CHAPTER 1  GENERAL INTRODUCTION

1.1 INTRODUCTION

One of the major problems facing ecologists todathe process of habitat fragmentation. The
consequences of this phenomenon have been outhge®@hafer (1990) who states that
fragmentation is the principle cause of biodivgrséduction and accelerated extinction rates on
both a local and global scale. Although an indregg worldwide problem, the effects of
fragmentary disturbance is especially apparent @dikérranean-type landscapes where the land
has been extensively modified by both natural amtirapogenic disturbance regimes over the
last few thousand years (Farina, 1998; Rundel, 1998

In Portugal and the U.K., two types of disturbaeffects are currently being observed. Firstly,
extensive activities such as agriculture, fire affbrestation have reduced the remnants of
primitive native forests to scattered patches (B&m& Aronson, 1999). In recent history, land
that was previously continuous forest has beenstoamed into a mosaic-like patchwork in

which intensively cultivated areas are separatedvasiably sized tree stands, which are
themselves exposed to different management regimdwe effects of reducing the size and
quality of these ancient forests may have profoefifigcts on plant and animal communities, and
cause significant disruption to predator-prey fetethips (Hunter, 1999). Secondly, with the
ever-increasing need for timber, intensive forestgimes have been implemented to cope with
the demand. In Portugal, the widespread use ofliftcg plantations at the expense of natural
mixed-species stands is probably having a sigmificalthough largely unknown, impact on

biodiversity. The disturbance effect in such systewill also be greatly enhanced by temporal

factors such as succession.

Since the formation of the Forestry Commission949, around 1 million hectares of forest have
been planted in the United Kingdom (Forestry Corsiois, 1994).  Accounting for

approximately 11% of mainland Britain, the managmeést is a distinct land-use type generally
found in the sub-montane zones of upland Scotldfigland and Wales. Represented
predominantly by coniferous plantations, around thinds of the total woodland consists of
Sitka sprucePicea sitchensiBBong. (Petty & Avery, 1990). As with Eucalyptus Portugal,

Sitka spruce can yield viable timber over a sheriqa of time, and is successfully harvested
from areas of relatively poor soil. Although cariplantations may show greater diversity when
compared to the original unproductive habitats (8/dsylor & Easterbee, 1979; Newton, 1986;



Ratcliffe 1986; Young, 1986) some argue that suahtptions will favour forest species of lower
conservation value at the expense of rare moorsedies (Thompson, Stroud & Pienkowski,
1988). Although the second rotation of conifersdsv underway in the United Kingdom, there
are growing concerns as to the damaging effectgthatation forestry may have on soil quality.
Clear-felling has long been documented to causeiemitdepletion (Anderson 1985), while
conifers are linked to changes in decompositioresra(Butterfield, 1999), soil pH and
podsolization (Gee & Stoner, 1988).

The preservation of community structure is inhdgebbund to the conservation of its biological

diversity. To quote Myers (1986):

“If a keystone mutualist is eliminated as a resok human disturbance of forest
ecosystems, the extinction of several other spadlefollow, inevitably. Still more to the
point, these additional losses may, in certain winstances, trigger a cascade of linked
extinctions. Eventually a series of forest foodsvean become unravelled, with shatter
effects throughout their ecosystenistyers 1986).

Realistically, the financial scope of most studws disturbance effects cannot extend to the
measurement of the diversity of all the speciesdowithin the entire community. Given that
some disturbed ecosystems have been found to goaseigher degree of taxonomic richness
compared to when they were first undisturbed (Madsgjlor & Easterbee, 1979), such studies,
according to Rappost al. (1985), should aim to identify ‘sensitive’ spec@sassemblages that
can be used as ecological indicators, respondin@ tariety of ecological stresses in the

community.

Studies on the implications for biodiversity of #escape changes in Mediterranean areas are
scarce and mostly restricted to vertebrates incaljpiral areas (e.g. Farina, 1997; Praissl.
1997). Although most conservation efforts have dime study and preserve one or more
vertebrate species (especially if they are of sew@nomic importance), it is debatable as to
whether vertebrates are indeed ideal indicatorsowerall habitat disturbance in a natural
community as they are found in rather small numbl®asge a long time span between generations
and possess relatively large geographical rangesrpiy & Wilcox, 1986). This lessens

sampling efficiency, along with how quickly one caetect any response by the population to a



given stress. In addition, such groups may beresgsonsive to local or selective habitat loss, a

factor that may be of prime importance to otheugeoof ecological interest.

1.2 CHOOSING TERRESTRIAL ARTHROPODS AS|INDICATOR GROUPS

Constituting between 79% and 90% of total globalediity (Pimmet al, 1995), terrestrial
arthropods play a significant role in virtually a@tosystems (Kim, 1993). Ideally suited to
conservation studies, they are found in numeritaindance, and exploit a wide variety of
microhabitats, showing functional niches at virtpalll temporal and spatial scales. Possessing
the role of pollinator, decomposer, predator, gegaand consumer, terrestrial arthropods have
been shown to respond to changing environmentalditons under fragmentary distress
(Kremenet al, 1993). For a monitoring technique to be succgsshe must be able to identify a
terrestrial arthropod assemblage that is limitecbugh to enable rapid and quantitative
assessments, and diverse enough to respond tdety\@lr anthropogenic disturbances. Recent
studies have shown that when the aim is to mairbaiversity, indicatorassemblagesire
preferable to indicatospecies Following the examination of the U.S. Fish andidiife
Service's Habitat Evaluation Procedures (HEP),dfrgl. (1986) found that using more species to
classify a habitat type resulted in less error whesdicting the presence of a target species.
Indicator assemblages can also be used to morilter iorms of environmental change such as
the invasion of pest species, eco-toxicological aigenand climate change effects that will in
essence, broaden the scope of many baseline s{dimmen 1992, 1993; Blockt al, 1986).

Brown (1991) lists the characteristics that ardrdbke in indicator groups (Table 1):

Table 1: Characteristics deemed desirable of atdicassemblages (Brown, 1991)

Usefulness Ease of Analysis Group Characteristics
Responsive to disturbance Abundant Taxonomically diverse
Correlated with other groups and resources Easy to find Ecologically diverse
Functionally important to ecosystem Taxonomically well known Relatively sedentary
Exhibits damped fluctuations Easily identifiable/well studied Endemic or

(No stochastic fluctuations) Easy to obtain large, random samples well differentiated

1.3  THE USE OF SPIDERS AS ECOLOGICAL INDICATORS

In the present work the target biological groupt vl be assessed as a potential biodiversity
indicator will be Araneae (spiders). Spiders angnfl in abundant numbers and are well-known
predators that exploit the majority of terresteabsystems. They are found in particularly high



numbers in areas of rich vegetation (Foelix, 19869,generalist feeders and possess a wide array
of behavioural adaptations for habitat utilisataomd foraging (Wise, 1993). In Portugal, spiders
are represented by a diverse range of species, afavlyich are not yet taxonomically described.
Since the works of Bacelar (e.g. 1927a, b, 1928319935, 1936, 1940) and Machado (e.g.
1937, 1941, 1949) in the early"2@entury, little attention has been paid to thelanafauna of
Portugal. Fortunately research in this Order haseiased in the past decade or so, and at present
the current number of species of spiders repomeBadrtugal stands at 750 (Alderweireldt &
Bosmans, 2001; Bosmans, 1993; Cardoso, unpublighedandez, 1985, 1990, Telfet al,
2003), a figure that is thought to be a severe ngstienation of the true checklist for this semi-
tropical country. In the United Kingdom, the spidiata and geographical mapping of fauna is
very well founded, in part due to the amateur réic@y scheme set up and run by the British
Arachnological Society. At present, the numberspécies recorded from mainland Britain is
645, with an additional 11 species found in ther@ieh Islands (Merrett & Murphy, 2000).

The vast majority of spiders can easily be collgaising simple pitfall traps. According to the
criteria as outlined in Table 1, the Order Aranisag potentially good candidate for an indicator
assemblage, fitting 11 of the 13 criteria as oadirby Brown (1991). Major advantages are
found when working with this group. Firstly, cld&stion to family, genus, species or even
“morphospecies” level is relatively easy (espegid#llup-to-date taxonomic keys are available),
and as a consequence, non-specialists can bedrginekly to collect and sort spidersefisu
Oliver & Beattie, 1993). Grouping in this way regs taxonomic uncertainties, and allows quick
and cheagecological assessments. Secondly, spiders canviaedliinto guilds according to the
method of how they capture prey (for example welldbts, ground foragers and cryptic hunters)
thus allowing the analysis of the assemblage coitiposand exploitation of habitat within the

study area.

Unfortunately, spiders have remained outside themab scope of mainstream conservation
studies. Although the taxonomy of spiders hasivedeparticular attention in the past, little has
been paid to the ecology of forest dwelling popata. This is surprising considering they are
dominant predators of woodland arthropods, and @taymportant functional role in ecosystems.
Being highly mobile and having a short life spguigders could be used as an effective biological
tool to assess the effect of disturbance regimdsrst ecosystems. As both microclimate and
physical structure of the habitat are two majotdecdetermining microhabitat selection in many
invertebrates (e.g. Butterfielet al, 1997; 1999, Samways, 1993), the effects of feagation



and succession in different types of woodland cqidy a significant role on species richness

and assemblage structure of spider communities.

This project aims to assess the main impacts tfithiance on spider distribution and diversity in
a variety of land use types in both Portugal antheaUnited Kingdom. It is hoped the current
work will contribute to a better understanding loé implications of implementing specific forest
management practices for biodiversity, in particufathe largely humanized and fragmented

landscapes of coastal Portugal.

1.4 OBJECTIVES
To explore the relationship between forested lasgscomposition and spider diversity in two
distinct areas, firstly within two coastal waterdbdca. 10,000 ha.) of Central-Western Portugal

and secondly in Hamsterley Forest, England, UtKs,intended to:

® Describe the species richness and diversity ofespissemblages associated with the
different types of forested areas (including Shaab) in the study aredorested areas in
the region include a few remnants of Oak and Ranests, Shrubland (that is, an area of
dry earth of low quality covered primarily with sharees and bushes), and patches of
Eucalyptus plantations. Each of these land-usestyyill be characterized to assess their
importance on spider diversity at a landscape scale

(i) Evaluate the edge effect across a Eucalyptus-gaadskcotone. Four replicate sites
containing an area of Eucalyptus bordered nextasgiand will be examined to see how
epigeal species richness is affected across thedaoy ecotone;

(i) Compare the effects of succession on ground-dwedipiders diversity and assemblage
structure between blocks of differently aged S#auce plantations and Oak forests in
Hamsterley Forest, England, U.K. Different aged stands of Sitka spruce and Oak
woodland will be assessed to determine the inflaesfcvegetation density and canopy
closure on the pattern of distribution and divereit spiders.

(iv) To examine and compare patterns of successionhereffect of plantation
forestry on habitat complexity and spider assemblstgucture between Portugal

and England.



CHAPTER 2  STATISTICAL METHODS , CLASSIFICATION AND REFERENCE COLLECTION

2.1  NOMENCLATURE , REFERENCE COLLECTION AND GUILDS

To date, no key exists for the identification oéfian species. Several publications helped to
identify specimens to genus, however a heavy depeed was placed on a number of
arachnologists such as Robert Bosmans (Belgiumjodm Melic (Spain), Carmen Urones
(Spain), J.A. Barrientos (Spain) and M. Fernand&zain) to confirm species identities. The
following literature was also particularly helpfuBimone (1868-1881), Roberts (1985-1993),
Locket & Millidge (1951-1953) and Heimer & Nentwi991). The reference material is
deposited in the collections of Gillian Telfer, CBN, Instituto Superior de Agronomia, Tapada
da Ajuda, Lisbon, Portugal, Robert Bosmans, Lalooi@tn voor Ecologie, Ledeganckstraat 35,
9000 Gent, Belgium and Antonio Melic, Avenida Radioventud, 37, 50012 Zaragoza, Spain.

Classification is as in Platnick (2003).

Spiders are generalist feeders that successfullyii most habitat niches. Although all spiders
spin silk, not all build webs. The method by whailk is used can reflect differences in patterns
of habitat utilization and foraging behaviour (Wi4893). Such groups, or foraging “guilds” are

represented by a variety of web spinners, curshtiaters, jumping spiders, trapdoor spiders and
cryptic specialized hunters. Table 2 lists famépresentatives from each guild along with their
mode of prey capture. The classification of sgdercording to foraging guild, which can be an
effective method of assessing assemblage compusitiabitat exploitation and the role of

competition in spider communities, will be usedha present work.

The four most commonly seen types of webs are shbet, funnel and scattered, which are
woven by families such as Araneidae, Linyphiidad Agelenidae and Theridiidae respectively.
Orb weavers spin webs that are, in principal, césepr of a supporting framework to which a

central catching spiral is added. Some orb-weaweitin the middle of the orb structure while

others hide in retreats that are connected to tia web by a single signal line (Figure 1).
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Figure 1:Araneus diadematu$amily: Araneidae) (a) adult and (b) adult on web

Irregular scatteredwebs, woven by members of the family Theridiidae aormally located
around shrubs, trees or close to the ground. @eeveb is built, the spiders move to a nearby
retreat and await prey. Linyphiids build horizdnsheet wehswhich can be modified to a
hammock or flat sheets onto which they hang unddhnand await the entanglement of prey in
the upper network layer of the web (Figure 2&unnel-webspiders construct a funnel inside
leaves or crevices, and capture insects that lartdeouter margins of the web (Figure 2b).
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Figure 2: (@) Linyphia triangularis (Family: Linyphiidae) and (b)Agelena labyrinthica

(Family: Agelenidae)

Thomisids, often referred to as crab spiders, aagnples ofambushersvho do not require the
presence of a web to collect prey, but wait forypire leaves, on tree trunks and on flowers
(Figure 3a). Jumping spidersn the other hand are extremely active diurnaltdrsn and use
remarkably developed binocular eyesight and saitadkills to forage (Figure 3b).Cursorial
hunterssuch as the Lycosidae (wolf spiders) are activendil ground hunters, the females of



which are easily recognized in the field in the mrmtime carrying egg sacs attached to their
abdomen (Figure 3c). Gnaphosids are nocturnalngrcwnters and are generally dark, and
unicoloured (Figure 3d). Clubionids normally spehd day in a silken retreat and hunt during
the night. Primarily ground hunters, this familgncalso be found in higher vegetation and in
trees. In Portugal there is evidence this growgs tke nests of the Pine processionary moth for
brood care (Brancet al, unpublished). Finallytrap-door species, represented for example by
the mygalomorphs Atypidae and Nemesiidae hunt fgnpound burrows, and use subterranean

sheets or tubular shaped webs to capture prey.

Figure 3: (aMisumena vatigFamily: Thomisidae); (bpalticus scenicug~amily: Salticidae);

(c) Pardosa amentaté-amily: Lycosidae) and (dJelotessp. (Family: Gnaphosidae)



Table 2: Family representatives of spider foragjnids

Guild Examples of Familiesrepresented Foraging guild

Diurnal running spiders | Lycosidae Cursorial hunters

Nocturnal running spiders Clubionidae, Gnaphosidae Cursorial hunters

Jumping spiders Salticidae Jumping

Cryptic hunters (crab) Thomisidae Cryptic ambushers

Funnel web spiders Agelenidae Web-builders

Scattered line weavers | Theridiidae Web-builders

Sheet web weavers Linyphiidae Web-builders

Orb weavers Araneidae, Tetragnathidae, Uloboridgeweb-builders

Trap-door spiders Atypidae, Nemesiidae Hunt from subterranean burrows
or use subterranean sheet
or tubular shaped webs

2.2 SATISTICAL TESTS OF HYPOTHESES

For analyses of mean values the Levene’s test imblgeneity was applied to each dataset, and
the Kruskal-Wallis test was used in place of a wag-ANOVA to test significance when the
variances were deemed to be unequal. Kruskal-gvaligenerally accepted to be the non-
parametric equivalent of one-way ANOVA, and is hem the null hypothesis that all the
samples derive from populations with the same nmedidnlike the one-way ANOVA it does not
make any assumption on the homogeneity of variaircéise data or whether the data is of a
normal distribution. Described as being a ‘ramstt Kruskal-Wallis converts raw data into ranks
before the test is applied, thereby excluding amtreene data that would normally bias
parametric test results. In doing so, this redubeschance of type 1 error (that is, a false
negative of a null hypothesis). The disadvantafjaiging Kruskal-Wallis is that although
significance can be shown, post hoctests exist that can determine which group(s)(gjvthe
significant result. To compare mean rank valuggificance can be identified by carrying out
pair-wise Mann-Whitney U tests (Dytham, 2003).



In the present work, we will compare spider rictnaad assemblage structure between Shrub
and Forest landscapes, across a Plantation-Grdsstaxione and along a successional gradient.
Both a andp diversity will be calculated: that is, diversityitiin a particular ecosystem usually
expressed as species richnassliyersity), and change in species diversity betweeosystems
using similarity indicesf{ diversity).

2.3  ALPHA-DIVERSITY

2.3.1 SPECIES RICHNESS ESTIMATES

The accurate measurement of total species riclmeggsres an unrealistic amount of sampling
effort. The use of the number of observed speciesdiven sample will always be fraught with
errors, and be linked to factors such as sampbes, fihenology and stochasticity. In order to
compensate for this, and to give a more realiséasuare of total species richness, we applied a
variety of non—parametric species richness estirmait the observed data using the software
programme EstimateS (Colwell, 1997). Accumulatoimves were plotted showing cumulative
species richness against number of samples tosasbetsher the curve approached an asymptote
in richness values with increased sampling effe$timated richness was thereafter calculated by
extrapolating the curve to an asymptote value ksileded for each level of sampling effort. One
hundred randomizations of the samples were applieemove any effect of sampling order bias.
The following non-parametric estimators, which reither on the abundance or incidence of rare
species collected in each site, were applied te givestimated value of species richn€so 1
(Chao, 1984)Chao 2(Chao 1987)ACE (Chaoet al, 1993),ICE (Lee and Chao, 1994)acknife

1 and Bootstrap (Burnham and Overton, 1978; Burnham and Overt@¥,9) Heltsche and
Forrester, 1983; Smith and van Belle, 1984). \ilithexception of the abundance-baSédo 1

and ACE all the aforementioned estimators use the inceeof rare species to produce an

estimate. A brief description of each estimatdiofes:

Variablesused in EstimateS:

S, = the estimated species richness by estimator X,

Sobs = the number of species observed in the sample,

Scomm = NUMber of “common” species in the sample, eaphesented by more than 10 individuals,

S.are = NUMber of “rare” species in the sample, eachergmted by 10 or fewer individuals,

Scomm + Sare = Sbs

Srec = NUMber of frequent species, each found in nwae L0 samples

St r = NUmMber of infrequent species, each found inrifewer samples

Strec + Snf r = Sobs,

F = number of species represented bgecimens, is number of singletons and i§ the number of doubletons,
Q = number of species that occur in exactly i sulpgasy Q is the number of uniques and i® the number of duplicates,

10



m = number of subsamples,

miner = NUMber of samples with at least one infrequpaties,
fi = number of samples containing 1 unique species,

pi = proportion of samples that contain species

p; = proportion of species j in total sample.

2.3.1.1ABUNDANCE-BASED SPECIES RICHNESS ESTIMATORS

Chao 1(Chao, 1984) is an abundance based estimatord lmes&, (the number of singletons),
and Rk (number of doubletons). Using this estimator,lénger the number of singletons there are
in a sample, for a given number of doubletons, greater the difference will be between the
observed and true species richness calculatetidagsemblage sampled.

F2
S:hadL:S)bs"'—l,
2F,
variance:
G* 3 G?
var =F,|—+G +—|,
(SChadL) 2|: 4 2i|
where:
G=11
I:2

Abundance Coverage Estimator (AQEplwell, 1997: modified from Chao & Lee, 1992; ©ha

et al, 1993) is based on species with less than, o égu0 individuals in the sample.

S _S +Snfr + Fl inE’

ACE — “~comm
CACE CACE

whereCuce is the sample abundance coverage estimator:

Cpce =1~ h ;

andN, is the total number of incidences of infrequerdcps

10

Nrare = ZIFI !

i=1
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Vace isthe coefficient of variation of,F

10
Srare ZI (I - 1) I:i
2ce = Max i1 -1
yACE CACE(Nrare)(Nrare _1)

2.3.1.2 NCIDENCE-BASED SPECIES RICHNESS ESTIMATORS
The Chao 2(Chao, 1987) estimator relies on @he number of uniques, that is, species found

only in one quadrat), and,@he number of duplicates, or species found irceéyxawo quadrats).

_ Qf
SChao‘z - Sobs +2_Q12’
variance:
G* 3 G?
var(S =F)| —+G +—|,
( Cha02) 2|: 4 2 :|
where:
6=
Q,

Incidence Coverage Estimator (ICEyolwell, 1997, modified from Lee & Chao, 1994)hased
on species found in less than or equal to 10 sagpihits.

+Snfr + Ql

frec
CICE CICE

Sice =S

2
}/ICE '

whereCic is the sample incidence coverage estimator
Cre =1- Q/ ,
ICE Ninf r

whereN;q¢, is the total number of incidences of infrequerdcips
10 )
Niot ¢ :ZIQi ,
i=1

V2. = estimated coefficient of variation of @r infrequent species
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i -19Q,
2 Slnfr My j=1 -1
}/|CE max

CICE (mnfr -1 (Ninfr)2

Jacknife 1(Burnham & Overton, 1978; Burnham & Overton, 19HM@jtshe & Forrester, 1983): is
based on the number of uniques in the sample, landreeludes the number of quadrats sampled.

m-1
Siacke :S+( m le'
variance:

Siacka T, /var() .

wheret, = Student’s t value for n-1 degrees of freedomtfar appropriate value of (Krebs,
1989)

Let us define vag) = variance of va#

var(s) = [%j[Z( j?f)- kﬂ

wherej=1, 2, 3...,s.

Bootstrap (Smith & van Belle, 1984): requires presence/absedata and is based on the

proportion of quadrats containing each species kEmp

Sobs
B(Ssoor) = Spbs + z @-p, )"
i=1

2.3.2 SPECIES DIVERSITY INDICES

In a given community, there are essentially two ponents to species diversity: (i) the number
of species and (ii) the structure of the commuiigglf, i.e. the relative abundance of individual
species (Clapham, 1983). Reporting and compaiiteg according to the simplest measure of
diversity, that is, the number of species presamiuld be used with caution as it neither makes a

distinction between habitual, transient, common rame species nor heterogeneity or equitability
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between the numbers of each species. This is iefigerelevant when species have been
obtained using pitfall trapping. Consequently thel led to the development of a variety of
species abundance models, where natural variaiionsommon, medium and rare species
between different communities are categorized tmpk mathematical descriptions (such as log-
normal, gamma, broken-stick, log-series and gedmetodel). A review of the aforementioned
models can be found in Magurran (1988). Whenidgalith “real data” however, sometimes
the data can fit several models simultaneouslyifideed none at all), and goodness-of-fit
methods can be of limited statistical power wherrkimgy with communities of relatively low
numbers of species of say, less than 100 speciege(E 1978; Tokeshi, 1993).

The relationship between number of species andespabundance has been reviewed by many,
and to date, no single index has been wholly endordry the scientific community. Of the
available indices, the following have been previpapplied in diversity studies of arachnids in
forested landscapes and were considered suitabléhéo present work: (i) log-seriesg (ii)
Margalef, (iii) Berger-Parker and (iv) Simpson (s@&ownie, unpublished and Bentley,
unpublished).

Species diversity values were calculated usingitidices mentioned above. The reciprocal
values of the latter two indices indicated increlagehness/dominance in relation to increased

index value.

() Log seriesx

The log series index appears to be the most favoured of the nomsediversity indices used as
it is easy to calculate, has good discriminantigbils unaffected by sample size, and is best
applied when species abundance does not fit a dwgad distribution (see Kempton, 1979;
Magurran, 1988; Southwood, 1978; Taylor 1978).

_ N
S, = aloge(1+ Ej ,

where S; = the total number of species present at a sit#, a

N = the total number of individuals at the same time

(ii) Margalef Index
D|\/|g = M ,
InN
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where S= number of species, and

N = number of individuals.

(iif) Berger-Parker Index

where Npax=the number of individuals in the commonest sggcnd

N = the number of individuals in all species comtine

(iv) Simpson Index
n(n —1)
Z N(N-1)°

where n; = number of individuals in thiéh species, and

N = the total number of individuals,
2.4 BETA-DIVERSITY

2.4.1SIMILARITY (R-LEVEL DIVERSITY ) INDICES
B-level ordinal diversity indices such as the JatcgC;), Morisita-Horn (G.y), S@renson
Incidence (@ and Sgrenson AbundanceyjGndices were applied to calculate similarity/non-

similarity between spider populations collectedifriwvo different land-use types.

0] Jaccard G = jl/(at+b-j) (Magurran, 1988)

(i) Sarenson (Incidence) <€ 2j/(a+h) (Magurran, 1988)

where j = no. of species found in both sites,
a = no. of species in Site A,

b = no. of species in Site B.
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(iii) Sgrenson (Abundance) n€ 2jn/(aN + bN) (Magurran, 1988)

where aN =the total no. of individuals in Site A,
bN = the total no. of individuals in Site B,
iN = the sum of the lower of the two abundances faoribth sites.

(iv) Morisita-Horn Index Cn = 22(anbn)/[(da+db)aN.bN)] (Magurran, 1988)

where aN = total no. of individuals in Site A,
an = no. of individuals in thgh species in A.
da =zxan%¥aN?

Complete similarity is shown to equal 1.0 in theecavhere both sets contain identical sets of

species, and for very dissimilar sites, the valoeald be closest to 0.0.

2.4.2 MULTIVARIATE ANALYSES

2.4.2.1 TWINSPAN

The popular divisive polythetic clustering techrégfwinspan” Two Way IN dicator SPecies
ANalysis) (Hill et al 1975) was used to compare and group sites orespesing correspondence
analysis ordination (CA). In general, an initiatlimation is made on the data, and samples are
divided into groups that are either “positive” aretjative” (based on their score on tfieCIA
axis). Groups identified from the first divisioreasplit again in a similar manner, and so on until
a final classification is made. Such divisions Hhight “preferential” species, that is, those
species preferring only one side of the dichotormytheory, these individuals can be considered
as being “indicator” species, and linked to a patr set of environmental conditions. Species

represented by less than five individuals were t@uhifrom the Twinspan analyses.

2.4.2.2 CANOCO

The major ordination techniques used in the presestk were Detrended Correspondence
Analysis (DCA) (Hill et al, 1975) and Canonical Correspondence Analysis (C@)Braak,
1988), as run in the Multivariate Analysis Prograen@ANOCO (ter Braak, 1998). DCA is
based on the reciprocal averaging techniques aslfituCA and is an indirect gradient analysis,
while CCA is a Direct or Constrained ordinationhmeitjue. Such methods produce plots that
show samples and/or species mapped in ordinatimeespDCA analysis is run using species data

16



to extract the axes of maximum variation in spec@sposition (Lep3 & Smilauer, 2003), while
the more powerful CCA is used to map the distritrutdf both samples and species along the
ordination axes to show, by the use of vectors, dinection and influence of the measured
environmental variables. This ordination methodexgremely useful in community ecology
projects where the relationship of environmentalialdes on species composition and
distribution is under study.
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CHAPTER 3 — COMPARISON OF SPIDER ASSEMBLAGE STRUCTURE AND DIVERSITY IN
DIFFERENT LAND -USE TYPES IN A HIGHLY FRAGMENTED LANDSCAPE (MAFRA,

PORTUGAL )

3.1  INTRODUCTION

The progressive fragmentation and modification dftural landscapes as a result of
anthropogenic activities has increased dramatidallgecent history (Johnscet al, 1981). In
Portugal, the land has undergone a major transtman the last half of the twentieth century,
resulting from the replacement of forest stand€Dak and Pine with faster growing, more
“economically viable” exotic plantations. The wiggead use of monoculture plantations of
species such asucalyptus globulud.abill., at the expense of natural mixed-speciasds is
probably having a significant, although largely oown, impact on biodiversity and overall
environmental health and sustainability. The preseof such exotic plantations has been shown
to impose significant implications on general hatbguality that is linked to increased deep soil
disturbance, loss of endemic vegetation followifanpng and clearing, depletion of soil organic
matter (Madeiraet al, 1989) along with water holding capacity (Fabiab al, 2002).
Furthermore, the natural re-growth of the undeysi@getation may be significantly affected,
particularly following coppicing and removal of staafter harvesting (Alvest al, 1990, Smith

et al, 1997). Removal of the vegetation can lead targnease in soil erosion in young
plantations whose canopy has not yet closed (Fadtigm, 2002) along with other negative
effects such as loss of soil aggregation (Tisdatl ®ades, 1982) and increased exposure of
seedlings to extreme environmental conditions (Betital, 1997). It is argued that by regularly
removing the vegetation understory from heavily aged forests, such areas will not be able to

sustain a high level of biological richness in litieg-term (Bengtssoet al, 2000).

First introduced to Portugal in 1829, Eucalyptusnphtions have steadily increased in popularity
with those seeking a short-term type of forest potidn. Eucalyptus is an attractive species for
timber production as it grows rapidly in a tall asiender fashion. Since 1957 the planting of
Eucalyptus stands has increased dramatically anderdly, this tree type constitutes
approximately 740 thousand hectares of Portuguesediand. Although 121 species of
Eucalyptus are found in Portugal, by far the magiytar species i&. globulus which occupies
approximately 95% of the total amount of plantedd&yptus. Currently this tree type represents
approximately one fourth of Portugal’s forestedaar@-igure 4 shows the location of nationwide

plantations).
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The demand for a higher rate of production of pdyes resulted in the planting of Eucalyptus
stands outside designated production zones, wiliichately has increased the stress in areas that
are either not entirely suited to the growth otinee, or whose presence has a negative influence
on the growth of other species in the surroundirgagAraujo, 1995). In Monchique, where
Eucalyptus now represents 60% of the forest anealMtonchique Oak is severely threatened. In
this region, eucalypt plantations are blamed ferltiwering of water tables, which has negatively
impacted on soil quality and local wildlife levelaraujo, 1995). In addition, such plantations
have been linked to increased rates of fire and @ssemi-natural forests, homes and lives.
National parks such as Sintra-Cascais, Serra dal&sind Tapada de Mafrhave been severely
affected, and in 2003 a state of emergency wasd&r by the Portuguese Government as fire,
thought to have originated from continuous Eucalg@nd Pine plantations, raged throughout the

country.

Figure 4. Location of Eucalyptus in Continentaftegal (DGF, 1995)

Although many have debated the negative impacEuoalyptus on biodiversity in Portugal, few
can ignore this industry accounts for almost hélthe total national exports of forest products
(Goes, 1991) and is thus an important economic coditinfor the country. The use of eucalypt
pulp in the production of paper has resulted irntiRyal being ranked in the top seven exporters of
pulp worldwide (Palma-Ferreira, 1995).

Unfortunately little research has been carried outthe Mediterranean area comparing

biodiversity in natural and artificial forests. &hmajority of comparisons made between

! In 2003, after the present work was carried out.
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unmanaged forests and plantations concur thategshis generally lower in monocultures (see
reviews in Moore and Allen, 1999; Palik and Engstrd999). In the review by Moore and
Allen (1999) three observations were made: firstliyersity is generally lower in plantations
when compared to natural forests; secondly, thatipig of exotic species is usually lower in
forests containing native species and finally, witbper management, species-poor monocultures
can be transformed into more species-rich environsne Studying the effects of land-use on
Collembola diversity patterns in Portugal, a desesia abundance, diversity and species richness
was linked to an increase in soil-use stress (Setisd, 2002: Integrated into the EU funded
BIOASSESS project). More recently, Portugal pthgemajor role in the BEAR project which
aimed to identify key indicators to help evaluated anonitor forest biodiversity at different

landscape scales throughout Eurdpiéo(//www.algonet.se/~bear/Bearl.pdf

In the present work, the role played by habitaticgtire in relation to spider abundance and
community structure in a variety of forest and $®mnd areas within the Council of Mafra,
Estremadura region of Portugal will be examined emwhpared. In particular, the influence of
landscape structure on spider diversity will belesgr and focus placed on spider richness and
assemblage structure in four main land-use growmspdsing of Shrubland, established Oak
woodland, mixed Pine forest and exotic, monoculiwealyptus plantations. Such groups, each
comprising of five replicate sites, give a repreaBan of four land-use types experiencing

differing degrees of anthropogenic stress.

3.2  DESCRIPTION OF THE STUDY AREA

Using a military map (Carta Militar de Portugalri®év, No. 388) and from general observation,
land use types in Mafra were classified accordmghether they were: (1) Shrubland, (2) Oak
woodland, (3) Pine forest and (4) Eucalyptus plémta. Five sites in each of the four types
were randomly selected for study. The sample azeaempassed the Parque Nacional Tapada
de Mafra, a state owned and managed park, and trdhe north, east and west of the park.

Figure 5 gives an indication of the location of gedy sites.

In the following site descriptions, percentage caddand with all vegetation other than the crop
was measured over an area of 1&0while mean percentage of vegetation of two heilgmses
(0-50cm and> 50cm) was calculated from 10-point measuremersntdm along the pitfall
transect. Assessments were also made on the agjee aftand, history of fire, vegetation

clearance and branch cutting.
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Samples of soil were collected in each site usitrgwel and placed in a mixing tray. All stones
and large debris were removed, and thoroughly mix€de samples were transferred to an air-
tight bag and the date and location of each wererded. All samples were sent to the Instituto
Nacional de Investigacdo Agraria, (located withime tgrounds of Instituto Superior de
Agronomia, Tapada da Ajuda, Lisbon) for analysi§he physical characteristics of the soil
sampled from each site are shown in Table 3. Tesasthe effects of habitat on spider diversity
and assemblage structure, the following measuremeete taken in each site from an area of
10nt (which was thought to give a fair representatibthe physical characteristics found in each

land use type);

0] Trunk diameter

(i) Tree height

(i) Distance to nearest tree
(iv) North-south crown radius
(V) East-west crown radius
(vi) Crown height

Due to the high density of trees and presenceeektfrom different rotational periods in some of
the Eucalyptus plantations, trunk diameter measengsnwere taken of all the trees found within
the designated 10tBurvey area. Diameters were assigned to four diffesize classes (diameter

(i) < 75mm, (ii) 76-124mm, (iii) 125-174mm and (i¥) 175mm. Each tree was assigned a
number, and ten trees were randomly chosen for unement. Mean values were calculated
from all the classes to give an estimate of thatption characteristics.

Eucalyptus Site 1: Tapada de Mafra

Located on the slope of a steep hill (21° descendorth-westwards), this 7 years old plantation
comprised of first-rotatioiic. globulus and showed signs of natural regeneration of Bpbasd
and history of clearing. There was no evidenceitbier cutting (that is, evidence of thinning) or
fire. Percentage of bare ground: 0%, with massugflypt leaves on forest floor. Litter depth:
8cm. Percentage cover of land with vegetation: 48286 shrubs, 10% herbs). Vegetation
comprised of common fern anfrica lusitanica Erica scoparia Rubus ulmifoliusSchott,
Daphnesp.,Brachypodiunmsp. andeuphorbiasp. Mean percentage of quadrant with vegetation
with height of 0-50cm: 33%, percentage of vegetati®Ocm: 48%.
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Table 3: Physical characteristics of the soil daohfrom 20 sites in Mafra in 2001.

Site Tree species Soil Phosphorus Potassium Magnesium CaCOs Soil organic matter
ph t/ha
Ecl E. globulus 5.8 21  low >200 very high >125 very high 0 >6 very high
Ec2 E. globulus 5.2 123 high 121 high 68 medium 5 2.05 medium
Ec3 E. globulus 6 48  low-medium| >200 very high >125 very high 0 >6 very high
Ec4 E. globulus 5.9 16  verylow 135 high >125 very high 0 5.1 high
Ec5 E. globulus 4.4 21  verylow 137 high >125 very high 16 >6 very high
Oak 1 Q. suber 7.9 44  low >200 very high >125 very high 0 4.4 high
Oak 2 Q. suber / 6.3 17  very low >200 very high >125 very high 0 6.4 very high
Q. faginea
Oak 3 Q. suber / 6.2 42  low >200 very high >125 very high 0 5.55 high-very high
Q. faginea
Oak 4 Q. suber 6.3 65 medium 157 high >125 very high 0 >6 very high
Oak 5 Q. suber 8.1 11  verylow 98 medium-high | 105 high 0 5.1 high
Pine 1 P. bravo 5.6 14  very low 117  high >125 very high 6 5.45 high-very high
Pine 2 P. pinea 6.2 11  verylow >200 very high >125 very high 0 5.55 high-very high
Pine 3 P. bravo 4.6 13  verylow 96 medium-high | >125 very high 12 >6 very high
Pine 4 P. bravo 5 17  verylow 106  medium-high | >125 very high 12 >6 very high
Pine5 P. bravo 5.6 16  verylow 133  high >125 very high 6 >6 very high
Shrub 1 | N/A 8.1 12 low 163  high >125 very high 0 3.3 medium
Shrub 2 | N/A 5.6 8 very low 153  high 112  high 5 4.05 high
Shrub3 | N/A 8.1 36 low 131  high >125 very high 0 3 medium
Shrub 4 | N/A 6.6 12 verylow 157  high >125 very high 0 >6 very high
Shrub5 | N/A 6.3 28 verylow-low| 155 high >125 very high 0 4.2 high
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Eucalyptus Site 2: Serra do Chipre

This relatively youndge. globulusplantation was located on the slope of a valleginfy 17°
north-east, and was almost completely cleared gétadion and showed signs of cutting and fire.
There was a small amount of natural regeneratidbuchlyptusspecies. Bare ground: 5%, with
the majority of the plantation floor covered invea. Litter depth: 3cm. Percentage coverage of
land with vegetation: less than 5% (comprising @gally of shrubs, scattered throughout). Of
the minimal vegetation in this site species inctltidex sp., Rubus ulmifoliusSchott,Pistacia
lentiscusL., and naturally regenerat€tataegus monogyndacq. Mean percentage of quadrant
with vegetation with height of 0-50cm: <5%, pereg of vegetatior 50cm: 0%.

Eucalyptus Site 3: Bandalhoeira

Located 150m from a small village, and on a hillhna slope of 19°, thig. globulusplantation
was in its fourth rotation, contained a small amafrdeadwood, and had complete coverage of
ground with eucalypt leaves. There was a condifieramount of litter, broken glass and
household items strewn throughout the plantatidhere were signs of natural regeneration of
Quercus suberand no obvious history of clearing, cutting orefi Litter depth: 17cm.
Percentage cover of land with vegetation: 60% (4€Mftubs, 20% herbs). Vegetation was
represented byJlex sp., Erica sp., Brachypodiumsp., Rosmarinus officinalisL., Pistacia
lentiscusL. In some areas the gorse and heather had grovaxdess of 1.5 metres. Mean
percentage of quadrant with vegetation with heafHd-50cm: 52%, percentage of vegetation
50cm: 42%.

Eucalyptus Site 4: Sobral da Abelheira

On top of a small hill with a slope of 7°, and 20&mm a collection of four small dwelling
houses, thi€. globulusplantation was in its fifth rotation. The areawsled natural regeneration
of Eucalyptus and had a very small amount of deadwoThere was evidence of clearing.
Percentage of bare ground: 10%, 40% cover of laitld vegetation (35% shrubs, 5% herbs).
Litter depth: 10cm. Vegetation comprised mainlyeoica sp.,Ulex sp.,Brachypodiumsp., and
Cistussp. Mean percentage of quadrant with vegetatitim keight of 0-50cm: 45%, percentage

cover of vegetation with height50cm: 51%.
Eucalyptus Site 5: Casais de Ervideira

Sloping 11° south westwards, and located on thpesloof a large valley, thig. globulus
plantation showed no signs of clearing, cuttingfioe. There was natural regeneration of
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Eucalyptus and the plantation floor was coveredleiaves, rocks and a small amount of
deadwood. Approximately 20% of the land was codevih vegetation (18% shrubs, 2% herbs)
comprising mainly ofBrachypodiumsp., Ulex sp., Pistacia lentiscud.. and Erica sp. Mean
percentage of quadrant with vegetation with height0-50cm: 30%, percentage cover of
vegetation with height 50cm: 50%.

Pine Site 1. Tapada de Mafra

Situated on the slope of a valley, sloping 22° Beaast, withPinheiro bravothe dominant tree
type. The age of the stand was approximately 6Q/&&rs, and showed signs of natural
regeneration oP. bravg Quercus subeandOliveira sp. There was no apparent history of
clearing, cutting or fire, but there was a higheleaf Myrtusgrazing. Percentage of bare ground:
less than 1%, 85% cover of land with vegetatiorf47&hrub, 10% herbaceous). Litter depth:
4.5cm. Vegetation comprised mainly of shrubs sagfrica sp.,Daphne gnodiumilyrtus sp.,
Ulex sp. andRosmarinus officinali@nd grasses such 8sachypodium Mean percentage of
guadrant with vegetation with height of 0-50cm: 35%rcentage cover of vegetation with height
>50cm: 65%.

Pine Site 2: Tapada de Mafra

Located on the slope of a valley (10.5° slopingtmeards) the dominant tree type in this
plantation wasP. pinea The age of the stand was approximately 50-60syaaith a high
presence of dead wood and natural regeneratiomucdlffptus. There was a history of clearing
and cutting, with no evidence of fire. Percentafypase ground: less than 1%, cover of land with
vegetation: 55% (5% shrub, 50% herbaceous). Litegpth: 2.5cm. Vegetation comprised
mainly of shrubs such dsrica scoparia Daphnespp., along with ferns arBrachypodiunsp.
Mean percentage cover of quadrant of vegetatioh kgight of 0-50cm: 40%, percentage cover

of vegetation with height 50cm: 20%.

Pine Site 3: Murgeira

Situated on a plateau with a slight slope (4.8°tmemst), this 70 years old plantation was
dominated byPinheiro bravg contained deadwood and showed signs of natugehexation of
Pinheirosp.,Q. suberandQ. faginea There was no apparent history of clearing @, firowever
there were some signs of selective cutting. Péagenof bare ground: 0%, cover of land with

vegetation: 65% (45% shrubs, 20% herbaceous). erLidepth: 8cm. Vegetation comprised
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mainly of Ulex sp., Erica sp., and common fern. Mean percentage cover afirqmt with

vegetation with height of 0-50cm: 55%, percentageec of vegetation witk: 50cm: 30%.

Pine Site 4: Povoa de Cima

Situated on a plateau with a slight slope (4.8°tmemst), this 70 years old plantation was
dominated byPinheiro bravo There were signs of natural regeneratioRioheiro sp.,Quercus
sp. andEucalyptussp., no apparent history of clearing, cuttingiog &ind very little deadwood.
No bare ground, and percentage cover of land wéhetation was 80% (70% shrubs, 10%
herbaceous). Vegetation was dominatedUbgx sp, Erica scoparia Brachypodiumsp. and
variegatedDaphnesp. Mean percentage cover of quadrant with veigetatith height of O-
50cm: 31%, percentage cover of vegetation withhteidoOcm: 24%.

Pine Site 5: Picanceira

This 70 years old plantation was located on theeslof a valley (5.2° north), and comprised
mainly of Pinheiro bravo There were no signs of deadwood, history ofrolgeor evidence of
fire, but signs of natural regeneration@fiercussp. and history of cutting. Percentage of bare
ground: 5%, and percentage of land covered witletadipn approximating 90% (80% shrubs,
10% herbs). Litter depth: 10cm. Vegetation cosgmti of Erica scoparia Erica lusitanica
Mirtus communid.., Brachypodiumsp., Trifolium sp. (clover) andAllium (wild onion). Mean
percentage cover of quadrant with vegetation wélgtit of 0-50cm: 23%, percentage cover of

vegetation with height 50cm: 56%.

Oak Site 1: Vila Pouca

Located beside a farm and on a steep slopeQinscus subewoodland had a high presence of
natural regeneration of Oak, and a large amoundeafiwood. There were no signs of clearing,
cutting or fire. Highly overgrown with shrubs, teewas approximately 95% coverage of land
with vegetation (70% shrub, 25% herbs), represebyesbecies such &Fica scoparia Daphne
sp., Rubus ulmifoliusSchott,Pistacia sp., Euphorbiasp., Brachypodiumsp. and common fern.
Litter depth: 8cm. Mean percentage cover of quadwdth vegetation with height of 0-50cm:
30%, percentage cover of vegetation with hekigbbcm: 70%.

Oak Site 2: Tapada de Mafra

Situated on a very slight slope of a valley (2R)s tsite comprised of a mixed Oak population of
Q. suberand Q. faginea There was a large amount of dead trees, ansigns of clearing,
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cutting or fire. No signs of cork removal fromdgss and high amount of lichen growth on the
north-facing part of the branches. Percentageacd lground: less than 1%, and percentage of
land covered with vegetation approximately 85% (1&%wbs, 75% herbs). Litter depth: 8 cm.
Vegetation comprised d@rachypodiunmsp, Daphnesp., variegate@®aphne sp.Erica scoparia
andAllium sp. Mean percentage cover of quadrant with vegetatith height of 0-50cm: 33%,

percentage cover of vegetation with heigti0cm: 11%.

Oak Site 3: Tapada de Mafra

Located on the bottom of a valley (3°, sloping wastls) and beside a river. This old mixed Oak
site of Q. suberandQ. fagineahad a large presence of deadwood and no sigrsarfra, cutting

or fire. There was a high amount of lichen groaththe trees. Percentage of bare ground: less
than 1% (with a large coverage of leaves), witH fidverage of the land with vegetation
(approximately 30% shrubs, 70% herbs). Litter degtm. Vegetation comprised of common
fern, Erica scoparia Brachypodium Mirtus communid.., Rubus ulmifoliusSchott, Euphorbia

sp. andPistaciasp. Mean percentage cover of quadrant with atiget with height of 0-50cm:
33%, percentage cover of vegetation with heklgbbcm: 46%.

Oak Site 4: Forte do Picolo

This Quercus subemplantation was found on a steep slope of a vallesf), between two
Eucalyptus plantations, and showed signs of nat@géneration of Oak, and history of fire.
There were no apparent signs of clearing or cuttifith full coverage of the forest floor
comprising mainly of leaves, approximately 40% ligtsite was covered with vegetation (10%
shrubs, 30% herbs) represented by species sutHeassp., Brachypodiumsp., Daphnesp.,
Cistus sp., Rubus ulmifoliusSchott andRuscus aculeatus. Litter depth: 5 cm. Mean
percentage cover of quadrant with vegetation witigltit of 0-50cm: 44.5%, percentage cover of

vegetation with height 50cm: 36.2%.

Oak Site 5: Campo do Mato de Cima

On top of a plateau and sloping 5° south-east,38igears old woodland was dominatedQy
suber and located between a mature Eucalyptus plantatioone side, and on the other by a
young Eucalyptus stand. There was a large presehadeadwood, and signs of natural
regeneration of Oak and Eucalyptus. No evidendaistbry or fire, but some signs of selective
cutting. Percentage of bare ground: less than &) percentage of land covered with
vegetation around 95% (80% shrubs, 15% herbs)}erLitepth: 3cm. Vegetation comprised of
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common fernJlex sp.,Rubus ulmifoliusSchott,Mirtus communid.., Erica lusitanicaandErica
scoparia variegatedDaphne sp., Brachypodiumsp., and several species of fungi. Mean
percentage cover of quadrant with vegetation wélgtit of 0-50cm: 33%, percentage cover of
vegetation with height 50cm: 64%.

Shrub Site 1: Tapada de Mafra

Located near the top of a plateau, and sloping @ngle of 10°C westwards, this Shrubland area
contained neither trees nor deadwood, and did m@ivsany signs of clearing, cutting or fire.
With full coverage of the land covered in vegetat{@0% shrub, 30% herbs), litter depth was
Ocm. There was evidence of grazing, and presehasimal faeces. Of the shrubs present, the
following species dominated:Erica scoparia Erica lusitanica Pistacia lentiscusUlex sp.,
Daphne gnodiumwhile Brachypodiunsp. represented the majority of the herbaceoustatge.
Mean percentage cover of vegetation with heigh@-60cm: 55%, percentage cover of quadrant

with vegetation with height 50cm: 45%.

Shrub Site 2: Tapada de Mafra

Situated on a fairly steep slope of a valley (dedioey 14° eastwards), this area did not show any
presence of trees, deadwood, signs of natural eegéon, history of clearing, cutting or fire.
There was some evidence of wild boar foraging anidity, as indicated by soil disturbance and
a high amount of faecal matter. Full coverageaofilwith vegetation (80% shrubs, 20% herbs).
Litter depth: Ocm. Dominant species includedca scoparia Erica lusitanica Ulex sp.,Rubus
ulmifolius Schott,Daphnesp.,Mirtus communid.., Brachypodiumand ferns. Mean percentage
cover of quadrant with vegetation with height ob@m: 22%, percentage cover of vegetation
with height> 50cm: 78%.

Shrub Site 3: Abelheira

Located on a steep piece of land (20°) and usedapiy as a practice shooting ground and a
training area for hunting dogs, this area of Stantlwas represented by species sucBEras
scoparig Erica lusitanica Pistacia lentiscusUlex sp., Daphne gnodium, Rubus ulmifolius
Schott Mirtus communis Land Brachypodiunsp. Full coverage of land with vegetation (90%
shrubs, 10% herbs). Litter depth: Ocm. Mean peegge cover of quadrant with vegetation with
height of 0-50cm: 20%, percentage cover of vegmiatiith height> 50cm: 80%.
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Shrub Site 4: Mosqueiro da Cima

This area of Shrubland was situated between tweyards, sloping 18° and represented by
species such dsrica scoparia Erica lusitanica Pistacia lentiscusUlex sp., Daphne gnodium,
Rubus ulmifoliusSchott Ulex sp., Mirtus communis., Brachypodium Full coverage of land
with vegetation (90% shrubs, 10% herbs). LittgptdeOcm. Mean percentage cover of with
vegetation with height of 0-50cm: 25%, vegetatioth height> 50cm: 75%.

Shrub Site 5: Juromelo

Located approximately 500m from the village of Juedo and on a site with a slope of 15°, the
vegetation of this area comprised mainlykwfca scoparia Erica lusitanica Pistacia lentiscus
Ulex sp.,Daphne gnodium, Rubus ulmifoli8shott Mirtus communis.., and Brachypodiunsp.
There was full coverage of land with vegetation%95hrubs, 5% herbs). Litter depth: Ocm.
Mean percentage cover of quadrant with vegetatigh teight of 0-50cm: 25%, percentage
cover of vegetation with height 50cm: 75%. Two weeks before the end of the §amp
period, this location was completely cleared be,fiwhich also destroyed several homes and
burned a large part of the landscape to the edss@uth of the site.

3.3 METHODOLOGY AND DATA ANALYSIS

Between 7 April and 1 October 2001, spiders werbeced using a variety of trapping
technigues in the 20 sample sites. The adopted |lsmmprotocol was a modified version
developed by Coddingtoet al. (1991), who used aerial hand collection, grounadheollection,
litter extraction with Tullgren funnels, and vegéaia beating. Collection of spiders was made
both by quantitative and qualitative methods (sweefting, vegetation beating, hand collection
and pitfall trapping). A description of each teitfue follows:

(1) Hand collection This method employs the hand-collection of spdeelow knee height
(“looking down” c.f. Coddingtonet al, 1991; 1996) and above knee-height (“looking ag"
Coddingtonet al, 1991; 1996) to collect both ground spiders frava teaf litter, shrubs,
fallen leaves, dead wood, along with species fna@® trunks and tall vegetation. All spiders
were collected by a pooter (aspirator) and transfeto a 70% alcohol solution. A timed
block of 15 minutes search was made in each ségydurtnight (totalling 15 minutes x 12 =
3 hours per site; 20 sites = 3 x 20 = 60 hourd satapling).
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(2) Vegetation beatingAll tall shrubs and vegetation were beaten withame, robust stick.
Spiders were caught on a white cotton collectimg;tand transferred using a pooter to a 70%
alcohol solution. Fifteen minutes of vegetatioatireg was made in each site every fortnight
(totalling 15 minutes x 12 = 3 hours per site; B8ss= 3 x 20 = 60 hours total sampling).

(3) Sweep nettingAll shrubs between 0.2m and 2.0m in height abgneaind level were swept
with a sweep net. In order to prevent loss andémage of spiders the nets were checked
every 3 successive sweeps and specimens wereeinaasto a 70% alcohol solution using a
pooter. A sampling unit of 15 minutes was madednhesite every fortnight (totalling 15
minutes x 12 = 3 hours per site; 20 sites = 3 x B0 hours total sampling).

(4) Pitfall trapping. Five pitfall traps (diameter 7.5cm) were laidaach of the 20 sites, sunk
rim-deep into the soil and 2m apart. To avoid ction and cannibalism each trap was
filled with 100ml ethylene glycol (anti-freeze). rabs were emptied and re-set every two

weeks, with care taken to realign the traps flugh the soil.

All spider samples were kept separate and the daig$ocations were recorded. The specimens
were grouped into either juveniles or adults, afidadults were identified to species or

morphospecies level.

3.4  RESULTS

Between 22 April 2001 and 1 October 2001, a totdlib25 spiders comprising of 4023 adults
and 7502 juveniles, representing 30 families an8 4B8ecies were caught from twenty sites
representing four land-use types in Mafra, wesRorugal. One-way Kolmogrov-Smirnov tests
indicated adult, juvenile and total catch betweiggsavere normally distributed (p>0.05, non.sig.,
all cases), and consequently no transformation® weade on the data. Individual site catch
varied considerablyyf = 647.8, d.f. = 19, p<0.001), with the highest tens of spiders (871)
collected from Oak Site 1 and the lowest from Eygials Site 2 (199 individuals). When the
adult and juvenile data were compared separateiifisant differences were found in catch size
between sitesyf = 547.9 and 531.3, respectively, d.f. = 19, p <00,oth cases), with highest
number of adults (434) and juveniles (546) colldckeom Oak Site 1 and Eucalyptus Site 3,
respectively. Fewest numbers from both age classes collected from Eucalyptus Site 2: in
this location only 83 adults and 116 juveniles wesdected throughout the entire study period.
When the data for each land-use type were poolghest mean numbers of adults (249.8 + 48.5)
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and juveniles (436.4 + 29.8) were collected from @ak sites. Eucalyptus gave the lowest mean
adult catch (141.0 + 23.1), while the lowest meamhber of juveniles was collected from the
Shrub areas (346.6 + 29.6). When compared separaeone-way ANOVA showed no
significant difference in the numbers of spideragtd from each age class between vegetation

type (R, 10= 2.195 (adults) and 0.807 (juveniles), p > 0 sig., in both cases).

Figure 6: Mean capture of adults per sample i ¢ernd-use type
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Pitfall trapping was by far the most successfulemion technique in quantitative terms and
accounted for 75% of the adult catch in EucalypRisge and Shrub groups and 63% in the Oak
sites. This finding was not unexpected since Ipitfapping was the only form of continuous

form of sampling used in the study. With the exepof vegetation beating and hand collection
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in the Oak sites (which, when pooled, accountedl@86 and 12% of the catch, respectively), all
the three other manual techniques yielded simitapgrtions (6-9%) in the remaining land-use
groups. With the exception of individuals collettey sweep netting, the highest mean numbers
were caught mainly between 17 May and 23 June 2ib@lysive (Figure 6). There was a
considerable decrease in catch after this poirt rdr@ained relatively stable, until around 21
August to 4 September 2001 when there was a shghtase in the number of adults caught by

sweep netting in the Eucalyptus sites.

Mean figures are shown separately for both agesetasind for each collection technique in
Figures 7 and 8, while the mean sample catch ih kex-use type is shown in Figure 9. When
the data for all collection techniques and ageselasvere pooled, one-way ANOVA showed no
significant difference in the mean numbers of adald juveniles caught per sample in each of
the land-use types {ln = 2.20 and 0.81, respectively p > 0.05, non &igth cases). However,

when each collection technique was analysed seghaeatd compared, the following results were

obtained:

Sweep nettingone-way ANOVA followed by aost hocScheffe test showed the mean number
of adults caught per sample was significantly higimOak (1.97, s.e. + 0.38) compared to

Eucalyptus (0.84, s.e. + 0.17; = 3.48, p < 0.05), with either groups not differisignificantly

in mean sample catch from Pine and Shrub areath né8pect to the immature catch, a one-way
ANOVA followed by a Duncan’s post hoc test idemifithe mean number of juveniles to be

significantly greater in Shrubland compared to Bytas (k3= 2.67, p = 0.05).

Vegetation BeatingKruskal-Wallis tests showed significant differescin median adult catch,
(X23 = 37.19, p < 0.05) with pair-wise Mann-Whitneytte&lentifying Oak and Pine to have a
significantly higher catch than in Eucalyptus ((¥$6.0 and 1304.5, p < 0.05 both cases), while
the catch in Oak was significantly greater tharPine and Shrub (U = 1091.5 and 1137.5, p <
0.05, all cases). No significant difference wasorded in mean juvenile catch between groups
(Fz236=2.11, p > 0.10, non. sig.).

Hand collection Kruskal-Wallis showed significance between gro(;ﬁ;z 8.93, p < 0.05), with

pair-wise Mann-Whitney tests indicating that Oald hgignificantly higher adult catch than
Eucalyptus and Pine (U = 1321.0 and 1387.5, p § bd&h cases), with the Oak values not
significantly greater than Shrub (U = 1543.0, p .26) non sig.). With the juvenile catch, a
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Kruskal-Wallis test followed by pair-wise Mann Winitly tests showed the median catch to be
significantly greater in Oak compared to Pine ahduB (U = 1295.0 and 1233.0, p < 0.05), with
Eucalyptus values considerably higher than PineSimdb (U = 1347.0 and 1279.0, p < 0.05).

Pitfall Trapping Kruskal-Wallis showed significancng = 9.58, p < 0.05), with pair-wise

Mann-Whitney showing the median adult catch in Pinebe considerably higher than in
Eucalyptus, Oak and Shrubland (U = 1215.0, 134500 #34.5, p < 0.05 all cases). No

significant difference was recorded in mean jusemiatch between groupssghs = 0.38, p =
0.77, non sig.).
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Figure 7: Adults Figure 8: Juveniles
Figure 7 and 8: Mean number of adult spiders (Fijgand immatures (Fig. 8) caught either per 15ut&n
random manual sampling or by 2-weekly continuous@gag. Manual collections are represented by: (a)
sweep netting, (b) vegetation beating and (c) rantiéction, while continuous sampling is represdriig

(d) pitfall trapping. E1-5 = Eucalyptus stands;34 Pine stands, O1-5 = Oak stands, S1-5 = Shrdbla
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Immature spiders
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Figure 9: Mean number of immature and adult sgidaught per sample in 20 sites representing

4 land-use types

3.4.1 DSTRIBUTION OF SPIDER GUILDS

Table 4 shows the number and proportion of thehcateach land-use type when the replicate
data were pooled for the ten most common famikgsasented. Table 5 shows the abundance of
spiders and their respective proportions for eamading guild, for all adult data collected.
Parametric and non-parametric tests were applieeistahe null hypothesis that samples derived
from either the same mean (one-way ANOVA followgdSzheffe and Tukegost-hoctests), or

the same median (Kruskal-Wallis followed by paimsvidlann-Whitney tests, in the case where

the Levene’s test deemed the variances to be uhequa
With the exception of Pine sites, of the ten mashimon families represented, non-web builders

dominated the catch when compared to web build€ebl¢ 4). When comparing species

representation however, a more balanced propdottween the two main groups was evident.
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A one-way ANOVA revealed the mean number of crigellspiders was significantly higher in
Oak than in Eucalyptus { = 4.623, p<0.05, Scheffe and Tukey indicating Bptas# Oak =
Pine = Shrub). No significant difference in meatch was found in the following groups, when
the data for each group were pooled and compared ame-way ANOVA: Diurnal hunters
(Fz10 = 2.009, p > 0.05, non sig.), Jumping spidersdE 0.988, p > 0.05, non sig.), Nocturnal
hunters (k9= 1.669, p > 0.05, non sig.), Purse-web spidesg,@ 0.333, p > 0.05, non sig.),
Scattered line-weavers{kb= 1.734, p > 0.05, non sig.) and Sheet-web buslder, = 2.535, p

> 0.05, non sig.).

Kruskal-Wallis tests followed by Mann-Whitney U tesshowed that significantly higher
numbers of ambusher spiders (represented by thédli€arBparassidae, Thomisidae and sub-
Family Philodromidae) were collected in Shrubla®d3% of catch, Table 5),)(2(3 = 13.29,

p<0.05) when compared to Eucalyptus (1.3%), Ping%) and Oak (1.9%) sites (U = 0.000,
0.000, 1.000, respectively, p < 0.05 all cases)ith\Whe exception of the funnel web spiders
(Family: Agelenidae), which were collected in sfgraEintly higher numbers in Pine (34% of the
catch) than in Shrub (4.7%, Table 5@2,3(= 7.97, U = 1.000, p < 0.05 both cases) and &sser

statistical extent in Oak (7%), (U = 1.00, p = @PHho significant differences were found in the
median catch of the remaining spider guilds (Irtagweb builders, Orb weavers, Pirate spiders
and Trapdoor spiders).
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Table 4: The ten most common families represerttezly web/non-web guild association and percerstarfespecies representeh%) and

abundance%Ny) in each land use group.

Eucalyptus Pine Oak Shrub

Family Web builders % Sr % Nt % Sr % Nt % Sr % Nt % Sr % Nt
Agelenidae Funnel web 9.5 19.4 5.6 34.6 5.9 7.0 5.1 4.7
Araneidae Orb weaver 4.8 1.6 5.6 2.4 5.9 4.2 6.8 6.6
Linyphiidae Sheet web 11.9 10.5 14.4 13.4 11.8 134 10.3 4.4
Theridiidae Scattered line weaver| 13.1 7.1 1383 5.7 17.6 6.5 12.8 4.8

Total 39.3 38.6 38.9 .56 41.2 31.1 35.0 20.5
Family Non-web builders % Sr % Nt % Sr % Nt % Sr % Nt % Sy % Nt
Dysderidae Nocturnal hunter 3.6 7.2 4.4 11.p 3.9 12.2 2.6 3.9
Gnaphosidae Nocturnal hunter 14.3 10.9 11.1 11/0 8.8 6.1 20.5 18.2
Lycosidae Diurnal hunter 4.8 2.8 4.4 5.8 4.9 11.0 4.3 3.3
Nemesiidae Trapdoor Spider 1.2 9.1 1.1 27 1.0 4.6 0.9 8.4
Salticidae Jumping Spider 13.1 10.1 11.1 3.7 11.9 5.8 11.1 6.9
Zodariidae Diurnal Hunter 1.2 15.9 1.1 3.7 1.0 21.1 0.9 24.8

Total 38.2 56.0 33.2 .B8 314 60.8 40.3 65.5
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Table 5: Total number of individuals and respefivoportions when assigned to functional guildedoh land-use type (pooled data from all collectexzhniques).

Eucalyptus Pine Oak Shrub
\Web builders N % catch N % catch N % catch N % catch
Cribellate web builder 9 1.3 15 14 35 2.8 19 2.0
Funnel web 137 19.4 382 34.6 88 7.0 45 4.7
Irregular space web builder - - 1 0.1 - - - -
Orb web weaver 11 1.6 26 2.4 54 4.4 64 6.6
Purse-web - - 1 0.1 1 0.1 1 0.1
Scattered line weaver 50 7.1 63 5.7 81 56 46 4.8
Sheet/Hammock web weave 75 10.6 148 13.4 167 4 13 43 4.5
Total 282 40.0 636 57.6 426 34.3 218 22.7

Non-web builders N % catch N % catch N % catch N % catch
Cryptic Ambusher 9 1.3 14 1.3 24 1.9 90 9.3
Diurnal hunters 142 20.1 129 11.7 414 33.1 329 34.1
Jumping Spider 71 10.1 41 3.7 72 5.8 67 6.9
Nocturnal hunters 135 19.1 251 22.8 255 204 181 718
Pirate spider 2 0.3 2 0.2 - - - -
Trap-door spider 64 9.1 30 2.7 58 4.6 81 8.4

Total 423 60.0 467 42.4 823 65.7 748 77.3
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3.4.2 $ECIESRICHNESS

The summary values and species richness estinratesall 20 sites are represented in Table 6.
The greatest observed richness was from Oak Sitsith, 56 species collected in this site.
Lowest number of species was caught from Eucalygites 2, which yielded only 18 species.
When data from each of the land groups were podigghest observed richness was found in
Shrub (123 species), followed by Oak (106), Pir® &hd Eucalyptus (84 species, Table 6). An
analysis of variance followed by a Duncap@st hoctest showed the mean number of species
caught in Eucalyptus (33.8) was significantly lowlean in Pine (44.4), Shrub (47.6) and Oak
(48.6), (R1s = 3.93, p<0.05, Duncan’s test EucalyptBme=0ak=Shrub). Overall, sampling
intensity (when based on ratio of adults to spgaies highest in the Pine and Oak groups (11.6
and 11.8 respectively), and lowest in the Eucalyp®4) and Shrub (7.9) areas. When the
intensity was calculated according to ratio of ltatamber of caught individuals (adults and
juveniles) to species, similar values were founthim Eucalyptus (29.3), Pine (30.9) Oak (32.4)
areas, while Shrub gave the lowest figure of 21rientory completeness (that is, percentage of
non-singleton catch) was highest in Pine and Shrehs, (72.6% and 66.4% respectively), and
almost identical in the Eucalyptus (64.3%) and (&k2%) sites (Table 6). Table 6 also shows
the values derived from various species richnetmat®s applied to the data. A discussion of

each estimate is detailed below.

Species Richness Estimates:

(1) Log series

A wide range of values were obtained, and whenediik order of richness the four most diverse
sites were: Oak Site 2 (28.75), Shrub 1 (23.6e Ri (23.29) and Oak 3 (23.10): all areas found
within the protected park, Tapada de Mafra. Tlastigich site was Eucalyptus Site 2, with an
alpha score of 7.08. Surprisingly, Pine Site 2jctwrcomprised of an area within the Tapada
containing aged species Bf pineawas the second least diverse group, with a vafue.5.
When the data were pooled, Shrub and Oak weredhest land-use types (with values of 36.9
and 27.6 respectively), and Eucalyptus and Pies, diie least rich (24.9, in both cases).

38



Table 6: Summary values and species richness dstinfilom 20 Mafra sites in 2001. Each

estimate represents the mean calculated from 108@omizations of sample order, and was

calculated using the software EstimateS. Samjifitegsity is the ratio of individuals to number

of species collected and inventory completenesesepts the proportion of the catch excluding

singletons.

Euc1l Euc 2 Euc3 Euc4 Eucb Euc Total
Observed richness 39 18 40 39 33 84
No. of immatures 294 116 546 432 365 1753 (x =350.6 +71.9)
No. of adults 136 83 222 117 146 704 (x=141.0+23.1)
No. of singletons 14 8 14 20 12 30
No. of doubletons 11 1 8 5 5 15
Sample intensity:
based on adult data 3.5 4.6 5.6 3.0 4.4 8.4
based on all data 11.0 11.1 19.2 14.1 15.5 29.3
Inventory
completeness 64.1 55.6 65.0 48.7 63.6 64.3
Estimates:
Log normala. 18.29 7.08 14.24 20.48 13.28 24.87
Margalef 7.74 3.85 7.22 7.98 6.42 12.66
Berger-Parker 1/D  5.44 461 2.55 6.50 4.42 6.29
Simpson 1/D 13.74 9.15 5.77 17.3 12.45 16.54
ACE 48.16 28.41 53.59 69.69 43.53 117.00
ICE 60.91 30.37 68.91 76.28 48.00 131.31
Chao 1 46.63 + 6.2 33.00+£39.6 5020+ 86 70.94+26.1 44.17+11.2 111.25%14.49
Chao 2 5462+10.9 41.75+596 57.36+11.8 85.33+35.7 48.15%+13.1 125.70+20.24
Jacknife 1 5642+ 39 2717+ 27 5833+ 53 61.00+ 56 46.75+ 4.3 11792+ 8.82
MM Mean 69.82 31.7 65.0 74.23 52.02 119.19

Pine 1 Pine2 Pine 3 Pine4 Pine5 Pine Total
Observed richness 50 34 44 45 49 95
No. of immatures 332 255 340 403 504 183 (x=366.8+41.6)
No. of adults 176 327 218 202 180 1103 (x = 220.6 + 27.9)
No. of singletons 17 13 13 20 20 26
No. of doubletons 8 4 7 6 8 16
Sample intensity:
based on adult data 3.5 9.6 5.0 45 3.7 11.6
based on all data 10.2 17.1 12.7 13.4 14.0 30.9
Inventory
completeness 66 61.8 745 55.6 59.2 72.6
Estimates:
Log normala 23.29 9.54 16.62 17.96 22.17 24.92
Margalef 9.48 5.70 7.99 8.29 9.24 13.42
Berger-Parker 1/D  6.52 3.48 12.82 5.05 9.00 7.82
Simpson 1/D 24.02 7.17 27.16 15.03 25.25 22.29
ACE 65.04 52.74 54.24 71.52 70.78 118.52
ICE 62.17 53.38 56.62 77.39 76.50 125.47
Chao 1 65.22+11.7 4986+16.4 5385+ 88 7235+20.1 70.23+15.1 114.16+10.9
Chao 2 60.09+ 6.8 51.71+16.1 6422+179 66.09+13.8 72.08+14.2 124.23+15.0
Jacknife 1 6742+ 55 4775+ 3.4 5867+ 3.1 6517+ 40 7100+ 52 12433+ 5.8
MM Mean 84.49 47.8 60.45 67.18 95.35 120.81
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Oak 1 Oak 2 Oak 3 Oak 4 Oak 5 Oak Total
Observed richness 56 55 53 37 42 106
No. of immatures 437 486 438 494 327 2182 (x =436.4 £ 29.8)
No. of adults 434 166 206 186 257 1249 (x = 249.8 + 48.5)
No. of singletons 28 28 23 14 14 38
No. of doubletons 4 8 8 7 4 10
Sample intensity:
based on adult data 7.8 3.0 3.9 5.0 6.1 11.8
based on all data 15.6 11.9 12.2 184 13.9 32.4
Inventory
completeness 50.0 49.1 56.6 62.2 66.7 64.2
Estimates:
Log normala 17.10 28.75 23.10 13.87 14.26 27.66
Margalef 9.06 10.56 9.76 6.89 7.39 14.73
Berger-Parker 1/D 2.19 9.76 4.48 2.74 4.28 4.73
Simpson 1/D 4.38 28.83 12.23 6.56 12.24 14.85
ACE 96.11 93.07 77.95 51.98 56.04 150.51
ICE 99.76 106.3 86.49 68.95 59.85 149.11
Chao 1 132.16 £62.2 97.17 +£26.3 81.25+19.0 4848+ 99 6048+186 170.07 £33.8
Chao 2 114.37 £36.7 130.77 £49.6 846 +182 56.12+139 5251+ 7.6 159.89 £249
Jacknife 1 8442 + 7.7 8525 + 6.8 7867% 84 5442+ 46 5758+ 53 1445 *+ 7.2
MM Mean 88.3 96.46 103.53 60.09 61.29 135.77

Shrub 1 Shrub 2 Shrub 3 Shrub 4 Shrub 5 Shrub Total
Observed richness 54 52 47 39 46 123
No. of immatures 373 411 357 357 235 1733 (x = 346.6 + 29.6)
No. of adults 208 249 166 174 171 968 (x=193.2 +15.6)
No. of singletons 23 26 17 17 18 41
No. of doubletons 7 8 13 9 10 10
Sample intensity:
based on adult data 3.9 4.7 35 4.5 3.7 7.9
based on all data 10.8 125 111 13.6 8.8 21.1
Inventory
completeness 57.4 51 63.8 56.4 60.9 66.4
Estimates:
Log normala 23.67 20.06 21.84 15.62 20.64 36.93
Margalef 9.93 10.17 9.00 7.37 8.75 17.60
Berger-Parker 1/D 6.30 1.95 3.25 3.70 6.84 4.03
Simpson 1/D 18.51 7.56 9.54 8.10 17.62 13.03
ACE 76.99 91.62 61.48 60.97 65.21 159.13
ICE 80.66 100.10 75.97 56.2 75.04 158.76
Chao 1 85.8 +22.1 89.27+232 56.76+ 7.1 52.69+10.3 59.98+10.0 196.71+38.5
Chao 2 79.08+14.7 96.65+25.7 72.19+158 5082+ 83 71.09+152 171.85+21.9
Jacknife 1 77.83+6.18 805 + 6.8 69.00+ 59 555 + 3.7 6892+ 7.8 16233+ 8.3
MM Mean 97.22 91.97 84.2 70.73 91.91 173.84

(2) Margalef Index

Using this index the five most diverse sites wesdfalows: Oak 2 (10.56), Shrub 2 (10.17),
Shrub 1 (9.93), Oak 3 (9.76) and Pine 1 (9.48)impgdl areas found within the park Tapada de
Mafra. As found with the Log seriesindex, Pine 2 (with a value of 5.70) and Eucalypus

(3.85) were the least rich sites. As found with thg series alpha calculations, when the data

40




were pooled together, Shrub and Oak were the npestiess rich (17.60 and 14.73 respectively),
and Pine (13.42) and Eucalyptus (12.66) the Idastgk (Tables 6).

Dominance Indices:

(3) Reciprocal Berger-Parker Index

Adopting the reciprocal of this index, we can detiee the degree of dominance/evenness of the
species collected in each site, with increasedegakguating to increased evenness. The five
highest values, indicating greatest degrees of reegs) were calculated as follows: Pine 3

(12.82), Oak 2 (9.76), Pine 5 (9.00), Shrub 5 (ba&#d Pine 1 (6.52). The two lowest values

were given for Oak 1 (2.19) and Shrub 2 (1.95), esftected the lowest degrees of species
evenness. Overall, greatest evenness, and therefeest dominance, was found in the Pine

(7.82) and Eucalyptus (6.29) sites, while the coserevas calculated in Oak and Shrub areas
(4.73 and 4.03, respectively, Table 6).

(4) Reciprocal Simpson Index

Using this index, the five groups showing greatastnness were Oak 2 (28.83), Pine 3 (27.16),
Pine 5 (25.25), Pine 1 (24.02) and Shrub 1 (18.3txhould be noted that three of these sites
were found within Tapada de Mafra. Eucalyptus 8 &ak 1 sites yielded the lowest values
(5.77 and 4.38, respectively) and hence were dedimedeast even. Highest values were
calculated overall from Pine (22.29) and Eucalyptls.54) sites, with lowest values derived

from Oak (14.85) and Shrub (13.03) areas (Table 6).

Table 7 shows the results of a Spearman’s Rankelation coefficient test run to compare
individual site rankings. Observed species richneas strongly and positively correlated with
the Log series. and Margalef indices (p < 0.01, both cases), btitorrelated with the reciprocal
Berger-Parker and Simpson indices. Correlation masfound with any variables when tested
against species abundance. The Log seri@as positively linked with all the three indicés,
particular with the Margalef and Reciprocal Simpgpr< 0.01, both cases), while the Margalef
index showed a positive correlation with the Remijt Simpson (p < 0.05). The strongest
positive correlation with the reciprocal Bergerdarwas with the reciprocal Simpson (p < 0.01).
From these findings, we can therefore determing¢ the two diversity indices were highly
correlated with one another, as were the two dont@fvenness indices, when each were

compared at the p = 0.01 significance level.
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Table 7: Correlation between species richnesspddnce and the four diversity indices, using

Spearman’s Rank Correlation Coefficient, + = 0.05; ++ = p< 0.01, N.S. = non significance.

Variable Abundance | Log seriesa | Margalef Reciprocal Reciprocal
Berger-Parker Simpson

Species richness | N.S. ++ ++ N.S. N.S.

Abundance N.S. N.S. N.S. N.S.

Log seriesu ++ + ++

Margalef N.S. +

Rec. Berger-Parke ++

Figures 10 to 13 show the accumulated richnesssuor the observed number of species caught

throughout the study period, along with the assediapecies richness estimates calculated using

the following estimators: ACE, Chao 1& Chao 2(bias-corrected) andacknife 1 using the

software EstimateS. Table 6 includes the standidations for each value (please note

EstimateS does not compute the s.d. for the ACE l@tl estimations).

In the individual

Eucalyptus sites lowest estimates ranged from 2147 + 2.65) in Site 2Jacknife }, to 85.33

species (s.d. + 35.7) in Site €Hao 2.

In the Pine groups, values varied from 47.88.(+

3.35) Jacknife } in Pine 2 to 77.39 in Pine 4GE), while in Shrub values ranged from 50.82
(s.d. £ 8.3) Chao 2 in Shrub 4 to 100.1ICE) in Shrub 2. From the Oak data, highest individua
richness values were obtained from Oak Site 1 W&R.16 species (s.d. £ 62.23Hao J, with

lowest richness 48.48 (s.d. + 9.9) calculated ffoak 4 Chao J.

Figure 14 shows the data for each land-use typenwdmmled and compared. Using all four

indices, overall diversity was lowest in Eucalyt{i41.25, s.d. £ 14.4%hao ) and highest in

Shrubland (196.71 species, s.d. + 3&8bao ). Oak was the second highest in terms of richness
(170.07, s.d. + 33.&hao ), followed by Pine (124.23, s.d. £ 15Chao 2.
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Figure 11: Species richness values calculated ft@ntollections taken from 5 Pine sites in
Mafra, 2001.
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Figure 12: Species richness values calculated ft@ntollections taken from 5 Oak sites in
Mafra, 2001.
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Figure 13: Species richness values calculated frdwollections taken from 5 Shrub sites in
Mafra, 2001.
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Figure 14: Species richness values derived fromA@E (b) Chao 1 (c) Chao 2and (d)Jacknife lestimates, using the software EstimateS.

Land-use types are designated by the followingddalies and shapes: Eucalyptus - black diamonde Pied square; Oak - green triangle; and

Shrub — blue circle.
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When pooled, highest numbers of exclusive spec3d$ fere caught from Shrubland, and

accounted for 18.6% of the catch (Table 8). Otdsgiielded the lowest number of exclusives (9
species, 4.9% of the total adult catch), followgdHucalyptus (10 species, 5.5%) and Pine (13
species, 7.1%).

Table 8: Number of species and number of excluspezies in each land-use type

Eucalyptus Pine Oak Shrub
Spiders (S = 183)
Observed richness 84 (45.9%) 95 (51.9%) (BUED %) 122 (66.7%)
No. of exclusive species 10 (5.5%) 13 (7.1%) 9%4). 34 (18.6%)

Highest numbers of shared observed species weral fboetween Oak and Shrub groups (73
species), while Eucalyptus and Pine shared thé d@asunt of species (54) (Table 9).

Table 9: Shared observed species between lantjuee (pooled data)

Pine Oak Shrub
Eucalyptus 54 61 56
Pine 68 58
Oak 73

Highest similarity was calculated between the Oadt 8hrub groups by the Morisita-Horn and

Sgrenson Abundance indices, while Jaccard and Smreincidence calculated Pine and Oak
sites to be the most similar. With the exceptibthe Jaccard Index, that calculated Eucalyptus
and Shrub areas to be highly dissimilar, all tHeepbindices that Pine and Shrub sites were the

least similar in terms of number of shared spe@able 10).
Table 10: Similarity matrices calculated for edahd-use type (pooled data)

Euc-Pine Euc-Oak Euc-Shrub Pine-Oak Pine-ShrubOak-Shrub

Jaccart 0.43z 0.47z 0.375* 0.5111 0.367 0.474
Morisita-Horn 0.657 0.781 0.791 0.437 0.321* 0.8611
Sgrenson (Inc 0.60¢< 0.64z 0.54¢ 0.6761 0.537* 0.6432
Sgrenson (Abund.) 0.551 0.504 0.50C 0.477 0.358* 0.558t

T Highest value of similarit

* Lowest value of similarit
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3.4.3 CLASSIFICATION USING SPIDER ASSEMBLAGE STRUCTURE TO GROUP SITES
TWINSPAN was used to group sites using species ddnoe data of individuals trapped in
numbers of 5 and over. Figure 15 shows the bremkdof the ordination and includes the
indicator species at each division. The first sefi@n of the data clearly distinguishes the forest
areas from Shrubland and is based on the signifism@sence of the morphospeci€L! C/D’ in

the former. The philodromidPhilodromus cespitunand gnaphosidMicaria coarctata were
found to be highly differential species, with thesjiive presence of both species in Shrubland.

Figure 15: Twinspan ordination dendrogam basedpaties caught with 5 or more individuals.
Ordination was carried out using pseudospeciesfflévels 0, 1, 10, 100, 1000 with 1, 2, 2, 2, 2
weighting.

20
+ M. coarctata
-G/L C/D + P. cespitur
15 5
All Eucalyptus, Pine and Oak All Shrub
- A. pulchellus,
- T. minol - P. pallens
3 12 2 3
Oak1,3&4 All Eucalyptus, Pine and Shrub 1 &4 Shrub 2,3 &5
Oak2 &5
- L. humilis,
- H. corrugis
7 5
Eucalyptus 1, Eucalyptus 2-5
Pine 2-5 and Oak and Pine 1
2&5

The presence or non-presence of the liocraniatthelas minorand theriidAnelosimus pulchellus

accounted for the second division on the negatide of the dichotomy, being positively
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recorded in Oak sites 1, 3 and 4. A further donsiaided by the presence of the dictynadhys
humilisand linyphiidHybocoptus corrugiin Eucalyptus Site 1, Pine Sites 2-5 and Oak Zité&s
5 separated the majority of the Pine sites andirengpOak from the final four Eucalytpus areas.

Twinspan clearly showed the Shrubland sites toigpelyndistinct from the forest areas, and thus
it was decided to omit the Shrub data in the DCA &@CA runs using CANOCO. As the

environmental variables measured in these sites ma&rwholly compatible with those measured
in the forest areas (and which would have causeteagssary distortion when the CCA
ordination was carried out), we felt further justif in doing so. In both the DCA and CCA
ordinations, only species caught in numbers equat £xceeding five individuals were included,
with the data log-transformddg (n + 1)

Figure 16 shows the distribution of the woodlan@ssiin ordination space using DCA. The
eigenvalues associated with the Axis 1-4 were 0R22, 0.06 and 0.03, respectively. The
omission of the Shrubland data further distinguisbiiee Oak sites from Pine and Eucalyptus,
with the former grouped in a large distinct clustéiith the exception of Pine 2 (the sdte

pinea site) and Eucalyptus Sites 3 and 4, all the remaiftucalyptus and Pines sites were
clustered together. When the scores on each@xeath site are compared, on axes 1 and 2, the
Eucalyptus groups lie between 0.06-0.96 on Axisnd bhetween 0-0.8 on Axis 2, while Pine
groups lie between 0.07-0.45 on Axis 1 and 0.62-@9 Axis 2 (with the exception of Pine Site
2, which lies on 0.0 (Axis 1) and 1.62 (Axis 2)This differs with the Oak groups, which are
plotted between 0.68-1.80 on axis 1 and 0.79-142Agis 2. From such findings we can
therefore intimate that Eucalyptus and Pine areélairim terms of species composition of those

species caught in numbers of 5 or over, and cantragkedly with the Oak site fauna.
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Figure 16: Ordination diagram of Axis 1 againstifA2 using Detrended Correspondence

Analysis of 15 sites in Mafra, Portugal based oidlespabundance data (of individual species

trapped 5 times or more) in 2001.
transformation of specidsg (n+1).
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Canonical Correspondence Analysis (CCA) (ter Brd#86) with automatic forward selection
and associated Monte Carlo Permutation tests @im@I[199 unrestricted permutations) was used
to identify the environmental variables that exertee most influence on species distribution.
Figure 17 shows the CCA ordination diagram of tBesites based on their spider population and
influence of environmental variables. The eigengalobtained for the 4 axes, which can give an
indication of the amount of community variation &iped by each axis was 0.223, 0.146, 0.129
and 0.107 (for Axes 1 to 4, respectively). Sepamnaof the different land-use types following
CCA ordination was more explicit than shown in fheinspan and DCA calculations, and
clearly suggested that the environmental variabhese a significant effect on species
distribution. This was confirmed following an aotatic forward selection with Monte-Carlo
Permutation test that indicated both soil pH armver circumference exerted the most significant
influence on the distribution of species (F-rat$9 and 1.67, P-value = 0.005), (Table 11, and
highlighted in bold on Figure 17). Table 11 shadts results of the significance tests obtained
following stepwise selection and application of firet 12 environmental variables run by the
test.

Table 11: Monte-Carlo Permutation Test resultsheninfluence of environmental variables on
species distribution in 15 woodland sites in Ma2@1.

VARIABLE F-RATIO P-VALUE VARIABLE F-RATIO P-VALUE
Soil pH 2.19 0.005* Litter depth 1.40 0.190
Crown circ. 1.67 0.005* Organic cont. 1.15 @38
% herb 1.23 0.165 P 1.33 0.255
K 1.39 0.085 % Veg 50+cm 1.17 0.360
Age 1.37 0.145 Mg 1.23 0.290
Trunk diam.  1.30 0.200 Slope 1.02 0.490
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Figure 17: Ordination diagram using Canonical €gpondence Analysis of 15 sites in Mafra,

Portugal based on spider abundance data (of spieigsed with 5 or more individuals, log
transformedog (n+1) in 2001.
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Figure 18 shows the distribution of sites and gmdollowing CCA ordination. All species
caught in numbers of 5 or more are shown, with isperts caught between 20-49 and 50+ times
identified by number, and listed by correspondiagne in Table 12. A high degree of overlap
was shown between the specimens collected in aelktltree woodland types, as shown by the
presence of many species plotted in the centrait mdithe 4 axes. Examples include the sheet
web weavellepthyphantes tenuig-amily: Linyphiidae), nocturnal hunteBysdera lusitanica
Harpacteasp. 1 and sp. 2 (Family: Dysderidae) and the flwwebé builderTegenaria bucculenta
(Family: Agelenidae).

Some species are shown to have a particular atisocigith one forest type, as indicated for
example in Oak sites by the positive presence gif humbers of species such as the cribellate
Nigma puella(Family: Dictynidae), diurnal hunté&ardosa pullata(Family: Lycosidae), jumping
spider Evarcha jucundalFamily: Salticidae), nocturnal hunteGGfL AB' and the orb weaver
Mangora acalyphgaFamily: Araneidae). Species caught in fewer naralbut associated with
Oak sites were the cribellat€syphoeca citricolaandDictyn latens(Family: Dictynidae), cryptic
hunter Xysticus cristatugFamily: Thomisidae), jumping spidetsius hamatusand Salticus
confusugFamily: Salticidae), nocturnal huntAgroeca inopingFamily: Liocranidae), scattered
line weavers Anelosimus pulchellys Theridion simile and Theridion varians (Family:
Theridiidae), sheet web builddinyphia maura(Family: Linyphiidae) and nocturnal hunters

Trachelus mino(Family: Liocranidae) andelotes fulvopilosu@~amily: Gnaphosidae).

Species associated with Pine areas included thaalibuntersAlopecosa albofasciatéFamily:
Lycosidae) andZora spinimana(Family: Zoridae), nocturnal hunterGallilepsis concolor
Zelotes cf. clivicola(Zelotes n.sp.)Zelotes thorelli(Family: Gnaphosidae) arficotina celans
(Family: Liocranidae), scattered line wea¥gisinus truncatugFamily: Theridiidae), cribellate
web builderHyptiotes flavidugFamily: Uloboridae), sheet web builddrspthyphantes flavipes
and Sintula n.sp. (Family: Linyphiidae), funnel web-buildeiMalthonica n.sp. Tegenaria
montigenaand Tetrix pinicola(Family: Agelenidae), ambushBEhilodromus dispa{Subfamily:
Philodrominae) and jumping spideseudoeuophrys erratiqgécamily: Salticidae).

Eucalyptus Site 1, which was located in the pretctational park Tapada de Mafra was shown

to have an association with the linyphiid sheet wvkeliiders Lepthyphantes zimmerman(a

relatively common species) ardepthyphantes ollivierian extremely rare species). More
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revealing however, was the fact that no other sigeobllected in numbers of five or over had any

association with the remaining Eucalyptus groups.

Fig. 18: CANOCO ordination diagram of Mafra sps¢ibased on specimens caught in numbers
equal to or exceeding 5 individuals, and highliggtin plain and bold numbers exceeding 20-49

and 50+ individuals, respectively.
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Table 12: Abundance data and respective guild &gsmT of Species trapped in forest sites in Mafslisted in Figure
18. The ten most common species are highlightedrding to forest habitat preference (red - Oakebl Pine), while

non-highlighted entries indicate generalists.

No. of individuals

Guild Species

Number

3 Sheet web weaver L. tenuis
4 Trapdoor Nemesia sp. 152
5 Nocturnal hunter Harpactea sp. 1 125

8 | Noctumalhunter [ D.lusitanica 95 |
55

Funnel web T. bucculenta




Table 12: Abundance data and respective guild &smt of species highlighted in Figure 18

(cont.).

Number Guild Species No. of individuals
11 Nocturnal hunter Harpactea sp. 2 86
12 Diurnal hunter P. pullata 82
13 Diurnal hunter P. hortensis 78
14 Funnel web M. lusitanica 60
15 Orb weaver M. acalypha 55
16 Jumping E. semiglabrata 49
17 Diurnal hunter A. albofasciata 48
18 Sheet web weaver L. stygius a7
19 Nocturnal hunter Z. medianus 39
20 Sheet web weaver Sintula n. sp. 37
21 Scattered line weaver T. mystaceum 36
22 Sheet web weaver L. flavipes 33
23 Jumping E. erratica 32
24 Nocturnal hunter G/LCD 30
25 Diurnal hunter Z. spinimana 29
26 Sheet web weaver M. elegans 24
27 Sheet web weaver N. puella 24
28 Jumping P. erratica 24
29 Scattered line weaver E. truncatus 22
30 Jumping E. jucunda 22
31 Nocturnal hunter G/L AB 21
32 Sheet web weaver H. corrugis 21
33 Nocturnal hunter D. fuscipes 20
34 Scattered line weaver E. maculipes 20

2566
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3.5 DscussIioN

The role played by habitat structure in relatiorspider abundance and assemblage structure has
been a subject extensively studied in a varietynafural communities (e.g. Duffey, 1966;
Riechart, 1976; Hatley & McMahon, 1980; Abraham 3;98reenstone, 1984; Uetz, 1975; Uetz,
1991; Mclveret al, 1992). Little work however has focused on tphecses composition or
communities associated with different forest tyfands in the Mediterranean region, in particular
in the Iberian Peninsula. Variations in speciebnéss and assemblage structure between land-
use types can infer important ecological hypothesies as community health and function, and
can aid subsequent forestry conservation and maregg(Nicholset al. 1998). To explore the
influence of landscape structure on spider bioditgein a number of different vegetation types
in central Portugal we focused on spider richnessassemblage composition in four main land-
use types comprising of Shrubland, established Waddland, mixed-Pine forests and exotic,
monoculture eucalypt plantations. Such groupsh eamprising of five replicate sites, gave a
representation of four land-use types experiendiffgring degrees of anthropogenic stress, and
ranged from the relatively undisturbed natural vetien through to the intensively managed

plantations.

Specifically, we aimed to examine the role played dtructural complexity and vegetation
architecture on spider assemblage structure amdbdison of species following the application
of multivariate statistics. Presence/absence Watg used to study associations with land-use
type, in order to predict distribution of speciasass the landscape scale (Saital, 2002).
Alpha diversity was calculated using a variety péaes richness estimators such as the Log
seriesa, Margalef, Reciprocal Berger-Parker and Recipr@iaipson indices. The use of such
indices in ecology has been a focus of much csiticover the years (e.g. Green, 1979; Magurran,
1988) as both species richness and relative aboadainspecies are combined to give a single
value of diversity, with many arguing that suchirgification results in a loss of information
(e.g. Green, 1979). However diversity values, egllg when combined with simple species
rank-abundance plots can provide ecologists witluiak and easy way of comparing different
sites. Magurran (1988) has reviewed the advastage disadvantages of using a number of
diversity indices. One criticism of the Log seriegndex was given by Butterfield & Coulson
(1983) who found that this index underestimatecdiity in large samples, while overestimating
diversity in small samples.
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Shrubland and Oak, the two different land-use typsposed to the lowest levels of
environmental disturbance, were found to be thetiosrse in terms of species richness by both
the Log series and Margalef indices. Using the former index,hbBine and Eucalyptus gave
similar diversity values, while the latter idergifi Pine to be slightly more diverse than
Eucalyptus. In terms of dominance/evenness o$pleeies abundance data, very different results
were obtained with the reciprocal Berger-Parker amdiprocal Simpson indices: lowest
dominance and therefore greatest evenness, warglatad in Pine and Eucalyptus sites, while
greatest dominance and lowest evenness were fouStirub and Oak areas. When compared,
high correlation was established between the twbness indices and also between the two
dominance indices. This is in general agreemettit @bodman (1975) who found that rankings
produced by species richness indices were oftemyhigprrelated, as were those calculated from
dominance indices. When the two types of indicesewcompared however, the rankings often
differed notably (Goodman, 1975). In the presentkywthe dramatic differences in rankings
could be explained from the differential mobilitstes, changes in vegetation complexity and
subsequent trapping success that resulted in thierepresentation of highly active species and
under-representation of sedentary spiders. AsB#rger-Parker and Simpson indices are not
dependent on species richness, but rather on tielabce of common species, a relatively small
sample size could introduce bias into the calcutafMagurran, 1988). Consequently, we concur
with the findings that evenness measures are Ipgtied in community studies where there is a
very large sample size and total species richresdréady known (Peet, 1974). As this study
was carried out over a comparatively short time iavdlved the comparison of different land-
use type we believe it would be a safer approacatséoindices that are based on species richness
data, as opposed to those based on community docgnd his was particularly evident from the
observation that although pitfall trapping was nuoadly the most successful technique for
catching ground dwelling spiders, manual collectioh spiders using sweep netting and
vegetation beating accounted for a significant nemdd web building spiders. Furthermore we
feel justified in using such indices for two ma@asons: there were no significant differences in
sample size between sites and because numbersilts adllected were relatively modest when
compared to juvenile data (see Butterfield & Con|siD83).

A simple one-way analysis of variance, followedabpuncan’s post-hoc test indicated Pine, Oak
and Shrub to be significantly richer in terms ofetved species than Eucalyptus. To provide an
improved value of richness, we applied non-paramestimators using the software programme
EstimateS. Accumulated species richness curves pletied, and estimates of species richness
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were calculated and compared. Clear difference® @und in the values obtained by the
different estimators, and in most sites an asympfigure was not reached. Although not
perfect, the use of such techniques does provideithsan improved estimate of true species
richness when compared to baseline observed rishredges. Without exception, in all of the
estimators used, overall estimated richness wasekign Shrubland, followed by (in decreasing

value) Oak, Pine and Eucalyptus.

3-level ordinal similarity indices such as the &adc(G), Morisita-Horn (Gn), Serenson
Incidence (@ and Sgrenson AbundanceyjGndices were applied to calculate similarity/non-
similarity between spider communities from the eliéint land-use types. Such indices reflect
degree of change in species diversity between dtabend allow us to evaluate and compare the
numbers and species found in different communiti®&oth the Morisita-Horn and Sgrenson
Abundance Indices indicated Oak and Shrubland gréoshare the highest number of species,
with species exclusivity highest in Shrubland. ISwxclusion was confirmed following an
analysis using Twinspan that completely separateditfand from the three forest types. In
contrast, Oak and Pine sites were found to be thet similar in terms of shared observed species
using the Jaccard Index and Sgrensen (Incidendek.irn three of the four indices used, Pine
and Shrubland were found to be the least simMdhen choosing the most appropriate index, we
found the Morisita-Horn index to be the most satithry. This index has been shown to perform
better than either the qualitatively based (bindagcard Index or the Sgrensen (Incidence) Index
(Smith, 1986; Magurran, 1988) as it is based salelyabundance data and is the least dependent
on sample size and species richness comparedepinttices (Morisita, 1959).

Ordination techniqgues were applied to study ovesithilarity and characterize species
association with forest type. The application ofts techniques has been used successfully on
large, complex ecological datasets to extract padtef species distribution (Rushtat al,
1989). To investigate the role of structural coexgly on spider habitat requirements (see
Duffey, 1966) we carried out a Canonical Correspoing Analysis followed by a Monte Carlo
Permutation test on the woodland data. This teglnallowed us to map both site and species
position in ordination space, and test the infleent measured environmental characteristics on

species distribution.

A comprehensive review of the proximal factors {sugs microclimate, habitat structure,
disturbance, availability of prey and territorig)itwas carried out by Sanmet al. (1999) who
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reported that micro-habitat selection is relatedbtological need such as web placement
opportunities, prey availability, oviposition sitaad the avoidance of interspecific encounters or
harsh climatic conditions (see also Post & Rie¢chE377). Mclveret al. (1992) outlined three
factors that play a significant role on epigealdspi composition: canopy closure, litter
development and availability of prey. The firsttfar, closure of the canopy, acts to maintain
equilibrium of the forest floor microclimate (Mclvest al, 1992). Huhta (1971) categorized
spiders according to whether they were influencgdidht or by levels of moisture, with such
variables inextricably linked to canopy closureite Svetness has also been shown to influence
distribution of spiders in heathland (Merrett & 3akh, 1983). Several authors have identified
from a variety of manipulation experiments that veile selection is related in particular to
humidity in some species of Araneid, Tetragnathidl d.inyphiid spiders (Enders, 1977,
Gillespie, 1987; Samet al, 1996), and to temperature in the funnel web-spizelenopsis
aperta(Riechert, 1985).

The results obtained from our analyses stronghgssigboth soil pH and crown circumference

were the two major factors influencing spider disttion in the sampled sites, with the spiders
showing a preference for sheltered areas of nestilpH, as found in both the Oak and

Shrubland sites. This was in opposition to lowelswvof association in Eucalyptus, which was

characterized by open areas of acidic soil. Agodi@abitat selection is related to micro-climate

this result is not entirely surprising, especially a Mediterranean climate, where daytime

temperatures can easily reach, and sustain, tetapesaof 35°C (95°F). Of particular concern

was the lack of association of spiders with Eudaly@reas. It should also be noted that of the
five Eucalyptus sites randomly chosen in this stuahly one site (Eucalyptus Site 2) had been
cleared of vegetation. Although site clearancetwp lower the chances fire spread, it can have
a detrimental effect on spider populations (Nyffede al, 1994; Thomas & Jepson, 1997). As

site clearance is a common practice in Portugalcaveonly conclude that the loss of biological

diversity in Eucalyptus forests is critically undstimated. Further studies should ideally focus
on comparing different aged stands of Eucalyptuglétermine successionary effects and/or
keystone vegetation species.

Although physical factors appear to affect spedisgibution in the three main woodland types,
no studies were made on inter-specific competittonprey availability. The present work

showed a higher proportion of ambushers, diurnatdns and orb-weaving spiders were trapped
in Oak and Shrubland, while Jumping spiders anchEuweb spiders were represented in higher
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proportions in Eucalyptus and Pine areas, respgtiv Web placement in undisturbed areas can
reflect habitat structure requirement for optimunergy expenditure in web building species
(Robinson, 1971) and as such help us characteadbitah associations based on a spider’s
sensory perception and prey capture technique (U6&1). In addition, web placement is often
linked to habitats where prey is abundant (KirbyS@ence 1815; cited by Cherrett, 1964). As
residence times are comparatively shorter in miabitats where prey is scarce (Gillespie, 1987;
Weyman & Jepson, 1994), future studies should hksdbased on resource partitioning and
coexistence of species, with particular emphasisqul on prey preference/abundance and timing
of life cycle strategies. Vertical stratificatiomas also clearly found between the numbers of
juvenile spiders collected manually when compacethé adult catch. As this separation may be
a mechanism whereby cannibalism levels are rediatledving reproduction (Samat al, 1999),
further studies should take into account intradypiledation. Future studies should also include
the role of natural enemies such as birds, andaiticolar, lizards on spider abundance and
diversity. Such organisms could have greater amfie than previously attributed on spider
numbers and would help to give us an insight onrtie played by spiders as intermediate
representatives in the local food web. In the gmesvork, a number of lizards were only found
trapped in pitfalls laid in eucalypt plantationsdaibh would have been interesting to study this

further.

Clearly, the inability to collect all of the spesipresent within a locality, no matter the intgnsit
or sampling effort and experience of the collectoust be taken into account when comparing
species richness estimates between sites. Carebaugiven when equating the number of
species collected throughout the duration of thepdag period with the actual number of
species present in the community. In addition, disproportionate use of different trapping
methods (for example continuous pitfall trappingsus timed blocks of manual collection) will
not accurately reflect the true proportion of reqgrtatives from different foraging guilds. Pitfall
trapping, although strongly reflecting temporalistions and spatial patterns of richness, can
only be used to determine site-specific activityspecies and should be used with care when
comparing communities, as changes in, for exampgleund vegetation complexity, trap
placement and climatic conditions can lead to déffidal mobility rates between individuals.
(Greenslade, 1964; Southwood, 1978; Turnbull, 1978pr all its criticisms though, pitfall
trapping has been shown to be a good estimatournber of epigeal spider species when used in
a variety of habitats, including those that do have a leaf litter (Breymeyer, 1966; Gist &
Crossley, 1973; Uetz & Unzicker, 1976), and israpsé, economical and continuous method of
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trapping. Finally, it should be stressed that dampover a period of 5-6 months will not
accurately reflect yearly temporal variations iredps distribution, while manual sampling

during daylight hours will ultimately negativelyds estimates of nocturnal foliage dwellers.
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