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Abstract

In this study we used developmental instability expressed as translational and fluctuating asymmetries as well as fractal
dimension in order to assess the effects of different levels of grazing pressure by goats on two dominant species of
Mediterranean shrublands, i.Bhillyrea latifolia L., a palatable, an@istus monspeliensis., an unpalatable shrub.
Treatments included light, moderate and heavy grazing pressure. For the former species, an additional ungrazed treat-
ment was used as a control. Measurements were carried out in thirty shrubs of each species in each treatment. For
Phillyrea, the fluctuating asymmetry analysis revealed higher asymmetry of leaves in the grazed treatments than in the
control. The lower parts (below 1.5m height)Rifillyrea shrubs, reached by goats, also attained larger values of asym-
metry in comparison to the upper parts (above 1.5m height) of the shrubs, not reached by goats. Moreover, fractal
dimension of branches was lower in the grazed treatments in comparison to the ungrazed ones, as well as in the lower
parts compared to the upper parts of the shrubs. However, the results of translational asymmetry analysis showed that
grazed shrubs were developmentally more stable than the ungrazed ones. These results suBbédktrélaas very

tolerant to grazing; its upper part can be maintained in a non - stressful situation even when its lower part is overgrazed.
For Cistus the results of translational asymmetry revealed that grazing did not affect its developmental stability. The
effects of grazing on fractal dimension declined under moderate grazing situations. This indic&etubistdevelop-

mentally stable both in well preserved and in heavily disturbed sites. It is concluded that developmental instability and
fractal dimension are useful tools in assessing the differential response of Mediterranean key species to grazing impact.

Introduction Developmental instability and fractal dimension
as measures of stress can be used to resolve the con-
Mediterranean shrublands are ecosystems with atroversy over whether light to moderate grazing
long history of grazing by domestic animals. Light enhances the fithess of the grazed plants (McNau-
grazing has no profound affects on vegetation andghton, 1977; Collins, 1987; Escos et al. 1997).
soils, while moderate grazing is considered to be = Developmental stability is the ability of an indi-
essential for maintaining species diversity and eco-vidual to produce an invariant phenotype under par-
system stability (McNaughton, 1983; Noy-Meir, ticular environmental conditions (Mgller and Swad-
1998). Overgrazing, on the contrary, is the major dle, 1997). It also represents its ability to buffer ran-
cause of desertification, especially where poor anddom environmental perturbations, such as negative
erodible soils are found (Arianoutsou - Faraggitaki, feedback mechanisms, hormonal regulation and cen-
1985; Papanastasis et al., 1990; Margaris and Kout-tral neural regulation during development (Mather,
sidou, 1998). In such shrublands, dominant shrub1953; Palmer, 1994). These processes may have a
species may be used as key-indicators of the gra-genetic basis, meaning that some genotypes have a
zing impact on vegetation. superior developmental precision under certain con-
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ditions (Mather, 1953; Perfectti and Camacho, 1999), In this paper, we studied the effect of grazing on
but this is still being discussed (Clarke, 1993; developmental instability and fractal dimension of
Markow and Clarke, 1997). Developmental instabi- two dominant shrub species in a Mediterranean shru-
lity, on the other hand, does not have a heritable ba-bland, one palatable and another unpalatable, so that
sis and represents the effects of random environmengrazing impact caused by pastoral management is
tal disturbances i.e. herbivory, competition, pollu- assessed. Moreover, we tried to prove by measuring
tion or even high altitude (Waddington, 1957; Mar- the fluctuating asymmetry and the fractal dimension
tel et al., 1999). It is reflected by exaggerated intra- of the upper, not reached and the lower, reached by
individual variation in repeated traits and patterns. grazing animals, parts of shrubs, that developmen-
Several methods have been used in order to estital instability is the result of external environmental
mate developmental instability by measuring the disturbances without genetic influence, since both
within-plant variation such as: frequency of pheno- parts of plants have the same genotype.
deviants; deviations from radial, spiral, translational
and bilateral symmetries (i.e. fluctuating asymmetry);
and fractal dimensions of plant structures (Mather, Materials and methods
1953; Palmer and Strobeck, 1986; Freeman et al.,
1993; Graham et al., 1993; Mgller and Swaddle, 1997; The study area is located in the village commu-
Alados et al., 1998). According to Alados et al. (1999), nity of Sykia at the south part of the Sithonia penin-
any phenotypic trait can be used in order to measuresula in Chalkidiki, northern Greece (longitude:
developmental instability, provided that the phenotype 23°54’, latitude: 40°00’). The climate is semi-arid
produced in the absence of stress is known. Translato sub-humid Mediterranean with an annual avera-
tional asymmetry, represented by the error in the re-ge rainfall of 590mm. The bedrock consists of mainly
gular and consistent variation of internode space withmetamorphic rocks of the Mesozoic era while there
order of nodes (Freeman et al., 1993, Alados et al.,are also sites covered by sedimentary rocks. The
1999) has been successfully used in several studiesatural vegetation are maquis-type shrublands do-
for the estimation of developmental instability in plan- minated by the shrub speci€sstus monspeliensis
ts (Graham et al., 1993; Freeman et al., 1993; Escéd.., Pistacia lentiscu4.., Phillyrea latifoliaL., Olea
et al., 1997). Fluctuating asymmetry is also widely europaeal., andQuercus cocciferd.. In addition,
used in measuring developmental instability for bila- several herbaceous species are present including
terally and radially symmetrical traits (Palmer, 1994; grasses and broadleaved species. The area is mainly
Mgller and Shykoff, 1999). It is defined as the pat- grazed by goats. Goat flocks are corralled at night
tern of bilateral variation in a sample of individuals in permanent sheds distributed throughout the villa-
where the mean of right minus left (R-L) side diffe- ge community territory and graze freely around them
rence is zero and variation is normally distributed the whole year round to a distance of 1-2 km. Areas

about that mean (Palmer, 1994). closer to sheds are more frequently visited and the-
On the other hand, due to the modular nature ofrefore heavier grazed than the ones away from them.
plants allometric relations follow power laws, i.e. In early spring of 2000, a representative shed

the same pattern is repeated over many scales. Powewras selected where 300 goats were housed. After
law scaling results from self-similarity (Alados et locating the grazing territory of the flock and stu-
al., 1998), that is typical of fractal structures and dying its grazing behavior, three homocentric zo-
common in plants (Lindenmayer, 1968; Freeman etnes were established around the shed. The inner
al., 1993). According to Freeman et al. (1993), a zone was grazed with a stocking rate of 8.23 goats/
modular unit produced this year in woody plants is ha/yr and characterized as heavily grazed area, the
similar in morphology to the modular unit produced middle zone with 2.63 goats/hal/yr and characteri-
last year. zed as moderately grazed and the outer zone with
In order to analyze these self-similar structures, 0.28 goats/hal/yr and characterized as lightly gra-
fractal analysis and more specifically fractal dimen- zed area. In addition, an ungrazed area located far
sion can be used. Fractal dimension is a measure ofrom the shed, but within the village territory, was
the degree to which space is filled and thus how ef-selected as a control.
ficiently plants interact with their environment. Among the dominant specieBhillyrea was the
Complex plant structures have higher fractal dimen- most palatable shrub, readily consumed by goats,
sion, which means that they exchange more substanwhile Cistuswas unpalatable. The majority Bhil-
ces with their environment than less complex oneslyrea shrubs exceeded 1.5m height whileGiétus
(Alados et al., 1999). were less than this height.
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In May 2000, 30 adult plants efillyreaand 30 we calculated )§/7 (Zar, 1984) because Ss rela-
ones ofCistuswere randomly selected in each of ted to the average internode length.
the three treatments for measurements and in the In order to estimate the effect of different levels
control. For the latter species, no such shrubs wereof grazing pressure on the accuracy of curve fitting,
taken in the control treatment because it was thou-a mixed model analysis of covariance was used (mo-
ght that they were not necessary since the species iglel Il GLM, SAS) with grazing as a fixed effect

not preferred by goats. factor, the shoot nested into individuals, and the ne-
perian logarithm of shoot diameter as a covariate.
Translational asymmetry Comparisons of means between treatments were

For translational asymmetry, two well-developed made with Tukey’s studentized range test.
and undamaged shoots from each shrub were ran-
domly collected, pressed and driedPlmillyrea, the- Fluctuating asymmetry
se shoots were taken from the upper part (above 1.5m Fluctuating asymmetry was measured only in
height) of shrubs that was not reached, and, therefo-Phillyrea. More specifically, five leaves were col-
re, not grazed by goats while @istus from the lected both from the upper part (above 1.5m height)
middle strata of the plants. not reached by goats, and from the lower part (be-
In each shoot, the internode length was measu-low 1.5m height) reached by the animals, of each
red from the bottom to the top using an electronic Phillyrea shrub. Leaves were selected from inter-
calliper. The relationship between internode length mediate shoot positions to reduce variability.
and node order was estimated by the equation (Ala- Leaf measurements were performed by using the

dos et al., 1994; 1998; Escos et al., 1997): OPTIMAS 6.2 image processing. Images were taken
with a SONY CV-M90 color camera (512-512 pixels)
L = KNag®N with a macro objective and a tripod from a fixed focal

length. More specifically, we measured the width of

where L is the internode length, N is the node the right (R) and left (L) halves of the blade of each
order from the base of the shoot to its top, e is theleaf at its middle, between petiole insertion and the tip.
natural base and k, a, b, fitted constants (Figure 1). In order to use fluctuating asymmetry in develop-
For evaluating the accuracy of curve fitting we cal- mental instability studies we must ensure the absen-
culated the coefficient of determination?[Rthe ce of antisymmetry (departures from normality of the
standard error of regression (S and the standard frequency distribution of L-R difference) and direc-
errors of the parameters aax,éand b (9. Because tional asymmetry (one side is significantly larger than
the number of internodes varied among shoots, wethe other on the average) (Palmer and Strobeck, 1992).
used R adjusted to the degrees of freedom. Finally, Both these asymmetries indicate that some portion of
the between sides variation of a particular trait may
have a genetic basis and not be a pure product of de-
velopmental instability (Palmer, 1994). For antisym-
metry, we performed normality tests of the distribu-
tion of the signed difference (L-R) that included a t-
test and the use of the Wilk-Shapiro index (Shapiro
et al., 1968) as well as skewness and kurtosis tests
(Sokal and Rohlf, 1995). For directional asymmetry,
we used a mixed model of two-way analysis of va-
riance. In this analysis, side was the fixed effect factor,
representing directional asymmetry; individual lea-
ves were the random factor, assessing leaf size and
shape variation among them; the side-by-individual
interaction term represented fluctuating asymmetry;
and finally the error term referred to measurement
variation and represented the measurement error.

Subsequently, a mixed model of two-way analysis
of variance was used to examine the effects of diffe-
rent levels of grazing pressure on mean leaf width. The
Figure 1.A diagrammatic representation of a shoot with its in- need to correct the size dependence of ﬂucwatmg asym-
ternode length (L) and node order (N). metry was also checked according to Palmer (1994).

N =1
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This was done with a linear regression of |[L-R| to the capacity dimension ([pbut it also takes into ac-
(L+R)/2. In case that this regression revealed that wecount the relative probability of the cubes used to co-
had a size scaling of fluctuating asymmetry, we remo- ver the set (Farmer et al., 1983). It is given by:

ved it by using a Box-Cox transformation of the log

(L/R) (CTFA) (Swaddle et al. 1994), and the relative D, =lim [I(E) [ In(1/)]
fluctuating asymmetry index (RFA) as the absolute €-0

value of left minus right divided by the average ((L+R)/ NG

2) (Palmer and Strobeck, 1986). In addition, the FA10 - _ — v _
index of Palmer (1994) was also used. It is the only where | i:z_‘]_ pinp and p=> /3 x

index that provides an estimate of the between sides
variance after removing the effects of measurement
error. After that, a Bartlett’s test was performed to che-
ck the statistical significance of the differences. Gra-
zing effects on fluctuating asymmetry was estimated

and xi is the number of occupied pixels for each
box of size i (Alados et al., 1999).
In addition, we estimated the evenness index that

b ived model Ivsis of vari del 11l GLM measures the non-uniformity of a structure and ser-
y amixed model analysis of variance (mode ' ves to discriminate objects that have the same fractal

SAS) as well as with a nested analysis of variance where,; : : o )

grazing was the fixed effect factor and location (above%IImenSIOn (Smith et al., 1996). Itis given by:

and below grazing level) was nested within treatment N

to detect the effects of different leaf location. Je) = _Zl p In p/InN(E)
1=

Fractal dimension

For fractal analysis, 5 year-old branches were In order to estimate the effect of different levels
selected from each shrub and photographed, at &f grazing pressure on the information indicesid
fixed distance, focusing at the center of the plant. 7, one-way analysis of variance was applied for
For Phillyrea in particular, branches were obtained Cistusand a two-way one fdPhillyrea data.
from two locations on the shrubs, namely from the
upper part (above 1.5 m height) and the lower parts
(0-1.5 m) (Figure 2), while fa€istusonly one bran- ~ Results
ch was selected from the middle strata of the canopy.

Images taken by the digitized camera were captu-Phillyrea latifolia
red with Adobe Photoshop 5.5 with resolution of
3072x2048 pixels. Subsequently, they were processed ranslational asymmetry
in a window size of 1024x1024 pixels, filtered, con- ~ Shoot length varied significantly among treat-
verted to grayscale and adjusted to the same intensityments (Table 1). All grazed treatments had signifi-
By using a special computer program developed by J.cantly longer shoots than the control. This differen-
Escos (personal communication) we calculated thece was highest in the heavily grazed treatment and
fractal dimension (D) of the branching system Bhil- lowest in the moderately grazed one.
lyrea andCistus This parameter is a generalization of The arrangement of leaves on the shoot followed
the equation L=12.64Ne?® averaged for 238 sam-
ples. The intercept of the equation (Ink) was signifi-
cantly increased by grazing treatments. Grazed plan-
ts presented larger intercept, i.e. larger internode len-
gth at the base of the shoot than the control. Scaling
parameters a and b were not statistically significant
(Table 1). These results suggest that the plants fol-
lowed the same growth rate in all treatments. Also
the standard error of the parameters a and b (Sa and
Sb) did not produce any significant differences.

The S /'y of the regression was significantly hi-
gher in the control than in the grazed treatments (Ta-
ble 1), indicating that grazed plants, no matter at
Figure 2. Two five-year old branches d¥hillyrea latifolia col- what stocking rate, were developmentally stable
lected from the same shrub, one from the lower part of the plant compared to the ungrazed ones. Tﬁa%j Bid not dif-

(left), which was reached by the goats, and the other from thef ianifi tlv bet the t t t
upper part (right), that was not reached by the animals. er signincantly between the treatments.

22



Journal of Mediterranean Ecologyol.3, No. 4 2002

Table 1.Means + se and F values of the mixed model analysis of covariané&hfibyrea latifolia. Dependent variables are the scale

asymmetry parameters of the relation between internode length
and Irk were derived from the equation L = N\

and node order (S@adBhn& Syx¥), and equation parameters a, b

Grazed treatments

Variables Ungrazed Foin P
Light Moderate Heavy

Length +shoot) 40.058 + 16.98b"  56.633 + 24.61a  50.833 + 23.76a  58.655 + 23.23a 8.45 0.0001**
a 2.096 + 1.277 2.056 + 0.833 1.870 + 0.839 1.836 + 0.824 0.70 0.555
b -0.829 = 0.514 -0.860 + 0.347 -0.754 + 0.521 -0.754 + 0.287 0.37 0.772
Sa 1.181 + 0.448 1.079 + 0.504 1.076 + 0.454 0.993 + 0.431 1.22 0.303
Sb 0.475 + 0.217 0.425 + 0.222 0.425 + 0.229 0.374 + 0.185 1.55 0.202
R 0.309 + 0.404 0.409 + 0.423 0.386 + 0.385 0.404 + 0.376 0.94 0.423
Syxly 0.206 + 0.082a 0.167 + 0.079b 0.193 + 0.078b 0.169 + 0.075b 3.7 0.026*
Ink 2.261 = 0.629b 2.699 + 0.538a 2.556 + 0.507a 2.633 + 0.448a 8.38 0.0001**

tMeans with the same letter within the same variable are not significantly different at 0.05 (*) and 0.001 (***) leveldicsggni

Fluctuating asymmetry

Normality tests showed that our data did not pre-

sent antisymmetry. More specifically, the t-test re-

gnificant and the measurement error was low, thus
resulting in significant fluctuating asymmetry. The
ratio of the trait size variation due to measurement

vealed that the signed difference between left anderror was 0.29%. The proportion of fluctuating asym-

right width of Phillyrea leaves, averaged for 1189
of them, did not differ significantly from zero (-0.80,
P=0.420). The distribution of L-R difference did not
depart from normality since the Wilk-Shapiro stati-
stical index (Shapiro et al., 1968) was 0.99 with
P=0.6. Finally, the frequency distribution of L-R
difference did not skew (g -0.02, sg=0.07, tg =
0.29 <t ,.,=1.92 NS) and was leptokurtic,(®0.66,
sg,=0.14,tg=4.67 > .= 1.92 S), meaning that

metry variation due to measurement error was 8.6%.
Mean leaf side width ((L+R)/2) differed signifi-
cantly among treatments (Table 3). Also, the slope
of the regression between absolute fluctuating asym-
metry (|L-R|) and average leaf side width ((L+R)/2)
indicated significant size scaling for the lightly and
heavily grazed areas as well as for the control. The
fluctuating asymmetry indices and the results of their
analyses are also shown on Table 3. More specifi-

antisymmetry was not present (Palmer, 1994; Sokalcally, RFA, CTFA and FA10 produced significant

and Rohlf, 1995).

As far as the directional asymmetry is concer-
ned, the mixed model of two-way analysis of va-
riance showed that this was not significant (Table
2). The side by individual interaction thogh was si-

Table 2.Variance components in a mixed model of two-way
ANOVA (side x individual leaves) foPhillyrea latifolia.

Source of variation  df Mean F P
squares

Sides 1 0.220 2.26 0.1332

Individual leaves 1280 2.868 29.28 0.0001***

Side x individual 1279 0.096 11.56  0.0001***

Error 2195 0.008

***P<0.001.
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differences between treatments. The control had si-
gnificantly lower values of these indices in compa-
rison with the grazed treatments.

The effects of the different levels of grazing
pressure and leaf location on the variation of fluc-
tuating asymmetry are shown in Figure 3. The com-
parison between the upper part of the plants, whi-
ch is not reached by goats, and the lower part, whi-
ch can be reached by the animals, revealed that the
lower part had smaller leaf width (F.=12.47
P<0.001) but larger fluctuating asymmetry, (F,
values were 4.74, P<0.001 for RFA, and 4.57,
P<0.001 for CTFA). In the control treatment, no
statistically significant differences were found
between the upper and the lower part of the shrubs
as it was expected.

Fractal dimension
The fractal dimension ([pof the branch structu-
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a indices D, and7, (Table 5).The upper branches
showed greater space occupancy, (E 1119.77,

5.2 P<0.001) and a more uniform distribution
(F,.,=1568.18, P<0.001) of their shoots. Moreover,

48 o Dw thélilﬁteraction between grazing and location of the
4.4 mUp branches on the shrubs was also statistically signifi-
4,2 cant (F, ,,, values were 67.52, P<0.0001 foy &nd

4 ' T - 111.81, P<0.00%,, (Table 6). In the ungrazed tre-

(R+L)12
D
o

ungrazed  lightly  moderately heavily atment, Duncan'’s test revealed that thedues did
gazed  gazed  grazed not differ between the upper and lower parts except
Treatments for 7, that differed significantly between the two
locations.
b
04 Cistus monspeliensis
o o
o 0:1 mUp Translational asymmetry
0+ : : : For Cistus shoot length did not vary significan-
ungrazed  lighty =~ moderately heavily tly between the different levels of grazing pressure,
gazed  grazed  grazed as expected (Table 7).
Treatments The leaf arrangement on the shoots fitted the
equation L=8.39 R°%e%2N averaged for 179 sam-
c ples. The intercept of the equation (Ink) was signi-
ficantly affected by the different grazing treatmen-
8,3- ts. Lightly and moderately grazed plants presented

larger intercept, i.e. larger internode length at the

8’? base of the shoot than the heavily grazed ones. Sca-
4] B Dw ling parameter a was significantly different betwe-
0,31 mUp en the grazing treatments and attained its highest
0,21 value in the heavily grazed area meaning that the
0,(1)- . ' ' plants started growing earlier in the season than in

ungrazed  lightly moderately heavily the other_t_reatme_nts. On the contrary, no statisti-
gazed  grazed  grazed cally significant differences were found for the sca-
ling parameter b suggesting that the plants in all
grazing treatments presented the same inhibitory
growth ratio.
Figure 3. Fluctuating gsymmetry m_dlces of thg Iqwer (Dw) and The R . and the standard error of the regression
upper (Up) parts oPhillyrea latifolia shrubs within each gra- fter th ad lizati bv th int d .
zing treatment. Mean values of the average trait size (L+R)/2 a e'; e norma |za. IOI’_] . y the average Interno e size
b. Box-Cox transformation of log |(L/R)| (CTFA) amdRelative (Syx/ y) were not significantly affected by grazing
fluctuating asymmetry (RFA) of |L-R|/(L-R)/2. pressure.

RFA
o
~

Treatments

re of thePhillyrea shrubs under different levels of Fractal dimension

grazing pressure, irrespectively of the location ofthe  D,, and7, in Cistuswere significantly diffe-

branches on the shrub, revealed that the ungrazedent among the grazing treatments, (Fvalues

plants had significantly higher fractal dimension than were 8.65 P<0.001 for D5.36 P<0.01 forj))

the grazed ones (-, =18.64, P<0.0001) (Table 4). (Table 8). The plants of the lightly and heavily

Similar results were also produced fg§ which at- grazed areas presented greater branch occupancy

tained its highest value in the control area than shrubs growing in the moderately grazed area.

(F,,;716.63, P<0.0001), where the branches wereAlso branches were more heterogeneously distri-

apparently more uniformly distributed than in the buted under the moderate grazing conditions as

grazed treatments. the evenness index attained its lowest value in this
On the other hand, significant differences were treatment.

found between the upper (ungrazed) and the lower

(grazed) part oPhillyrea shrubs in the information
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Table 3.Mean values of the fluctuating asymmetry indices Pdiillyrea latifolia leaves corresponding to different grazing pressure
levels. Means * se (n) of average leaf size (L+R)/2, slope = se of the regression between absolute asymmetry vs. avedage leaf s
length. Relative fluctuating asymmetry (RFA) is |L-R|/(L-R)/2 and Box-Cox transformation of log (L/R) is the CTFA. FA10fvalies
Palmer (1994) (MSm is the measurement err@rindicates the fluctuating asymmetry and df are the degrees of freedom after partitio-
ning out the measurement error).

Treatments n (L+R)/2 RFA CTFA FA10

X tse slope #se X £se Xtse MSm 2z df
Control 299 4877 +005 0.025+0.01" 0.047+0.04 0.321+0.11 0.00541 0.0276 246
Lightly grazed 300  4.898 + 0.05 0.054 + 0.02*** 0.056 + 0.04  0.357 + 0.12 0.0115 0.0541 243
Moderately 300 4584+005 0.026+0.02 0.056+0.05 0.350+0.12 0.00674  0.0508 262
grazed
Heavily 290 4661 +0.06 0.059 +0.01"* 0.054 £0.04 0.349 £ 0.11 0.00876  0.0493 242
grazed
Fymen 10.03** 311 5. 72" 11.56*

*Means with the same letter within the same variable are not significantly different at 0.05 (*) and 0.001 (***) leveldic&sami

Table 4.Means of fractal dimension (P and average evenness  Table 5.Means of information dimension (Dand average even-
index J, of Phillyrea latifolia in the four grazing treatments. ness indexj, for Phillyrea latifoliain each of the two shrub parts.

Variable  Ungrazed Grazed treatments Variable Upper part Lower part

Light Moderate ~ Heavy

D 1.65a’ 1.36b

D, 1.61a 1.46b 1.48b 1.46b 7o 0672 0.39

Je 0.61a 0.50b 0.51b 0.49b

*Means with the same letters within the same variable are not
*Means with the same letter within the same variable are not si- significantly different at the 0.001 level of significance.
gnificantly different at the 0.001 level of significance.

Table 6.Interaction means of information fractal dimension)(@nd average evenness indgy in the upper and lower parts of variou-
sly grazedPhillyrea latifolia shrubs.

Variable Control Grazed treatments
Light Moderate Heavy
Upper Lower Upper Lower Upper Lower Upper Lower
D, 1.61b! 1.60b 1.65a 1.28¢ 1.68a 1.29¢ 1.66a 1.27¢
m 0.63b 0.60c 1.66b 0.34d 0.70a 0.32de 0.70a 0.30e

*Means with the same letters within the same variable are not significantly different at the 0.001 level of significance.

Discussion ting asymmetry). This is particularly true when we
look at both the unreachable and reachable by goa-
Phillyrea latifolia ts parts of the shrubs together. The separate analy-

ses of the upper and lower parts revealed Rinalt
The results produced in this study revealed thatlyrea was able to compensate the stress produced
Phillyrea is developmentally more unstable under in the lower part by increasing growth and main-
grazing than under no grazing (larger leaf fluctua- taining developmental stability in the upper unrea-
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Table 7.Means + se and F values of the mixed model analysis of covarian@dtus monspeliensjsvith shoots nested in individual
shrubs and the neperian logarithm of shoot base diameter as covariate. Dependent variables are the scale asymmetry pélnameters o
relation between internode length and node order (Sa, ®llj Bnd Syx¥), and equation parameters a, b and Ink were derived from the
equation L = kNe®N

Grazed treatments

Variable Fous P
Light Moderate Heavy

Length (shoot) 169.43 = 33.39 177.97 £ 53.51 175.98 + 42.27 0.96 0.386
a 0.951+0.523ab’ 0.835 £ 0.574b 1.105 + 0.471a 4.92 0.009*
b -0.260 £ 0.123 -0.213 £ 0.129 -0.242 £ 0.112 2.71 0.071
Sa 0.497 + 0.165 0.494 £ 0.165 0.452 + 0.124 1.86 0.159
Sb 0.092 + 0.045 0.090 £ 0.039 0.079 £ 0.029 2.14 0.122
R 0.477 £ 0.198 0.416 + 0.237 0.456 + 0.201 2.19 0.116
Syxl'y 0.252 + 0.092 0.256 + 0.115 0.248 £ 0.110 0.49 0.614
Ink 2.264 + 0.448a 2.184 £ 0.569a 1.935 + 0.550b 5.87 0.004*

*Means with the same letter within the same variable are not significantly different at 0.01 (**) level of significance

chable shoots. It seems that the increased growthdamaged meristems that can lead to branch deve-
of the shoot length of the grazed plants was a reacdopment is required as well as sufficient resources
tion to grazing stress in order to counterbalance theto support this development. In our case, the tree
removed growth by the browsing animals. Peren- form of Phillyrea allowed enough amount of unda-
nial plants usually exhibit a stress tolerance stra- maged shoots and meristems to support the whole
tegy (Grime and Hunt, 1975; Chapin et al., 1993) plant.
in their development under dry conditions, i.e. slow  The results forPhillyrea agree with previous
growth rate Phillyrea, on the contrary, exhibited a studies. For exampléAnthyllis cytisoidesalso a
stress avoidance strategy under grazing, i.e. fastepalatable species, was found to increase its deve-
growth rate, which is more common in annual plants lopmental stability under moderate grazing as com-
(Huhta et al., 2000; Vrahnakis, 2000; Alados et al., pared with the light and heavy one (Escos et al.,
2002). It has been shown that grazed and damaged 997; Alados et al., 1998). The fact that all grazed
plants produce in many cases more biomass thartreatments produced the same response possibly in-
the control plants (Oesterheld and McNaughton, dicates thaPhillyreais well adapted to grazing and
1988; Georgiadis et al., 1989). According to Huhta intensity seems not to affect its development sub-
et al., (2000), for compensatory regrowth to take stantially. Probably this reaction is related to the
place, the existence of a sufficient amount of un- reduction of competition (Belsky, 1987), since it is
a dominant and palatable species in the shrublands
Table 8.Means of information dimension (Dand average even- studied. ) ) .
ness indexj;, for Cistus monspeliensis in the three grazing tre- The genetic basis of fluctuating asymmetry has
atments of one-way ANOVA with grazing level as fixed effect been a subject of serious consideration in the litera-
factor. ture. Mgller and Thornhill (1998) claimed that the
presence of fluctuating asymmetry in individuals has
a low but significant heritability. In this study, we

Grazed treatments

Variable
Liaht Moderat H demonstrated that fluctuating asymmetry can be pro-
'9 oderate eavy duced as a result of environmental disturbance
without genetic differential influence. The absence
D, 1,723 1.64b 171a of directional asymmetry as well as antisymmetry is
S not the only proof. The results revealed significant
Je) 073 0.67b 0738 differences of fluctuating asymmetry between the

upper and lower parts of tHehillyrea shrubs that

*Means with the same letter within the same variable are not si-
undoubtedly have the same genotype. The lower part

gnificant at the 0.001 level of significance.
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that suffered from grazing showed higher asymme- Cistus monspeliensis
try values. Moreover, we had no statistically signi- The results of the translational asymmetry analy-
ficant differences between the two parts of the shru-sis confirm thaCistuswas not affected by grazing
bs growing in the control area, since both parts wereat all including the reduction of competition, espe-
not grazed by animals. In our opinion, this fact sug- cially in the heavily grazed treatment, as it is adap-
gests that fluctuating asymmetry can be a direct pro-ted to stressful areas. This particular species is able
duct of developmental noise. to avoid drought stress with a major reduction, al-
On the other hand, the results of the fluctuating most three-fourth, of its foliage during summer sin-
asymmetry analysis are in contrast with the onesce itis a seasonally dimorphic species (Margaris and
produced by the translational asymmetry, since theVokou, 1981), and also presents less spatial variabi-
shrubs of the grazed treatments were found to be lesdity but more temporal changes in leaf angle and leaf
stressed than the control. In fact, the outcome of thearea in comparison with other sclerophyllous spe-
two methods is not fully comparable. This is becau- cies (Werner et al., 2001). Thus we can say that it
se the translational asymmetry analysis was basechas a rather opportunistic behavior with flexible re-
on shoots taken only from the upper (above 1.5msponses and changes in its structure as an adaptive
height) part of the shrubs, while the latter on leavesfeature to changing environmental conditions.
taken from both the upper and lower parts of the  The results of fractal analysis also indicate that
shrubs. For this reason, the results of the fluctuatingthis species is very well adapted to disturbed situa-
asymmetry analysis should be considered as moreions (e.g. heavy grazing), while under moderate
realistic and a better expression of the grazing ef-grazing pressure competition with grazing-adapted
fects onPhillyrea. On the other hand, the discre- species may disturb it. Alados et al. (1998) reported
pancy of the two methods of measuring developmen-thatChrysothamnus grenivas also more stable un-
tal instability suggests that f&hillyrea it is more der heavy grazing pressure because it is adapted to
important to maintain the structural stability of the stressful areas. These results agree with the ones
shoot than leaf symmetry probably because the pro-found by the translational asymmetry analysis whi-
duction of evergreen leaves is a rather costly phy-ch showed a greater shoot elongation in the mode-
siological process that it is repaid by its increased rate grazing treatment. Under heavy grazing pressu-
longevity (Gratani and Bombelli, 1999; Werner et re though, compensatory branching was more im-
al., 2001). portant than shoot elongation as the intensity of com-
The results of the fractal analysis Bhillyrea petition for light with the surrounding species was
branches showed the smaller values pald7, in low (Huhta et al., 2000).
the grazed treatments, especially at the lower part
of the shrubs, which may imply that there was no
efficient gas exchange and substances between th€onclusions
plants and the atmosphere (Sugihara and May, 1990;
Alados et al., 1999). This lower branch complexity 1. The upper, ungrazed part of the palatable shrub

and homogeneity in the grazed plantsPdiillyrea
was paired with their larger developmental instabi-
lity, found with the fluctuating asymmetry indices,

Phillyrea latifolia maintains its developmental
stability when the lower part is grazed, while it
becomes unstable when the whole plant is un-

grazed indicating that this species is well adap-
ted to grazing pressure. On the other hand, gra-
zing increases leaf fluctuating asymmetry and
reduces the fractal dimension of its branches, thus
affecting negatively its growth and productivity
of this particular species. It seems therefore that
a light to moderate grazing is needed to ensure
both stability and increased productivityRffil-
lyrea shrubs.

Developmental stability of the unpalatable shrub
Cistus monspeliensis not affected by grazing,
although its branch fractal dimension declines
under moderate grazing situations, probably in
relation to competition with the other species that
are adapted to grazing pressure. Both heavily

suggesting that grazing is an important stress factor
that affects negatively the growth and productivity
of this particular species. As a matter of fact, the
interaction values of Table 8 suggest that the more
Phillyrea shrubs are grazed the lower tfjg beco-
mes. In this sense, grazingRifillyreacould be con-
sidered that leads to productivity deterioration. On
the other hand, the fact that grazing, even when it is
quite intense, maintains the developmental stability
of the top parts oPhillyreashrubs (that are notrea- 2.
ched by animals) indicates that this species is very
tolerant even under heavy grazing pressure and may
suggest that a compromise must be found between
overgrazing and non-grazing in pastoral management
of this particular species.

2/
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disturbed and undisturbed situations favor an in-

creased branch complexity Gistus
Developmental instability and fractal dimension
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