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Abstract

Purpose of this research was to study the structure of the riparian forests of Trichonida Lake
in the Western Greece (a protected area of Natura 2000 network with Code GR2310009). The re-
search recorded four different types of structure consisting of mixed stands of Platanus orientalis
and Salix alba and pure stands of Platanus orientalis or Salix alba. The mixed stands of Platanus
orientalis-Salix alba were at the stage of the medium to thick trunks. They were dominated by
80 % plane trees and belonged to habitat 92C0. In the mixed stands of Salix alba-Platanus orien-
talis, Salix alba (60 % of the trees) appeared on the upper and middle storey and was absent from
the under storey, where only Platanus orientalis occurred. In this type of structure there were also
a few stems of Salix alba and Platanus orientalis in the aging phase with DBH> 120 cm. Platanus
dominated at the upper and middle storey and was absent from the understorey, which was dom-
inated by Salix. Mixed willow-plane stands resulted from penetration of willows into original plane
stands, which were at their eventual dominance due to the rapid growth of willows. These stands
were classified as habitat 92A0. The pure stands of Platanus were stable, multi-storieyed and at
the stage of medium-sized stems. The pure stands of Salix alba were very stable (slenderness in-
dex 39) two-storieyed stands (without understorey). Platanus was the pioneer tree species, while
Salix colonized the old Platanus stands and participated in all tree storeys. The intense human
presence in the area has had a negative impact on the structure and dynamic of the riparian for-
est, leading to the risk of possible change of habitat types. It is proposed to draw up immediately
a management plan, which should set limitations of human pressures, rehabilitation, restoration
and protection of the structure and habitats of the forest Trichonida’s Lake with the appropriate
silvicultural measures.
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Introduction

According to Baker (2002) the term ‘ri-
parian areas’ that describes areas ad-
jacent to surface freshwater bodies, first
appeared in the scientific literature in the
early 1970’s (Zaimes 2007). Since then, it
has been officially accepted by the scien-
tific community with hundreds of articles

and dozens of books being published,
related to riparian areas. Riparian for-
ests act as ecological corridors with sig-
nificant benefits for biodiversity (Sitzia et
al. 2018). From ancient times they served
as migration routes of flora and fauna
contributing to the exchange of biogene-
tic material (Gerken 1988, Kuhn 1991).
They are complex ecosystems affected
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by variable flood regimes, altitude climate
changes and mountain influences. These
factors put the plant community under
a wide range of competitive pressures,
resulting in a high level of biodiversity
(Naiman et al. 1993, Tabacchi et al. 1998,
Steiger et al. 2005). The great biodiversity
of riparian forests relies on the functioning
of riparian areas. Erosion, transport and
deposition of materials, the uprooting of
riparian vegetation from one area and its
establishment in another during flooding
are the basic functions of a river system
(Mandzukovski et al. 2021).

Riparian forests are considered to be
among the most dynamic ecosystems
with a very high biodiversity (Efthimiou et
al. 2016) They contain mainly hydrophilic
plant species, resistant to mechanical
pressure, since they have to deal with
a soil full of water and strong river flows
(Zogaris et al. 2007). According to Man-
dzukovski et al. (2021), the riparian forests
are very rich and dynamic ecosystems.
They are periodically flooded by surface
or underground water for a time interval
of a few days to a few weeks (Efthimiou
2000).

In a riparian ecosystem, water and
vegetation are in constant and mutual in-
teraction. The function of the flood contrib-
utes to the dynamics of riparian forests,
the colonization of islets and banks, the
reappearance of species in new loca-
tions or in areas that had been displaced
by other species. Flooding often limits or
displaces species that cannot withstand
inundation. First, the willow colonizes the
newly formed riparian soils and stabilizes
them. In the second year poplar enters,
and as the fastest growing species (Ho-
henberger 1989), surpasses the other
trees and dominates the upper floor.

These ecosystems are characterized
also by rich fauna and many different hab-

itat types despite the fact of their occur-
rence mainly on sandy soils. The rich bio-
logical activity makes riparian forests very
similar to rainforests (Efthimiou 2001).

Depending on their composition, struc-
ture, dynamics and ecological condi-
tions, two large groups of riparian forest
communities are distinguished: riparian
forests growing in places with direct influ-
ence of water and hardwood forests with
less, indirect influence of water (Efthimiou
2000, 2001).

Riparian forests are a key element
of Europe’s natural heritage with high
value due to their high biodiversity (Tsit-
sonis 2009). According to Cierjacks et al.
(2010), these ecosystems play an impor-
tant role in the storage of organic carbon.
However, knowledge about the spatial
patterns of organic matter distribution of
riparian ecosystems is still insufficient.

Dafis (1993) characterized the riparian
forests as ecosystems with great internal
stability and balance as long as they re-
main unaffected by any human activity and
intervention. But they are threatened with
immediate collapse of destruction after all
sorts of external disruptions. According to
Efthimiou (2017), the lack of management
of riparian forests led these ecosystems
to their degradation, shrinkage and often
their extinction. The intense grazing of the
riparian forests as well as their intensive
logging with the aim of converting these
areas into monocultures, (mainly poplar),
limited their surface to one third (1/3) dur-
ing the 18th century (Dafis 1993). There-
fore, there is an urgent need for their con-
servation. Unfortunately, the knowledge of
most European countries about the impor-
tance of these forests is still insufficient.
The natural riverside forests in Greece are
found around the rivers Nestos, Sperchei-
os, Pinios, Axios, Acheloos, Evinos and in
the lakes Volvi, Doirani and Trichonida.
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An ecologically importantriparian forest
of Western Greece is found around Lake
Trichonida. The riparian forest receives
very intense human activity but we have
very little knowledge (almost non-existent
research) about its structure. The original-
ity of this research is that it is the first at-
tempt to characterize the structure of the
riparian forest in a lake in Western Greece
which belongs to the European ecological
network Natura 2000. According to Dister
and Drescher (1987), Heller (1963, 1969),
the knowledge of forest structure and dy-
namic is a necessary precondition of the
forest’'s knowledge in general and of for-
estry capacity as well as decision making
regarding their management in particular
(Efthimiou 2012). According Chianucci
et al. (2016) its effective management is
hampered by the complexity of the inter-
actions of mixed tree species and the in-
fluence of environmental factors on plant
diversity.

A riparian forest is all the closer to na-
ture when it is made up of a spatial mosaic
of various types of structure, depending on
the phase of development and consists of
various overlapping floors with abundance
of climbing species. The description of the
remaining natural riparian forests in Eu-
rope combines the above characteristics
(Knapp 1971, Carbiener 1974).

According to Assmann (1961), the
slenderness index characterized the sta-
bility of stand. Low degrees of slender-
ness show constant conditions, while
high degrees are characteristic for stands
of non-constant structure (Réhle 1982).
More specifically, when a tree has me-
chanical stability H:D > 100 it is charac-
terized as very unstable, H:D = 80-100
unstable, H:D < 80 stable, H:D < 0.45 very
stable (Apatsidis 2013).

The main objectives of this research
were to answer the questions: a) what are

the structures of softwood riparian forests
found around Lake Trichonida? What are
the biotic and abiotic factors that threat-
ens them? Answering of these questions
could help the close-to-nature manage-
ment of these forests in the protected
area.

Materials and Methods

Lake Trichonida (Fig. 1) is located in
the southeastern part of the Prefecture
of Aitoloakarnania between the coordi-
nates 38°28 and 38°40’ north latitude
and 21°20" and 21°40’ east longitude, in
Western Greece. It is 20 km away from
the city of Agrinio and is one of the most
important lakes in Western Greece as it
has great aesthetic, ecological and fishing
value. It hosts a large number of rare and
endangered plant and animal species. It
has been included in the European Eco-
logical Network ‘NATURA 2000’ with code
GR2310009 (EEA 2021) as a Special
Area of Conservation (SAC).

Lake Trichonida is the largest and
deepest lake in Greece (Seguin et al.
2020). It is a warm monomictic lake of
karstic origin with an area of 98 km?, a
maximum depth of 58 m and a water vol-
ume of about 2.8-10° m® (Doulka 2010).
According to Zacharias et al. (2003) the
hydrological basin of Lake Trichonida has
an area of almost 400 km? and is charac-
terized as lowlands to semi-mountainous.
It is bounded north by the peaks of Mount
Panetoliko (1924 m), southwest by Mount
Arakinthos (<900 m) and east by Mount
Harama (<700 m). According to recent
studies by Kehayias and Doulka (2014),
Lake Trichonida is classified as an oli-
gotrophic lake with a trend of increasing
eutrophication, i.e., there is a movement
towards the prevalence of mesotrophic
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a

Fig. 1. The case study (a) (Papathanassiou 2016-2022) and Lake Trichonida (b)
(Network of Cities with Lakes 2021).

conditions.

For the study of the structure of ripar-
ian vegetation around Lake Trichonida, a
total of 5 representative sample plots con-
sisting of Platanus orientalis L. and Salix
alba L. were established. These two spe-
cies are found in four different stand types
(ST) differing in the composition of the
dominant arboreal vegetation (Athanasi-
adis 1985, 1986; Efthimiou 2000).

On each sample plot, all trees with a
diameter of 4 cm or above were measured
as well as height measured with the help
of Haga altitude.

Tree individuals were classified ac-
cording to the IUFRO classification sys-
tem (Dafis 1966, Dister and Drescher
1987, Smiris 1987, Efthimiou 2012, Efthi-
miou et al. 2015) according to their social
status. Their social status is characterized
by Classes of height in tree storeys (Up-

per storey: Middle storey, Under storey):

a) 100 Upper storey: individuals with a
height greater than 2/3 of the upper height
of the stand.

b) 200 Middle storey: stems whose
height varies from 1/3-2/3 of the upper
height.

c) 300 Under storey: stems less than
1/3 height of the upper height.

The structure data were processed
statistically and the diagrams were drawn
with the help of Excel. The parameters
of descriptive statistics for diameter and
height were calculated for each type of
structure in total, by type and by storey.
The total basal area per hectare (m?-ha™)
was also calculated in total and by species
for each surface. The mechanical stability
was calculated as (H:D) = total tree height
divided by DBH both overall for each sur-
face and by type and storey.
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Results

The research revealed that the riparian
forests consist of riparian tree species in
pure or mixed stands. The vegetation re-
corded in each type of structure studied
refers to the dominant vegetation. Final-
ly, the understorey was dominated by the
species Nerium oleander L., Rubus sp,
Vitex agnus-castus L., Agrostis vinealis
Schreber. Individuals of Juncus acutus L.
were also observed around the perimeter
of the survey area. A large part of the un-
derstorey was occupied by Rubus sp. and
Hedera helix L.

The four types of structure found and
measured in the survey area were:

(i) pure stand of Platanus orientalis
(ST1);

(i) mixed stands of Platanus orientalis
and Salix alba (ST2);

(iii) mixed stands of Salix alba and Pla-
tanus orientalis (ST3);

(iv) pure stand of Salix alba (ST4).

The detailed results for each type of
structure are analyzed below.
1. Pure stand of Platanus orientalis
(ST1)
It was a pure stand of Platanus orientalis,
which appeared in all classes with a di-
ameter of 15 to 70 cm (Fig. 2). The total
density of the stand was 338 stems-ha™,
with average diameter 40.11 cm, av-

erage height 25.71 m, total basal area
48.97 m?-ha' and slenderness index 64.
All these parameters characterize a fixed
stand (Table 1).

About 69 % of the total basal area was
produced from the upper storey. Also,
55 % of stems were in the upper-storey,
34 % in the middle-storey and 11 % in the
under-storey.

The tallest tree was 44 m. Most stems
appeared in the 34 and 38 cm DBH class-
es which, in terms of maturity phase, are
classified in the stage of moderate trunks
(Fig. 2), while a significant number of
stems were classified in the phase of ma-
ture trunks (classes of diameter 54 and
58 cm). The distribution of height showed
a multi-storey stand with distinct storeys
with four maximum in steps 19, 23, 29 and
35 m (Fig. 3).

2. Mixed stand of Platanus orienta-
lis-Salix alba (ST2)

It is a mixed stand of Platanus orienta-
lis and Salix alba with a total density of
332 stems-ha', an average diameter of
39.3 cm, an average height of 29.40 m,
a total basal area of 47.02 m*ha" and
the slenderness index is 75. That shows
that these are fixed stands (Table 2). Total
94 % of the total basal area was produced
by the upper storey.

The tallest tree was Platanus orientalis
with a height of 37 m. The largest num-

Table 1. Stand parameter statistics of Platanus orientalis pure stand (ST1).

Stand parameter

Upper storey Middle storey Under storey Total

DBH, cm 45.23
DBH [min—-max], cm 23-70
Height (H), m 32.74
H [min—max], m 24-44
Slenderness Index (H:D) 72
Total baszal a:ea (G), 33.89
m?-ha
Density, ha™' (share, %) 187 (55)

34.47 31.50 40.11
15-52 21-40 15-70
19.21 10.00 25.71
15-23 7-12 7-44
56 32 64
12.03 3.05 48.97
115 (34) 36 (11) 338
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Fig. 3. Height distribution of Platanus orientalis pure stand (ST1).

ber was found in diameter classes o of
50 and 58 cm, which classified to the ma-
turity stage of the moderate to thick logs
(Fig. 4). The height distribution shows a
storey stand with maximums at heights of
31 and 35 m (Fig. 5).

Total 75 % of Platanus orientalis indi-

viduals are in the upper storey, 25 % in the
middle storey while Salix alba appeared
equally only in the upper storey and un-
der storey (50 % are in the upper storey
and 50 % in the under-storey) and was
completely absent from the middle storey
(Table 3).



136 G. Efthimiou and P. Stergiannis

Table 2. Stand parameter statistics of Platanus orientalis-Salix alba
mixed stand storeys (ST2).

Stand parameter Upper storey Middle storey Under storey Total

DBH, cm 48.00 20.00 17.00 39.30

DBH [min—-max], cm 30-58 16-24 16-18 16-58

Height (H), m 34.29 24.00 6.35 29.40

H [min—max], m 31-37 19-29 6-8 6-37
Slenderness Index (H:D) 71 120 37 75

Total basal area (G), m*ha 44.08 2.18 0.76 47.02
Density, ha' (share, %) 233 (71) 66 (20) 33 (9) 332

B Platanus orientalis
@ Salix alba

Density, plants-ha™!

DBH, cm

Fig. 4. Diameter distribution of Platanus orientalis-Salix alba mixed stand (ST2).

Table 3. Stand parameter statistics of Platanus orientalis-Salix alba
mixed stand species (ST2).

Platanus orientalis Salix alba
Stand parameter Upper Middle Under Upper Middle Under
Total Total
storey storey storey storey storey storey
DBH, cm 4717  20.00 - 40.38 53.00 - 17.00 35.00
DBH [min—-max], cm 30-58 16-24 - 16-58 53 - 16-18 16-53
Height (H), m 34.00 24.00 - 32.00 31.00 - 6.35 24.00
H [min—max], m 31-37 19-29 - 19-37 30-36 - 6-8 6-36
Slenderness Index (H:D) 72 120 - 79 58 - 37 68
Total b;SZ?L:_:ea ©- " 363 218 - 391 735 - 076 8.1

Density, ha' (share, %) 200 (75) 66 (25) - 266 33(50) -  33(50) 66
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Fig. 5. Height distribution of Platanus orientalis-Salix alba mixed stand (ST2).

3. Mixed stand of Salix alba and Plata-
nus orientalis (ST3)
The mixed stand with Salix alba and
Platanus orientalis had a total density of
75 stems-ha™, average diameter of 33 cm,
average height of 15 m, total basal area
15.20 m?-ha' and the slenderness index
69. These results indicate that the stand
is stable or fixed (Table 4). Total 96 % of
the basal area was produced by the upper
storey.

Salix alba dominates with 45 stems
per hectare and is followed by Platanus
orientalis with 30 stems per hectare. For

Salix alba 78 % of the stems were in the
upper storey, and 22 % in the middle sto-
rey, while for Platanus orientalis 50 %
were in the upper storey, 33 % in the mid-
dle storey and 17 % on the under storey
(Table 5).

The tallest tree was 30 m (Platanus ori-
entalis). The largest number of trees were
found in the diameter classes of 14 and
22 cm which means they are at the stage
either of maturity or thin logs (Fig. 6).
Height distribution showed a two storied
stand with maximum number of stems at
13 and 17 m (Fig. 7).

Table 4. Stand parameter statistics of Salix alba-Platanus orientalis
mixed stand stories (ST3).

Stand parameter Upper storey Middle storey  Under storey  Total

DBH, cm 39.00 19.50 6.00 33.00

DBH [min—-max], cm 8-140 13-28 6 6-140

Height (H), m 17.20 12.50 2 15.00

H [min—max], m 13-30 6-18 2 2-30
Slenderness Index (H:D) 76 60 33 56

Total basal area (G), m>-ha™ 14.54 0.65 0,01 15.20
Density, ha' (share, %) 50 (67) 20 (27) 5 (6) 75
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Table 5. Stand parameter statistics of Salix alba-Platanus orientalis
mixed stand species (ST3).

Salix alba Platanus orientalis
Stand parameter Upper Middle Under Upper Middle Under
Total sto- Total
storey storey storey storey storey rey
DBH, cm 33.00 19.00 26.00 59.30 21.00 6.00 28.80
DBH [min-max],cm  14-120 14-23 14-120 8-140 13-28 6 8-140
Height (H), m 16.40 12.00 1420 19.00 13.00 2 11.30
H [min—-max], m 6-18 6-23 6-23 11-30 6-20 2 2-30
Slenderness Index (H:D) 92 43 76 71 59 33 54
Totalbasal area (G). - 590 0.28 618 808 037 001 846
Density, ha™' (share, %) 35 (78) 10 (22) 45 15(50) 10(33) 5(17) 30
25
_ 20 -
© .
= O Salix alba
2 15
E B Platanus orientalis
(=8
2
= 10 A
c
[
(]
5 7 " J
O T T T T T T \ T 1
6 10 26 30 122 142

DBH, cm

Fig. 6. Diameter distribution of young stands Salix alba-Platanus orientalis
mixed stand ST3.

Figures 4 and 6 indicate that certain di-
ameter classes are missing. These could
have been illegally logged, which is con-
firmed by the many stumps observed in
the study area during fieldwork.

4. Pure stand of Salix alba (ST4)
The pure stand of Salix alba had a total
density 67 stems-ha™ average diameter

of 31 cm, average height of 12 m, total
basal area of 5.56 m#ha' and slender-
ness index 39, which show, that these are
very high stability stands (Table 6). About
92 % of the total basal area was produced
by the upper storey. About 66 % of stems
were in the upper storey, and the remain-
ing 34 % — in the middle storey.
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Fig. 7. Height distribution of young stands Salix alba-Platanus orientalis
mixed stand ST3.
Table 6. Stand parameter statistics of Salix alba pure stand (ST4).
Stand parameter Upper storey Middle storey  Under storey  Total
DBH, cm 38.00 31.50 - 31.00
DBH [min—-max], cm 30-43 13-18 - 13-43
Height (H), m 15.00 10.00 - 12.00
H [min—max], m 12-17 4-7 - 4-17
Slenderness Index (H:D) 39 32 - 39
Total basal area (G), m?-ha™' 5.13 0.43 - 5.56
Density, ha'' (share, %) 44 (66) 23 (34) - 67

The tallest tree was 17 m. The largest
number of trees was found in the diameter
class of 42 cm, and therefore, the stand
can be classified in the stage of medium
trunks (Fig. 8). The distribution of height
shows a multi-storey structure (Fig. 9).

Discussion

Lake Trichonida belongs to the European
ecological network NATURA 2000 with
code GR23100089. In the study area, ripar-
ian forests with two dominant forest spe-
cies, Platanus orientalis and Salix alba,

were recorded around the lake.

The mixed stands willows dominat-
ed numerically (by 50 % of plane) on the
two upper floors while they were absent
from the basement. Mixed willow-syc-
amore stands resulted from the entry of
willows into original sycamore stands and
their eventual dominance due to the rapid
growth. These clusters should be listed in
habitat 92A0.

The pure stands of Platanus orientalis
(ST1) are fixed stands. They were found
on all storeys and in all size classes with a
greater appearance of trees in the stage of
medium and old age trunks. There is mod-
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Fig. 8. Diagram of diameter distribution of Salix alba pure stand (ST4).
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Fig. 9. Height distribution of Salix alba pure stand (ST4).

erate natural regeneration despite intense
human activity. A similar type of structure
with pure stands of Platanus orientalis, has
been studied in central Greece, around Pin-
ios River (Pipinis 2003). There the rebirth of
Platanus orientalis does not exist at all from
spermoblasts but only a few premoblasts
that came from illegal timbering.

The mixed stands Platanus orien-

talis-Salix alba (ST2) was the main and
most frequent variant of the riparian forest
of Lake Trichonida. The absence of Sa-
lix from the middle storey indicates their
possible logging or grazing in previous
years. The absence of Platanus from the
under storey and entrance of Salix shows
a dynamic tendency of the riparian forest
to be dominated by the Salix, if they are
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not protected as to ensure their natural
evolution.

The mixed stands Platanus orienta-
lis-Salix alba (ST2) are characterized as
stands with marginal stability, according to
the classification of the stability of a stand
(Apatsidis 2013). According to Nauvratil
and Maclsaac (1993), the high value of
the slenderness index is an indication
that there is competition between trees.
Consequently, the high value of the slen-
derness index, 120 on the middle storey,
shows that the trees of the middle storey,
which are only Platanus, show a strong
competitiveness with each other (tables 2
and 3).

According to Efthimiou et al. (2015) a
similar type of structure of mixed riparian
stands with Platanus orientalis, Populus
alba, Salix alba is found, in the riparian
forest of the river Richios where Platanus
orientalis and Salix alba appear in the mid-
dle storey and in the under storey, while
the upper storey consists of all three spe-
cies. In Peneus River Platanus orientalis
(Pipinis 2003), forms mixed stands with
Salix alba in which the two species ap-
pear on all floors of the stand. Mixed for-
ests of Platanus orientalis and Salix alba,
with a similar type of structure are found in
southern Bulgaria and specifically in Stru-
ma, Mesta, Ardas, Vacha, Chaia rivers
and their tributaries Dimitrov et al. (2018).
Research in a mixed riparian stand Plata-
nus mexicana Moric. and Alnus acumina-
ta Kunth, on the banks of the Xaltatempa
River, in the State of Puebla, Mexico, re-
ports that in the ‘gallery’ forest Platanus
mexicana, was recorded along the entire
length of the river and had the highest val-
ues in diameter, height and density than
Alnus acuminata (Luna 2018).

In the mixed stands of Salix alba-Pla-
tanus orientalis (ST3), the study of their
structure showed that Salix colonizes

the old stands of Platanus orientalis and
gradually appears on the upper two sto-
reys, probably due to the intensity of pres-
sures from human activities.Mixed stands
of Salix alba-Platanus orientalis are the
dominated riparian forest type around
Lake Trichonida. These are young mixed
stands in which Salix alba had greater
competitiveness (higher slenderness in-
dex values) than Platanus orientalis espe-
cially on the upper storey (Table 5). Salix
alba was absent in the under storey. This
dynamic is captured by the analysis of
structure elements in mixed willow-plane
stands. In the research of Efthimiou et.
al. (2016) on Richios River (Macedonia),
pure riparian stands of Platanus orientalis,
Populus alba and Salix alba were record-
ed in which the Salix alba penetrated into
old stands of Platanus orientalis and ap-
pears on all three storeys.

In the mixed stands of Platanus orien-
talis-Salix alba, the study of their struc-
ture shows that the Salix colonizes in old
stands of Platanus orientalis and gradu-
ally appears on all storeys or in some de-
pending on the intensity and time of pres-
sures from human activities. This dynam-
ics in mixed stands of Platanus has been
confirmed by similar structure research
in mixed stands Platanus-Populus-Salix
in deciduous riparian forest in SW Unit-
ed States and northern Mexico, in which
the Platanus is a pioneer tree species
(Stromberg 2002).

In both of the structure’s types of
mixed stand with plane and willow, the
willow participates in the upper storey. If
it is considered that the sycamore disease
has been detected in the area (verbal
communication with Management Body)
and given the ‘aggressive invasion’ of the
willow in the riparian forest, the 92A0 hab-
itat is likely to dominate in the future. This
must be considered seriously for the man-
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agement of the riparian forest.

Pure stands of Salix alba (ST4)
are stands with high stability. These
are two-storied stands with very high sta-
bility (slenderness index 39) while trees
are absent from the under storey at the
stage of maturity of the medium logs (Ta-
ble 6).

The study of Sitzia et al. (2018), on
the genetic diversity and structure of Salix
alba populations along fragmented ripari-
an corridors in northeastern ltaly (on the
Po Plain) on the middle of the river Brenta,
showed high genetic similarity among dif-
ferent structures. The magnitude of genet-
ic diversity in each structure and genetic
differentiation among them suggested
that these bases are dynamic, capable
and adaptive to possible changes in their
humid environment. A study by Piton et
al. (2020), on the semi-natural banks of
rivers in the French Alps (Isére, France),
showed that the restoration of the degrad-
ed bank of the river using willow planting
techniques, improved both protection
against erosion and riparian ecological
functions. These techniques are often
based on the establishment of Salicace-
ae species and sometimes Tamaricaceae
species that can be strongly affected by
the appearance of a beaver. In our coun-
try there are no such surveys.

The research on the structure of the ri-
parian forest of Lake Trichonida, which is
the first study of the structure of the ripar-
ian forest, showed that in recent years its
existence is directly threatened not only
by the intense human activity but also by
the fungus Ceratocystis platani (J.M. Wal-
ter) Engelbr. & T.C. Harr. A parallel can be
seen with the northern part of ‘Bosco Fon-
tana’ area of Italy, where the mixed decid-
uous forest is considered one of the most
endangered ecosystems in Europe.

Conclusions

In conclusion the riparian forest of Lake
Trichonida is dominated by Platanus and
Salix either in pure or mixed stands. Wil-
low invasion into sycamore stands created
mixed stands, in which willow appears with
a potential to dominate the upper floors in
the future. This shows a dynamic of pre-
dominance of 92A0 habitats against of
92CO0. A big problem for the riparian forest
of Trichonida is the absence of trees in
the lower floor (absence of regeneration),
absence of intermediate diameter classes
mainly due to intense human activities.
These pressures are changing the struc-
ture, undermining the natural dynamics
and the future of the structure and com-
position of the riparian forest. As a result
of the intense human presence, the cur-
rent riparian forest that exists in Lake Tri-
chonida, in western Greece, is noticeably
shrunk and degraded. This is especially
evident in mixed Salix-Platanus stands
(ST3) where many diameter classes are
absent between young and very old trees.
The existence of the riparian forest main-
tains the rich biodiversity of the area, which
gives it great ecological value and makes it
imperative to immediately protect, recover
and restore it with new plantings of riparian
forest species (Platanus, Salix, Populus)
in selected public areas around the lake.
The problems identified in the structure
and dynamics of the riparian forest must
be the basis for the immediate preparation
of a management plan, which provides for
its demarcation, the limitation of human
pressures (eig. illegal logging in site), for
the recovery, restoration and preserva-
tion of the structure, dynamics and of the
biotopes of the riparian forest of Lake Tri-
chonida in western Greece with appropri-
ate silvicultural measures.



Structure of a riparian forests in Western Greece 143

References

ApPaTsIDIS L.D. 2013. Slenderness coefficient
(H:D) Calabrian Forest stands and its sil-
vicultural meaning. 16th Panhellenic For-
estry Conference/Presentations & Annual
Meeting Pro Silva Europe, October 2013,
Thessaloniki: 216—229 (in Greek).

AsSSMANN E. 1961. Forest Yield Science, Or-
ganic Production, structure, growth and
yield of forest Passed. Publ. BLV, Munich,
Bonn and Vienna. 490 p.

ATHANASIADIS N.H. 1985. Forestal Botany I.
Spermatophyt systematics. Publication
Giachoudi-Giapouli, Thessaloniki, Greece.
119 p. (in Greek).

ATHANASIADIS N.H. 1986. Forestal Botany Il
(Trees and shrubs of Greek Forests). Pub-
lication Giachoudi-Giapouli, Thessaloniki,
Greece. 309 p. (in Greek).

BAKER T.T. 2002. Riperian Plants of New Mex-
ico. What is a riparian area? Cooperative
Extension Service Animal Resources De-
partment. New Mexico State University.
Las Cruces, NM. https://aces.nmsu.edu/
riparian/whtriparea.html

CARBIENER R. 1974. Die linksrheinischen
Naturrdume und Waldungen der Schutz-
gebiete von Rhinau und Daubesand
(Frankreich): eine pflanzensoziologische
und landschaftsokologishe Studie. In Das
Taubergiessengebiet — eine Rheinauen-
landschaft. Natur-Landschaftsshutzgebie-
te Baden —Wuttembergs. Ludwigsburg 7:
438-535.

CHIANuUccI F., MINARI E., FARDUSI M.J., MER-
LINI P., CuTIiNI A., CORONA P., MASON F.
2016. Relationships between overstory
and understory structure and diversity in
semi-natural mixed floodplain forests at
Bosco Fontana (lItaly). | Forest Bio geosci-
ences and Forestry 9(6): 919-926. https://
doi.org/10.3832/ifor1789-009

CIERJACKS A., KLEINSCHMIT B., KOWARIK I.,
GRAF M.F., LANG F. 2010. Organic matter
distribution in floodplains can be predict-
ed using spatial and vegetation structure
data. River research and Applications
27(8): 1048-1057. https://doi.org/10.1002/
rra.1409

DAFIs S. 1966. Struktur und Zuwachsanalysen
von naturlichen Fohren-Waldern. Beitrage
zurgeobotanische Landesaufnahme der
Schweitz, vol. 1: 1-75.

DAFIs S. 1993. The riparian forests. Amfivion,
EKBY, Thessaloniki 2. 14 p.

DimiTROV M., ILIEV N., Lissev N., DERMEN-
DzHIEV P., KAMBUROV |., BURDAROV D.
2018. Guidelines for Restoration and Man-
agement of Riparian Forest Habitats in Bul-
garia. WWF-Danube-Carpathian Program-
me. Bulgaria, Sofia. 46 p.

DisTER E.R., DRESCHER A. 1987. Zur Struktur,
Dynamik und Okologie lang liberschwemm-
ter Hartholzauenwalder der unteren March
(Niederosterreich). Verhandlungen der Ge-
sellschaft fiir Okologie 15: 295-302.

DouLka C.E. 2010. Contribution to the study
of the zooplantic bioscience of Lake Tri-
chonida. PhD thesis, Department of Envi-
ronmental & Natural Resources Manage-
ment, University of loannina. Agrinio: 5-6
(in Greek).

EEA (European Environment Agency) 2021.
Natura 2000 Network Viewer. 2000 site by
Birds Directive Sites or Habitats Directive
Sites. Esri, HERE, Garmin, USGS, EEA,
Copenhagen. http://natura2000.eea.euro-
pa.eu/# (Accessed 21.09.2021).

EFTHIMIOU G. 2000. Structure analysis, dy-
namic and ecological interpretation of ri-
parian forests of Nestos. PhD thesis, Aris-
totle University of Thessaloniki, Faculty of
Agricultural, Forestry and Natural Environ-
ment, Thessaloniki. 408 p. (in Greek with
English Abstract).

EFTHIMIOU G. 2001. Biological and ecological
requirements of hardwood riparian forest
species in protected areas. The case of the
Nestos delta. A.U.Th. Scientific Yearbook
of the Department. Forestry and Natural
Environment, Aristotle University of Thes-
saloniki 44: 319-332 (in Greek).

EFTHIMIOU G. 2012. The slenderness of the
softwood Riparian Forest species Salix
alba L. and Salix fragilis L. in the protected
area of Nestos Delta, Greece. Journal of
Ecology and the Natural Environment 4(1):
1-7. https://doi.org/10.5897/JENE11.114

EFTHIMIOU G. 2017. A multi-year study of the



144 G. Efthimiou and P. Stergiannis

dynamics of an artificial riparian forest in
North Greece. Fresenius Environmental
Bulletin 26(2): 1263—1270. https://lwww.re-
searchgate.net/publication/320923420
EFTHIMIOU G., GOUDELIS D., THEODOSIOU G.
2015. Research and Management of Ri-
parian Forest of Richios River (Macedo-
nian Tempi), N. Greece. Annals of the Uni-
versity of Craiova 20(56): 421-426.
EFTHIMIOU G., GOUDELIS G., THEODOSIOU G.
2016. Structure Analysis, Dynamics and
Proposed Management Measures of the
riparian forest of Richios river Protected
Area, N. Greece. Journal of International
Scientific Publications Ecology and Safety
10: 283-294. https://www.researchgate.
net/publication/315714791
GERKEN B. 1988. Auen, verborgene Lebens-
adern der Natur. Verlag Rombach. Frei-
burg. 131 p.
HELLER H. 1963. Structure and dynamics of ri-
parian forests. Verlag H. Huber, Bern. 75 p.
HELLER H. 1969. Living conditions and se-
quence of the floodplain vegetation in Swit-
zerland. Mémoire de Institute Suisse de
Recherche’s Forestiéres 45(1): 1-124.
HOHENBERGER E. 1989. Feuchtgebiete : Quel-
len, Fluesse, Seen, Moore. Ravensberger
Buchverlang GmbH, Germany. 128 p.
KEHAYIAS G., DouLKA E. 2014. Trophic State
Evaluation of a Large Mediterranean
Lake Utilizing Abiotic and Biotic Ele-
ments. Journal of Environmental Protec-
tion 5(1): 17—-28. http://dx.doi.org/10.4236/
jep.2014.51003
KNAPP R. 1971. Einfuhrung in die Pflanzenso-
ziology. Eugen Ulmer. Stuttgart. 388 p.
KUHN N. 1991. Die Eigenart des Auenwaldes
als Lebensraum. Schweizerische Zeit-
schrift fir Forstwesen 142(9): 731-749.
LunA J.M.E.A. 2018. Structure and diversi-
ty of the tree vegetation in a gallery for-
est in Puebla State. Revista Mexicana de
Ciencias Forestales 9(47): 230-252. doi:
https://doi.org/10.29298/rmcf.v9i47.154
MaNnDZukovskl D., CARNI A., SoTIRovskI K.
(Eds) 2021. Interpretative manual of Euro-
pean riparian forests and shrublands. Ss
Cyril and Methodius University in Skopje,
Hans Em Faculty of Forest Sciences Land-

scape Architecture and Environmental En-
gineering, Skopje. 154 p.

NAIMAN R.J., DEcAMPS H., PoLLocK M. 1993.
The role of riparian corridors in maintaining
regional biodiversity. Ecological Applica-
tions 3(2): 209-212. https://www.jstor.org/
stable/1941822

NAVRATIL S., MAclsaac D.A. 1993. Compe-
tition index for juvenile mixed stands of
lodgepole pine and aspen in west-central
Alberta. Forestry Canada, Northwest Re-
gion, Northern Forestry Centre Edmonton,
Alberta Forest Management Note 57: 1-8.

NETWORK OF CITIES WITH LAKES 2021.
Web site. Municipality of Dorida. https://
lakesnetwork.org/ (Accessed 21.10.2021).

PAPATHANASSIOU M. 2016-2022. Greece: Ba-
sic facts and Maps. Web site. https://www.
geogreece.gr (Accessed 20.03.2022).

PiPINIs H. 2003. Structure analysis, weighting
requirements and possibilities of exploita-
tion of the plane tree. PhD thesis, Aristo-
tle University of Thessaloniki. 316 p. (in
Greek).

PiToN G., LOUCOUGARAY G., DAUMERGUE N.,
BRETON V., EVETTE A. 2020. The beaver’s
menu: species and spatial selection of a
European beaver population and implica-
tions for riverbank bioengineering. Wet-
lands Ecology and Management 28(6):
901-908. https://doi.org/10.1007/s11273-
020-09754-9

ROHLE H. 1982. Struktur und Wachstum von
Stieleichen-Mischbestanden auf grund-
wasserbeeinflussten Standorten in der
Auewaldgebieten Sidbayerns. Forstliche
Forschungsberichte 51. Miinchen. 173 p.

SEGUIN J., AVRAMIDIS P., DORFLER W., EMMA-
NouILIDIS A., UNKEL |. 2020. A 2600-year
high-resolution climate record from Lake
Trichonida (SW Greece). E&G Quaternary
Science Journal 69(2): 139-160. https://
doi.org/10.5194/egqsj-69-139-2020

SITZIAT., BARCACCIAG., LuccHIN M. 2018. Ge-
netic diversity and stand structure of neigh-
boring white willow (Salix alba L.) popula-
tions along fragmented riparian corridors: a
case study. Silvae Genetica 67(1): 79-88.
https://doi.org/10.2478/sg-2018-0011

SMIRIS P. 1987. The dynamic development of



Structure of a riparian forests in Western Greece 145

Structure in virgin forests of Paranesti-Dra-
mas. Scientific Annals of the Department
of Forestry and Natural Environment, Ar-
istotle University of Thessaloniki, vol. 13:
480-593 (in Greek).

STEIGER J., TABACCHI E., DuFour S., Co-

RENBLIT D., PEIRY J.L. 2005. Hydrogeo-
morphic processes affecting riparian hab-
itat within alluvial channel-floodplain river
systems: A review for the temperate zone.
River Research and Applications 21(7):
719-737. https://doi.org/10.1002/rra.879

STROMBERG J.C. 2002. Flood flows and pollu-

tion dynamics of Arizona sycamore (Plata-
nus wrightii) West North American Natural-
ist 62(2): 170-187. https://scholarsarchive.
byu.edu/wnan/vol62/iss2/5

TABACCHI E., CorrRELL D.L., HAUER R., PI-

NAY G., PLANTY-TABACCHI A.M., WISSMAR
R.C. 1998. Development, maintenance
and role of riparian vegetation in the riv-
er landscape. Freshwater Biology 40(3):
497-516.  https://doi.org/10.1046/j.1365-
2427.1998.00381.x

TsITsoNis A. 2009. Approach of recreation-

al carrying capacity of the Nestos estuary

area: Selection of quality indicators. PhD
thesis, Aristotle University of Thessaloniki,
School of Geotechnical Sciences, Thessa-
loniki: 15-17 (in Greek).

ZACHARIAS |., DimITRIOU E., KoussouRris T.

2003. Estimating groundwater discharge
into a lake through underwater springs
by using GIS technologies. Environmen-
tal Geology 44(7): 843-851. https://doi.
org/10.1007/s00254-003-0829-7

ZAIMES G.N. 2007. Defining Arizona’s Riparian

Areas and their Importance to the Land-
scape. Chapter 1 in: Zaimes G.N. (Ed.),
Understanding Arizona’s Riparian Areas.
Arizona Cooperative Extension, University
of Arizona, Tucson, Arizona: 1-13. https://
extension.arizona.edu/sites/extension.ari-
zona.edu/files/pubs/az1432.pdf

ZOGARIS S., HATZIVARSANIS V., OIKONOMOU

AN., HATzINIKOLAOU Y., GIAKOUMI S.,
DimopouLos P. 2007. Riparian Zones in
Greece: Protecting riverine oases of life.
Institute of Inland Waters of the Hellenic
Center for Marine Research (HCMR). 96 p.
(in Greek) https://www.researchgate.net/
publication/260123115



