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Abstract

There is a need to understand more about how community dynamics affect the value of spiders
as indicator species. In this paper, we discuss how community dynamics interact with indicator
values, using the program 'IndVal', a non-hierarchical analysis tool. IndVal expresses a percentage
indicator value for each species in each habitat group, based upon combining their relative
abundance and frequency. Spiders were sampled for a six year period using pitfall traps which
collected individuals from two contrasting habitats lying at perturbation extremes. Natural
daleside (ND) was compared with two landform replication sites R5 and R8, which were created
through blasting post-quarry faces. Whilst the fauna were different between ND, R5 and R8,
species richness and dominance were comparable. Significant differences were found between the
rates of species turnover. Whilst no significant difference lay between R5 and R8, both had
significantly higher rates of turnover than ND. Conversely, the number of indicator species was
highest in ND compared to both R5 and R8. Rates of species turnover and IndVal values are
indirectly linked: when turnover rates are higher, IndVal percentages fall. This is an artefact of the
fidelity of a species to a particular habitat which is skewed strongly in favour of species from
mature habitats. By their very nature, the types of species that are common to emergent pioneer
habitats have stochastic colonisation patterns. Pioneer species often indicate important
components of the habitat (e.g. bare ground) and are generally of high indicator value, despite
their lower fidelity values. Therefore, there is a need to adopt a less stringent interpretation of
IndVal values when emergent pioneer habitats are included in any analysis.
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INTRODUCTION

Historically, plants have been used as biologi-
cal indicators of habitat conditions. Some
plant indicators have made their way into
folklore suggesting a long association with
man, but more recent is the bio-indicative use
of insects and spiders (Speight 1986; Maelfait
et al. 1989; Maelfait 1996). Spider species have
been suggested to have value in indicating
habitat stress (Maelfait & Hendrickx 1998),
habitat quality (Vollrath 1988) and habitat
management (Mclver et al. 1990; Wheater et

al. 2000; Samu & Szinetar 2002), for example.
Whilst some spiders are eurytopic, others are
stenotopic and strongly associated with a set
of environmental conditions. In such circum-
stances, a stenotopic distribution which is re-
lated to one or more habitat components is a
useful tool for both conservation and research
arachnology. However, interpretation of the
merit given to a potential indicator species has
sometimes been based on anecdotal, rather
than on strict scientific grounds and has only
served to slow progress. To overcome human
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bias, statistical software has been developed to
elucidate upon whether particular species
within a community may have some biologi-
cal value in describing the environmental con-
ditions present. There are two different forms
which include hierarchical (TWINSPAN) and
non-hierarchical (IndVal) approaches. The
non-hierarchical approach is favoured because
it is seen to be more statistically robust, less
arbitrary and not at all divisive (see Dufréne &
Legendre 1997 and references therein).

In an earlier paper on indicator species
from quarry habitats, we analysed a similar
data set using TWINSPAN (Wheater et al.
2000: the data set used were sampled over
fewer years but more sites). Separately, we
also investigated the role of species turnover
in quarry habitats (Bell et al. 1998). However,
we did not formerly bring these two concepts
together, believing them to be mutually exclu-
sive. In this paper, the implications of using
IndVal where there is both a strong habitat
gradient present in the data set and dispropor-
tionate rate of species turnover between habi-
tats will be discussed.

MATERIALS AND METHODS

Study sites and collection techniques

All the quarry sites under investigation are
situated within a 5 x 2 km area, 3 km east of
the town of Buxton, Derbyshire, lying just out-
side the boundary of the Peak District Na-
tional Park in the English uplands. Two types
of sites were selected for this study: natural
daleside (ND) acted as the control and was
compared with two landform replication sites
(R5 and R8) which were separated by 300 m
and located within Tunstead, a limestone
quarry. ND supports a rich semi-natural Fes-
tuca ovina — Avenula pratensis grassland with
prominent rock buttresses, headwalls and
both bare and vegetated screes. Conversely,
R5 and R8 have
‘restoration blasting’, a method which seeks to
replicate the local landscape after quarrying.
R5 and R8 were blasted on the 25" November
1988 and 21st April 1989 respectively. Both

been created using
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were hydroseeded to produce a Festuca ovina —
Avenula pratensis grassland.

Pitfall traps were used on areas of vege-
tated scree cones and slopes at Tunstead
quarry and surrounding area for six years
from 1992 to 1995 and 1997 to 1998. The pitfall
traps were of standardised dimensions: plastic
cups of 65 mm diameter and 90 mm depth.
The killing and preserving liquid was an aque-
ous solution of 5% formalin with a small
amount of detergent added (~1%). Two
groups of five pitfall traps per site were placed
in a line and flush with the soil surface at ND,
R5 and R8 (i.e. N=10 pitfall traps x 3 sites).
During the six years, pitfall trapping took
place for the first two weeks of every month,
leaving a gap of two weeks before the next
collection. Trapping ran from early April until
early October.

Statistical analysis
IndVal,
analysis tool, was used to generate an indica-

a new statistical non-hierarchical

tor species list. For each species in each site an
indicator value was calculated, based upon
combining their relative abundance and fre-
quency (see Dufréne & Legendre 1997). IndVal
uses a simple suite of equations relating to
species i and sites j included within dataset (i.
e. the rows and columns of a spreadsheet). The
degree of habitat specificity (Aj) is defined
first by using:

Ai= Nindividualsi/Nindividuals:

This translates as the mean number of spe-
cies across sites of a defined group divided by
the sum of the mean number of individuals of
a species across all groups. Having established
that species i may have a degree of habitat
specificity, IndVal then defines how faithful
species i is to any one group, known as the
measure of fidelity (Bjj), given by:

Bi=Nisitesij/Nsites;

The measure of habitat fidelity is defined
by the number of sites in a group where spe-
cies i is present divided by the total number of
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sites in that group. IndVal is then able to com-
pute IndValj, the indicator value, which
ranges from 0 (no indication) to 100 (perfect
indication). This value is at its maximum
when a species is confined to a single habitat
type, is always abundant there and never ab-
sent. IndValij is effectively a percentage of the
loyalty of a species to a group, given by the
equation:

IndVals= habitat specificity (Aj) x species fi-
delity (Bij) x100

Once IndVal;j has calculated the index for
each species across the suite of habitats, the
largest value will be indicative of a species
that can casually be associated with a particu-
lar habitat type. This value is known as
IVmax — literally, the maximum IndVal; ob-
served across the habitat gradient. That a habi-
tat has been singled out as potentially indica-
tive may be informative but is only inferential.
To know whether this value (i.e. IVmax) is of
some statistical importance (<P=0.05), Monte
Carlo randomisation tests are used to reallo-
cate these data to see if the observed IVmax
could be an artefact of chance (i.e. a random
effect). We refer to IVmax implicitly through-
out the text as the ‘indicator value’ - meaning
that a species shows a statistical degree of
habitat specificity.

To describe the community dynamics, di-
versity indices and species turnover between
habitats (i.e. ND, R5 and R8) were calculated.
Diversity (Simpson, Margalef) and similarity
indices (Jaccard index) were used to show that
the composition of the spider communities
were equitable. Whilst diversity indices are
simple to calculate, species turnover may be
more complex. Species turnover was calcu-
lated using DEtrended CORrespondence
ANAlysis (DECORANA known as DCA) us-
ing a method described by Bell et al. (2002). In
short, each of the six alternate fortnightly col-
lections were summed for each year generat-
ing a matrix of 36 samples by 76 species of to-
tal count data. Once DCA produced a biplot,
Euclidean distances were measured from the
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axes scores for consecutive between year shifts
to calculate species turnover (e.g.
NDB1>NDB2; NDB2>NDB3; NDB3>NDB4;
NDB4>NDB5; NDB5>NDB6) for each of the
sites (i.e. ND; R5; R8). These distances indi-
cated the species turnover in n dimensional
space over time. Once calculated, Euclidean
distances were analysed using a two-way
ANOVA with fixed (habitat, year) effects to
determine if there was a significant difference
in rates between the control (ND) and the
landform replication sites (R5; R8). The facto-
rial structure of the ANOVA was simply 3
sites x 5 consecutive between year shifts. Fmax
and Kolmogorov-Smirnoff tests were used to
check for homoscedasticity and normality of
data: in all cases, the ANOVA assumptions
were met. However, whilst all other criteria
were satisfied for a normal ANOVA design,
we analysed Euclidean distances which were
derived from a DCA ordination, raising ques-
tions about the independence of the data. This
occurred because the distance between the
DCA points were measured on the same xy
coordinate grid (i.e the same problem as if one
was to measure distance between points on a
map), and therefore were dependent on each
other. To make sure that the normal ANOVA
was not subject to a Type I or II error as a re-
sult of this violation, we used a Monte Carlo
checking procedure which generates its own
‘F’ distribution. Monte Carlo randomisation
tests (30,000 randomisations) were used to
establish whether the null hypothesis (i.e. that
the result could be generated from a random
distribution) should be rejected (Manly 1991).
The level of significance in a Monte Carlo test
was expressed as the percentage of values
which are equal to, or higher than can be
found in a randomised distribution. If the per-
centage of values that exceeded the observed
mean square was less than 5%, then the null
hypothesis would be rejected. In simple terms,
if the outcomes were the same between the
normal ANOVA and the Monte Carlo
ANOVA, it would suggest that a Type I or II
error had probably not occurred.
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RESULTS

The number of statistically significant indica-
tor species for each habitat revealed that much
higher numbers were associated with ND (N
=16) than with either R5 (N =6) or R8 (N =1)
(Table 1). Furthermore, the percentage indica-
tor values had a much higher ceiling in ND
(94%) than either R5 (69%) or R8 (59%) with
seven indicator species in excess of a 74% fi-
delity to ND (Table 1).

Whilst the dominance and richness indices
varied, there was no real magnitude of differ-
ence, suggesting that these measures were
broadly equitable between habitats (Table 2).
Divergence was indicated by the Jaccard index
which suggested that the composition of the
fauna between the two landform replication
sites was more similar than any comparison
with the natural daleside (Table 2), in agree-
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ment with a previous study using
DECORANA ordinations (Bell et al. 1998).
Two-way ANOVAs were used to compare
the species turnover for the totals distance ma-
trix derived from the DCA axes scores. Species
turnover was significantly different between
habitats (F215=6.31, P=0.0102). Post hoc tests
revealed that the ND habitat had significantly
lower means than either the R5 (F115=8.71,
P=0.0098) or the R8 (F1,15=10.15, P=0.0061) habi-
tats. However, a comparison of means be-
tween R5 and R8 revealed that they were not
significantly different in size (F1,15=0.05, P=NS).
Monte Carlo tests underpinned these ANOVA
results: there was strong evidence that ob-
served test results could not be generated ran-
domly (i.e. only 0.42% of randomisations ex-
ceeded the observed mean square and there-
fore the null hypothesis should be rejected).

Table I. Indicator species with their respective overall indicator value (I[Vmax) are expressed as a
percentage. The indicator value elucidates upon the statistically significant association for one of the
three habitats under study (ND, R5 and R8). A breakdown of the indicator values (IndVal;) across the
sites is also given. * Statistically significant (P<0.05), ** Statistically significant (P<0.01)

Distribution of indicator values (%) across the three

Habitat indicator IVmax habitat types

ND R5 R8
Alopecosa pulverulenta ND 95%* 94 0 2
Agroeca proxima ND 93** 93 0 1
Ozyptila atomaria ND 92%* 92 0 0
Gonatium rubens ND 83** 83 0 0
Drassodes cupreus ND 80%* 79 3 5
Trochosa terricola ND 76** 76 5 10
Pardosa pullata ND 74** 74 2 15
Euophrys frontalis ND 67** 67 0 0
Zelotes apricorum ND 67** 67 0 0
Meioneta saxatilis ND 55%* 54 1 0
Ceratinella brevis ND 49%* 49 1 1
Pocadicnemis pumila ND 42* 42 3 0
Clubiona diversa ND 42%* 42 0 0
Hahnia montana ND 37* 37 2 3
Heliophanus flavipes ND 33* 33 0 0
Tegenaria silvestris ND 33* 33 0 0
Coelotes atropos R5 70%* 69 19
Tybhocrestus digitatus R5 65%* 0 65
Pardosa palustris R5 63%* 26 63 0
Tegenaria agrestis R5 50%* 0 49 6
Erigone atra R5 41* 0 41 10
Haplodrassus signifer R5 33* 0 33 0
Pardosa amentata R8 59%* 0 7 59
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Table 2. Comparative community structure of the spider communities between habitats.

Simpson Margalef Jaccard
N::elz?;d I:]l:‘?::)di;r;f Dominance Richness Similarity
ND 46 1349 6.551 6.244
R5 49 846 8.717 7.121
R8 41 546 9.328 6.347
ND v R5 0.357
ND v R8 0.338
R5 v R8 0.579

Consequently, the normal ANOVA was not
likely to be subject to a type I or II error sug-
gesting that the approach was valid.

DISCUSSION

IndVal analysis is a simple, but extremely ef-
fective tool used to calculate the level of indi-
cator species - habitat association by combin-
ing the relative frequency and relative abun-
dance (Dufréne & Legendre 1997). From a sta-
tistical view point, IndVal overcomes many of
the problems experienced with TWINSPAN,
the alternative indicator analysis program.
IndVal deals effectively with irregular habitat
gradients, is more sensitive at identifying indi-
cator species and is not restrained by any hier-
archical structure which may impose itself on
the identification of good indicator species.
However, without wishing to detract from
these improvements, the identification of pio-
neer indicator species from a dataset with a
strong habitat gradient needs further atten-
tion. In our example, ecologists might draw
the conclusion that there are fewer indicator
species in the pioneer habitats R5 and R8
when compared to ND (Table 1). At face
value, this is true, but IndVal selects against
longer lists in pioneer habitats because of the
statistical approach employed. In simple
terms:

IndVal= habitat specificityx species fidelity
x100 (see Dufréne & Legendre 1997).

Habitat specificity for pioneer species is
generally strong, in that species have evolved
to cope with harsh environmental conditions.

Ignoring vagrants, most species could be de-
scribed as “ stenotopic’ of pioneer habitats (i.e.
restricted to this type of habitat for ecological
reasons). Whilst all this maybe true, pioneer
species are predisposed to less fidelity than
indicators of mature habitats because of their
nature to disperse, arguably to spread risk
(den Boer 1968), whereas more mature habi-
tats attract species which are less vagile over
large areas. In the example given here, R5 and
R8 were dominated by linyphiid spiders
which are well known super-colonisers of new
or highly disturbed habitats (e.g. Meijer 1977;
De Keer & Maelfait 1988). But ballooning dis-
persal is random (Meijer 1977) accounting for
the variation between years and the high turn-
over of individuals at R5 and R8 compared to
ND. Therefore, species turnover and species
fidelity are intuitively linked and indirectly
proportional to one another. As turnover in-
creases as a consequence of habitat distur-
bance, the faithfulness of most, if not all, spe-
cies decrease. Organisms which live in harsh
environments are more likely to be subject to
higher mortalities because life is more stress-
ful.

Let us assume, however, that the ability to
locate and colonise any habitat is the same for
all spiders in all habitats. Despite this equality,
other factors still count against spiders once
they have arrived. Poor overwintering poten-
tial also ensures lower fidelity. Many spiders
overwinter either as immatures (e.g. Pardosa
species) or as adults (e.g. Tegenaria species).
Spiders respond to the lowering of air tem-
peratures during winter by moving into shel-
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tered vegetation, such as litter, for protection
from temperature extremes (Edgar & Loenen
1974). However, overwintering sites were lim-
ited on R5 and R8 because they were removed
by quarrying and then blasting. Since there
was a lack of large amounts of dead vegeta-
tion under which to find cover, it is not known
exactly where the colonists overwintered. The
nearest overwintering habitat was on the
quarry top, a steep climb of about 10 m. In
contrast, there was excellent overwintering
potential on the natural daleside which dis-
played a scree and soil mix up to 300 mm deep
in some places. This depth allowed easy
downward migration in winter and encour-
aged a high overwintering potential, increas-
ing population stability between years and
therefore higher fidelity values.

Prey quality and quantity should also be
briefly considered. Although spiders have the
ability to starve themselves, the lack of prey
increases ballooning motivation (Weyman &
Jepson 1994) which only serves to increase
turnover and decrease the level of fidelity. In
short, community ecology by its very nature is
complex and it would be remiss to cite only a
handful of factors that contribute to the differ-
ences between the turnover rates of mature
and pioneer habitats - there are many. Why
one individual stays and another leaves is in
part, genetic, based on the experiences of the
previous generation, partly cued into the envi-
ronment when a spider senses that it physi-
cally can leave, and also partly inexplicable
but probably related to the theory of bet-
hedging (Hopper 1999).

The philosophical question arises then,
‘how do we define an indicator species of a
pioneer habitat?'. The answer must surely be,
less stringently than for mature habitats. In the
example given here, there were two cases
where IndVal selected against potential good
pioneer indicator species at R5, based on sta-
tistical grounds. Erigone promiscua is an indica-
tor of pioneer habitats, particularly on frontal
dunes and other barren landscapes, but de-
spite being numerous (N =52) this spider only
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occurred at R5 in year 3. Arguably, this is a
local extinction which should not be ignored.
Arctosa perita is another associate of dunes,
and had just colonised R5 in year 5, building
up only a small population of 12 individuals
by that time. Since both are known to be
strong indicators of pioneer habitats, there is a
case in favour of including them based not on
statistical, but on ecological grounds.

But the situation is also confused, and less
clear in parts making interpretation and gen-
eralisations difficult. For example, if the num-
bers of reoccurring species (i.e. those that ar-
rive in one year, disappear in another and
then recolonise) is analysed, the numbers
found doing so were comparable between
habitats (ND=14, R5=16, R8=15). Whilst there
is a reasonable argument to suggest that
within pioneer communities the process of
recolonisation is habitat driven, it could be the
case that the level of absenteeism in the ma-
ture habitat is related to trapping error. For
example, the mature grasslands of the ND are
much more structured and complex than the
simple patchy tussocks of R5 and R8, which
probably lead to a lower trap encounter rate
by spiders in the ND. If this is true, should we
in turn recognise this trapping disparity and
include among the indicators those spiders of
the ND whose trappability is lower? This
could be easily done, but one must also recog-
nise that those species with a lower trap en-
counter rate are likely to be less suitable as
ecological indicators than those already se-
lected. After all, we have a long list to choose
from at ND, which is not the case for RS, for
example (Table 1).

In short, we have unearthed a multivariate
problem that may have a suite of probable
explanations, all of which are currently un-
tested. There is a need to understand these
disparities between indicators of different
habitats. Equally, we should also consider
what it is that we want our indicator species to
indicate. Then, having done so, we will be able
to select more precisely those species that fit
the paradigm. In the meantime, how do we go
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about dealing with the problems faced by in-
dicator species analysis? At a practical level,
there is still uncertainty on how adjustments
can be made to the data to support the inclu-
sion of more pioneer species. Regular data
transformations (e.g. power transformations,
logs, etc) will not solve the problem, as these
only serve to dampen heterogeneity, bringing
extreme values closer together. If it is the ex-
press aim to retain each year as a separate en-
tity for later turnover analyses, then there is
no simple statistical route on which to advise.
However, a technique known as’ Beal’s
smoothing’ may be useful in a few limited cir-
cumstances. Beal’s smoothing is used where
heterogeneous community data sets present
problems and typically include a large num-
ber of zeros (McCune 1994). Beal’s smoothing
seeks to enhance the strongest patterns in the
data by computing the "favourability" of each
sample for each species, regardless of whether
the species was present in the sample. How-
ever, if the whole data set were transformed
using this technique, the result would be that
meaningless Monte Carlo
were generated when IVmax was iterated
(McCune pers. comm.). Clearly, there is a
needed for a professional biostatistical input at
this level. However, the procedure might be to
transform only the most problematic part of
the data set to fill in the empty cells where
there is a clearly identified problem. If there is

randomisations

no need to calculate turnover between years
and therefore retain data sets as separate enti-
ties then a simple solution is to add the data
sets together and remove the between year
differences. A good example of how this has
been achieved for spider communties has been
demonstrated by Szita et al. (2004).

The general conclusion to be drawn is that
whilst IndVal and other techniques have
much to offer, the philosophy which should
underpin the statistical approach is currently
weak. IndVal can be used in most situations
with confidence, except where there is a steep
habitat gradient (e.g. pioneer to mature habi-
tats). Here, IndVal should be used with cau-
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tion, with some emphasis on alternative
‘manual” ecological selection of indicator spe-
cies from pioneer habitats.
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