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Prediction of the appearance of tree of heaven
in forest communities in western Slovenia

Abstract

Background and Purpose: Tree of heaven (Ailanthus altissima) 75 one
of the most invasive tree species in Slovenia. Since its invasion into forests is
expected, we must raise public awareness and prepare guidelines for forest
management in the presence of invasive species. The aim of the research was
to predict the potential distribution of tree of heaven, to detect the most
endangered forest communities and to discover what characteristics of forest
stands make them susceptible.

Materials and methods: From databases, literature sources and field
observations, we collected all localities in which tree of heaven appears. We
assigned these localities geological, geomorphological, soil and climatic data.
We then built an ecological model and prepared a map of potential distribu-
tion. Based on the modelled future distribution of tree of heaven, we ran-
domly selected and sampled 50 plots in the area in which invasion is ex-
pected and outside of this area. We analyzed their morphological and
ecological strategies, ecological conditions, origin and social behavior spec-
trum.

Results: We found that tree of heaven has the largest invasive potential
in western Slovenia. The model showed that the most susceptible forest com-
munities appear in warm areas with pronounced climatic seasonality. Many
differences occur in floristics and plant traits of forest communities in ex-
treme positions, in terms of susceptibility to invasion, but in transitional
areas, these differences are not so obvious, only a higher pH of soil and ab-
sence of species characteristic of acidophilus communities are an indicator of
vulnerability.

Conclusion: Susceptibility to invasion by tree of heaven is mainly in-
fluenced by macro-climatic conditions; in the transitional zone, communi-
ties thriving on shallow soils over carbonate bedrock are more vulnerable.

INTRODUCTION

H which is autochtonous in China was first introduced in Europe

(Paris) in 1751 (3). It was disseminated because of its ornamental
value and was also used for afforestation of dry sites, as well as for some
economic purposes (e.g. for silkworm breeding) (4). TH is one of the
most invasive species in Europe (5). It has a continuous distribution in
the Mediterranean area and spreads along a gradient from the meridi-
onal to temperate zone (6—8). In Slovenia, it was first recorded in 1875
and is nowadays spread all over the country (9).

This is a typical pioneer woody species that appears in sites with
various disturbances. It can often be introduced in an urban environ-




Andraz Carni et al.

Prediction of the appearance of tree of heaven in forest communities

49 50 51 52 53 54

55

56 57 58 59 60 61 62 63 64

\ 14°

15°

160 ] [/ ] |

91

92

93

e

94

95

96

97

98[

99 7
00

01

02

/
v

03

04

o

|
|
\
|
\

Distribution of
Ailanthus altissima

7 © Coordinates
O Quadrant centroides

05 1

0 10 20

30 km
Lol | )

el [T 17

Figure 1. Map of distribution of TH in Slovenia. Localities with exact coordinates are indicated with black and localities presenting centroids

of quadrants by yellow points. The data are presented in MTB grid.

ment (10). It is a species of eatly successional stages that
can be found in forest stand gaps or in clearings (71). Its
ecological strategy is competitor (12). It is rare in closed
stands because it is outcompeted by competitive strong
species of late successional stages (13). In the region under
research, TH has been observed in sites in pole stages of
forest development but not in established forest stands.

Several phases can be distinguished in the mechanism
of establishment and dissemination of alien and invasive
species (14). The longer an invasive species is present in an
area, the more probable it is that it will inhabit all poten-
tial habitats. The first phase, the so-called lag phase, is the
time between arrival and the beginning of fast growth
and spread. Among the reasons for this delay can be con-
sidered: a lack of habitats propitious for its settlement,
their interdependence with other plants or unsuitable
genetic diversity. This phase can last decades, or even cen-
turies, but some species can be invasive immediately.

Intensive studies have been performed in the past to
discover how invasive plants, their plant functional types
and recipient environment interact, in order to determi-
nate the level of impact (75-17) and to predict the inter-
relation between an invasive species and the recipient
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community (18). Plant functional types are a non-phylo-
genetic grouping of species showing close similarity in
their response to environmental and biotic factors (19—
20). There are two main approaches in the classification
of functional types (21); the first is more concentrated on
morphological features, such as Raunkier’s life forms (22),
whereby the morphology of species changes depending
on the changing environment. The second approach is
based on ecological strategies, for which we used Grime’s
model of CSR (23). This model is based on how plants or
plant communities deal with stress and disturbance.
There are main strategies: competitors, stress tolerators
and ruderals, and their combinations. The position of
each species, as well as of communities, can be deter-
mined in a CSR triangle. The community thus gets a
functional signature (24).

Since there are still gaps in this knowledge, the aim of
our study was to discover which forests are threatened by
TH invasion and what their main characteristics are that
make them predisposed to invasion. Our task was to as-
certain the present distribution of TH in Slovenia. On
the basis of the present distribution of TH and variables
based on geology, geomorphology, soil data and climate,
to prepare an ecological model of its potential distribu-
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tion. Our goal was also to discover which forest types are
the most endangered by invasion and what makes them
vulnerable.

METHODS

Data on existing locations of TH in Slovenia were col-
lected from databases (25—26) and from available habitat
mapping data (27), and some field observations were also
done. The locations from databases and field observations
were geocoded, while the coordinates from habitat map-
ping data were calculated as centroids of polygons in
which TH occurs. All the coordinates of TH occurrence
in Slovenia were integrated into ArcGIS and a map was
prepared.

Since TH is distributed only sporadically in eastern
and central Slovenia, our research was focused on the
western part of Slovenia. A model of TH potential distri-
bution was constructed for this area. In recent decades,
modelling techniques have been developed that enable the
production of relatively exact maps of the potential dis-
tribution of species and communities based on present
species localities, environmental factors and accurate
modelling techniques (28-29).

'The basis for the preparation of the model was data on
localities in which TH occurs (346 points) and localities
in which TH was not found (1124 points) (29). We as-
signed to each locality information on bedrock (30), geo-
morphological conditions extracted from digital model of
relief (31), soil type (32) and climate extracted from

WorldClim database (33). As the main transport corridor
in the region is valley of the river Soca that correlates with
climatic corridor for penetration of the Mediterranean
climate towards the Alps, we did not take a transporation
network as input data for the analysis. Correlated vari-
ables were excluded anyway. In order to ascertain the
conditions that allow the appearance of TH we used the
program package WEKA (34-35). Within this program
we produced a classification decision tree by using algo-
rithm J4.8. We increased the values of the minimum
number of instances in a leaf while other parameters of
the algorithm were set to their default values (minimum
number of instances in a leaf: 2, use of unpruned trees:
no, confidence factor used in postpruning: 0.25, subtree
raising operation in postpruning: yes, use of binary splits:
no). Several potential models were thus obtained. The
final selection of the model was based on the qualitative
predictive performance estimated with 10-fold cross val-
idation. The model with the highest percentage of cor-
rectly classified instances was selected (Fig. 2).

For visualization of the results and preparation of the
map of potential distribution of TH in western Slovenia,
we determined in ArcGIS systematic points over the en-
tire selected region at a distance of 100 m. We then used
the decision rules of the classification tree to define
whether the conditions at a particular point are suitable
or unsuitable for TH occurrence. A map of potential dis-
tribution of TH was thus obtained.

In order to determine which are the most endangered
forest communities for TH invasion, we first did field
sampling. We randomly selected 25 points within the area
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Figure 2. Model prepared by WEKA program.
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of potential distribution of TH and the same number in
the area outside potential distribution of this species. We
used the shape of forest surfaces to ensure that points were
located within forest (36). On these locations, we sampled
200 m? large plots according to the standard procedure:
floristic inventory of each plot, plant species abundance
and cover were estimated by a seven grade scale and the
general characteristics of the stand were estimated (37).

We entered the data into the Turboveg program (38)
and elaborated them in the program package Juice (39).
We then performed clustering, Detrended Correspon-
dence Analysis (DCA) with passively projected bioindica-
tor values, comparison of bioindicator values, chorotypes,
morphological and ecological functional types between
clusters to detect the floristic, ecological, structural and
other features and to discover differences in communities
that thrive in the area of potential distribution of TH and
outside. In this way we estimated the characteristics of
invaded and non-invaded stands, and from the differ-
ences tried to establish the main characteristics that make
communities susceptible to invasion of TH.

Floristic similarities among communities were com-
pared using cluster analysis. We eliminated the relevé
with SD higher than 2 calculated on the basis of relative
Euclidean distance from further analysis. We prepared a
dendrogram, in which the original seven graded scale was
transformed to percentages and square rooted. We used
Euclidean distance and the Ward method for grouping
the samples. These data were also subject to Detrended
Correspondence Analysis (DCA) prepared in R software
(40) using the vegan package (41). Bioindicator values
were passively projected onto the two-dimensional ordi-
nation space of DCA.

We calculated the characteristic species for each cluster
with a fidelity measure and the Fisher test (42). The fidel-
ity measure was set to 0.5 in order for a species to be di-
agnostic.

In addition to the traditional approach to determine
the characteristic features of communities, we also per-
formed analysis of bioindicator values, chorotypes, plant
functional types (morphological and ecological) and spe-
cies behavior types, which reflect the ecological condi-
tions, origin, structure and functionality of communities.
We calculated all values on the basis of presence/absence
data. The results are presented by Box-plot diagrams and
differences between groups were calculated by Kruskal-
Wallis test. We used Pignatti ecological bioindicator val-
ues reflecting ecological conditions in the community and
they were set for each species according to Pignatti (43).
The data for the analysis of chorotypes, morphological
features and ecological strategies were provided by the

BiolFlor database (44), Flora d'Italia (45) and local flora
().

We also calculated social behavioral type, which is es-
timated according to the accepted phytosociological
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placement of each species in the syntaxonomic system
(46). Its structure in an individual forest type reflects eco-
logical conditions, dynamics and relationship within the
community (47). We considered the following types: spe-
cies of mesophilous forests Carpino-Fagetea, species of
thermophilous deciduous forests Quercetea pubescentis,
forest edge Trifolio-Geranietea, dry grassland Festuco-
Brometea, shrub and mantle species Rhamno-Prunctea,
species of acidophilous forests Vaccinio-Picetea and Quer-
cetea roboris and species of forest clearings Epilobietea.

RESULTS

We collected all available information about appear-
ance of TH and prepared the map of distribution (Fig. 1).
It shows that TH can only be found sporadically in the
central and eastern part of Slovenia, mostly along rivers,
whereas in the western part of the country, the distribu-
tion of TH is denser.

The model, prediction of which can be accepted with
87.96 % probability, shows (Fig. 2) that the most dis-
criminating variable for identification of TH habitat is the
mean temperature of the coldest quarter (winter). Based
on the structure of the model suitable conditions for TH
distribution are there where the mean temperature of the
coldest quarter is higher than 3.8 °C and precipitation
occurs seasonally or where the mean temperature of the
coldest quarter is lower than 3.8 °C, and the precipitation
of the driest quarter (summer) is low, altitude is below 655
meters, temperature seasonality is low and inclination is
less than 23.8°.

The model visualization (Fig. 3) showed that TH ap-
pears in the south-western part of Slovenia (at the Adri-
atic coast), below the Karst edge, on the Karstic plateau,
in the Vipava Valley and in the southern part of Goriska
brda. It is also distributed along rivers in more alpine re-
gions.

The Alnus glutinosa dominated community was elimi-
nated from further analysis, because it was an outlier. The
classification (Fig. 4) revealed that relevés can be classified
within four clusters (groups). The first and the second
groups were mainly sampled in areas in which TH is po-
tentially distributed, whereas groups 3 and 4 were sam-
pled in the area beyond it.

Figure 5 shows bi-plot of four groups of forest commu-
nities with passively projected bioindcator values on first
two ordination axes of the DCA analyses. The main gra-
dient is along the first axis, representing the transition
between communities classified by cluster 1, susceptible
to invasion of TH, to cluster 4 communities that are not
expected to be invaded. The position of clusters 2 and 3
along this axis is not so distinct but they can be distin-
guished on the second axis.

According to floristic analysis (Tab.1), diagnostic spe-
cies for clusters 1 and 2 are Hedera helix, Sesleria autum-
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Figure 3. Map of potential distribution of TH in the western Slovenia.
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Figure 4. Dendrogram of sampled forest communities revealed four
clusters (groups). Clusters 1 and 2 are susceptible for TH invasion
and cluster 3 and 4 are not.
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Figure 5. DCA analysis of forest communities with passively pro-
Jjected bioindicator values. Legend: red circles — group 1, blue
squares — group 2, green triangle — group 3, yellow diamond —
group 4. Groups correspond to Fig. 4.

nalis and Ruscus aculeatus; diagnostic species for cluster 3
and 4 are Oxalis acetosella, Prenanthes purpurea, Maian-
themum bifolium, Athyrium filix-femina and Polytrichum
formosum. Diagnostic species for cluster 1 are Cotinus cog-
gygria, Vincetoxicum hirundinaria, Ligustrum vulgare and
Crataegus monogyna; for cluster 2 are Asarum europaeum
and Galium laevigatum, for cluster 3 are Carex montana,
Fragaria viridis, Euonymus europaeus, Festuca heterophylla
and Cephalanthera longifolia; and for cluster 4 are Crenid-
ium molluscum, Cardamine trifolia, Isothecium alopecuroi-
des, Neckera crispa etc.

The dominant tree species in cluster 1 are Carpinus
betulus, Quercus cerris, Fraxinus ornus, Pinus nigra, Pinus
sylvestris, Robinia pseudoacacia, Quercus petraca, Ostrya
carpinifolia and Castanea sativa; in cluster 2 are Fagus syl-
vatica, Ostrya carpinifolia, Robinia pseudoacacia, Tilia
cordata and Ulmus glabra; in cluster 3 are Fagus sylvatica,
Castanea sativa, Pinus sylvestris and Quercus petraea; and
in cluster 4 are Fagus sylvatica, Picea abies and Abies alba.
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The analysis showed clearly that TH can be expected
in forests forming cluster 1, composed of sub-Mediterra-
nean lowland hornbeam forests, secondary black and scots
pine forests, turkey oak forests, sessile oak forests and
pubescent oak and hop-hornbeam forests. Cluster 2 is still
susceptible to TH invasion and is composed of submon-
tane and thermophilous beech forests, as well as ravine
forests. Cluster 3, which is less susceptible for TH inva-
sion, is composed of montane beech forests, chestnut for-
ests, sessile oak forests and scots pine forests. Cluster 4 is
also less susceptible to TH invasion and is dominated by
beech, Norway spruce and silver fir forests. In all these
forests the shelterwood management system is applied.

The ecological conditions represented by bioindicator
values in these communities are given in Fig. 6. In the
cases of light, temperature, humidity and nutrients, a
maximum difference (p < 0.001) can be found at two
extreme positions in cluster 1 and cluster 4, whereas clus-
ters 2 and 3 are in-between. Soil reaction shows that clus-
ters 1 and 2, representing susceptible communities for
invasion, show a higher soil reaction than the other two
clusters.

The origin of species (Fig. 7) shows that forest com-
munities originating from the Mediterranean area (clus-
ters 1 and 2) are more susceptible to invasion. On the
other hand, forests originating from colder areas (boreal,
mountains) are less vulnerable.
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Figure 6. Box-plots of Pignatti bioindicator values for light, tem-
perature, reaction (pH), nutrients and humidity. Box plots present
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samples are grouped as in Fig. 5.
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Figure 8. Box-plots of morphological functional types. Therophytes
are not present in most of samples (76%) in the other they have a
minor presence. Legend: numbers on y axis present percentage of

morphological functional types, samples are grouped as in Fig. 5.

Morphological functional types (Raunkier’s life forms)
(Fig. 8) show that there are more phanerophytes in poli-
dominant (sub)Mediterranean forests and more hemicryp-
tophytes and geophytes in montane forests.

Ecological strategies (Fig. 9) show that most of plots
are situated in the CS part of the CSR space. The separa-
tion of relevés in the plot is hardly possible, but we can
detect more plots from cluster 1 and 2 with more pro-
nounces competitor strategy and cluster 3 and 4 with
more stress tolerators.

Social behavioral types (Fig. 10) show the predomi-
nance of species from thermophilous deciduous forest,
forest edges and grassland communities in the (sub)Med-
iterranean influenced forests in cluster 1; clusters 2 and 3
are in-between, and cluster 4 is dominated by species of
mesophilous and acidophilous forests.
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Figure 9. CSR diagram with ecological functional types. Position of
the section in the CSR triangle is presented in the upper right side.
Legend: see Fig. 5.
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Figure 10. Box-plots of social behavioral types. Legend: FAG - species
of mesophilous forests, PUB - species of thermophilous deciduous
forests, RHA - shrub and mantle species, PIC — species of acidophi-
lous forests, EPI species of forest clearings, GER — species of forest
edges and dry grasslands. Numbers on y axis present percentage of
each social behavioral type, samples are grouped as in Fig. 5.

DISCUSSION

Analysis of present occurrence showed that a dense
population of TH can be found only in the western part
of Slovenia, which is under the influence of the Mediter-
ranean Sea. The situation is similar in neighboring Croa-

270

tia (48—49). In this area, TH has settled all appropriate
niches, whereas in central and eastern, more continental
parts of the country, it can be found only along transport
networks and rivers, which are the main drivers for the
spread of TH (8, 50). In this part, TH invasion has re-
mained in the lag phase for 150 years since its arrival in
Slovenia (9, 14). It is important to survey TH in the future
in those areas, in part because expected global warming
will cause Mediterranean-like changes of the climate (51)
and faster expansion of invasive species can be expected

(52).

TH appears in the areas close to the Adriatic Sea. It
also appears on the karstic plateau, with more pronounced
summer hydric stress (precipitation seasonality), but does
not appear above an altitude of 655 meters. The lower
temperature seasonality excludes the hilly region of Br-
kini, lying at lower altitudes in the hinterland. TH is also
distributed along the alpine rivers, which allow the flow
of warm air. The appearance in the Bovec region is the
result of planting in the past but the mild and humid lo-
cal climate apparently suits it. Slope is of a local character
and is decisive for the appearance of TH on a smaller scale
in the transitional area.

The classification and ordination diagram with pas-
sively projected indicator values shows that the main divi-
sion is on the axis light — moisture, whereby dry and light
(sub)Mediterranean forests classified within the cluster 1,
susceptible for invasion by TH, are on the one side and
humid and closed, less vulnerable forests of cluster 4 on
the other. This division can be explained by climatic
separation. TH spreads along the gradient from Mediter-
ranean areas towards the continent. Just as in the Medi-
terranean area the distribution of TH is mainly affected
by site fertility, in the continental parts of Europe climate
is decisive (6). However, in the transitional zone the ap-
pearance is influenced by other factors of a more local

character (e.g. soil) (53).

Light is certainly one of the crucial factor that enable
the invasion of TH. TH is one of the species that par-
ticipate in afforestation of abandoned grasslands. At the
same time it can be expected also in young forest (e.g. in
pole stage), but our research was focused on established
forests (11). At the same time it should also be taken in
consideration that the closure of canopy is different be-
tween oak, beech and spruce tree (54), but it corresponds
to the forest type. There exists an interrelation between
climate, forest type and light availability at herb layer.

TH is expected to invade more intensively hornbeam,
black and scots pine forests, as well as turkey and sessile
oak forests and pubescent oak and hop-hornbeam forests.
It can also easily appear in submontane and thermophi-
lous beech forests and in ravines. Invasion is less likely in
acidophilous sessile oak, chestnut and scots pine forests
and in montane beech, Norway spruce and silver fir for-
ests. (55—60). 'The riverine forest dominated by Alnus

Period biol, Vol 119, No 4, 2017.
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glutinosa that was eliminated from the analysis can also
be added to the group of susceptible communities. This
stand was sampled within the area susceptible to TH in-
vasion. Riverine forests from other regions have already
been recognized as vulnerable (61).

The ecological bioindicator values (43) show two ex-
tremes, cluster 1 is characterized by high light and tem-
perature and low humidity and nutrients, and vice versa
for cluster 4. Clusters 2 and 3 are in an intermediate posi-
tion. TH is drought resistant (62) and does not tolerate
shading (71). It seems that nutrients do not have an im-
portant role (6). The only exception in the case of indica-
tor values is the pH of the soil, moderately alkaline soil
can be found within clusters 1 and 2, which are more
susceptible to TH invasion, and neutral pH indicator val-
ues in clusters 3 and 4, which are less vulnerable to inva-
sion. It can be concluded that TH is a good competitor
on shallow soils on carbonate bedrock (63).

The analysis of chorotypes confirmed the (sub)Medi-
terranean origin of the species (3). In forests from suscep-
tible clusters 1 and 2, a higher proportion of Mediterra-
nean and Eurasian elements can be found, whereas
clusters 3 and 4 show a higher proportion of boreal species
and species from SE European Mountains.

Morphological life strategies reflect to a major extent
the climatic conditions (64) and therefore more phanero-
phytes can be found in polidominant (sub)Mediterranean
forests and more hemicryptophytes in the more mesic
forests of cluster 4. More geophytes can be found in mesic

sites on carbonate bedrock (65—66).

As all here observed tree species has C strategy in da-
tabase (44), this would mask eventual differences, we
calculated the CSR signature only on the basis of the herb
layer (67). The position of the CSR signature is close to
the CS axis, which means that these communities are
final stages of development. More competitors can be
found in cluster 1 and more stress tolerant and ruderal
species in the other three clusters. The higher proportion
of the latter strategies is caused by shading in closed
stands and human impact in more productive forests
(68—69). We could not find reasons for vulnerability from
the ecological signature. It has already been established
that TH can invade initial successional stages and forest
gaps and clearings, in which the ruderal signature is much
more pronounced (69).

Social behavioral type shows the predominance of spe-
cies from thermophilous forests, shrubby species and spe-
cies from forest edges and dry grasslands in cluster 1 and
partially also in clusters 2 and 3, whereas cluster 4 is
dominated by species of mesophilous and acidophilous
forests. A difference between clusters 2 and 3 is recogniz-
able and coincides with the bioindicator value for soil pH
(soil reaction). In communities from clusters 1 and 2,
which are susceptible to invasion of TH, a low proportion

Period biol, Vol 119, No 4, 2017.

of species from acidophilous forests can be found. These
species do not appear on shallow soils on carbonate bed-
rock and create a difference with communities of cluster

3 (and 4) appearing on deep, decalcified soils (70-71).

Our research, which forecasts the future distribution
of TH in the studied region, will offer the basis for the
preparation of measures to prevent its spread. Such pro-
cedures are common in other parts of the world (72), al-
though it is also necessary to take into consideration the
opinion of Brus et al. (73), who thinks that we must re-
consider our perception of TH and to accept it as part of
our natural environment.

CONCLUSION

Dense populations of TH can be found only in the
western part of Slovenia, whereas in central and eastern
Slovenia TH appears only sporadically, mostly along rivers.

We found that the main factor that initiates the inva-
sion of TH on a larger scale are macro-climatic condi-
tions, and site conditions on a smaller scale. In the re-
search area, the main factor for the appearance of TH is
the influence of the Mediterranean climate on a larger
scale and deep, decalcified soils on a smaller one.

TH can be expected in sub-Mediterranean lowland
hornbeam forest, secondary black and scots pine forests,
turkey oak forests, sessile oak forests and pubescent oak
and hop-hornbeam forests as well as in submontane and
thermophilous beech forests and in ravine forests. Forests
that are less susceptible to TH invasion are montane
beech forests, chestnut forests, sessile oak forests, scots
pine forests and forests dominated by beech, Norway
spruce and silver fir.
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“+ :[9] vuvigovquags1aL

vjo1A ‘T[] vuviuy) wnuingip + :[9] -38e vursuow vrpjja1s§ 7 (9] 3,&3%9. b@u&% +:9] NNHQQ@\ 0192U28 + :[9] SEA&&M vigvs <7 (%] Q.Sﬂdxi. sngmy + :[9] sn1sov9 sngmy ‘+ :[§) vavazad snauang) + :[1] 4a1s04d|
snale] <+ :[9] syvurflo vuvuouyn g + :[9] wnuymby wniprag + :[9) wniofiynu wngpuosog + :[9) wnswusild wmpsoqrruig) + :[9) wnarnby uorosofpy <1 :[9] vppato wnimvy g :[9] vavaviapsy vutograln) <+ :[9]
Sm&w&&& u..a.&mn\mw Ty vavdouna snuiluonsg <+ :[9] m&m&@& wnasing + :9) E%N\qu\ surwepIe)) i+ :[9] SSmSe\M H.NN\@N\Q < iy] VIUINITUYS SHUL0T) + :[9] soppgazsiia wnisizy) S+ :[§] smyniaq snu1div) + :[T] smnaaq
snurdivy) <+ :[9] vonpagls xou?) <1 :[9] wnoyyails winipodfyovsg + :[§] suvdina suoquog <+ :[9) vsoouau suowaul  :[1] vsourns snugy + :[9] vivisvpod wnipodosay < :[] snusvuvdopnasd 123 + :[7] ussaduws 423|

T2ATI 91 SUO[E 352105 DV*~*0°0°09°05 0T 080~ 08€ 00T FH 1980 F T ‘€86FF9"SH9TL0ST0T (IS) 2Ing
19AI[T pAEIP(

71 [B] seusoapds ~dss maafiuza

SUIA 4+ :9F [9] vuviuzazs vjoiA + 1€ + % [9] vaizy v]oiA 3 :6€ [9)] Stwa\\a. VIOIA + T + 01 [§] vuviuv) wnuingig + :6¢€ (9] M.N\wﬁu.&ﬂa VIUOLIA + HE + :0€ [9] Q@S@SS\Q vaIu0LIA 1 :CY “+:TH [9] s1a1d141
YUvIIIVA + :C¢ (1] suaosouvs snusj) + :9¢ [9] SN%&\.QMS.E.‘R +:¢ [9] suagna §E\®m§& +ICH “+:0F (6] wsonaior vfjariof + 1% [6] §§§n§\§ §§QQ§:§§ ST E T [9] snurut wnagyvy] + i€ [9] .ﬂb\uixa\u
wntomay <1k [§] vwaowq snxpy + 18y “+ 7 [9] gprurorflo wnovxvayy + gy [9] wnsoquilios wnisvupy + Gy “+ :G¢ [9] wnsosoqni wnlyduwids <1 :0G + 8% [9] vursuous vipyas + :0¢ [9] vipout viv)AS + 17T
[9] wrvuuzd 5\\@&3% T 7] vivuurd S\\@Qm&m. 1:/% [9] S.mwa\\nﬂ .e@usm +:0¢ (9] wonsoutop snquoS + ¢ [9] vavuivany winuvjog <\ :/¢ [9] N.Nu.s\m\m\ 0120u3S <1 :6E [9] varzaajay SESM&»% 1 %% [9] E\@@\&E&
vIAfIxvS + ] + 1/ [9] 919005 sngmyy <1 1/ [F] 19005 snqmy <1 F1 [9] vursasad vigmy + 3/ [§)] 919245 vsoyf + 17 [§] vusus vsoy + ¢y (6] snigonbi sngdjapripuheyy + G + 19 [§] worsudd snakg + :/3 + :Gg [9]
sypuratflo vruvuougng + G [9)] sypusny vivuouynJ + 6y % 5§ [9] wnupnby wnipro] 1 % (6] vigpnuaps vjjaaysajopnas <1 [ (9] suvdina vaunig + 5% (6] vjplqdiGryd vjjaiog + 0% [0] 2v11a-s1109.4v vjja40] +
8% [9] S%.?@NN X S&Q&Qb&aﬁ\ 1 :L€ (9] wnaafios §§\u.§.®eﬂ~ 3G+ pE [9] surgouoy SSQ&S&?& SpE 1 0€ [9] sypiowou o <+ 1/T + 19 [9] SN@@HSM&Q voq ‘+:8% [9] SNQ\.E vUGIUDID] ] + €T 6] wmvpnpun
wn1y10130)J + 1% (0] wnappmpun wniuuorsy] <\ :1¢ [9] wnipuadojoss suyihyg + : /% (9] susssoura wnioqividig <1 €7 [9] vumingor dss mozyomnayss vunalyg s+ 97 116 [9] wnuyasoaio wnuvpana] s+ 8% 1 i/
[9] snqpp sarzsvaag <+ G [9] wnarpusidd wmpsoguiuig) + 20 [9] vouvajls suosoljyr + :9% [9] slazdodly vdowouopy <1 %¢ [9] vorvuspuniy viugjopy + :Gy (9] viasauny vISULYIO)] + 1% (6] Huosutoqs wniupy + 06 “+
¥ [9] wnsnflo wnyipy + 11y (6] v1vounf viodzapy 1 0% [9] 21wao syvrnsapy + 10¢ “+ G [9] zhogliun vanapy <1 :¢¥ [9] wnonpails wnilduw)apy <1 ¢ [9] ssuapad wnilduvpapy + :9¢ (6] vqdiowdjod vruvgovp|
1y + 8¢ (9] ronpails mpnzn + gy [9] vuynzn) ppnny <1 8% [9] vazazpal vivung + 9% (0] vivuougnd viwqo + Q7 [9] stvsna vivuaT + i/ (9] wniafiging wnapry <1 :9¢ (6] wnonpys wnliqonay + ¢ [9]
SUPILSIU $1d0430quidT <1 17T + 17 [9] Smousa snukgpT + i/ (9] 4aStu snaliypv] + G [9] vuroyps vpnuy + g (9] v2luos ppnuf + 106 (9] uoSuvi-tjou susrpdus + 91 [9] wngpiofiod wniradiyy + 117 [9] wnuviuout
wnItddAL] + 16§ [9] wnansisy wnstiodfyy + gy + 1% [6] suopuads wn1uioso)(ry <1 :6¢ (9] 050jos vizuodnpy + 0% + : /1 [9] wnsousosvs wniovidrpy + g1 (9] wnijofiry] wntoviatp] s+ :¢g (9] Mourjop wniovidy <1
Ty + ¢ (9] syrqou voupdagy <1 i (9] $220ads SnA09IIET 1 1GT 1 L [9] Sniopo snioqajap] 1 ¢y [9] wnuviziaqgos wnidivsouwdry <1 ¢ [9] wnauinSups wniuviac) + :/¢ [9] wnsopou wniuviar) <1 6% [9] Sﬁ\e\\\&ﬁ&
wnypn) + :G¢ [9] 03ngjout wnipe) <1 20 + :8% [9] vs0rads sisdoaqyr) + 11 [9] suarsagnd sisdoapn) g+ ¢ [9] snuyp ppnsuvs] + ¢ + ¢ [§] smyp vpnsuvsy <1 % (9] suvsna vinpuadyny + :g¢ [9] s9192ds vongsaq

$T 1€ (9] voruvdi3 vongsa] + /1 [9] wsonsiza viguogdng 1 01 [9] svissurdlo viquogdng <1 61 (9] vigpnduy viquoqdng + :9¢ “+ % [9] snnuuv uoidsiig + 16§ (9] vouivs varg + % 9] viospuigar wingasinbyg + :G¢ [9]
uafjanut suovdidg + 117 [9] wnuviuow SSQQNSW “+:06 (9] vuvisngrivs s101dola(T S+ 17T “+ i1 [9] sngpv snuwmivion 1 :6 [9] §:$§.@&.§§ snyruvi(] + 1/ [9] Q.SEQN\ E&SQQ&GQ T L€ (9] rurarsppm viwiuacy
/Y + €T [9] ploaunp) ouydy(] + i (9] smansay snsul) <+ g + ¢t [9] syidvaf suardogsi) <1 i [9] sa19ads snaoury + Q1 “+ 7 [y vawSaov) sndavipw) g H1 + 19 [ soprosous ~dss smiowas vjjruodor) 1 :9% [9] vpifiyl
vR1440]PA07) S+ T [9)] Stsuaprups v2hu0) + :GT [9] ypumniny winargajor) + ¢ (9] wngofiovyis wniprur) + :/1 [9] avsna wnipodousy) + 16§ [6] vurafisuvs viuoppy) + :/% 1 €T (9] pyrisia wnisar) g 81 ‘1 |
[9] $2292ds x2417) “+ :0% [9] Syruny xo4p7) g 61 [9] 2rrg Xo4v7) + 8¢ [9] voursniiaf xouv?) 1 :¢y (9] shgovashyoriq xoivr) + 106 [9] susnpdusr sunuppivy) + y “+ 16§ (9] vuviyasvpm vpnuvdup) + :/ [9] vyofiqiusu
vypuruvyy) <1 i /¢ [9] veopfipuvis viunuppyy) <1 % (9] vsojja susosSvuviyy) + :6g [9] vopniovsosindind saprossopSng + 107 ‘1 :G [9] vipaus vzrag 1 0% 1 :9¢ [6] wnummoa wniaqilyovsg + 11y (6] wmnquind
ES@Q&Q\E% “+i6h 4 :/F [9] 1uvards wnugaalg <1 :G¢ [¢] S&S&& ynag + ¢ [9] Sx%:w& vjngagq + ¢ 9] vU110495 v114013g + T (] vuvidfvy viuvivg + :§ [9] SSMN:.SS&S\Q wnuadsy <1 :6 (9] 33&&»50
vpnaadsy s+ 1gg + 18 [9] snyofinuay sndvipdsy + 191 (9] snyofinusy sndvivsy + 6§ [9] virung siquay <+ :/ [Q] wnsouvs wnstioqiuly + :Gy (6] snsopnarsia uopoutouy <+ /% [9] stusoajls voyasuy + Gy [9] wnussin wnyyy|
251 (9] Somwads wnypy <1 1 [9] syppruvidd vinly <+ 3, [9] wuaftuo)oss susosdy + 3 [9] vrospdna viuowsidy + 106 “+ :Gg [9] vuridppod wnipodosay + :G¢ “+ 17 [9)] soprouripyd 4123y + 6 [9] wnuvpnssadsuout 4a3y|

:$3109ds 1Y

"PUNOIE F{ ], OU ‘52742 7224 JO AIM[MOOUOW ATV N TS G69°0-06°06 0€ 08T FOT T°00Z 809L18"ET0S0L86’ SH* TTROSTOT ANOT 0 ‘weradvyf-sssaayls oudlSoutop] juiniasarqy-1ofipunios oyrs) JoSIqUIED SLma
e[ QUOISWIT AIFE DTS 0F S OT08-ST 06°SLLO0T 680F0FTOTETT 9% 60£0S 10T232]dpod"6% Punore [T ou NV TTT0C 0¥ ‘070909 TT°06°SL0T 00T 9SLI0G6 €1 988£86'SH TT80S 10T ONslOA Y
mw:%::o‘::m 93 UT [{ ], OU ST 2IdY) VB[S UL#142427]/ 01 UONIISUERI) SSnM&%é\&NQ&EQ ‘s[ros ucusu.EﬁMANNﬁNﬁmﬁoa.ow...Omhoanwnwmmﬁoom.oomnmwmtO.Enmmwwwm.mw.ﬁNwOmSN.N_CE Ja0qe JM:\/OAMU.N%
“wngaSn.]-a]pato 0puty’] TOSIGUIED DIWIOIYD DUOIIWI‘([TTOT ST 0E S S 06~ 01°STTOTOI 00T EST I E1 I8HTE 9% 11805 10T TeqO[0D) ' OF in1ade,]-2v]va.40 01y [OSIqUIED DIWOIYD DUOISI

WIAIFHT0E S0 S 06~ 0€ €T 0L8°00T TIEES € 1°LL60E 9H 01805 10T NIUAC[O]"GF wtnsadn]-s1eouo] 0gastyo ] unsasng-avyofir ouowauyy Josordsy orzuar SUoISWI‘AI0T 0T S SL S 0T 06"
“CT'CEI0TS1 00T 8S6TL E1°LYL8E 99 F080S 10T 0N OIRIS Yy wirgadng-stizsaals ouSousopy [osodid] 21zpuay QuoIIWIQIGT0H 010 S 01 08" SEBEE 09T T00TH660L E1°SOTE 9% 1 180STOTP

qQelz ¢t wngasy.J-stsoajls oudSoutopy J0sodia o1Zpual1 QUOISIWI (ISZ090Z 0 S 0T 06~ 0€09E 08 00T 66985 € T°6ES0E 9F 0 180G [ 0T NIUAO[OJ"TH ‘Uniasn.[-1jofiound osvifixps ‘josorday

21ZPURI QUOISIWI [T 0E 0E0F T S 08 SE CTFHESV0TTELS CITOIST 9FS080S 10T IURY [ ULNS0121SOLSIULY] DI WNIdT-03S() [uin1ady,]-11]0fioun) 05pafixvs [0s01da] d1ZUaI ATRYD ‘[IEW OUO
1WIAIFTOE 0L 0F S S 0607 SH* 0SS 00T 8006°€ 1TTLIT 9% T180S 10T TBWINE -E108 BSLION (0 ‘win1ade,]-1#]0fiound oFv4fixyg [0sorda] d1zud1 reyd ‘rewt duorsawl‘qr‘oz 0L 0T 0¢ 16 S8"

-GE*8EC 086°00T°61T6"C1°8T00T 9% TI80S 10T Y[ 6€ PUnoTe H I, OU NV N T0°G 08 108080 €T LFT1 00T 8S0SHS € 1°CETH00 9% TTR0S 0T TPA0D) GE PUOISIWI* DY 0009 0S 0 08

283

Period biol, Vol 119, No 4, 2017.



