with a particular increase in bryophytes. Both Clarke (1984) and Atkinson
(1984) state that grazing reduced Molinia, which was expected to dominate in the absence of
grazing. In contrast, this study has shown that high grazing activity was associated with
declines in some mire species, such as Eriophorum spp. and Drosera rotundifolia, but without
any relation with the presence of bryophytes, Sphagnum species or Molinia. High herbivory was
sometimes associated with poor mire communities, and was also correlated with the increases
in bulk density of substrate and observed trampling damage, suggesting that soil compaction
was taking place. Some studies of grazing in mire communities (Küchler et al., 2009; Worrall
et al., 2007b) suggest that grazing can suppress dominant species, but there can also be
deleterious effects through elevating nutrient content in the substrate and harming conditions
for bog species (particularly mosses) through trampling (Falk et al., 2015; Küchler et al., 2009).
Negative impacts of grazing have also been clearly demonstrated for other UK bogs (Wilson et
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al., 2011). With the high densities of deer and livestock in the New Forest, the effect of
herbivory is important research area and will need future study to compare different intensities
of herbivory.

Mire structure is also an important driver of community composition and may also affect the
success of particular restoration works.

This is perhaps an obvious conclusion, but

considerable variability in the community and abiotic variables is notable in some structures,
but not in others.

For example, mires present on slopes (“seepage steps”) are likely to

experience a greater fluctuation in the water regime than those in valley bottoms (Clarke &
Allen, 1986). It appears that mires in a more typical valley structure have experienced a
greater degree of successful restoration than both seepage areas and mire and heath matrices
(such mire and heath mixing may be indicative of tussock vegetation dominating in the
presence of high grazing and trampling, and is sometimes considered indicative of strong
drainage). Differences in the success of restorations based on local conditions have also been
described in shallow peatlands in Exmoor National Park (Grand-Clement et al., 2015). The
New Forest does feature rich fens in addition to valley mires (Atkinson, 1984), and in these
habitats a succession to Sphagnum dominated flora is considered undesirable (Kooijman et
al., 2016). However, none of the restorations surveyed here were representative of these
habitats, as shown by consistently low pH records.

4.4.4 Potential barriers to successful restoration and pathways to successful restoration
There are several areas in which restorations in the New Forest have encountered barriers, and
these both reflect and contrast with those found in other locations. Unlike those in many other
studies, restorations appear to have had relatively little success in increasing water retention in
the mires, which may be attributable to insufficient blocking and potentially the management of
surrounding habitats. In upland peat habitats, burning has been found to reduce water tables
(Worrall et al., 2007b) and have other deleterious effects (Brown et al., 2014), so the burning
of heathland surrounding mires in the New Forest could influence the flow of water into mire
watersheds. Controlled burns often occur very close to some mires (personal observation;
Clarke 1984).

Clarke and Allen (1986) and Newbould and Gorham (1956) assigned

importance to sub-surface flow from exterior habitats into mires, which may not be considered
by restoration that focusses on drain cuts only. Avoiding the use of burning around restoration
areas could possibly impact restoration, but any such changes must be monitored. It is likely
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necessary that detailed hydrological monitoring is required before and after interventions take
place. In addition, the maintenance of past restorations is clearly necessary, particularly where
heather bales have been used. Heather bales, while frequent in restorations (Armstrong et al.,
2009) have been heavily criticised owing to a lack of durability (Green et al., 2014; GrandClement et al., 2015).

In some habitats, a high abundance of grasses may also be an area of concern for restoration
work. Molinia caerulea showed relatively high abundance throughout and is considered to be
of particular threat to moorland and mire communities (Limpens et al., 2003; Gogo et al.,
2011; Marrs et al. 2004; Aerts & Berendse, 1988). Hummock species such as Molinia are
suspected to benefit from drainage compared to those requiring constant water (Heikkilä &
Lindholm 1995). Moss cover, including Sphagnum, was negatively correlated with graminoid
cover and in particular negatively correlated with Molinia (figure 4.12), suggesting that areas of
increased Molinia cover are poor for other important mire species. However, this could be
related to spatial distributions in the mires, as Newbould (1960) found Molinia dominated and
Sphagnum dominated vegetation to occupy different areas of Cranesmoor mire in the New
Forest. A high frequency of Molinia was also reported by Newbould (1960) and Atkinson
(1984), so this pattern has been present in New Forest mires for a long time. Quite how high
cover of Molinia persists in the presence of grazing is something of a mystery, but an
interpretation by Atkinson (1984) could be informative, in which he suggests that grazing
intensity is influenced more by the density of animals in mire catchments than the suitability of
habitat, as livestock (ponies in particular) did not move far from their home range.

Compared to many other studied mires, the New Forest is unique in its high density of large
herbivores. As previously noted, grazing intensity could therefore have considerable influence
on the outcome of restoration. Herbivory and trampling were associated with poorer mire
communities in ordination analysis.

However, it is not certain whether this structure is

attributable to the herbivory, or whether herbivores are only taking advantage of better access
to palatable vegetation in these areas. Wilson et al. (2011) demonstrated that drained areas
did not improve forage for herbivores, and Clarke (1984) suggested that mires were a more
significant grazing resource than lawn environments, so if successful, restoration work may
enhance grazing.

The impact of grazing on vegetation should be considered on future

restoration work, and is a potential area for productive study.
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4.4.5 Management Recommendations
This study has identified several areas where management and restoration success could be
improved. The most important area is improved water retention; this should be accomplished
by reviewing the success of drain blocking for individual mires together with a watershed
approach including the surrounding management in restoration, potentially avoiding burning at
mire edges. Heather bales in particular should be replaced by alternative methods owing to
results in both this and other studies (e.g. Green et al., 2014; Grand-Clement et al., 2015).
Monitoring must be carried out regularly to ensure that management goals are being met and
that the desired effect of restoration is taking place; this should include at a minimum
quantitative records of the plant community and water status (water content, water table depth
and surface pools) and should be carried out before interventions begin and at regular periods
afterwards. Quantitative monitoring will allow trends in particular species, such as Molinia, to
be observed, and management can then be tailored to the observations in an adaptive
management approach. At the moment, it appears that condition monitoring is too broad for
an adaptive approach, and some long term trends in species are uncertain. Finally, although
grazing was shown to have a large influence on the vegetation community, there is currently no
information to support changes in grazing management. However, grazing processes should
be observed and monitored, as this could change in the future.
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4.4.6 Conclusion
Restorations have had limited success, with little evidence for the recovery of abiotic conditions
and little detectable change in water retention but some limited evidence for positive
community change towards more typical mire communities. This is restricted to relatively few
species, but some of these, such as Sphagnum cuspidatum, S. papillosum and Drosera
rotundifolia, are important mire components.

A clear need for enhanced monitoring has

emerged from this study, as sites considered to be favourable mires were highly variable and
often different from any of the restored areas, but not sufficiently distinguished from degraded
ones. A similar pattern was observed in blanket bogs by Wilson et al. (2011). Work by
Rochefort et al. (2013) has shown that different survey techniques can give substantially
different measures of abundance for mire plants, a conclusion supported by Cantarello &
Newton (2008) in forest communities, so this is an area of concern. Although there are many
uncertainties with the chronosequence approach, there is realistically no other way that the
breadth of the restorations can be assessed, as a result of the lack of baseline data before
restorations commenced. Potential threats to the restorations include a lack of water, possible
invasion by Molinia, and trampling from large herbivores. These concerns will need to be
addressed to ensure a long-term future for restored areas.
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Chapter 5: Condition Assessment, Monitoring and
Habitat Suitability of the New Forest Mires
5.1 Introduction
5.1.1 Wetland Monitoring
The protection of wetland habitats and communities has become a conservation priority in
recent years, following recognition of their important contributions to global biodiversity and
ecosystem functioning (Moreno et al., 2012; Millenium Ecosystem Assessment, 2005).
Despite this, many wetland habitats are still under threat, and improvements in
conservation practice will be required to conserve these valuable environments and their
processes into the future. Adaptive management, where the results of monitoring inform
future interventions, is a rapidly developing area of conservation practice (Wilhere, 2002;
Conroy et al., 2011; Keith et al., 2011; Rist et al., 2012). However, this process requires
extensive and effective monitoring in order to fully understand the implications of different
management interventions (Duncan and Wintle, 2008; Conroy et al., 2011; Nichols and
Williams, 2011).

Many uncertainties still remain about best practice for wetland

management (Wheeler et al., 2002), and these must be resolved if a transition towards
effective, evidence-based conservation is to be achieved (Salafsky et al., 2002). Despite
these needs, monitoring has often been lacking even as wetland conservation becomes
more widespread, because conservation practitioners focus on management actions rather
than recording (Gaston et al., 2006). Where monitoring has taken place, a lack of certainty
remains about the effectiveness of some monitoring measurements (Stem et al., 2005;
Holl and Cairns, 2002; Lovett et al., 2007).

One area where monitoring takes on great importance is that of habitat restoration. As
attempts to restore degraded wetlands have increased in recent years, monitoring and
evaluation techniques must also be adapted to these management changes (Holl and
Cairns, 2002). Unfortunately, many restoration projects have shown a similar approach to
other forms of conservation management, where monitoring has been very limited (Wheeler
et al., 2002; Pander & Geist, 2013; Morandi et al., 2014). For example, from 1990 to
2005, $14-15 billion were spent in the US on river restoration projects, but only 10% of
projects featured any monitoring, and little of that was useful for examining the restorations
in terms of ecological effectiveness (Bernhardt et al., 2005). Similar findings have been
reported from Germany from 1994-2011 (Pander & Geist, 2013).
As discussed in the previous chapter, extensive restorations of mire habitats have taken
place in the New Forest since 1997. Currently, mire and fen habitats in the New Forest are
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monitored by Common Standards Monitoring (CSM; often referred to as Condition
Assessment). Scientific studies do not form part of the monitoring scheme, but may
influence management to a limited extent.

CSM is a rapid survey technique,

predominantly visually assessed, and is designed to provide national level information on
habitat condition, to aid ongoing management and help place targeted management and
policy where they are necessary (Jackson and Gaston, 2008; Williams, 2006). CSM is
described in detail in Chapter 3. In the New Forest, CSM has been used, in addition to its
national function, to identify habitats requiring management focus (Cantarello et al., 2010).
The favourable status of sites assessed by CSM is also described as a specific
management goal for restoration activity in the New Forest (Wright and Westerhoff, 2001).
CSM has also been used as the principle method to investigate mire restoration in the
Forest (Smith, 2006a).

Despite the widespread use of CSM, there has been surprisingly little study of its
effectiveness in practice. Although CSM has many advantages, particularly at providing a
snapshot of the state of the UK’s SSSIs (Everett, 2004), there has been criticism of the
approach. The categorisation of sites in CSM is considered highly subjective (Jackson and
Gaston, 2008; Everett, 2004), and CSM style measurements have compared poorly with
more quantitative approaches (Cantarello and Newton, 2008). Additionally, vegetation-only
monitoring, as used in CSM, may not detect poor conditions for invertebrates and other
species (Davies et al., 2007; Verberk et al., 2010), and is particularly poor regarding finescale heterogeneity (Davies et al., 2007; Jackson and Gaston, 2008). These features are
particularly important for mire biodiversity value (Verberk et al., 2010; Beadle et al., 2015).
Whether CSM can give any indication of abiotic changes, such as an increase in water
supply, is uncertain, despite measures in the CSM attributes to address these. The extent
to which condition scores actually reflect the ecological viability of sites is also uncertain
(Gaston et al., 2006), which is of particular concern if CSM is used to evaluate restoration
projects. Other concerns include the limited reporting of detailed information collected
during the assessment process (Gaston et al., 2006) and the infrequency of assessments
carried out under CSM (every 6 years) given the potential for rapid change in restoration
outcomes. As a result of these limitations, there is doubt about the effectiveness of CSM in
monitoring restoration interventions or providing a basis for adaptive management,
especially at the scale of individual protected areas. Testing its effectiveness is therefore
necessary to determine whether it should continue to be used for the purposes of
monitoring restoration.
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5.1.2 New Forest management goals
Monitoring effectiveness depends heavily on the management goals set for ecological sites
(Lovett et al., 2007). In the New Forest, management goals for mire restorations are based
on several planning documents, most notably the SAC Management Plan (Wright and
Westerhoff, 2001) and the New Forest Wetland Management Plan (Smith, 2006a).
Restoration work has fallen under several different programs, but the techniques for both
intervention and monitoring have remained relatively consistent. From the SAC plan, the
conservation objective for New Forest mires is to ‘maintain’ habitats in favourable condition
and ‘restore’ habitats in unfavourable condition (Wright and Westerhoff, 2001).

The

condition assessment criteria are identified as the national guidelines (i.e. those by the
JNCC), with extra reference to breeding bird populations, for with the SPA Designation is
given. Under the current restoration and management programme, the HLS Scheme, the
goal of maintaining and restoring habitat to favourable condition is repeated, and the
scheme documents also refer to the SAC management plan (HLS Agreement, 2010).

The Life II project aims that are relevant to the restorations include halting erosion and
addressing hydrological problems with 580 hectares of mire habitat, as well as establishing
a continuous monitoring programme (New Forest Life Partnership, 2001). The Life III
project goals include restoration priority interest features of the New Forest SAC (in
accordance with the SAC management plan) and the creation of suitable conditions for
habitat recovery (New Forest Life Partnership, 2006). Management goals and aims are
generalised, with the project aiming to improve 184 ha of mire habitat to “favourable” or
“unfavourable recovering” condition (New Forest Life Partnership, 2006). The New Forest
Wetland Management Plan, covering the period 2006-2016, also has general goals, citing
condition status, drying, and erosion of the mires as ecological problems that require
attention (Smith, 2006a). The expected outcomes of this work are not described beyond
“habitat restoration”, with no targets given other than carrying out the interventions. The
rural pathfinder scheme (Smith, 2006b), another past phase of restoration in this study,
follows the approach laid out in the Wetland Management Plan very closely. Such goals
may hamper effective monitoring, as general, non-specific aims often lead to ”surveillance
monitoring” (Nichols & Williams, 2006) rather than monitoring of defined outcomes of
management activity. The effectiveness of CSM is of considerable importance in the New
Forest owing to its categories being used as the management goals. The use of habitat
condition as a restoration goal (in particular the use of “unfavourable recovering”) is also of
concern because of the potential subjective nature of such an assessment.
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5.1.3 Study Focus
Because of the limited success recorded in mire restoration projects (Chapter 4), it has
become necessary to evaluate the use of CSM in the New Forest and determine whether its
limitations prevent it from being used as an effective tool to monitor restoration work.
Study of New Forest restorations has been extremely limited, and apart from some
hydrological studies (Millington et al., 2007), and the previous chapter in this thesis, has
been restricted to CSM-based visual assessment or subjective assessment of the sites (e.g.
Cooch & Morris, 2001; Gifford and Heritage 2014a; Gifford and Heritage 2014b). To
examine the effectiveness of CSM as a monitoring tool, it must be tested against detailed
vegetation abundance and community data, to see if the same changes and patterns are
detected.

An additional test is to compare CSM with Habitat Suitability Indices (HSIs) for species of
conservation concern. This is aimed at determining whether changes in CSM score reflect
changes in the availability of habitat for these species. Such indices are widely used in the
United States (Warren et al., 2016), and have seen extensive use in wetland habitats (e.g.
Chapman & Howard, 1984; Newsom et al., 1987; Vana-Miller, 1987; McKenzie & Zwank,
1988; Palmer & Cordes, 1988); currently they are only used to monitor Great Crested Newt
Triturus cristatus habitat in the UK (Williams & Biggs, 2012). HSIs involve identifying
important habitat characteristics for the species under study (such as feeding, cover, and
breeding requirements), based on scientific literature and expert judgement (Newton,
2007). The quality of habitat is then assessed by using an index, from 0 (very poor quality)
to 1 (optimum quality), for each habitat characteristic. The overall habitat quality can then
be expressed by combining the suitability indices (SI) of the individual components, typically
on a scale of 0–1. HSIs keep the advantages of the CSM approach, such as the ability to
conduct a rapid survey (only the habitat characteristics need to be assessed), while
providing greater detail, scientific robustness and application to fauna as well as plants.
Furthermore, the international designation of many New Forest habitats, in particular
wetland communities, is based on species that are appropriate candidates for HSI
monitoring, rather than the CSM typically used for national SSSIs. HSIs have also been
used to guide restoration projects in the US (Warren et al., 2016) and as such could
potentially contribute to the monitoring of restoration projects. Comparison of these scores
against CSM will help determine whether the condition approach manages to capture
habitat features relevant for some important species, and show whether the two
approaches are complementary or not.
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The research presented here will offer a critical assessment of the application of CSM in
valley mires by comparison to data collected from Chapter 4 and selected Habitat
Suitability scores for important species. The aim of this research is to determine whether
CSM condition assessment is an effective monitoring system to evaluate wetland
restorations in the New Forest, with outcomes from this investigation leading to proposals
for improved monitoring for New Forest mires.

This research is designed to answer the following questions:
i.

Have New Forest wetland restorations resulted in changes to habitat condition,
based on CSM techniques?

ii.

Is the CSM approach sufficient to identify whether restoration work has been
successful, and is it a suitable tool to monitor the recovery of sites?

iii.

How do Habitat Suitability Indices compare with CSM Scores for New Forest
mires?
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5.2 Method
5.2.1 Site Selection
All mire locations investigated in Chapter 4 were used for this study. A chronosequence of
successive restoration programmes was used to investigate changes following restoration
work. Restorations included were the Life 2 (1997-2001), Life 3 (2002-2005), Rural
Pathfinder Scheme (2006-2009) and HLS scheme (2010 – present). The study therefore
shows a continuous pattern of different aged sites from 1997 to the time of the vegetation
survey (2013). Additional mires were included, based on proposed future locations for
restoration (considered ‘degraded’ sites) and those in favourable status without any
documented restoration work. 10 sites of each type were selected for study, resulting in a
total of 60 mires to be surveyed. In order to minimise uncertainty from the use of different,
independent locations, sites were selected based on similar criteria. Excessively small sites
(those less than 0.5 ha), which are relatively frequent, were excluded from the study owing
to potential edge effects, and areas of flowing water (fens, streams and rivers) were also
excluded.

5.2.2 Condition Scores
Condition scores were calculated for each mire location based on the Common Standards
Monitoring Guidance for lowland wetland habitats (JNCC, 2004). Each mire plot consisted
of 10 quadrat samples of species abundance.

Scores of 1 (conditions met) and 0

(conditions not met) were calculated for each quadrat based on the attributes provided by
the JNCC advice. Some of these attributes had multiple conditions in order to be met;
causes of failure in these attributes were examined further. Scores were also summed to
give a ‘total condition score’ indicating how many of the attributes were met. These total
scores are representative of the final output from CSM, where a category would be
assigned based on meeting all attributes. Some important differences between the way
that CSM would be undertaken in practice and that undertaken here must be noted; these
were necessary in order to assess the effectiveness of the scores. Quadrats were used here
instead of visual assessment as given in the CSM guidelines. This should essentially
reduce the subjectivity of the measurements for percentage cover.

Scoring was also

numerical, with each stop point assessed for condition (where scores of 1 meet the
condition requirement, and scores of 0 do not), and site scores were averages reflecting the
proportion of each stop in meeting favourable condition. In practice, an overall impression
of each attribute would be scored subjectively for the site by an assessor, which could
result in highly variable scores. Comparisons of scores in this study with those by Natural
England in the most recent (2013) assessment were, unfortunately, not possible, because
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only the final condition categories were provided (Figure 5.1); this is a frequent problem
with CSM also noted by Gaston et al. (2006).

The section ‘Lowland Fen’, and in particular ‘Valley Fen’ under the JNCC and NVC
classification are used for the calculation of condition scores (JNCC, 2004). This section
specifically refers to features in the New Forest, and includes a range of wetland types that
reflect variability on the sites. Vegetation condition scores were calculated as in CSM based
on a series of general attributes in combination with habitat specific attributes. Within New
Forest valley mires, several different community types are present, including the M14, M21,
M29, M25 and M6 NVC communities (Rodwell et al., 1991). In the following study, the
M21 designation was used to calculate condition scores (Table 5.1). This community type
was selected in order to standardise the assessment on one vegetation type, and as plots
were stratified into this habitat because of its near-ubiquitous presence in New Forest
mires. Although the mires are made up of a patchwork of many different habitat types,
examining one vegetation type allows the investigation of the CSM technique to be carried
out without interference from using several different condition scores for each respective
community

A description of the M21 community is given in Appendix VI.

Finally,

comparison was also made between the results of this study and descriptions by Cantarello
et al. (2010) of New Forest condition assessments to examine differences between what
CSM measures have recorded in practice and the investigation into its effectiveness here

A number of habitat characteristics, measured in the original study, were compared with
condition scores, to determine how well scores related with variation in environmental
conditions measured across the study sites. These included vegetation height, the total
surface cover of water, the total cover of Sphagnum and the percentage of browsed
vegetation in the plots. Surface water and grazing pressure were found to be significant
influences on the vegetation community in CCA analysis in Chapter 4 (Figure 4.9), and
Sphagnum cover and vegetation height are important measures of vegetation structure for
mire habitat. These characteristics also varied substantially over the study, with vegetation
height ranging from 100-600mm, surface water cover from 0-25%, Sphagnum cover from
0-80% and browsed vegetation from 0-60% of plot cover.

Measures were correlated

against condition and HSI scores to examine whether there was any association present.
These characteristics were also examined through further correlation analysis to other
measured variables to examine how informative they were as ecological descriptors.
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Figure 5.1 The locations of wetland SSSI sub-units in the New Forest, showing those in “Favourable”
status (black, not including “Unfavourable recovering”) and all other categories (blue) in the 2013
assessment. The black outline indicates the National Park boundary.

151

Table 5.1 JNCC Scoring system for M21 mire habitats (JNCC, 2004)
Category

Attribute

Habitat Extent

Scoring
Not assessed here, measures change over time using aerial
photographs or similar methods

Habitat Composition
Habitat

Bare Ground

0-10% Cover

Leaf Litter

0-25% Cover

M21 Sphagnum A

Sphagnum papillosum and/or S. magellanicum cover >70% in

Structure

Vegetation
Composition:

80% of samples

Positive
Indicators
M21 Sphagnum B

Sphagnum denticulatum, S. cuspidatum,, S. fallax, Odontoschisma
sphagni: at least one species at least occasional

M21 Associated

Calluna vulgaris, Drosera rotundifolia, Erica tetralix, Eriophorum

Species

angustifolium, Molinia caerulea, Narthecium ossifragum,
Rhynchospora alba, Vaccinium oxycoccos: at least 3 species
constant

Negative

Invasive Species

Indicators

Crassula helmsii, Acorus calamus, Mimulus spp., Impatiens
glandulifera, Fallopia japonica, Heracleum antegazzianum absent
or rare

M21 Negative

Phragmites australis, Phalaros arundinacea, Glyceria maxima,

Species A

Epilobium hirsutum, Brachythecium rutabulum, Eurynchium
praelongum Not more than one species, <5% cover

Negative

M21 Negative

Pteridium aquilinum, Rubus fruticosus, Molinia caerulea, not more

Species B

than one species, <5% cover

Trees / Shrubs

Betula, Salix, Rhododendron, Pinus and other woody species no

Indicators -

more than scattered, mainly <1.5m. Cover <10%

Woody
Species
Seedlings /

Seedlings and saplings of woody species no more than rare

Saplings
Woody Species

No species present on flushes and springs, Salix acceptable >5m
away
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5.2.3 Habitat Suitability Indices
In order determine how CSM scores relate to important habitat requirements of mire fauna,
it was necessary to produce HSIs from several different taxonomic groups.

This was

because habitat requirements are likely to show a wide range of variation between different
taxonomic groups, and CSM may therefore show a different response depending on which
species are assessed. The following species were selected for the construction of Habitat
Suitability Indices: Viviparous lizard Zootoca vivipara, Curlew Numenius arquata, and large
marsh grasshopper Stethophyma grossum. These species were selected because they
either extensively utilise or are exclusive to mire habitat, they represent different and
diverse taxonomic groups, and are protected under national and international legislation.
Curlew and viviparous lizards exploit a wide range of habitats (del Hoyo et al., 1996, Edgar
et al., 2010), but mires are a significant habitat for these species (del Hoyo et al., 1996;
Peñalver-Alcázar et al., 2016), especially for breeding habitat in the case of Curlew (Tubbs
& Tubbs, 1996). Large marsh grasshoppers are restricted entirely to wetland environments
(Keller et al., 2012). Individual HSIs were produced following a literature search for the
biological requirements of each species. A detailed description of the life requirements of
each species is presented in Appendix VII, with their necessary habitat components used to
construct three species-habitat models, shown in tables VII.1, VII.2 and VII.3 in the same
appendix. HSI scores were subsequently tested with correlations against CSM scores to
examine the relationships, and also tested against ecological characteristics of the sites to
determine whether they responded to observed changes in these characteristics.
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5.2.4 Statistical Analysis
Condition scores were calculated in Microsoft Excel before the data were analysed with R
3.2.3 (R Core Team, 2016). The following package extensions to R were used: multcomp
(Hothorn et al., 2008), plyr (Wickham, 2011), reshape2 (Wickham, 2007), and agricolae
(de Mendiburu, 2016). Additionally, ggplot2 (Wickham, 2009), gridExtra (Auguie, 2016) and
ggrepel (Slowikowski, 2016) were used to construct graphical output. ANOVA tests were
used to determine whether condition differed between the age of the plots following
restoration and whether restored plots differed from those not subject to restoration work.
These tests were performed on overall condition score and for individual attributes which
contributed to this score, and also on HSIs for each species. Assumptions were tested in R
for normality (Q-Q plotting of residuals) and homogeneity of variance (Levene’s test), and
outliers were examined using boxplots. Tukey’s HSD post-hoc was performed where ANOVA
results were considered worthy of further investigation (p = <0.05).

Eta-squared (η2)

effect sizes were used to determine the magnitude of significant test results, a measure
that is relatively independent of sample size (Levine & Hullett, 2002). High effect sizes help
to determine whether significant results were meaningful, reducing the chance of Type II
error (Sullivan & Feinn, 2012). These were calculated using the lsr package in R (Navarro,
2015). Where variables were tested with correlations, Kendall’s Tau was used, as this is a
widespread and robust test (Croux & Dehon, 2010).
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5.3 Results
5.3.1 Have New Forest wetland restorations resulted in changes to habitat condition,
based on CSM techniques?
No changes in condition score were detected between different phases of restoration, with
both the overall condition score and individual attributes failing to be distinguished
statistically (Figure 5.2; Table 5.2). Despite the lack of differences, two attributes clearly
stand out with particularly low scores in most of the sites: Sphagnum Attribute A
(Sphagnum papillosum and/or Sphagnum magellanicum >70% in 80% of samples,) and
Negative Species B (No more than 1 species, <5% cover of: Pteridium aquilinum, Rubus
fruticosa, Molinia caerulea) The lack of difference between plots on habitats classified as
favourable by Natural England and the other plots also demonstrates the difference
between the application of CSM in practice and that used here, suggesting that the
accuracy of the method is reduced further by subjective assessment. Notably, a substantial
proportion of the structural condition attributes relate to the presence of scrub and tree
species (i.e. leaf litter, invasive species, tree and scrub cover, seedlings and saplings, and
invasive woody plants). The baseline data lacked species that affect these scores to any
great extent.

This suggests that these scores have limited application in monitoring

restoration work, as they address factors that do not appear to be affecting the sites. The
two attributes that consistently failed, M21 Sphagnum attribute A and M21 Negative
Species B, relate to the abundance of two important taxonomic groups. The Sphagnum
attribute specifically addresses the amount of Sphagnum cover, which was frequently too
low to meet a favourable score.
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Table 5.2 ANOVA test results on total CSM score and attributes
Variable

d.f.

F

p

Total Condition Score

5

1.836

0.121

Bare Ground

5

1.863

0.116

Leaf Litter

-

-

N/A*

Invasive Species

-

-

N/A*

Trees / Shrubs

5

0.554

0.735

Seedlings / Saplings

-

-

N/A*

Woody Species

-

-

N/A*

M21 Sphagnum A

5

1.286

0.283

M21 Sphagnum B

5

0.8

0.555

M21 Associated Species

5

1.191

0.326

M21 Negative Species A

5

1.896

0.11

M21 Negative Species B

5

1.463

0.217

*attributes had the same score for all plots
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Figure 5.2 Attribute Scores for plots of different restoration ages. None of the attributes showed significant changes over the restoration stage. Error bars
represent standard error. Some bars lack error graphs because the data was uniform (scores of 1) for all plots.
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5.3.2 Can the CSM approach identify changes following restoration?
Condition scores, including individual attributes, frequently showed no change in areas
where important component species of those scores were statistically distinguished,
including attributes that showed favourable scores and those that showed poor scores (Fig
5.3, Table 5.3). For example, the two Sphagnum attributes, for M21 habitats, showed
consistently low scores (for the first attribute) and consistently high scores (for the second),
despite changes in the presence of several important Sphagnum species and in the overall
cover of Sphagnum. While the scores as shown may indicate that problems with Sphagnum
cover have been detected (i.e. it appears to be too low), they do not demonstrate
differences that may have ecological importance (i.e. changes in the abundance of
individual species), a key criterion for effective restoration monitoring. Where individual
attributes had requirements that were far below recorded cover values, very different sites
appear similar using the attribute score.

This is shown with the condition attribute

addressing the cover of Molina caerulea, which consistently failed over the sites. This
attribute shows the same score for sites that had relatively low cover (10-15%) and those
with much higher cover of 30-40%. Valuable ecological data is therefore lost when using
this attribute, and any changes at higher cover values will go unrecorded.

Other attributes showed better matches to the underlying data. The associated species
attribute reflected the abundances of the component species, with areas of higher
abundance often given a higher score (Figure 5.4). Calluna vulgaris (τ = 0.19, p = 0.05),
Drosera rotundifolia (τ = 0.27, p = 0.006), Erica tetralix (τ = 0.24, p = 0.016), Eriophorum
angustifolium (τ = 0.23, p = 0.021), Narthecium ossifragum (τ = 0.30, p = 0.003) and
Rhynchosphora alba (τ = 0.45, p = 0.001) all had significant correlations. However,
changes in abundance beyond a certain level were simply not detected and associated
score may not detect large changes in individual species if the other species remain
constant (Figure 5.4). The bare ground attribute showed negative correlations with
percentage cover browsed (τ = -0.26, p = 0.01) and browsing intensity (τ = -0.27, p = 0.02),
trampling damage (τ = -0.34, p = 0.001) and, as would be expected, bare ground cover
itself (correlation = -0.56, p = 0.001). Despite these correlations, significant amounts of
information appear to be lost with the attribute, with some areas of high trampling and
browsing still given a high attribute score (Figure 5.5). The score seemed particularly
inefficient at measuring grazing intensity, with the correlations relatively being weak for this
measure.
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Figure 5.3 Recorded Sphagnum cover variables (blue) and Sphagnum attributes from the CSM assessment (pink). Sphagnum attribute scores for the M21
community do not reflect detected changes in distribution for several important Sphagnum species, losing valuable information about the sites.
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Table 5.3 ANOVA tests on Sphagnum attributes compared to Sphagnum cover
Variable

d.f.

F

p

M21 Sphagnum A

5

1.286

0.283

M21 Sphagnum B

5

0.8

0.555

Sphagnum papillosum

5

4.22

0.0026*

S. cuspidatum

5

3.65

0.00645*

S. palustre

5

2.38

0.0505

Total Sphagnum Cover

5

2.126

0.0762

Attributes:

Cover and Species data:

* significant at p < 0.05

Selected habitat characteristics, including some of those shown to influence the vegetation
community in CCA ordination (Chapter 4, Figure 4.9), had almost no influence on the final
condition scores, emphasising the poor application of CSM to restoration monitoring.
Vegetation height (τ = -0.12, p = 0.18), surface water cover (τ = -0.18, p = 0.07), and
grazing pressure (τ = -0.01, p = 0.95) were not related to total condition score. This is
despite the considerable variation in these environmental measures (100-600mm
vegetation height, 0-25% surface water cover, and 0-60% grazing cover). Changes in
Sphagnum cover, one of the most important components of mire ecosystems, did show
influence on the final score (τ = 0.49, p = 0.001), but with the considerable variability in the
amounts of cover (0-80%) poorly represented by overall score changes (Figure 5.6). These
measures show that the Condition Monitoring process fails to reflect some significant
causes of ecological variation present in the study.

Correlation analyses performed on

these characteristics show that total Sphagnum cover was associated with reduced cover
of the tussock-forming grasses Molinia caerulea (τ = -0.29, p = 0.02) and Carex rostrata (τ
= -0.28, p = 0.03), in addition to positive associations with the wetland plants Narthecium
ossifragum (τ = 0.36, p = 0.001), Drosera rotundifolia (τ = 0.31, p = 0.02) and the
Sphagnum species that showed high cover: S.capillifolium (τ = 0.30, p = 0.02),
S.cuspidatum (τ = 0.32, p = 0.01) and S. papillosum (τ = 0.39, p = 0.001).

Vegetation

height was associated with several species that are considered detrimental to the M21
community, including Myrica gale (τ = 0.28, p = 0.03), Phragmites australis (τ = 0.28, p =
0.03) and Equisetum fluvitale (τ = -0.28, p = 0.03). Carex rostrata (τ = 0.29, p = 0.03) was
also associated. Surface water cover directly correlated with relatively few variables, but
was a significant factor identified by permutation tests following CCA analysis (F = 1.5033,
p = 0.012), as was the percentage of browsed vegetation (F = 2.54, p = 0.001).
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Figure 5.4 Associated species scores show a positive relationship with the abundance of individual component species. However, note the range of cover
scores for individual species when the maximum attribute score is reached, which suggests that the attribute score conveys very little information about
individual species.
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Figure 5.5 The bare ground attribute showed correlations with ecological characteristics that the attribute is intended to represent. Kendall’s Tau correlation,
p<0.05 in all cases.
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Figure 5.6. Despite large variations in habitat structure, condition showed few changes over a range of variables that have important ecological significance.
Only

Sphagnum

cover

was

found

to

influence

the

total

condition

score

(τ

=

0.49,

p

=

0.001;

p>0.05

in

all

other

cases)

163

5.3.3 How do Habitat Suitability Indices compare with CSM Scores for New Forest mires?
HSIs, calculated for Zootoca vivipara, Stethophyma grossum and Numenius arquata,
showed no correlation with the total condition score for the plots (τ = -0.07, p = 0.415; τ = 0.02, p = 0.853; and τ = 0.17, p = 0.070 respectively), suggesting that the final condition
score does not reflect the suitability of habitat for these species. Scatterplots showing
these correlations are displayed in Figure 5.7. Generally, the habitat indices were scattered
towards the higher end of the suitability scale, with mean values of 0.71 ± 0.02 S.E. for Z.
vivipara, 0.76 ± 0.02 for S. grossum and 0.64 ± 0.02 for N. arquata. No differences were
detected in index values between the stage of restoration for N. arquata (d.f. = 5, F = 2.06,
p = 0.084) or S. grossum (d.f. = 5, F = 1.83, p = 0.126), but Z. vivipara did show significant
differences (d.f. = 5, F = 4.12, p = 0.003), where the earliest (HLS, 0.56 ± 0.04)
restorations were lower than late stage restorations (Life 3, 0.80 ± 0.06; Life 2, 0.79 ±
0.04); scores are shown in Figure 5.8.

Suitability Indices showed several correlations with environmental gradients recorded
throughout the study. Z. vivipara index values were positively correlated with vegetation
height (τ = 0.55, p = 0.001) and negatively correlated with the amount of grazed vegetation
(τ = -42, p = 0.001). No correlations were present between index values and the cover of
Sphagnum moss (τ = -0.14, p = 0.119) or the surface cover of water (τ = 0.16, p = 0.073),
although the latter was close to significance. Scatterplots of these correlations can be seen
in Figure 5.9. The index for S. grossum showed positive correlations with vegetation height
and surface water (τ = 0.26, p = 0.003 and τ = 0.46, p = 0.001 respectively), but not with
the cover of Sphagnum moss (τ = 0.13, p = 0.157). A weakly negative correlation with
grazed vegetation was close to significance (τ = -0.17, p = 0.055, Figure 5.10). N. arquata
HSI values were not correlated with vegetation height (τ = 0.14, p = 0.123) or grazed
vegetation (τ = -0.05, p = 0.562, but showed positive correlations with the cover of water (τ
= 0.31, p = 0.001) and Sphagnum spp. ((τ = 0.27, p = 0.003, Figure 5.11).
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Figure 5.7 Scatterplots showing total condition score plotted against Habitat Suitability Indices for
the three selected mire species. No significant correlations were detected.
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Figure 5.8 Graphs showing differences in HSI scores between different stages of restoration. HSIs
for N. arquata and S. grossum showed no differences, while Z. vivipara showed differences between
early and late stage restorations (Bars sharing the same letter were not significantly different). Error
bars are standard error.
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Figure 5.9. Scatterplots showing the HSI for Z. vivipara plotted against environmental gradients
recorded throughout the study.
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Figure 5.10. Scatterplots showing the HSI for S. grossum plotted against environmental gradients
recorded throughout the study.
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Figure 5.11. Scatterplots showing the HSI for N. arquata plotted against environmental gradients
recorded throughout the study.
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5.4 Discussion
The aim of this research was to examine whether CSM condition assessment was an
effective monitoring system to evaluate wetland restorations in the New Forest. Critical
evaluation of CSM has been very limited and it has not previously been tested in response
to restoration projects such as the wetland work undertaken in the New Forest. Results
here demonstrate that condition scores did not show any differences between restorations
of different ages, or between restoration plots and areas where restoration had not taken
place. More importantly, scores were also not associated with key measures of habitat
characteristics, the exception being a correlation with Sphagnum cover. Finally, condition
scores also showed no associations with Habitat Suitability Indices for selected mire taxa,
indicating that habitat suitability for these species could not be predicted when using CSM
measures.

5.4.1 Have New Forest wetland restorations resulted in changes to habitat condition,
based on CSM techniques?
Despite improvements in condition being cited as the goals of mire restoration in the New
Forest, no effect of these restorations was detected using the condition scoring process.
This was not particularly surprising, because of the failures of condition scoring previously
noted (Chapter 3) and in the poor performance of favourable plots and unfavourable plots
as comparators to the restorations (as seen in Chapter 4). None of the plots met all the
favourable condition requirements. These results contrast with the results of formal SSSI
monitoring in the New Forest, employing CSM, where 97% of wet habitats including mires
and heath were reported as ‘favourable’ or, contentiously, ‘unfavourable recovering’
(Cantarello et al. 2010). Poor condition in that study was linked to both the presence of
drainage (in ‘unrestored’ areas) and scrub cover. The management goals and condition
attributes are quite heavily focused towards scrub and tree encroachment on mires, which
may have led to the lack of differences being detected. Because attributes such as ‘trees
and scrub’ and ‘invasive species’ are very visible, they are relatively easily addressed by
management.

However, low scrub cover may then result in sites being considered

favourable while other measures of condition, such as Sphagnum and associated species
measures, receive less attention.

Previous validation tests of CSM for mire sites also focused on scrub clearance (Bealey and
Cox, 2004), and reported that condition responded well to this feature. However, in a
national study of fen SSSIs (Solly, 2000) no association between favourable condition and
scrub clearance was found, despite the clearance being effective at removing tree and
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scrub encroachment.

Bealey and Cox (2004) also highlighted concerns with water

availability being insufficient for some species on the sites that they examined. The fact
that there is also significant concern about New Forest mires being colonised by trees and
scrub, such as Scots Pine Pinus sylvestris, already suggests that their surfaces are dry and
vulnerable. However, colonisation by willows (Salix spp.) could occur in wetter areas.

Unlike previous work examining condition scores on heathland habitats, the individual
attributes making up the CSM score also showed no differences over the stage of
restoration. This result was somewhat surprising because the attribute scores are much
more closely tied to ecological measurements than the total score, which is necessarily an
amalgamation of the attributes. Two attribute scores showed consistently poor scores,
M21 Sphagnum attribute A and M21 Negative Species B. These attributes appear to
indicate genuine ecological concerns with the mire restorations: the first score, reporting
poor cover of Sphagnum, is likely to be directly related to dry conditions on the mires that
have not been resolved by restoration work. The M21 Negative species attribute relates to
the high overall cover of Molinia caerulea, far in excess of the 10% cut-off for favourable
condition. Condition guidance specifically refers to undesirable changes caused by this
species, which can cause habitat changes from M21 communities to M25 communities
while remaining in “favourable” status (JNCC, 2004). There has previously been debate
about the cover of this species causing unfavourable condition in several habitats (Ross &
Bealey, 2005), with suggestions that its presence should be recorded as a local
characteristic. However, negative influences of Molinia would subsequently overlooked by
site assessors, with trends in species abundance unrecorded. This is a particular concern,
as this species has the capacity to invade and largely modify wetland habitat (Marrs et al.,
2004; Gaertner et al., 2010).

Wetland habitats in the New Forest have previously been classed as ‘unfavourable
recovering’ based on the fact that HLS management has taken place (documented by
Cantarello et al., 2010). However, the findings in this study have demonstrated that there
is no evidence to support such a reclassification, as actual scores and attributes have
shown no change following restoration work. This suggests that reclassifications have been
based on whether management has taken place, rather than measurements recording the
response of habitats to management. This has previously been identified as a potential
problem with CSM (Williams, 2006; Gaston et al., 2006). This could have resulted because
the timescales for CSM assessment (once over a six-year period) are too infrequent to
properly assess the mires, and so assessors assume that changes have occurred without
measuring them. This is a serious concern for the use of CSM to assess management, and
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is thoroughly inappropriate for monitoring, as it propagates anecdotal information instead
of gathering useful evidence about management effectiveness.

5.4.2 Is the CSM approach sufficient to identify whether restoration work has been
successful, and is it a suitable tool to monitor the recovery of sites?
Tests of condition scores failed to detect changes that had been observed in several
species using vegetation abundance data, suggesting that the CSM, in addition to the
problems identified above, lacks enough precision to be effective for monitoring. These
results support concerns by Bonnett et al. (2009) that CSM methods might fail to detect
small changes in habitat condition.

Additionally, measurements of important

environmental variables which influenced the vegetation community (based on CCA
analysis in Chapter 4), had no impact on condition scores. Water cover, ranging from 030% of plot area, showed no association with the total score, which is particularly
concerning for restoration projects that are intended to reduce drainage of water from the
habitat. A similar effect was reported for the percentage of browsed vegetation, which was
likely the most important influence on the vegetation community. Sphagnum cover was a
measure of vegetation structure rather than an influence on the vegetation community, and
this measure was correlated with total condition score. However, this is not necessarily
meaningful for measuring responses to restorations, as different species of Sphagnum can
have very different habitat requirements (Daniels & Eddy, 1990). As a result, changes in
the abundance of individual species could occur in response to environmental changes,
while the overall cover stays relatively constant, and CSM measures do not appear to be
able to detect this. Such changes could be particularly important where they impact upon
ecosystem functioning (Malmer et al., 2003; Robroek et al., 2007). Although one of the
attributes specifically examines the peat-building species Sphagnum papillosum and S.
magellanicum (M21 Sphagnum attribute A), these species again have different
requirements, with S. magellanicum considered relatively intolerant of drainage or burning
of its habitat (Daniels & Eddy, 1990).

A study by Jackson and Gaston (2008) attempted to predict the likely condition status for
England’s SSSI sites based on several environmental and physical parameters, but found
that these had very poor predictive power when compared to the actual condition
categories, recorded by formal CSM. Jackson and Gaston (2008) could not determine
whether this was because of poor relation of CSM output to the actual characteristics of
sites, but the results here would support this view, and call into question the widespread
use of CSM.

A potential reason for the poor associations of overall CSM score to the

environmental conditions discussed above could be because of the number of attributes
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(and for some of the attributes, a large number of individual characteristics) that must be
calculated - the combination of which obscures any individual signal from these variables.
In practice, as described by Gaston et al. (2006), there are also additional areas where
subjectivity or different implementations of CSM could further affect the usefulness of
these scores, such as how much the features are monitored in detail rather than subject to
a general appraisal, how much negative influences affecting sites from outside their
boundaries are taken into account, and whether species of concern are neglected where
they are not priority features (Gaston et al., 2006). Other concerns include the difficulty of
maintaining consistent assessments across considerable space and time, to ensure that
comparisons of these assessments are actually meaningful (Gaston et al., 2006).
Unfortunately, the results of this study suggest that CSM provides little information about
individual species, so changes in the abundance of species could occur while measures of
the community (i.e. “Associated Species” attributes) remain ‘favourable’, resulting in
inconsistent assessments.

5.4.3 How do Habitat Suitability Indices compare with CSM Scores for New Forest mires?
Reflecting the lack of association with habitat characteristics, condition scores also showed
no association with any of the habitat suitability indices calculated, indicating that CSM
could not predict areas of suitable habitat for these species. This was despite many of the
HSIs reaching high scores in the study, demonstrating the presence of appropriate habitat.
In contrast to the condition scores, HSIs calculated here showed stronger associations with
habitat gradients than did condition scores, which may point to them having greater
ecological significance. This was especially the case for vegetation height, which was
important for both Z. vivipara and S. grossum. Vegetation height was a measure that the
CSM scoring system did not examine. Additionally, the variability of vegetation height
(maximum recorded height – minimum recorded height at each plot) was an important
contributor to HSI scores for all species. The failure to measure these characteristics
supports previous criticism of CSM showing that its structural measures are poor (Davies et
al., 2007) and highlights concerns by Jofré and Reading (2012) that changes in structural
conditions were going unobserved by conservation managers. Interestingly, the HSI for Z.
vivipara showed differences over the stage of restoration, suggesting that later restorations
were more effective at providing habitat for this species. This distribution can be linked to
the findings of Chapter 4, where these later restorations appeared to be more typical of
valley mire habitat according to JNCC guidelines and NVC classification. The use of Habitat
Suitability Indices would require validation and testing before having a practical use
(Brooks, 1997), but the results obtained here are still informative. HSI calculations did
suffer from some limitations because the selected species appeared to have relatively
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broad habitat requirements within the context of wetland communities, but this reflects the
visible and protected fauna that utilise mire habitat. Species that have more specialist
requirements may be better predictors of habitat quality, but many of these have poorly
known biology. Valley mires are known to be important for several invertebrates, including
an array of dragonflies, spiders and ants (Tubbs, 2001). Such species may also be likely to
correlate poorly to CSM, and perhaps other habitat measures, because of specialist
requirements that they may have (Davies et al., 2007).

5.4.4 Limitations
Although a number of limitations apply to the research shown here, the overall conclusion
that CSM measures are ineffective as a monitoring practice is well supported. As in
Chapter 3, CSM scores were also recorded using a different method to that used in
standard practice, and differences between point-based approaches and visual
assessment have been recorded (Cantarello & Newton, 2008). However, if anything the
steps taken here should have strengthened the ability of CSM to detect changes, because
they remove subjective interpretations. The variety of potential implementations of CSM is
acknowledged as a potential problem for the consistency of scores (Gaston et al., 2006;
Jackson & Gaston, 2007). Some changes that are failed to be detected using the method
used here could potentially be found during field assessments, but this relies on the
subjective observer, and could easily be missed or go unrecorded. Uncertainty about the
scores goes beyond concerns previously raised (Everett, 2004; Williams, 2006; Gaston et
al., 2006), because it appears that attribute measurements themselves are imprecise, in
addition to the subjective categories of condition.

The ‘control’ sites, in favourable condition and those outlined for future restoration, showed
very few differences with other locations, and did not seem to be part of a continuum with
plots recovering from restoration. This subsequently made it difficult to test changes in
attributes (i.e. tree and shrub cover, bare ground, Sphagnum species composition) that
may have affected condition score, because these attributes were generally very similar
across the study. Favourable definitions were taken from the latest CSM assessment, and
proposed sites for future restorations from Forestry Commission proposals. The fact that
areas considered to be favourable and unfavourable by managers appeared to have few
differences in condition scores and attribute scores suggests that CSM scoring was just as
ineffective in practice as it has been in this study.
An additional limitation is that the assessment here only examines M21 communities in
valley mires; there are several other communities often present in these habitats that have
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not been investigated. While these habitats are of interest for future research, in this study
is was necessary to examine only one in order to reduce potential variability and biases in
the data, a key concern when using a chronosequence approach (Fukami & Wardle, 2005).
By keeping the assessment in one habitat, it is easier to make inferences from any changes
in cover or scores that were detected. Such changes were subtle where they were found
(Chapter 4), highlighting the importance of limiting biases.

5.4.5 Management Recommendations
There is some potential for condition attributes to be improved with the addition of more
habitat structural measures (such as vegetation height, variability in height, and water
cover) and the more widespread utilisation of attribute scores, which would increase the
amount of ecological information available from the assessments.

Some attributes

(including bare ground and to some degree associated species) are potentially effective
and could provide a useful source of information for habitat monitoring, despite the
limitations with CSM. However, in practice these attributes are poorly recorded (i.e. they
are not entered into any database or recorded as a variable themselves) or made available
outside of the assessment process (Natural England, personal communication; Gaston et
al., 2006), meaning that they cannot be assessed or examined beyond their contribution to
the classification of sites into condition categories.

Despite the usefulness of such

attributes, they are also not a substitute for more widespread quantitative monitoring,
which is clearly necessary for restoration work. The nature of CSM in recording against set
criteria (i.e. a binary good or bad condition based on a given cover value) could mean that
habitat changes outside these criteria go undetected, in addition to other concerns about
subjectivity (Jackson & Glaston, 2008). Additionally, problems encountered in this study
with the comparison sites suggest a high level of variability in New Forest mires, which
hampers detection of restoration processes (Chapter 4). A strong implication from these
issues is that monitoring must take place before and after restoration work, and preferably
continually, to provide unequivocal documentation of ecological changes. Remote sensing
is one area where large-scale changes in mires can be observed (Jauhiainen et al., 2007;
Langanke et al., 2007), and this technique could alleviate some of the financial and time
pressures for monitoring.

While CSM is similar to many other monitoring approaches that measure indicators (Stem
et al., 2005), it contrasts poorly with successful evaluating approaches that have stronger
connections to the assessment of management goals. Improving monitoring here will
require a move towards ‘effectiveness’ measurement (Stem et al., 2005), where there is
explicit linking between the goals and objectives of management and the measurements of
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progress towards meeting them. In part, this is the fault of management goals in the New
Forest, because favourable condition status cannot provide enough information to ensure
that the actual causes of habitat degradation have been addressed. Therefore, restoration
goals must be defined clearly and specifically, and clearly document, for example, where
the goal is to increase water supply and where other actions are necessary, because
concerns about scrub management could obscure other signals.

According to the

principles of evidence-based management, monitoring must then evaluate the core aim of
the work, so in the case of the restoration work here, some form of hydrological monitoring
is likely to be required, in nearly all circumstances. In order to form a more successful and
adaptive management approach, detailed monitoring of environmental conditions will be
necessary for such projects, echoing calls made elsewhere (Duncan and Wintle, 2008;
Conroy et al., 2011; Nichols and Williams, 2011) for increased monitoring.

Although

potentially expensive and time consuming for conservation practitioners, it is the only way
to ensure that work is effective and directly explain the cause of any observed changes in
the habitat community. One method would be to identify drain locations and then monitor
the water table at a series of points around the area both before and after restoration
activity. Under an adaptive approach, where continuous information about hydrology and
community composition can be continually observed, gradual changes and tailoring of the
restorations can then take place at each intervention site to ensure that specific objectives
will be met.
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5.4.6 Conclusion
This research has shown that Condition Assessment using CSM is an ineffective and
inadequate method to monitor restoration projects in wetland habitats. For the first time
the effectiveness of CSM in examining restoration work has been tested, and problems with
this approach identified. CSM appears to have a poor relationship to variables measured at
the plots, including surface water cover, Sphagnum cover and the amount of grazing
pressure. The use of CSM to monitor restoration, and more widespread use to monitor
management, must therefore be questioned, as it cannot provide enough information to
properly evaluate the effectiveness of these practices. Together, these results indicate that
CSM is not sufficient for monitoring and evaluating restoration projects, because many
significant changes in habitat structure and diversity will go unrecorded, and overall scores
appear to have limited ecological relevance.

To move towards evidence-based and

adaptive management in UK protected areas, better monitoring will be required. Such
improvements will ensure that future management will be targeted to where it can be most
effective and, ultimately, successful.
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