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Abstract

Question:

Is it possible to translate vegetation maps inkialoke thematic maps of site conditions?
Method

This paper presents a new method, cdlledtio, by which a coherent spatial overview of
specific environmental conditions can be obtaimecthfa comprehensive vegetation survey of
a specific area. lteratio is a database applicatioich calculates environmental indicator
values for vegetation samples (relevés) on theslzddinown indicator values of a limited
number of plant species. The outcome is then linkealdigitalized vegetation map (map of
plant communities) which results in a spatial ov@mwof site conditions.

Iteratio requires the indicator values of a minimaf 10-20% of the species occurring. The
indicator species are given a relative weight atiogrto their amplitudes: species with a
narrow range are weighted stronger, species witload range are weighted weaker.
Conclusion

The method presented here enables a coherentrassess site conditions on the basis of a
vegetation survey and the indicator values of @déichnumber of plant species.

Keywords: site conditions, indicator species, vegetationgas , weighted averaging

Introduction

Indirect assessment of site conditions by meamsda¢ator species has become common
usage in nature conservation management. Indisptmies are determined by studying the
correlation between the species and classes sf(siéditat types) and they provide
qualitative expressions of environmental niches ghantitative expression of the species’
niche is known as the species indicator value. #ggent of site conditions on the basis of
indicator species often remains rather fragmerdarthe most useful indicator species have
narrow niches and, therefore, limited distributiainsthis paper we will therefore use all
occurring species, but we will require knowledgeh®f environmental preference of only a
limited number of species. The environmental pexfee will be expressed as by indicator
values of species.

This paper presents a new method, cdlledtio, by which a coherent spatial overview of
specific environmental conditions can be obtainesiatio is a database application which



calculates environmental indicator values for vatjeh samples (relevés) on the basis of
known indicator values of a limited number of plapecies. The outcome is then linked to a
digitalized vegetation map (map of plant commusitihich results in a spatial overview of
site conditions.

Description of the method

Required data input

Iteratio proceeds from a comprehensive vegetation survayspkcific area . In the survey
local plant communities are mapped and for eaghtglommunity one or more vegetation
samples (relevés) are taken. The relevés reprdseptant species occurring in each
community and their abundance. Abundance may qoeeentage or any other appropriate
measure of degree of presence or merely presesesiad (1/0). As data inplieratio uses
the relevés, the digital map of the plant commansitind indicator values and weights for
some of the species occurring. (see figure 1)
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Figure 1.Flowdiagram of the Iteratio method

In order to relate the relevés to environmentalaldes,teratio uses species indicator values.
Various systems of (plant) indicator species awlicator values have been presented in the



past. Widely used is the Ellenberg system (Ellegb#974). Disadvantages of this system are
that it does not provide amplitudes but single matlvalues and that it ignores the fact that in
different types of ecosystems or in different clilmaegions, the ecological amplitude of a
plant species may vary. In recent times, a systemdaator species was developed in the
Netherlands (Jalinkt al., 1996-2007) which is largely based on actuatifrakasurements

and which provides ranges in pH, in moisture cood# and trophic conditions at which a
selected number of species occur within the corgegpecific plant communities and of the
landscape types in which these communities aresepted. Within the ranges the system
also indicates the species’optimal occurrence aridd procedure presented in this paper,
single values representing these optimal occureace used..The different species are given
a relative weight according to their amplitudes@ps with a narrow range are weighted
stronger, species with a broad range are weigheaker (a weighting method is provided
with the programme).

Whenlteratio is applied to the vegetation data of a study gitequires the indicator values
of a minimum of 10-20% of the species occurringg(selow). The program gives the most
reliable results if this set contains some spewiés a narrow ecological amplitude as well as
some species with a broad range.

Calculations

The relevés are read into a database applicatforeeded - after transformation of the
species abundance values. If vegetation analyaiscierding to the Braun-Blanquet method,
cover/abundance degrees could be transformed teneahvalues on a ratio scale such as
the van der Maarel scale (1979). Known speciesatdr values (and species weights) are
then imported. Next, an iterative calculation psxes started (see Appendix). In the first run,
Iteratio calculates per relevé a weighted average on tsis bathe known indicator values of
the species occurring in the relevé, their covemalance degrees and their given weights. In
a second run, the program calculates for eachep®gth unknown indicator value a
weighted average on the basis of the averagesla@duor those relevés in which the species
occurs as well as the species cover/abundanceasedreese calculated values are then used
as additional indicator values in a next iteratigrich calculates a new weighted average per
relevé. The known species indicator values whichméal the basis of the first run, are kept
constant during all iterations. After a certain fugmof iterations, usually between 20-40, the
weighted averages for species and relevés remastaitt. At this stage, all the species have
acquired stable relative positions within the eowimental range represented by all the
relevés. The program then calculates two indicasiwtharacterize the amplitude (niche
breadth) of each species: a numerical value ananaard deviation. The program presents
the amplitudes also graphically.

Thematic maps of site conditions

The indicator values that have been obtained ®rélevés together with the local maps of
plant communities can now be used to constructapaterviews of specific environmental
variables. Where a plant community is represenyechére than one relevé, an average
indicator value is calculated for the communityayBy means of GIS these values are then
transposed to the digitalized vegetation map wheshilts in thematic maps of site conditions.



Site conditions for pH in 1997 and spring water legl in 1991 and 1997
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Example of the method

Figure 2 provides an example of the method forasta sand dune area on the island of
Texel in the northwest of The Netherlands. FiguaesRows the surface levels of the dune
system (derived from a detailed digital databassudface levels in The Netherlands). In
1991, the vegetation of a number of dune slackiignarea was mapped in preparation of an
ecological restoration project. The mapping wasedmm the basis of some 190 relevés
recorded following the Braun-Blanquet method. Téstaration project was carried out in
1993. Several of the dune slacks were sod-strippéelcat the same time ground water
extraction from the sand dunes came to a halt aftexgreement was reached with the local
drinking water company. In 1997, a vegetation migih® entire dune system was produced
on the basis of some 450 Braun-Blanquet reld¢éstio was applied using the relevés and



maps made in 1991 and 1997 and the species indictees as presented in the system by
Jalinket al. (1996-2007). Mean water tables in spring andotiHef the substrate as derived
from the 1997 vegetation map by theratio program are presented in Figures 2b and 2c..
The north-eastern part of the area consists o&nttstabilized sand dunes, whereas the
southwest shows coastal accretion and here newdsares are still being formed. The age of
the sand dunes is clearly reflected in Figure 2e:aldest part of the system has decalcified
whereas the younger sections are still very alkaliigures 2a and 2c also show that
elevation also has a bearing on the soil pH. Theerelevated sections of the dune systems
decalcify more readily than the lower parts whiok @ander the influence of calcareous
ground water.

Figures 2d-2f show the section of the dune systewhich restoration measures were carried
out. The areas marked in black were sod-strippd®¥8. A comparison of the spring water
levels in 1991 and 1997 (both derived from the Ve&tien maps by means teratio) shows
that in the dune slacks and particularly in the-swighped sections, the period of inundation in
spring has increased (Figures 2e and 2f). Simikgwsof pH and trophic level produced by
means ofteratio (not shown) reveal that in the sod-stripped apthbas increased and the
nutrient availability decreased.

Stability of the method

In this section we investigate the stability of thethod in relation to the percentage of
known indicator values. We take the gradient tropével as an example. For this gradient
~30% (64 out of 209) of the species have a knowlicator value. (The other two gradients
have fewer species with known indicator value) tigating randomly some of these as
unknown we generated new data sets with 1, 2, 52086 of the species having known
indicator value. We applieideratio to each new data set. Table 1 shows that thelabare of
the obtained indicator values with those obtaimechfthe original data set is slightly negative
when only 1 or 2% of the indicator values is asslikreown, whereas the correlation is above
0.7 when at least 10% of the indicator values mA&m Similar correlations were obtained on
the basis of the site scores of the algorithm. Wfeclude that the meaning of the gradient is
reasonably retained when 10-20% of the speciea kaswn indicator value.

Table 1. The influence of the percentage specids kmown indicator value (% known) on
the finallteratio indicator values, expressed as the correlatighedteratio indicator values
with those obtained from the original data setlfv@0.6 % of the indicator values known).
The value shown are the mean and standard devi@tirbased on 50 independent

replicates.

% known | correlation sd

1 -0.07 0.00
2 -0.01 0.04
5 0.27 0.18
10 0.70 0.02
20 0.82 0.05




Discussion

In this paper a simple iterative weighted averagilygprithm is proposed to order species and
sites along gradients defined by known indicatdues of a, possibly small, number of
species. The indicator values quantify here théogomal preferences of the species. We now
indicate how this algorithm relates to previous moels.

Clausman (1980) also attempted to improve indicaatwes from existing ones by an
iterative procedure. The procedure calculatedssitees from the initial indicator values, new
indicator values from the site scores, then nesvsibres form the new indicator values, and
so on until stabilization. ter Braak & Gremmen (IPPointed out that this procedure is
essentially an ordination method, much like coroesience analysis (Hill, 1973, 1974;ter
Braak & Prentice 1988), and that, by consequemheeotiginal meaning of the indicator
values might get lost. Our iterative algorithm diff from this procedure in that some
indicator values remain fixed, namely the knowniéatbr values of the species that define
the gradient. The fixation of indicator values tfemst two species prohibits the iterative
algorithm to converge to the first axis of corresgpence analysis. This is the mathematical
minimum. From our stability analysis (Table 1) wivige to fix the indicator values of many
more than two species.§. 10-20%) in order to be certain that the meaninthefgradient is
retained in the analysis.

Conceptually, the work by ter Braak & Gremmen (198%loser. In their test of the internal
consistency of Ellenberg’s indicator values for stioie, they fixed all indicator values,
except the one of the species under test. Howbeeguse only a single indicator value was
not fixed, ter Braak & Gremmen (1987) did not dorenthan one iteration of the weighted
averaging algorithm. ter Braak and Gremmen (198@é)rgted to improve upon weighted
averaging, so as to avoid some of its drawback®Bfak & Looman (1986; ter Braak and
Looman 1986). They calculated indicator valueshascentroid of the so-called response
histogram and, in a more advanced approach, usetinma likelihood using Gaussian
response curves. Either improvement might be irarated in our iterative algorithm. We did
not do so for two reasons: (1) it destroys the $oip of the methods and (2) the
improvements are not unequivocal. Specifically,ithprovements treat absences as
informative whereas unembellished weighted averpgeglects absences and thus treat
absences as uninformative. Because a species nabsbet for many reasons - “it may be
nibbled by a sheep” (Hill, 1973) - we prefer toaréhem as uninformative and thus to stick to
unembellished weighted averaging.

Our simple iterative algorithm is less closely tethto correspondence analysis (alias
reciprocal averaging) than one might think. Thesogais that the iterative two-way weighted
averaging algorithm of correspondence analysisatosia rescaling step - such as setting the
range of the newly obtained scores to 100 or ggthia variance to unity (Ter Braak, 1995)-
which is missing in our algorithm. This observatled us to consider a modification that is
closer to correspondence analysis (see Appendsctofrespondence analysis, the modified
algorithm is very sensitive to outliers, in partanuto sites with few species which themselves
occur in few other sites in the data set, as shawihe Appendix for the example data. We
concluded that the simple algorithm is to be preféover the modified algorithm.

Iteratio is based on weighted averaging, that is, indicztwes of species that are present in
a stand are averaged whereby species abundansedissi a weight. This method treats the
species abundances as ratio-scaled and the (knioghioator values as interval-scaled. Often



abundance values, such as from the Braun-Blangettad, and known indicator values,
such from the Ellenberg system, are on an ordeeles. Podani (2005) warned against
uncritical use of ordinal data in multivariate exltory analysis. This raises the question
whether such values can be usetténatio. In our view, they can, at least after appropriate
transformation. The situation is not very differ&mam when we would have had available
ratio-scaled abundance values and interval-scalfidator values. In that ‘ideal’ case we
would also consider transformation, and the chofdbe transformation would influence the
result. The question is thus which transformat®appropriate. Ter Braak and Barendregt
(1986) showed good performance of the method ofied averaging for Poisson
distributed counts. A transformation is thus appadp if it makes the data after
transformation look more like Poisson distributilire informally, weighted averaging treats
the abundance value as a degree of presence. Stoowlkel stay close to presence-absence. If
more than a single species is present, no singleepshould dominate the result. The van
der Maarel (1979) scale achieves this more orife® Braun-Blanquet system, and a
logarithmic transformation is often useful for copercentage data. What about the scale of
the known indicator values? These values shoulteh&oids of the species response curves
with respect to the underlying environmental vaeadnd, for best performance, the modes of
symmetric species response curves (Ter Braak arehBeegt, 1986). So this is the target for
transformation. Ter Braak and Gremmen (1987) dsthus issue for Ellenberg’s moisture
indicator values and concluded that no transforomatras required.

As Iteratio orders species and vegetation sambeg gradients, the method is. best suited
for sites with an internal variation in environma&intonditions and, consequently, a variation
in plant cover. The basic assumption underlyiegatio is that the vegetation of a specific

site is a reflection of the environmental condispwhich implies that most plant species have
reached the habitats suited to them and that a etitimp balance has established. Therefore,
the method is not suited for sites in which envin@mtal conditions have recently changed or
the vegetation has recently been disturbed.

The hydrological regimen of habitats can be ex@@ss a single range as was done by
Ellenberg (1974) in his system of indicator specdié®wvever, this regimen represents a
complex of variables, each of which has a diffeettlogical impact, such as mean annual
water table, mean spring or summer water tablegmiable fluctuation or duration of
inundation period. Research into indicator spe@labnket al., 1996-2007) and the testing of
Iteratio showed that the indirect method of assessingsitéditions gives reliable results for
some but not all of the hydrological variables. Fany plant species, presence and
cover/abundance degree appear to be highly indecafispring water tables and of the
duration of a inundation period. Correlations vatitmmer water tables appeared to be less
clear (data not shown); in the dry season physicglerties of the substrate gain in
importance with respect to water availability féants as they determine water retention
capacity of the soil as well as capillary rise. fdfere, in using plant species as indicators of
hydrological conditions it is important to identiyhich specific hydrological variables are
concerned.

Applications

The method presented here enables a coherentrassess site conditions on the basis of a
vegetation survey, the indicator values of a lichibember of plant species and a limited set
of field measurements of abiotic variables. Sudessments are of importance for ecosystem
management and for monitoring programs and theyaisstitute a sound basis for



ecological restoration projects. As shown in thamegle given in Figure 2, they can also be
used to evaluate the effects of restoration measure

Iteratio uses the total species composition of relevés(imogjualitative and in quantitative
terms) which provides a more adequate reflectigore¥ailing environmental conditions than
just a number of selected indicator species woli@. program has been tested for some 50
nature reserves in The Netherlands with a tota af@bout 40,000 ha. The outcome in terms
of maps of pH, hydrological conditions and nutriaa&ilability appears to be reliable as it is
in agreement with available actual field measurdsand the patterns shown are consistent
with surface level maps. Nevertheless it is reconaed to carry out actual field
measurements in a few locations within the stuéw dpreferably linked to the locations of
relevés) in order to validate the maps. Companigitim surface level maps and ground truth
are required in order to detect possible inconsci¢s which then need to be addressed.

Iteratio was tested with a limited number of species foiciindicator values had been
established through actual field measurementhidntération process, for all species present
in an area surveyed a relative position along envirental gradients is determined.
Consequently insight was gained into habitat resgnéents of an increasing number of
species. This implies that by this method indicatdues can be assigned to new species
without (expensive) field measurements. Moreoiteratio helps in identifying which

species in a specific location are best suite¢dotinuous monitoring programs.

A Dutch version of the computer program for genesa is in preparation; an international
(English) version is under consideration.

Appendix
The simple iterative algorithm, its modification ard a comparison

Notation. Let Y={yy}[i =1 ...n; k=1 ... p] be then X p matrix containing the abundances of
each ofp species at each afsites. Note that in this notation each speci@saslumn,
whereas in a spreadsheet it may be a row. If speceweighted differentially by weigiw;
multiply yik by wi. We assume here that this multiplication has diydeeen done. By
denoting summation across an index by a +, thergite) weights areg;i. and the species
weights arey.«. We assume without loss of generality that the iggewith known indicator
values are in the firgh columns ofY. We denote the known indicator valuesoayk =

1...m), the unknown species scorestayk = (m+ 1) ... p) and the unknown site scoresypy
(i=1..n).

Smpleiterative algorithm. The simple iterative algorithm starts from ardmiyr site scoresx}
and then iterates:

Step 1. Calculate species scores by a weightedgeef the site scorass.

U, zzyikxi/y+k'

i=1



Step 2. Set the species scores of the speciekmathin indicator equal to the known
indicator valuej.e.

u, =a,forl<sk<sm.

Step 3. Calculate site scores by a weighted avexbihe species scordss.

P
% :zyikuk/yH'

k=1

Step 4. Stop on convergence, that is, if the nebbained site scores differ at meqe.g. €
= 10*x the range of the new site scores) from thoskerptevious iteration, else goto step
1.

In the main text the simple algorithm starts witdyps2 and a fixed, but arbitrary choice for the
scores of the remaining species (e.g. equal te tinelexk) and then iterates as above. The
resulting scores either way are the same.

Modified iteration algorithm. In the modified algorithm the newly calculatedigator values
of the species with known indicator values areesged on these known values and then
replaced by the fitted values of this regressidrer€&after the variance of the newly obtained
indicator values is set to unity, as in correspoigeanalysis. The modified algorithm
maximizes the ratio of the variance of the sitess@nd the variance of the species scores
(i.e. the indicator values), subject to the constrdiat the species scores of the species with
known indicator values are linearly related to ghkesown values. As in correspondence
analysis and its canonical form (Ter Braak 198@)uariances and the regression are all
weighted by the species totals.

The modified algorithm maximizes the variance r¥iB)

n p
VR= zyi+(xi _2)2/2 y+k(uk _U)z ’
i=1 k=1

subject to the constraint thaf = a+ba, for1< k <m, whereg are the fixed indicator values
and

n p
X:Z:yi+xi/y++ andU:zy+kuk/y++ .
k=1

i=1
This optimization problem can be rewritten in tbenfi of that of canonical correspondence
analysis with species and sites interchanged. Tédigior variables of lengghof this
canonical correspondence analysiszare (a,..., om, 0,...,0) andp-m predictor variables
2,,...,Zp.m+1, ONE for each of the non-fixed species. Foij'thepecies, the predictor variablg (
m+1) IS all zeros except at positipavhere a 1 is insertef£€ n+1, ...,p). The solution of this
optimization problem can thus be obtained by aggrthm that does canonical
correspondence analysis. One such algorithm isstbevay weighted averaging algorithm
with an extra weighted multiple regression step Bimak, 1986, 1987). Because of the
structure of the predictor variables this extraghéed multiple regression step can be
simplified to a simple weighted regression stepe Tésulting modified iterative algorithm
then becomes:



Step 1. Calculate species scores by a weightedigeaf the site scorese.
Uy ZZYikXi 1Y -
i=1

Step 2. Calculate a weighted regressionusf (Us, ... Urn) ona = (aa,..., ap.)' and set the
species scores of the species with known indicagtlres equal to the fitted values of this
regression and standardize all species scoredttgariance , as detailed in Steps 2a-e.,

Step 2a. Calculate the regression coefficieat,

b= zy+kuk(ak _ﬁ)/z%k(ak -a)? witha :zy+kak/zy+k .
k=1 k=1

k=1 k=1

Step 2b. Calculate the fitted values and assighamew species scores for the species with
known indicator values,e.

U =0, +b(a, —@) withTy = >y, ,a; />y, forlsk<m.
j=1 i=1

Step 2c. Standardize the species scores to zeno amelaunit variance,

p
uk “ (uk _U)/SJ Wlth S? :zy+k(uk _U)Z/y++ '

k=1

Step 3. Calculate site scores by a weighted averbipe species scords.
p

% = Z ViU ! Vi
k=1

Step 4. Goto step 1 if the newly obtained site esaiiffer from those in the previous
iteration, else stop.

Without the Steps 2a and 2b, the modified algorithtie same as the two-way weighted
averaging algorithm of correspondence analysis Braak and Prentice, 1988) and the
maximized variance ratio would be the first eigdngaf correspondence analysis. For the
modified algorithm to differ from correspondencealgsis, at least three species must have
known indicator values. (With just two species @ixthe regression part would always fit
perfectly and therefore Steps 2a and 2b would fiettahe solution).

Comparison.

Both the simple and modified algorithm converge taique solution. A data set is
connected when each species can be linked to &ey gppecies via direct links of
intermediate species. There is a direct link betwte® species when they co-occur in at least
one site. To give a counter example, a data sattwib sets of species such that a species of
one set never occurs with a species of the othés set connected.

As correspondence analysis, the modified algoritinms out to be very sensitive to outliers,
in particular to sites with few species which thetuss occur in few other sites in the data

10



set. This sensitivity showed up clearly in the csteely data set, which indeed contained two
sites with each one species that did not occuneee in the data. For the original data set

the modified algorithm gave identical answers Fa three different gradients pH, spring

water level (swl), trophic level (tro); it set ap#rese two sites and these two species and gave
the species with known indicator values (and dlkeospecies) equal scores; the regression
coefficient in the modified algorithm was indeeda@éAfter this observation, we cleaned the
data set so that each site contained moredlsuecies and each species occurred in more
thana sites. We used botn= 1 anda =5, denote the resulting data sets by D1 and [@5 an
applied the simple and modified algorithm to bo#ttedsets. D1 and D5 contained 209 and

129 samples and 209 and 97 species, respectively.

Table Al. Variance ratio’svR) of the simple iterative algorithm and the modifieerative
algorithm for data sets D1 and D5, the weightedetation of the species scores of the simple
algorithm with those of the modified algorithm, ahe final regression coefficiert)(of the
modified algorithm. VR is the ratio of the varianafthe site scores and the variance of the
species scores.

D1 D5 D1 D5 D1 D5

pH swi tro
VR simple alg. 0.84 0.77 0.88 0.84 0.84 0.77
VR modif. alg. 0.95 0.84 0.95 0.87 0.94 0.83
Correlation 0.06 0.82 0.06 0.96 0.11 0.76
b modif. alg 0.03 1.17 0.01 0.31 0.04 0.66

Table A2. Weighted correlation between the spesteses obtained from data set D1 and the
species scores obtained from data set D5 for tbeiespoccurring in D5.

pH swi tro
simple alg 0.98 1.00 0.98
modif alg 0.76 0.55 0.80

Table Al the variance ratios obtained with the $&vgmd modified algorithm on both data
sets. The variance ratio in the modified algoriisrby definition always higher than in the
simple algorithm (because the modified algorithnximazes VR), but the difference is small
in both data sets. However, the correlation betwikeriinal species scores (indicator values)
of both algorithm is very low (<0.13) in D1 and hi¢r0.76) in D5. This shows that the
algorithms may result in very different solutiorthere are sites with few species and species
with few occurrences, and that their solutionsmateh more alike if there are no such sites or
species. The last row in Table Al shows by the gfzbe regression coefficiebtthat the
known indicator values are much more spread otltgrfinal solution in D5 than in D1. This

is an indication that the modified algorithm failedretain the meaning of the original
indicator values in D1 and retained, or at leasiielberetained, the meaning in D5.

The high correlations in the first row of Table 8ow that the simple algorithm yields about
the same solution in both data sets whereas thedomglations in the second row show that
the modified algorithm yields rather different dodans. The correlations among the site
scores give a similar result.
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We concluded from this that the simple algorithrmisch more stable than the modified
algorithm and that, at least for these data, thpl& algorithm is to be preferred over the
modified algorithm. We remark that the modifiedaithm may have virtue for data in which
the variance ratio is much smaller than 1.
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