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Abstract. A simple methodology was applied with the purpasfe understanding the effects of
anthropogenic disturbances in the biodiversity aridiscape patches, namely by using Soil Surface
Dwelling Arthropods as relevant indicators in chiaggscenarios. The goal of the present paper is to
apply and extend the above academic concepts wsdape management, and to demonstrate the
potential of a Stochastic Dynamic Methodology irplementing the respective actions. Since many of
the ecosystem phenomenological aspects are thit oésuhole-system properties, the main purpose of
the Stochastic Dynamic Methodology is to promoteexhanistic understanding of the holistic ecoldgica
processes, based on statistical parameter estimmagthods. In this perspective, the proposed pobisc
compatible with most activities undertaken by cartianal ecological science, i.e., pattern seekihg,
ability to explain past and present states, andability to predict future states. Additionally, aontexts
relating to landscape management, the results ef Stochastic Dynamic Methodology applied to
monitoring and restoration activities are intuitesed can be easily communicated to non-expertgifign
from students to resource users and senior polakens).
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I ntroduction

The world’s landscapes are influenced by a sehtifrapogenic pressures that put at
risk their sustainability and weaken their ecolagifunctions and societal services
(Palmer et al., 2005; Tianhong et al., 2009). Tgrsblem has lead to an emphasis for
developing accurate assessments of ecosystems $Rdpport et al., 1998; Rapport
and Singh, 2006; Giordani et al., 2009). In thispsg the need for rapid, standardized
and cost-saving assessment methodologies is cruommely to predict how
anthropogenic environmental changes will affectabandance of species, guilds and
communities (Andreasen et al., 2001; Gibbons et 24109). For conservation and
management purposes, the use of appropriate brsdiwendicators may reveal the
effect of changes in environmental factors (Jackebral., 2000; Niemeijer and de
Groot, 2008) and provide useful data to charaaexdmmposition, structure, and
function of complex systems (Mdiller et al., 2000rgensen, 2008; Doren et al., 2009).
Since most environmental impacts are phenomenarroguafter a time-lag, early
indications of change need to be identifiBéssler et al., 2009)

Arthropods are reported, in many situations, asveeit biodiversity indicators (e.qg.
Ueahara-Prado et al., 2009). Despite their incaospis nature, Soil Surface Dwelling
Arthropods (SSDA) are one of the most important gonents of ecological
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communities in terms of both abundance and diwe(dlakamura et al., 2007). In fact,
SSDA are small, diverse, usually sensitive to emnmnental variability, rapidly respond
to disturbance, provide cheap and easy samplingunements and, therefore, may be
assumed to reflect habitat heterogeneity, patchrsity and environmental stress (e.g.
Negro et al., 2009; Hoffmam, 2010). If we are ableletermine, in a reliable approach,
the effects of patch changes in the SSDA abundamckor composition and their
characteristic values in reference areas then Webwiable to follow their trends and
use then as robust biodiversity indicators (Nakaretiad., 2007).

In many occasions, the indicators trajectory canfdiwed a priori by using
dynamic models for a better comprehension of thesstresponse relationships (e.g.
Lancelot et al.,, 2009). In fact, ecological studlesve been improved by creating
dynamic models that simultaneously attempt to aaptthe structure and the
composition in systems shaped by environmentautiances (e.g. Chaloupka, 2002;
Santos and Cabral, 2004; Santos et al., 2010). dhgrehensive use of ecological
models has shown a constant and remarkable gromitieilast three decades (Williams
and Poff, 2006; Jagrgensen, 2008). When properlgldped and tested, the ecological
models must be applied with insight and with regardheir underlying assumptions.
These requirements could result in models capabkanoulating conditions that are
difficult or impossible to understand otherwise. iglover, the application of ecological
models can synthesize the pieces of ecological ledye, emphasizing the need for a
holistic view of a certain environmental problenolfester, 1973; Jargensen, 2001;
Schizas and Stamou, 2007; Jgrgensen, 2008).

Since many of the ecosystem phenomenological aspeetholistic, whole-system
properties, the main vocation of the Stochastic dyic Methodology (StDM) is a
mechanistic understanding of ecological procestaesed on statistical parameter
estimation methods (Santos and Cabral, 2004; Cabral., 2008; Santos, 2009). The
StDM is a sequential modelling process developedrder to predict the ecological
status of systems, from which management stratetpesbe designed. This recent
research is based on the premise that the geredtalms of ecological phenomena are
emergent indicia of complex ecological processasdb indeed reflect the operation of
universal law-like mechanisms (Cabral et al., 2008) this scope, the StDM was
successfully applied in several types of scenadosh as agro-ecosystems (Santos and
Cabral, 2004; Cabral et al., 2007), mountain runnuagers and reservoirs (Cabecinha
et al., 2004; Cabecinha et al., 2007; Cabecinh#.,e2@09), estuaries (Silva-Santos et
al., 2006; Silva-Santos et al., 2008), wildlife servation (Santos et al., 2007; Silva et
al., 2010), bird survey testing (Santos et al. 200@ effects in forest ecosystems
(Silva-Santos et al., 2010) and wind farm impactsiountain ecosystems (Santos et al.,
2010).

Therefore, the ultimate objective of the paper washow, in contexts relating to
landscape management, the possibility of using aStibtocol for predicting changes
in the biodiversity associated to patch dynamichjctv will be valuable to those
engaged in research and teaching landscape ecology.

M aterials and methods
Study site

The methodology was applied in the campus of thivdysity of Tras-os-Montes e
Alto Douro. The campus is situated near the towNitd Real (41° 30’ N, 7° 10’ W),
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north Portugal Kig. 1a), in a plateau with an average altitude of 500erseabove the
sea-level. The bio-climatologists classify the gtagea as “mesomediterranean” with
precipitation values of 1200 mm/year and an aveeageial temperature of 12 °C. The
campus mosaic is representative of the regionddeapeig. 1b).

Vila Real
*

rtuga /

100 km

100 m

Figure 1. Location of the of study site in (a) North Poriignd (b) a detailed map of the
University of “Tras-os-Montes e Alto Douro” Campuyg) vineyards, (2) cereal fields, (3) olive
orchards, (4) woodlands, (5) chestnut plantatiq6$ pastures, (7) shrublands (8) social areas

not considered for the implementation of the protoc

Data collection

One hundred and twenty seven circular plots, eaelwath a radius of 25 meters (to
eliminate the factor size and shape of patch), wereeyed during one month (May
2009). Overall, the plots represent the structimeterogeneity of the study area, in
terms of the different local characteristics of thain habitats (mosaic), an important
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requirement for the unbiased comprehension ofrtlieators response in a hypothetical
patch. Each plot description and surveys were nrade centre, sited by using a Global
Position System device (Magellan GPS '32@nd the respective slope, aspect and
topography were recorded.

The vegetation cover was estimated by using viegaimates and reference frames
(using crown densitometer) for the trees and shtapsr and direct measurements
(using frame quadrats) for the herbaceous and radager. The vegetation height was
measured using a clinometer for the trees and sHayer (Suunto 802575) and direct
measurements for the herbaceous and mosses laysy éumetric diameter tape).

Soil Surface Dwelling Arthropods (SSDA) were sandplesing two pitfall traps of
500 cnf in each plot (depth 10 cm, mouth diameter 8 critobo diameter 6 cm) filled
to one third with polyethylene glycol. Trap locat®owere separated by 5m intervals
and were removed after seven days. All SSDA spewmeere isolated from the debris
in the laboratory, stored in 80% ethyl alcohol, atentified to the Order level using
taxonomic keys (Borror et al., 1992) and a binocualcroscope (Leica Zoom 2000).
All of the specimens were deposited in an insexge room in the laboratory.

Data analysis
Determining the taxa responses

The statistical procedure selected to test forticelahips between the biodiversity
indicators (SSDA Orders) and the vegetation charetics was a stepwise multiple
regression analysis (Zar, 1996). A step down proedvas used so that the effect of
each variable in the presence of all other relatdhbles could be examined first with
the least significant variable being removed arggéep. The analysis stopped when all
the remaining variables had a significant level B.85 (Zar, 1996). Although the lack
of normality distribution of the dependent variablavas not solved by any
transformation (Kolmogorov-Smirnov test), the lingaand the homoscedasticity of
the residuals were achieved by using logarithmaagformations (X’ = log[X + 1]) in
each side of the equation, i.e., on both the dep@nand independent variables (Zar,
1996). The lack of substantial intercorrelation amondependent variables was
confirmed by the inspection of the respective tmbee values. The statistical analysis
was carried out using the software SYSTAT 8.0

Conceptualisation of the model

Since the previous statistical procedure was sup@an a database which included
gradients between the different habitats, over esptte significant partial regression
coefficients were assumed as relevant ecologicednpeters in the dynamic model
construction. This is the heart of the philosophyhe StDM. In a holistic perspective,
the partial regression coefficients represent tlobaj influence of the environmental
variables selected, which are of significant impode on the indicators, namely on
several complex ecological processes associatdu avihropod taxa abundance and
composition (Santos and Cabral, 2004; Santos, 200Bg¢se processes were not
included explicitly in the model, but were impligitrelated to the state variables (or
indicators) under consideration. STELLA 9.6.3software was used for the
development of the dynamic model. Thereafter, tB®& were assigned to feeding
guilds, based on literature review, and aggregatéd trophic groups (predators,
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omnivorous, herbivorous and detritivorous) with theention of facilitating the
perception of the structural and functional charmmsirring in the studied landscape.

Model ssimulations

The guilds’ trends were then simulated using réalscenarios of plant succession
and plant retro-regressive succession associatédpessible man-made disturbances
(through 20 years, using the year as unit of timegelected patches of the landscape.
The scenarios considered, for academic demonstratial discussion, were: a) a
forested patch, affected by a wild fire scenarid #ive subsequent secondary succession
process and b) a patch where cereal crop is sulestiby chestnutGastanea sativa
orchards.

Results
Effects of the vegetation variables on the selected indicators

A total of fifteen dependent variables (our artlm@pgndicators) such as bugs (L
Heteroptera, Table 1 and eight independent variables, regarding théitdia
characterization (e.g. L Vegetation Heiglhgble ) were considered in the multiple-
regression analysis to search for significant ietahips between these components of
the study system. Depending on the indicator grol,significant associations with
the habitat characteristics were variable. Theaggjon equations and their significance
for all the combinations performed are listed able 2.

Table 1. Specification of the key variables considered ig study

Variables Specification Model Codesfor logarithms (L)
Vegetation variables

Vegetation height Meters L Vegetation Height
Tree stratum height Meters L Tree Height

Shrub stratum height Meters L Shrubland Height
Herb stratum height Meters L Herbaceous Height
Tree stratum cover Percentage L Tree Cover

Shrub stratum cover Percentage L Shrubland Cover
Herb stratum cover Percentage L Herbaceous Cover
Moss stratum cover Percentage L Mosses Cover
Arthropod groups

Acari Abundance L Acari

Araneida Abundance L Araneida
Chilopoda Abundance L Chilopoda
Coleoptera Abundance L Coleoptera
Collembola Abundance L Collembola
Diplopoda Abundance L Diplopoda

Diplura Abundance L Diplura

Diptera Abundance L Diptera

Heteroptera Abundance L Heteroptera
Hymnoptera Abundance L Hymnoptera
Isoptera Abundance L Isoptera
Lepidoptera Abundance L Lepidoptera
Opiliones Abundance L Opiliones
Orthoptera Abundance L Orthoptera
Thysanoptera Abundance L Thysanoptera
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Table 2. The regression equations, degrees of freedom (Ef€fficient of determination
(R, F-value and their significance level (* P< 0.05,P< 0.01 and *** P<0.001) for all
the combinations selected as significant by theveise multiple regression (n.a., not
applicable). The specification of all variables'd®s is available in Table 1.

Equations DF |R? F

Log Araneida = 0.750 — 0.186 Log Vegetation Height 125 0.040 5.21*
Log Acari = - 0.0844 + 0.619 Log Shrubland Heigtd,548 Log 125 0.225 17.88***
Herbaceous Cover

Log Opiliones = 0,0298 — 0.0336 Log Vegetation Heig 125 0.038 4.93*
Log Chilopoda= 0.0048 125 n.a. n.a.

Log Diplopoda = 0.0062 125 n.a. n.a.

Log Lepidoptera = 0.0125 + 0.155 Log Herbaceouse€e\0.236 Log 125 0.089 6.01**
Mosses Cover

Log Thysanoptera = 0.0072 125 n.a. n.a.

Log Hymenoptera = 0.203 + 0.407 Log Herbaceous Cewe572 Log 125 0.108 4.92**
Mosses Cover + 0.175 Log Tree Height

Log Diptera = 0.5339 125 n.a. n.a.

Log Collembola = 0.936 — 0.760 Log Tree Height 810. Log Shrubland | 125 0.212 8.16***
Height + 0.836 log Tree Cover — 0.766 Log Shrubl@oder

Log Orthoptera = - 0.0120 + 0,0825 Herbaceous Heigh 125 0.035 4.5*

Log Coleoptera = 0.601 — 0.416 Log Vegetation Heigh 125 0.193 29.59%**

Log Heteroptera = 0.166 + 0.239 Log Shrubland Heigb.579 Shrublang 125 0.071 3.12*
Cover + 0.673 Mosses Cover

Log Diplura = 0.0048 125 n.a. n.a.

Log Isoptera = 0.0859 — 0.0801 Log Vegetation Heigh.250 Log 125 0.106 4.83**
Shrubland Cover + 0.443 Log Mosses Cover

Construction of the model and equations

The diagrams of the sub-models presented inRige 2 are based on (a) the
relationships detected in the multiple regressinalysis Table 3, (b) the expected
succession of the vegetation in this type of patafenorth Iberia, highly influenced by
anthropogenic disturbances (e.g. Santos et al.0)204nd (c) the SSDA orders
aggregation into guilds. The description of the mlp@équations and source code are
shown inAppendixes And2.

Model simulations

The scenarios considered, for demonstration pusposere based on a possible
succession of the habitat structure facing the tealprifts that could occur in a patch
of the studied area. The temporal unit chosen Wwasyear, considered acceptable to
simulate the changes and the consequent ecoldggoals of SSDA throughout a period
of 20 years Fig. 2c and 2d, total taxa abundance and composition, guilds dice
and composition).

The Fig. 3aand3b show a scenario where a forest patch is affecyetiré in the
third year, starting a new succession proceds): the vegetation cover (dominated by
the tree cover) is expected to decrease sharplypg befterwards dominated by the
herbaceous cover and in the last years by the simailcover; 8b) the vegetation height
has the same pattern of the vegetation cover, angtfiggm a tree dominated area to a
herbaceous dominated area which allows a gradualblsimd recovery.
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Figure 2. Conceptual diagram of the sub-models used (a)alate the vegetation dynamics,
(b) to predict arthropods’ dynamics in responsehanging vegetation and (c and d) to
estimate the guilds’ dynamics. Rectangles represtate variables; other variables, parameters

or constants are small circles; sinks and souraescdoudlike symbols; flows are thick arrows;
all the relations between state variables and otlaiables are fine arrows. As an example,
only the variables associated to the Heteropterd Biplopoda are represented in the sub-
models a and b to illustrate the respective linthwie guilds’ sub-models ¢ and d. The
specification of all variable codes is expressedaile 1 and in the Appendix 1 and Appendix 2
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Figure 3. Simulation of a scenario where a forest plot feetied by a fire in the third year and
the vegetation re-establishes to a shrubland irstifesequent years. Figure and lines
explanation: Fig. 3a illustrates the changes in@olry stratum (in proportion), (1) Mosses, (2)
Herbaceous, (3) Shrub and (4) Tree; Fig. 3b illagts the changes in height by stratum (in

meters), (1) Herbaceous, (2) Shrub, (3) Tree apd&/&fetation

In response to this scenario the simulations ofS8®A guilds are shown iRig. 4a
and 4b In theFig. 4athe abundance of SSDA (guilds and total taxapfisenced (the
variations in abundance are dissimilar) by the teggm structural changes. Even
though total taxa and most guilds respond by irsinggtheir abundance in the post-fire
(100%, 500%, 40% and 35%, for Total taxa, Detritbees, Omnivorous and Predators,
respectively) their numbers tend to the pre-firduga as the vegetation structure
becomes more complex (approximating pre-fire camas). The only exception to this
increasing trend in post-fire conditions is the thieorous guild that clearly reacts with
a decline in 35 % in numbers, although shiftinghe initial values as the conditions
become similar to pre-fire.
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Figure 4. The response of the indicators (arthropods’ gudtisndance and composition and
total taxa abundance and composition) to the saerafrfigure 3. Figures and lines
explanation: Fig. 4a illustrates the changes in atlance of the indicators and Fig. 4b shows
the changes in the respective composition, (1)ieirous, (2) Herbivorous, (3) Omnivorous,
(4) Predators and (5) Total taxa

The SSDA guilds’ composition (or taxa diversity)rieg, namely to post-fire
conditions and vegetation recover through divergemt alternate trend$ig. 4b). In
fact, there is an initial increase for Total taxadaOmnivorous (25% and 50%,
respectively) followed by a regular decline (25%d &0%, respectively)Hig. 4b).
Other taxa have different responses: the Herbivon@act with an initial decrease
(100%) and a subsequent increase and stabilizahierPredators do not change while
the Detritivorous increase (0 to Big. 4b).

The Fig. 5a and5b illustrate a scenario where a patch of pasturers/erted to a
Chestnut orchard in the third yeaa) the vegetation cover (dominated by the
herbaceous cover) is expected to disappear, béegvards dominated by the cover of
the planted small treesil) the vegetation height has the same pattern agetpetation
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cover, increasing as a result of the substitutiothe® herbaceous plants by the trees in a
gradient from a herbaceous dominated area to atmeenated area.

In response to this scenario the simulations ofS8®A guilds are illustrated irig.
6a and 6b The Fig. 6a shows that the abundance of most guilds decregsesially,
responding to structural changes in the vegetdiié6fo, 27%, 17%, 28% and 50% for
Detritivorous, Predators, Herbivorous, Omnivorounsl & otal taxa) although with a
small increase in the Predators (15%) and Omniwo(8@0o) in the planting period. In
this scenario, the taxa composition only changea dgcline in the Omnivorous (33%)
and Total taxa (20%).

Discussion

The obtained results are in conformity with sevestadies that tried to identify the
disturbance effects on the local communities bygisndicator taxa approaches (e.g.
Billeter et al., 2008; Gibbons et al., 2009; Satderl., 2010). In fact, the response of
arthropods to vegetation changes is variable, dépgnon the type of change,
ecosystem and group studied (e.g. Antunes et @08;2Hoffmam et al., 2010). The
apparent resilience of some guilds may show taxgtation to disturbances and low
diversity, in agreement to the results obtainedtirer studies in similar conditions (e.g.
Bengtsson, 2002; Moretti et al., 2006; Slocum arehdiélssohn, 2008). On the other
hand the idea that the diversity increases as ssireproceeds (Martinko et al., 2006)
is not corroborated by our simulation results. Dh&ained results show that the initial
phases of succession (dominated by herbaceous) lagem to contain the most
abundant and diverse SSDA communities. Previoudieguhave demonstrated that
coexisting taxa partition their resources and/at the compositional similarity between
communities is determined by environmental factéesding support to the niche-
assembly model. However, no attempt has been noadedstigate whether the amount
of resources that reflects relative niche spacedrof@nrelative taxa abundance and
composition in communities (Schweiger et al., 200%re, we demonstrate that the
relative abundance and composition in patchesgsifgiantly related to the relative
structure of the vegetation (biomass). Since thendhnce and composition of the
SSDA guilds is determined by the habitat structuhe simulations allow a better
perception of the biodiversity consequences relatesiegetation structural changes.
Therefore, the proposed methodology should be deresil as a complementary tool in
landscape management, by using indicators withie tdata space” of the
environmental gradients monitored in particularteys, such as our case-study in
anthropogenic habitats of North Portugal.
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Figure 5. Simulation of a scenario where a pasture is dtilist in the third year by a Chestnut
orchard that evolves in the subsequent years. Eigund lines explanation: Fig. 5a illustrates
the changes in cover by stratum (in proportion),Nlbsses, (2) Herbaceous, (3) Shrub and (4)
Tree; Fig. 5b illustrates the changes in heighsbytum (in meters), (1) Herbaceous, (2)
Shrub, (3) Tree and (4) Vegetation
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Figure 6. The response of the indicators (arthropods’ gudtisndance and composition and
total taxa abundance and composition) to the sdenafrfigure 5. Figures and lines
explanation: Fig. 6a illustrates the changes in atlance of the indicators and Fig. 6b shows
the changes in the respective composition, (1)ifdairous, (2) Herbivorous, (3) Omnivorous,
(4) Predators and (5) Total taxa

As with any ecological modelling procedure (Jargen001), the complexity of a
StDM model is determined by the problem, the chaitéhe key-components in the
studied ecosystem and the available data. One eofntbst important requirements
identified in the StDM is linked to the quality dhe data-base, crucial for the
performance of the model outputs. The central requénts of the StDM data set
recorded includes: (1) a large amount of data, uman the regression analysis the
slope is chosen so that the sum-of-squares distagivecen each data point and the
fitted line is minimised (Sokal and Rolf, 1995) gi2) the pertinent spatial and temporal
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gradients of changes, in order to represent thevaek attributes of the scenarios
selected and to allow realistic simulations of thdicator’'s responses, given that in
regression analysis the limits of the Y predictaye imposed by the extreme points of
the fitted line (Waite, 2000; Steele et al., 20@@dher criteria from stepwise regression,
such as Akaike selection criteria (AIC) (Akaike,789 and Mallows Cp (Mallows,
1973) could be used for choosing the most parsinmoogel to be incorporated in a
StDM approach.

Models produced in the form of rules, based on nm&ckearning approaches, are
transparent and can be easily understood (MendandaPrabhu, 2005). The structure
of such models should be straightforwardly intetgdoke in order to allow the
incorporation of pertinent qualitative data befdhe simulations (Dale and Beyler,
2001; Lancelot et al., 2009). The StDM exhibitssthatructural qualities but provides
also simple, suitable and intuitive outputs, easitgrpreted by non-experts (ranging
from students to senior policy makers). Anotherlgalaen developing methodologies
for assessing changes in the ecological integritysystems is the feasibility of
application and extent to which the results canapplied in other areas, taxa and
problems (Andreasen et al., 2001; Duelli and Opbr03). In fact, despite the
limitations inherent to an academic demonstratiba,protocol proposed is expeditious
and easily applicable to other types of databasedindy with ecosystems affected by
gradients of changes (Santos, 2009). Although quoedy simple, our StDM protocol
captures the complexity of some holistic ecologteahds, including realistic temporal
and spatial gradients of environmental charactesistvhich allowed the simulation of
structural changes when habitat and environmentalditons are substantially
changing due to anthropogenic-induced alteratiagbabfal et al., 2008). Since the
biodiversity of the patch communities can be ordytly assessed by SSDA indicators
diversity and composition, this approach also ptesia useful starting point, allowing
the precise development of more complicated modslf) introduction of other
indicators, interactions and interferences (sucthadrophic relationships) with precise
applicability conditions.

The ultimate goal is to produce simulation moddiat tallow the creation of
landscape dynamics from changes is patches, baspatially explicit biodiversity
assessments (Muzy et al., 2005). Therefore, we\relihat our approach will provide
the development of techniques in the scope of leams ecology by creating
expeditious interfaces with Geographic InformatiSgstems, which will make the
methodology more instructive and credible to decismakers and environmental
managers (Costanza, 1992; Santos and Cabral, 2004).
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Appendix 1

The Fig. 2a shows part of the sub-model diagram that intera9redict the
vegetation succession in different deterministiol@gical circumstances (only the
vegetation characteristics relatedRm. 2b taxon are exposed). Considering that the
forecast of vegetation succession highly dependkcal characteristics (Santos et al
2010) and for an easier construction of the mdtiel dynamics of vegetation cover and
height (e.g. Shrubland Cover, Shrubland Height)ewetroduced in the model as table
functions Fig. 2a, Appendix 2Table functions), based on the average valuesdoh
type of vegetation of the database. The vegeta@miables were logarithm transformed
for a compatible integration in the balances of stege variablesHig. 2a andFig. 2b,
Appendix 2— Associated variables). This transformation (&.@hrubland Cover) was
incorporated because the data required for the staiables balances should have the
same units used to obtain the partial regressicefficents, assumed as holistic
ecological parameters (see Methods). Therefore; loglarithms of the environmental
variables are acceptable in the inflows and oufl@ivthe state variable&i). 2b and
Appendix 2— Difference equations and Process equationsfign2b, the sub-model
diagram attempts to predict the response of eawnteo the changes that take place in
the selected plot (the figure only shows Heter@ptes an example, for other taxon
details seeAppendix 2 The independent variables were the logarithmsthef
vegetation characteristics considered (e.g. L SandbCover) Fig. 2a Appendix 2—
Associated variables) and the selected state Vesialwere the logarithms of the
arthropod dependent variables (e.g. L Heteropi{&ig) 2b, Table L The initial values
for these state variables were assumed to be marar{tial situation in t0) Appendix
2, Process equations). Later, for simulations reptasien, the initial value was
discarded, since only in t1 (the first point of gimulation) it was possible to take into
account the influences of the vegetation on thenes¢s. The processes that affect the
state variables are described by difference equaippendix 2 Difference equations).
The inflows (e.g. Po In L Heteroptera) affecting ttate variables (e.g. L Heteroptera)
were based on positive constants and all positarégb coefficients resulting from the
previous multiple regression analysi&able 1 Fig. 2b, Appendix 2- Difference and
Process equations). On the other hand all the staiebles were affected also by
outflows (e.g. Ne In L Heteroptera) related to thegative constants and partial
regression coefficients influenceBaple 1, Fig. 2, Appendix-2 Difference and Process
equations). Although the output for each taxon &iea is composed of a given value
per time unit, the respective state variable ctwalde a cumulating behaviour over time
in response to changes in the vegetation conditibhas, to avoid this, an additional
outflow adjustment was incorporated in each stargable (e.g. L Heteroptera Adjust).
These outflow adjustments aimed to empty the stat@bles in each time step, by a
“flushing cistern” mechanism, before beginning tlext step with new environmental
influences Fig. 2b and Appendix 2— Difference and Process equations). For process
compatibilities and a more realistic comprehensabrthe model simulations, some
conversions were introduced, denominated assocvateables Fig. 2bandAppendix 2
— Associated variables). Regarding the selectedntathese conversions were obtained
through an inverse transformation (anti-logarithmighich transforms logarithms into
the original measurement units (e.g. Heteroptéragrefore, the model is prepared to
accept and transform real data from the variablekta convert logarithmic outputs
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from specific estimation back into the original tsniAll taxa whose results were
indifferent to the independent variables used @ rtiultiple regression analysisable

2) were introduced in the model in averaged valuieg. (Diplopoda) and the limit
values for their variation are determined in aceomk with realistic ranges, such as the
respective standard erroFig. 2b). These limits imposed maximum and minimum
values for each stochastic variable, included anrtiodel as random functionBig. 2
and Appendix 2— Stochastic variables). In order to transformotecabundance into a
binomial presence/absence register (e.g. HetemBesence), a logical equation was
inserted Fig. 2 and Appendix 2— Other variables). Ikigs. 2cand2d the sub-model
diagrams aims are to forecast the response of #oeanindicators, the SSDA guilds, to
the structural changes occurring in the vegetatidre indicators selected were: the
SSDA guilds compositionFg. 2c number of taxa) (e.g. Herbivorous Composition)
and the SSDA guilds abundandeig. 2d number of individuals) (e.g. Herbivorous
Abundance). Additionally, the contributions of thegroups were considered for the
total SSDA abundance and composition estimatesalTébundance and Total
Composition). These variables result from simpleh®iatical operations between the
previous explained associated, stochastic and gtr@&bles, called composed variables
(Figs. 2cand2d, Appendix 2= Composed variables).
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Appendix 2

Mathematical equations used in Stella for the ielahips between indicator estimates and the
vegetation characteristics. The specification aialasle codes is expressed in Table 1.
EQUATIONS

State variable equations

L_Acarina(t) = L_Acarina(t - dt) + (Po_In_L AcarindNe _In_L_Acarina - L_Acarina_Adjust) * dt
L_Araneida(t) = L_Araneida(t - dt) + (Po_In_L Arade - Ne_In_L Araneida - L_Araneida_Adjust) §
dt

L_Coleoptera(t) = L_Coleoptera(t - dt) + (Po_In_lolébptera - Ne_In_L_Coleoptera -
L_Coleoptera_Adjust) * dt

L_Collembola(t) = L_Collembola(t - dt) + (Po_In_Lolembola - Ne_In_L_Collembola -
L_Collembola_Adjust) * dt

L_Heteroptera(t) = L_Heteroptera(t - dt) + (Po_InHeteroptera - Ne_In_LHeteroptera -
L_Heteroptera_Adjust) * dt

L_Hymnoptera(t) = L_Hymnoptera(t - dt) + (Po_In_LyHnoptera - Ne_In_L Hymnoptera -
L_Hymnoptera_Adjust) * dt

L_Isoptera(t) = L Isoptera(t- dt) + (Po_In L Isemt- Ne In L Isoptera - L_Isoptera_ Adjust) * dt
L_Lepidoptera(t) = L_Lepidoptera(t - dt) + (Po_In Llepidoptera - Ne_In_L_Lepidoptera -
L_Lepidoptera_Adjust) * dt

L_Opiliones(t) = L_Opiliones(t - dt) + (Po_In_L_0ipnes - Ne_In_L_Opiliones -
L_Opiliones_Adjust) * dt

L_Orthoptera(t) = L_Orthoptera(t - dt) + (Po_In_Lrtlibptera - Ne_In_L_Orthoptera -
L_Orthoptera_Adjust) * dt

Process equations

(@) INIT L_Acarina=0

Po_In_L Acarina = 0.619* L_Shrubland_Cover + @54 Herbaceous_Cover
Ne_In_L_Acarina = 0.085

L_Acarina_Adjust = L_Acarina

(b) INIT L_Araneida =0

Po_In_L Araneida =0.749

Ne_In_L_Araneida = 0.185*L_Vegetation_Height

L_Araneida_Adjust = L_Araneida

(c) INIT L_Coleoptera =0

Po_In_L_Coleoptera = 0.601

Ne_In_L_Coleoptera = 0.416*L_Vegetation_Height

L_Coleoptera_Adjust = L_Coleoptera

(d) INIT L_Collembola =0

Po_In_L_ Collembola = 0.936+ 0.011*L_Shrubland_Hi¢ig 0.836*L_Tree_Cover
Ne_In_L_Collembola = 0.760*L_Tree_Height+0.766*L r8hland_Cover
L_Collembola_Adjust = L_Collembola

(e) INIT L_Heteroptera = 0

Po_In_L Heteroptera = 0.166+0.239 *L_Shrubland_H#&if.673*L_Mosses_Cover
Ne_In_LHeteroptera = 0.579*L_Shrubland_Cover

L_Heteroptera_Adjust = L _Heteroptera

(H INIT L_Hymnoptera=0

Po_In_L Hymnoptera = 0.203 + 0.407* L_HerbaceouwveCea 0.175 *L_Tree_ Height
Ne_In_L_Hymnoptera = 0.572*L_Mosses_Cover

L_Hymnoptera_Adjust = L_Hymnoptera

(g) INIT L_Isoptera =0

Po_In_L Isoptera = 0.0859+0.443*L_Mosses_Cover

Ne_In_L_Isoptera = 0.0801*L_Vegetation_Height+0.250hrubland_Cover
L_Isoptera_Adjust = L_Isoptera

(h) INIT L_Lepidoptera = 0
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Po_In_L lepidoptera = 0.0125 + 0.155 *L_Herbace@gver
Ne_In_L_Lepidoptera = 0.236*L_Mosses_Cover
L Lepidoptera_Adjust = L_Lepidoptera

() INIT L_Opiliones =0

Po_In_L_ Opiliones = 0.0298

Ne_In_L_Opiliones = 0.0336*L_Vegetation_Height
L_Opiliones_Adjust = L_Opiliones

() INIT L_Orthoptera =0

Po_In_L_Orthoptera = 0.0825*L_Herbaceous_Height
Ne_In_L_Orthoptera = 0.012

L_Orthoptera_Adjust = L_Orthoptera

Associated variables

Acarina = 10"(L_Acarina)

Araneida = 10"(L_Araneida)-1

Coleoptera = 10"(L_Coleoptera)-1

Collembola = 10*(L_Collembola)-1

Heteroptera = 10°(L_Heteroptera)-1

Hymnopetra = 10°(L_Hymnoptera)-1

Isoptera = 10"(L_Isoptera)-1

Lepidoptera = 10"(L_Lepidoptera)-1

Opiliones = 10”(L_Opiliones)-1

Orthoptera = 10~(L_Orthoptera)-1

L_Herbaceous Cover = LOG10(Herbaceous Cover+1)

L_Herbaceous Height = LOG10(Herbaceous Height+1)

L _Mosses Cover = LOG10(Mosses_Cover+1)

L_Shrubland_Cover = Log10(Shruband_Cover+1)

L_Shrubland_Height = LOG10(Shrubland_Height+1)

L _Tree Cover = LOG10(Tree_Cover+1)

L_Tree Height = LOG10(Tree Height+1)

L_Vegetation Height = LOG10(Corrected VegetationigHer1)

Stochastic variables

Chilopoda = normal(0.2,0.01)

Diplopoda = normal(0.2,0.01)

Diplura = normal(0.2,0.01)

Diptera = normal(1.37,0.01)

Thysanoptera = normal(0.2,0.01)

Other variables

Acarina_Presence = If Acarina >= 1 then 1 else 0

Araneida_Presence = If Araneida >= 1 then 1 else 0

Chilopoda_Presence = If Chilopoda >= 1 then 1 @lse

Coleoptera_Presence = If Coleoptera >= 1 thenel@ls

Collembola_Presemce = If Collembola >= 1 then & 6Is

Diplopoda_Presence = If Diplopoda >= 1 then 1 8Ise

Diplura_Presence = If Diplura >= 1 then 1 else 0

Diptera_Presence = If Diptera >= 1 then 1 else 0

Heteroptera Presence = If Heteroptera >= 1 thdgeel(e

Hymnoptera_Presence = If Hymnopetra >= 1 thend @Is

Isoptera_Presence = If Isoptera >= 1 then 1 else 0

Lepidoptera_Presence = If Lepidoptera >= 1 thelsd @

Opiliones_Presence = If Opiliones >= 1 then 1 Blse

Orthoptera_Presence = If Orthoptera >= 1 thend @Is

Thysanoptera_Presence = If Thysanoptera >= 1 tledsel0
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Composed variables

Corrected_Vegetation_Height = If Tree_Height < tagien_Height then Vegetation_Height else
Tree_Height

Detritivorous_Abundance = Collembola+Diplopoda

Detritivorous_Composition = Collembola_Presemce+@ppda Presence

Herbivorous_Abundance = Heteroptera+Isoptera+Lgu&ta+Thysanoptera

Herbivoruous_Composition =
Heteroptera Presence+lsoptera_Presence+Lepidoptesence+Thysanoptera Presence

Omnivorous_Abundance = Acarina+Coleoptera+Diplurgt&a+Hymnopetra+Orthoptera

Omnivorous_Composition =
Acarina_Presence+Coleoptera_Presence+Diplura_ResBiptera_Presence+Hymnoptera Presen
Orthoptera_Presence

ce+

Predators_Abundance = Araneida+Chilopoda+Opiliones

Predators_Composition = Araneida_Presence+Chilogegence+Opiliones_Presence

Total_Abundance =
Herbivorous Abundance+Omnivorous Abundance+Preslafdrundance+Detritivorous_Abundance

Total_Composition =
Herbivoruous_Composition+Omnivorous_CompositionHaters_Composition+Detritivorous_Comp
sition

Vegetation_Height = If Herbaceous_Height > Shrubldteight then Herbaceous_Height else
Shrubland_Height

Table functions

Herbaceous_Cover = GRAPH(time)

(0.00, 1.00), (1.05, 1.00), (2.11, 1.00), (3.1609. (4.21, 0.00), (5.26, 0.00), (6.32, 0.00), {7 3.005),
(8.42, 0.00), (9.47, 0.00), (10.5, 0.00), (11.609. (12.6, 0.00), (13.7, 0.00), (14.7, 0.00), 819.00),
(16.8, 0.00), (17.9, 0.00), (18.9, 0.00), (20.00).

Herbaceous_Height = GRAPH(time)

(0.00, 1.50), (1.05, 1.50), (2.11, 1.50), (3.1609. (4.21, 0.1), (5.26, 0.1), (6.32, 0.1), (7.32), (8.42,
0.00), (9.47, 0.00), (10.5, 0.00), (11.6, 0.00%.61.0.00), (13.7, 0.00), (14.7, 0.00), (15.8, 9.006.8,
0.00), (17.9, 0.00), (18.9, 0.00), (20.0, 0.00)

Mosses_Cover = GRAPH(time)

(0.00, 0.02), (1.05, 0.02), (2.11, 0.045), (3.1688), (4.21, 0.085), (5.26, 0.085), (6.32, 0.08B)37,
0.085), (8.42, 0.085), (9.47, 0.085), (10.5, 0.08E)}..6, 0.085), (12.6, 0.085), (13.7, 0.085), T14.
0.085), (15.8, 0.085), (16.8, 0.095), (17.9, 0.0983.9, 0.095), (20.0, 0.095)

Shruband_Cover = GRAPH(time)

(0.00, 0.00), (1.05, 0.00), (2.11, 0.00), (3.1609, (4.21, 0.00), (5.26, 0.00), (6.32, 0.00), {7.3.00),
(8.42, 0.00), (9.47, 0.00), (10.5, 0.00), (11.609, (12.6, 0.00), (13.7, 0.00), (14.7, 0.00), 81.9.00),
(16.8, 0.00), (17.9, 0.00), (18.9, 0.00), (20.00).

Shrubland_Height = GRAPH(time)

(0.00, 0.00), (1.05, 0.00), (2.11, 0.00), (3.1609. (4.21, 0.00), (5.26, 0.00), (6.32, 0.00), {7.3.00),
(8.42, 0.00), (9.47, 0.00), (10.5, 0.00), (11.609. (12.6, 0.00), (13.7, 0.00), (14.7, 0.00), 819.00),
(16.8, 0.00), (17.9, 0.00), (18.9, 0.00), (20.00).

Tree_Cover = GRAPH(time)
(0.00, 0.00), (1.05, 0.00), (2.11, 0.00), (3.168). (4.21, 0.145), (5.26, 0.205), (6.32, 0.31)377
0.45), (8.42, 0.55), (9.47, 0.625), (10.5, 0.78}..6, 0.8), (12.6, 0.8), (13.7, 0.8), (14.7, 0(&8%.8, 0.8),

(16.8, 0.8), (17.9, 0.8), (18.9, 0.8), (20.0, 0)805
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