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AUCHENORRHYNCHA / HOST PLANTS ASSOCIATIONS IN EAST MEDITERRANEAN
COMMUNITIES: A MULTIVARIATE APPROACH ON STRUCTURE AND SPECIFICITY3

P. PETRAKIS®- V. TSELEPATIOTI-PETRAKIY- S. DROSOPGULOSS

ABSTRACT

He investigated the relations between fourteen Auchenorrhyncha
species and the plants in an east amediterranean shrubland. We
tried to reveal covariation patterns between bdiotope descriptive
variables and insect species, abundances and preferences. We
deviced 2 new quantitative approach to estisate preference,
Insects niche parameters and overlaps were estimated and the
niche structure in various seasons was compared to predictions of
traditional niche theory. By using character set types in
a sonacharacter growth form system, instead of plant sgecies, we disco-
vergql_?eqative correlations between coasunity diversities and tesporal
stability.
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INTRODUCTICN

Plants give biotopes their characteristic confi?uration. In consequence, various aspects of thea were
quantified in an atteapt the guiding forces of animal asseblages to be analyzed (MacArthur 1964; Andrzejew-
ska, 1965; Jaees,1971; Shugart ¥ Patten,1972; Roth, 1974; "Blondel & Cuvellier, 1977; Rotenberry k Wiens,
1988;  Rac Nally k Doolan, 1984). The selection of the critical variables to be neasured, was based largely
on the suspicion and the field experience aof the investi%atur, on a particular group of anisals. For this
reason, the collected data sets contained an amount of extraneous inforsation, as a result of the redundancy
and the correlaticn of the selected variables (Mac Nally ¥ Doclan, 1986).

To isolate this effect of variables, a reductionistic sethod was usually undertaken, and the original
data set was reduced to a small set of orthogonal factors ( Rotenberry & Wiens, 1988; Mac Mally & Doolan,
1984y among others}, This reduction, aade gossible the quantification of the sultidisensional Hutchinsonian
niche, initially for molluscs {(Breen, 1971) and then for birds (Jases, 1971; Rotenberry & Wiens, 1988), for

BlaTts ({gggsun, 1977a,b), for seall mamaals (Dueser & Shugart, 1978) and recently for cicadas Inac Naily 13
oalan, I8

Through this approach and after the identification of the above MENTIONED axis, as resource axes, the
niche parameters of each animal species were estimated, and the niche structure of the anieal cosaunities
was sought, very often with obscured results, because of the inadequacies of the collected data { Pianka,
19755 otenberry L Wiens, 1980). The prObiElS associated with this unclear patterns, steased fros three
error sources.!l The scaling probles in the sampling design was not always taken in aind, and biotope
descriptive variables were seasured in incolpatibge scales than anisal abundances (Petrakis & Catsadorakis,
1987 in press), 2) Data sets were collected fros hroad biogeographic regions and thus were larg:l inade-
quate to generalize interpopulation dynasics such as niche :ongressions or expansions {Cody, 1973; Rotenber-
ry and Riens, 1988.3) To our knowledge, there is not anY published work on the study of the niche space
mchility within cne lear; the existing works (Wallof & Soloson, 1973; Horris, 1973; Gibson, 1974, anong
others), do not quantify niche space in the context of sultivariate techniques.

In this paper, we analyze the relationships of Auchenorrhyncha niches with the habitat in an east-
Hediterranean region, on Kynosura peninsula, near Rarathnn village in Breece. Firstly we describe vegetation
gradients with two alternative sets of variables. Then we estismate the niche paraseters of insect “species
and their changes in three sain seasons of the year. We then exasine the relations of niches of the insect
species and test the cospatibility of this cosmunity patterns with predictions of niche theory.

PROCEDURES

Study arear The study was undertalen at a northeasternly exposed hillside on the base of VKKnosura
peninsela, Joainant vegeta(ion is a Juniperus phoenicea and Olea europea codominated shrubland wit oge-
nings dosinated by annual and perennial herbs and low chamaephytes and heeicryptophytes. The depth of the
sai? is low ((= Sca in aany cases) and the parental material is usually exposed (Petrakis, 1984).

Sampling: The sampled sites are quadrats ( 10 x 18 #2), located at regular intervals a!nnz a transect
strip” descending the hillside froa the top. Ten quadrats were saspled for insects at fortnight intervals
with a sweep net by one person to reduce collector bias. Within a quadrat, the sweep net passed through
ever{ veqetagion pzase, readill distinguished by eye and the content of the net, was transferred in a

plastic bag where insects were killed by ethyl acetate. This was cansidered as one sasple. Two kinds of
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samples were taken from chrubs and low trees - trees with distinct trunk were rare in the broader region and
absent from our transect. The first kind corresponded to the first one meter in the base of the glant where

lower branches were intersingled with herbs grown under the shrub. The second kind corresponded to the rest
of the shrub.

Flants were caapled for coverage, density and height. These paraseters nere selected because they
provide the necessary plant paraseters for the estimation of 6olia?e voluge through the parabolic estisator
foraula : /2 (heighX)SQR(covera e), sodified froe whittaker (19&1] without species corrections, Height was
seasured in the field and it is %he sean value of all individuals of a plant species or a plant character
cet type (CST cee below), Coverage was estisated by a photo-cosputational eethod (Petrakis, in prep). Five
photographs of each quadrat were taken with a [7eaf ogtjcal lens and the transparency was then projected
onto @ board of a digitizing areometer connected serially to a computer. Hith an appropriate pregras (writ-
ten by FPetrakis) we then calculated the percentage of each species, or CST, with corrections for the
arallaxis of the picture introduced by the lens. A?thnugh photo-computational eethods require an appreciab-
fe amount of experience with the plant populations, they have been proved very accurate in estiamating plant

perforaance and abundance (S:oce, 1979). This procedure was repeated twice, in February and in May and the
data were pooled,

At the sase tise intervals we seasured plant fhenolo?ical paraseters in a quantitative sanner but these
data are not incorporated into the subcequent ctatistical analyses, though they are taken into account in
the discussion of results and will be reperted in another paper.

Variables and statistical procedures: So far, in the literature,

v 1 biotope descriptive variables fall
into “two Eroad cafegories. Ihe First Cosprises *coverage variables and the cecond *structural® variables
{e.g. Retenberry & Wiens, 1982). Here we chose an alternative approach. Our first variable set included all
plant species, Thirty plant species that had coverage in one site at least .5 a2 were included and 27
sgecies were disregarded as rare, Twenty two of the disregarded species had also very low weights in another
study of Coleoptera plants associations in a neighboring site ( Tselepatioti-Petraki unpubl.), Also we used
an aTternative set of variables, where plants are considered as CST in a non taxonomic acnocharacter growth
fora system (MGF5) (Petrakis in ?rsﬂ'). I this classificatory scheee plants were assigned in 25 anatosical
phenological and ecophysiological characters, This classification is proved here as a mare powerful tool for
variable set construction, since most characters in the scheme are insect oriented. In degraded
Hediterranean plant formations, plants have evolved defending strategies to cope with grazing and drought.
The sorphoiogical and phenological features of these adaptations are not discrete and unique, but they are
gerforned in a variety of intensities not necesssrily related to the intensity of the exerted pressure. For
hese reasons these two classifications produced twa slightly different spaces as it can be seen in Fig. 1!
and 2, the CSTs space being more easily explicable in the context of insect plant relationships.

~ For the estimation of insect niche parameters we took the multivariate approach, which reduces the
disensionality of the rescurce space with ainieal information loss, and gruvides the possibility of tests
for these parameters. The eethod was the grin:igal copponents anaiysis (PCA}, a robust technique in data
bodies free of disjunctions and non-linearities (Bauch et al, 1977; Johnsen, 1977b; Orleci, ?979; Bauch,
1982; Grgig-S:ith, 1983), Disjunction do not seea to exist, as it tan be seen in the dendrogram of Fig. 2.
To cope with the probles of non-linearities we transformed the original matrices to the octave scale (Bauch,
1982). A divisive classification (Lefkovitch, 1976) was applied on each FCA output to detect site grouﬁs
e

along resource gradients. With PCA the diagnosis of resource gradients and the estisation of insect nic
paraseters becaae possible.

For the estisation of niche breadth (B) and overlap (0) a aethodology cospatible to that of Johnson
{1377b) was adopted. Each grincigal resource axis was divided into five equally sgaced intervals, and the
abundance of each insect in the set of sites that felt in each interval was calculated. B was estimated b
the foraula Bige 1/ pifwiHill, 1973) i=l,...,N; k=it j=ly.e0y5; where Bi{= breadth of the i-t
species in the k-th resource axis, pyjx = proportion of the i-th cpecies in the j-th interval of k-th axis;
N=total pusber of species; t=nusber of principal axes. 0 on a principal axis was seasured by the formula:

Oidx="Ztbiix Phik/NZhisZPg ,h=1,... \N; j=1,...,5; k=1,...,t whereO1g =overlap between i-th and h-th
species on k-th principal resource axis }Levins, 1965; Planka, 1975). All these parameters were calculated
in each of the three seasons in which the year was subdivided.

. The raxisun nusber of ares which accounted for the total trended variation in the data set was
estimated by Anderson’s (1963) criterion. All tests were performed at .85 probability level

PCR was also used here as direct seeking aethod for site preference and as an indirect sethod for the
detection of insect plant associations in a way similar to the indirect gradient analysis (Nichols, 1977).
We have extended this seeking apgroach to all the seasons and we have aeasured the "sobility® of the sites,
by calculating the length of the trajectcr} of the site, reﬁarded as a point in an insect variable
sultidisensional space {Table 4 and Fig. &1, He feel that these sobilities are useful seasures of the
tesporal association patterns of insects and plants, together with the possibility to probe the sechanisas
through which biotope structural and tesporal diversities affect these pagterns.

To detect niche overlap relationships of insects in the three seasons, we subsitted the aatrix of
insects by their niche overlap coefficients to a centroid clustering procedures (Orloci & Kenkel, 1985). The
strategy was the minieization of group tentreid distances aeasured gy the Lance and Williass (1906) foreula
since we intended to fuse intc groups all species, according to their higher uverlag. He have also analyze&
our original data eatrix of siges Ey plant species, to seek for floristic sisilarities aaon? sites. The
strategy was the einisization of between group sua of squares, and the algoritha was Orloci’s (1967) 'sua of
squares aggloseration’ (S5R), Diversities were calculateg by Stmpson’s and Shannon's forsulas (Pielou, 1977},

RESULTS AND DISCUSSIGH

Axes gggggl_ tion and resource axes derivation: Fourteen Auchenorrhyncha species were found in the set
of ten sites. i i

ron the centered PCA"hy WAich the raw data satrix was analyzed in a space of plant species
it can be seen that site groups coincide with those formed by SSA clustering (Fig, I & 2), This iggllgs that
a contribution of plant seecies to the vegetative dissieilarity of sites is equal to their contribution to
the :zeparaticn of sites along the resource axes, Anderson’s criterion gredx(ted that saxisua parsimony is
attained at the first two principal axes (x*= 18.17, d¥=27). The asount of trended variation accounted for
by the first two principal axes is soderate (Fig.!). This eay be a result of resaining non-linearities after
octave scale transfermation, Mest surprising was that no plant s?e:ies were significantly correlated to the
third and subsequent axes. MNevertheless, these two axec are ecologically interpretable, though not fully.
Shrubs and low trees in Kediterranean foreations are well correlaged to the first axis, not all of thea
however (Table 2). First principal axis (PA) therefore can be considered as a aradient from rocky soilless
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Table 33 Correlations of CSTs with the vegetation principal cozpo
nents. Only significant correlations are shown.
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A.barbata has an obscured basis while the correlation of ¥.integrifolia can be explained by
praference to grow under J.phoenicea shrubs,

-P.fruticosa is a phryganic element and O.europea is corre(ated
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trended variation is &2.13% and is accounted for by the first’3 PAs (Anderson’s x= =4.01 at df=27). By
cougarin? the two ordinations it is easilr seen that there exist eore trended variation, though it is
distributed in three orthogonal PAs, Also ail three PAs are readily interpreted in teras ol £STs internatl

and diversity seasures externally (Table 3}. The first PA clearly represents covariations in the high shry

layer and a contrast hetween this phase and the opeaing occugitors (E,acanthothasnos and C.graecue). The CST
¥nauintegroup coaprises of plants favored by the aicroclisate beneath shrubs - thez possess thin and large
leaves with thin palisade layer. This may exglain their high loadings on the {irst PA. The negative
correlation of J.ghcenicea with this PA is a result of the reciprocity of the distributions of the tws™ {STs
in which the plant was splitted. The second PA reflects variations in the herb layer. O.europes and
Q.coccifera are shrubs obviously associated with sose herbs while P.terebinthus being a deciduous shrub,
prevents the irnnth of the herb layers underneath as a result of the tising of "the leaves sheddin

{Petrakis, 1983), The sase holds for B.coccifera, A. pavonina pcrupies usually seall openings. The third B

is a contrast between @.coccifera and AR.pavonina, a situation taking place froa January to Rarch. Fourth PA
can be suemarized under the label ‘axis of S.denticulata’. This pteridophyte grevents soil from drought
until May (Petrakis’s,phenological cbservation). P.lentiscus is posxtively correlated to this PA as a result
of its spatial cooccurrente with S.denticulata. Fifth PA can be labeled *O.eurcpea low trees and underneath
herbs’. It is the nacroghyllous fora of this plant that allows sunlight to pass through its foliage in the
winter and favors thus the growth of Knauintegroup CST. This effect was lost in the previous ordination.

Niche breadth: The seanings assigned to each ve%etatiun PA, allowed for a consideration of these
cosponenfs a5 resource coaponents (RC) and the estimalion of Aucﬂenorrhlncha species niche paraseters,
Possible values for B are 1.08 {for species occurring in only one plot, but not exclusively) to 5.80 (for
species

occurring in all gloks, but not exclusively), In Fig.4 can be visualized the tengoral pattern of Bs, Because
Resource axes {RA) are orthogonal the voluses of these 'boxes’ are serving as estieates of Bs (Pianka,1975),

Several tyges of B can be recognized in Fig.4 and one case is worth sentioned. While insects occurrin
in only one site have always B 1.08 the oppasite is not always true. Absent species have @ B. Ecolol ica?
specialists and ?eneralis s can be diagnosed from this diagrass of Bs and these teres can be extendea to
include a teeporal cosponent, Generalists are expected to have a cubic niche sgace -e.g. B.basiniger in
susser- while ecological specialists have niche disensions elongated on one at least RA -e.q. P.spumarious
in all seasons. The sost striking case is D.maculipes, In spring it fed on B.coccifera ang 0.europea and
other shrubs as well but few individuals were also accidentally found on nearby herbs. However in sumaer it
abandoned Q.coccifera and aigrated to other shrubs and herbs as well, D.saculipes had expanded its averall B
in sumeer bz restricting specialization that seans, by restricting its B on D.coccifera axis and dilated its
B on the other 2 RAs, "We accept this criticise that the sase soveaents of niche diensions on RAs amay be
artifacts of our procedure. In our grocedure we have not weighted intervals by a resource utilization
coefficient (Colwell ¥ Futuyea,1571), though we have included insect oriented biolope descriptive paraseters
(C5Ts), For this reason 3n accidental finding of an insect normally foragin on shrub oniage in herb
layer, is equally weighted for the estisation of its B to an occurrence o tzis on a shrub for !eedinq or
oviposition. Also a source of error is the host switches in the life stages of an insect. Insects
D.oaculipes and Q.basiniger are examples of such switches. Another type of error is the occurrence of an
insect in a biotape because it prefers microclieatic conditions together with its feeding plant. N.aatsusuri
and P.spusarious exhibit such a behaviar, Khile they are noreal grass-forb feeders, the{ prefer to feed on
glants growing underneath or nearbz tall shrubs, Sose individuals of these insects have been collected froa
he upper parts of shrubs while their nysphs have consistently been found on grasses and forbs, Their Bs
therefare are not restricted to the second axis, but are extended to the other two. Their higher extensions

Table 11. List of insect and plant species and codes discussed in this paper.+

Insects .
1 Asicla Asiraca clavicornis (Fabr.) 5 Dicsp, Dictyophara sp, 9 Melmat Melillaia smatsusuri (Metc.)
2 Balclu Balclutha caltuella (Kirsch.) & Eapdec Eapoasca decipiens (Paol.)1@ Micsti Micantulina stigaatipennis (Hetc.)
3 Bubsut Pubastia suturale (Dlab,) 7 Eupael Eupteryr amelissae (Curt,! 1! Opssp. Opsius sp.
4 Dalmac Daleatrius maculipes (Dlab.} B Harins Hardéopsis insularis (Rib}12 Penlep Pentastiridius leporipus (L.}
{3 Phispu Fhilaenus spusarius {(.) {4 Quabas Yuadrastylus basiniger (Blab.)

hesnicea ¥ Oles wurcpea # Fistacia jentiscus ¢ Fistacia terebinthuz ¥ Phlumis fruticoesa
tifera ® Frunue webbil ¥ Evphorbia azanthothbasnos ¢ Urginea maritiea ¥ Cyrlamen graecum
rbola ® Knautia dntegrifsiie % Crepic dioscoridic # Thapsia garganica + Anemonina pavenina
la derticulets # Crotue ) Ceterech cHficinarue # Reparegus ephyllus + Fimpinella cretice
1is gicnecala ¥ i ritolive cteliatum ¥ Sziiay aspers ¥ CZenatis cirrhosa

ﬂigeﬁla damascena * b ovatus ¢ Frazium pajus ¥ Srandix pecten veneris

+ plant zpecses codes sre the firet 4§ lefters 3f the gerus anc the soecies nane,

to the other R&s can be explained by the diversitx of CSTs highly loaded on these RAs, In general the trend
of all insects to show reduced Bs on the second RR, can be explained clearly by the lower qversx!l_o( CSTs
within the grass-forb layers. He have not yet found 2 saeplin design to cope with these ditficulties and
say be it is ispossible in sonitoring studies, where the ispact on the biotope eust be einisal, We conclude
fros the B pittern that tesperal niche allocation may be an ieportant mechanisa in reducing interspecific
cospetition in these ecosystess and this is reflected even in seasons with severe enviconsental stress -
ninger and suaser.

Niche overlaps: We used niche overlap (0) as 2 seasure of the degree of cooccurrence of insect species
in the 5 “infervals on the RAs, In Fig.5 the dendrograss of the Os relationships on the {irst RA are
graphically sussarized. At .5 0 the recognized groups are 3 in winter, 3 in spring and 5 in susaer.

1t can be shown that P.spusarious is not related with any other species while N.matsusuri is grouped
with different species in each season. In the winter it is sore related to H.insularis and Opsius sp. while
in the suaser it is grouped with Q.basiniger. In spring it is related to P.leporinus. The degree in which
these relationships include spatial cooccurrence was tested by correlating the overlap satrix to the initial
aatrix of occurreaces. This yielded non significant correlations (r=.18).
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Table 4] Mobility of sites in an insect varjables
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space. 1z aobility, 2= Shannon's index, 3= Sie-
pson’s index, 4= Richaess, 5= Eveaness.
Site 1 2 3 4 5
i 8 145 1.3 1.79 .93
- 2 117 1,89 .88 1.3¢9 .78
3 108 1.49 i.81 1.79 .99
4 89 .64 .41 1.09 .59
5 143 1,83 .97 1.18 Al
5 LA N1 At .19 .58
7 138 1.4 1.34 1,61 W9
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The 0 relationships we have found, support the first part of Pianka‘s (1974,1975) prediction that Os
should very inversely with respect to diversitz while he{ are contrary to the “second part of the
Eredictiun, that Bs remain sore or less unchanged (Fig.4). In the susaer when sgeciu diversitz is high the

is reduced, as can be seen in Fig.5, while in the winter, when species diversity is low 0 is high.

Another prediction of current niche !heorl (Cody, 1975) that our findings do not support is the
‘compensation hypothesis’, According to this hHo hesis, high O between two species in one RA is cospensated
by reduced U on the second RA. We cbserved all the alternatives. For exasple Dgs;us sp. and E.selissae
overlap wis ,82 on the first RA in winter and ,94 on the second while on the third axis was 0.0 -
dendrograns on the overlaps on subsequent RAs beyond the first are not shown. This degarture fros
traditional niche theory prediction seeas to be a result of our different scale of approach to cosmsunity
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analysis, As Rotenberry and Wiens (1960) have pointed out 'sost of the evidence offered to support those
arguzents cage frce cosparative biogeographic studies’ thus being inappropriate to analyze interactions
between populations and individuals.

Mobility of sites: In Fig.6 it can be visualized the positions of ten sites in an insect abundance
space. AIl" ordinafions have ef?iciently toncentrated the trended variation in twn axes and this variation
was surprisingly high (71,4§X, 76,331 and 63.40%), In Table & are depicted the mabilities of the sites,
their ranks and three asgects of the diversity (Pielou,1977)}, doainance or concentration was seasured by
Siapson’s index, uncertainty was aeasured by Shannon-Weaver index and richness was seasured a5 the logaritha
of existing CSTs.
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=™, | R
Cozaonent 1 11
Eigenvalue 21,71 153.83
slants  Cusulativel var. 27.13 47.89
Jizaeure 4 A7
Pistlent A5
Frunwebh Wk
c Cycigrae -.88
/\ Urginari e
B Aventart .48 83
Fnasinte 62
Crepdios .78
thiafrut .48

Although site ?roups, forsed by ordinating sites in a CST sgace, are different than those presented in
Fig.6, the ordinafions between seasons 3 noticeable similarity,in clustering sites. Suaser and spring
aspet{s of this insect cosaunity, are sore similar than the winter asgect. Three sites (3,7 and 18) are
located consistently at the carging of the bidisensional space and these sites are the first three sost
sobile. It seeas rogable that the locations of these sites have caused the cospression of the others around
the origin at Yeast in one axis. We accept this, since we intend to obtain an overall picture of the
Auchenorrhyncha ccaaunity., For all sites we calculated the Spearman’s rank correlation coefficient to test
the null hypothesis that site aobility is independent of site diversitg and evenness. The test indicated
that at all prebability levels, there is an almost cosplete concordance Between sobilities froa one side and
diversities and evennesses frox the other, that is, the sost diverse sites were greferred in various seasons
by different Auchenorrhéncha species and abundances, in a strict accordance to their diversities in growth
foras (ryq=.983; rqg =911 r04=.910 and rqs=.960 a1 signiticant at P=.2l). We tried also the sase analysis
with the site diversity measured in a plant species space. Although richness and evenness were si?nilicantly
correlatad to nobility - r, =.558, P=.18; rye=.723, g=.35 - their values are quite low to support any other
dig;tf_siion. In addilion hannon‘s and’ Siapson’'s diversities, were not significantly correlated to
schilities.
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These results provide a clear answer to the question left open by Murdoch et al. (1972). Indeed the
important relation is between plant structural diversities and insects and not between plant species
diversities and insects. Since ecbility is an appropriate estimate of site instabilit( (though short
termed), we can infer that not only the most diverse sites are not the most stable but the opposite is
clearly true. Certainly this does not contradict the generalization drawn fros a plenty of cossunities
studied when they were in equilibrius. Nevertheless, we believe that between consecutive years variation
sust be studied in the context of this aethodology in order this prediction to be testified.
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