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The Vjosa River corridor:
a riverine ecosystem of European significance

Fritz ScHIEMER, Anton DREsCHER, Christoph Hauer & Ulrich Scuwarz

The paper provides an overview on the ecology of the Vjosa-Aoos river system in
the Balkan. Its unique value is due to the widely undisturbed and maintained flu-
vial dynamics throughout its course, from the headwaters in Greece (Aoos) to the
delta in southern Albania (Vjosa). The ecological functions and specific biodiversity
of river-floodplain ecosystems are highly dependent on their intact geomorphic dy-
namics. The construction of two commissioned hydropower plants would destroy
the Vjosa’s present high value as a natural heritage and constrict options for alter-
native socio-economic uses of the catchment. The apparent hazards of a dam con-
struction in the central part of the river course have not been seriously addressed
by the environmental impact assessment presented for the hydropower plans.
In order to strengthen a scientific approach for management, a collaborative study of
Albanian and international scientists was initiated at the floodplains of Pogemi and Ka-
livagi, which are representative of the middle reach of the river. A first combined study
took place in April and September 2017. It included an assessment of the geomorphol-
ogy of the river and its floodplains, its habitat turnover rates, vegetation ecology and the
biodiversity of major aquatic and terrestrial faunal groups. Despite the short field work
period, our assessment demonstrates an excellent conservation status of highest value.
The Vjosa deserves international attention as a natural laboratory for river ecology and
a benchmark for European environmental policy. Before major management plans are
implemented, a detailed scientific analysis of its social and environmental characteris-
tics should be carried out as a basis for an evaluation of long-term management effects.

ScHiEMER F., DRESCHER A., HAauer C. & Scuwarz U., 2018: Die Vjosa in Siidalba-
nien: eine Flusslandschaft von europiischer Bedeutung. )

Der Artikel gibt eine Einfithrung zu einer Serie von Aufsitzen, in der die Okologie
der Flusslandschaft der Vjosa in Stidalbanien und ihre Fauna und Flora behandelt
werden. Der einmalige Wert des Gebietes ist auf seiner weitgehend ungestdrten fluss-
morphologischen Dynamik begriindet. Der Bau von zwei kommissionierten Stau-
dimmen im Mittellauf des Flusses wiirde den einmaligen Wert des Fluss-Systemes
schwer beeintrichtigen und eine 6kologische Verschlechterung im Sinne der EU-
Wasserrahmenrichtlinie darstellen. Die offenkundigen Bedrohungen durch eine
Staudamm-Errichtung im Mittellauf der Vjosa bei Pocemi und Kaliva¢i werden in
den vorgelegten Umweltvertriglichkeitspriffungen vollig unzureichend behandelt.
Modernes Fluss-Management erfordert eine wissenschaftliche Basis. Um die Schutz-
wiirdigkeit des Gebietes zu illustrieren und die Notwendigkeit einer vertieften inter-
diszipliniren Erforschung klarzustellen, fanden im April und September 2017 erste
gemeinsame Untersuchungen von albanischen und internationalen Experten statt.
Sie umfassten eine Analyse der Landschafts- und Habitatstruktur und ihrer Dyna-
mik, erste vegetationsdkologische Untersuchungen sowie Erhebungen der Biodiversitit
wichtiger aquatischer und terrestrischer Faunengruppen. Unsere Befunde bestitigen
die naturschutzfachlich herausragende Bedeutung des Gebietes auf europiischer Ebe-
ne und zeigen, dass die Vjosa als weitgehend ungestortes Fluss-System internationale
Aufmerksamkeit verdient. Im Sinne einer europiischen Umweltpolitik sind vertiefen-
de Untersuchungen iiber die Schutzwiirdigkeit des Gebietes sowie der zu erwartenden
negativen Folgen von Staudammerrichtungen unverzichtbar.

Keywords: Balkan river, river-floodplain ecosystem, fluvial dynamics, habitat turn-
over, succession, biodiversity, conservation, river management, hydropower.
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Introduction

Large rivers and their floodplains offer manifold services for human well-being. They rep-
resent hot spots in natural purification processes and support groundwater aquifers for
drinking water supply and agriculture. They provide flood mitigation, maintenance of
natural biodiversity, and offer unique opportunities for development of tourism and rec-
reation (Junk et al. 1989, PETTs & AMOROS 1996, SCHIEMER 1999, NAIMAN et al. 2005,
ARTHINGTON et al. 2010). The key for understanding the processes responsible for eco-
logical services and the high biodiversity of riverine landscapes is their hydromorphologic
dynamics: especially flooding and high sediment transport lead to a continued turnover of
the landscape (TockNER & STaNFORD 2002, THORP et al. 20006), creating “hot spots and
hot moments” in the recycling of matter and the specific routing of nutrients and carbon
(McCran et al. 2003, Décamps et al. 2004, PiNay et al. 2007). Like other landscapes
controlled by frequent disturbances, floodplain rivers are characterized by a dynamic equi-
librium of characteristic habitats despite their continued change and biological successions
from pioneer stages to riverine woodlands (P1ckeTT & WHITE 1985, DECcamps 1996,
TownNseND et al. 1997, WINEMILLER et al. 2010). The mosaic structure in context with
the dynamic water level fluctuations provide the habitat conditions for a highly specific
and diverse biota (WARD et al. 1999a).

River engineering in the past has resulted in a strong reduction of the original fluvial dy-
namics in most parts of Europe (PETTS et al. 1989, Dynesius & Nirsson 1994). In turn
this has had profound and long-term environmental consequences and trends, e.g. in-
creased frequency of catastrophic floods, reduced water quality, uncontrollable incision of
river beds, dwindling groundwater resources in alluvial floodplains, and loss of biodiver-
sity (Buyse et al. 2005, Naiman et al. 2005, TockNER et al. 2008).

Over the past 20 years, operational rules for river management have been developed. EU
regulations, e.g. the Water Framework Directive, stipulate the maintenance of a good eco-
logical status. It became apparent that management must be based on a good scientific
understanding of the environmental conditions and trends, which requires interdiscipli-
nary research.

Our scientific knowledge about ecology and management of rivers refers primarily to
strongly impacted and deteriorated conditions. Today, this historic over-regulation of riv-
ers necessitates costly restoration measures for compensation. Wise river management
requires improved scientific understanding. Studies of natural reference sites are high-
ly significant in this respect (Buise et al. 2005, Nirsson et al. 2007, PorF et al. 2003,
ScuiEMER 2015, SURRIDGE & Harris 2007, VAUGHAN et al. 2009). This makes the Vjo-
sa so attractive for an international river science: with its widely unobstructed fluvial
morphology over the entire river corridor, its longitudinal continuity in water flow and
sediment transport processes from its headwaters to the Adriatic Sea, the Vjosa represents
an important reference system for dynamic floodplains that have already been lost all
across Central Europe.

The area is also highly interesting from a biogeographical point of view. With its high de-
gree of endemic biota (GRIFFITH et al. 2004, SHUMKA et al. 2018b this vol.) it provides ex-
cellent conditions to study ecological processes and the specific biodiversity under near-nac-
ural conditions. For these reasons, it should be conserved as a large-scale natural laboratory
for river ecology and a benchmark for environmental policy of pan-European significance.
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All this is endangered by the currently planned hydropower projects in the central parts of
the river at Pogemi and Kalivagi. These projects would destroy environmental services for
people in its valley and lead to a major loss of its specific biodiversity. The expected haz-
ards and threats of a dam construction are not properly addressed by the Environmental
Impact Assessment (EIA) presented for the Pogemi project plan.

In order to strengthen a scientific approach in the evaluation of management options we
organized an international Vjosa science conference held in June 2016 at the University
Tirana, together with Albanian colleagues. A memorandum was formulated, requesting a
3-year-moratorium on construction plans of the hydropower dams to allow for a detailed
assessment of the environmental, cultural and economic value of the Vjosa river system.

A research project was started in April 2017 and continued in September 2017 as a joint
venture of scientists from Albania, Austria and Germany.

The expertise represented in the team of over 20 colleagues included hydrology and geo-
morphology, geology, limnology, vegetation ecology, and taxonomy and biogeography of
major aquatic and terrestrial bio-indicator groups of invertebrates and fish.

Our program applied an integrated approach in order to create a solid background for
management decisions and to help build up scientific know-how at the local institutions.
Combining those interests with the expertise available at Albanian universities and insti-
tutions of higher learning provides the chance of jointly gaining insight and building up
an increased local capacity for assessing riverine landscapes and the expertise to commu-
nicate scientific know-how to the public and decision makers.

The main goals of our efforts are:

— an assessment of geomorphological dynamics

— an assessment of major habitat types and their turnover rates in the light of their con-
servation status in an European context

— asurvey of biodiversity and its distribution pattern, as well as an assessment of habitat
relationships and population and meta-population dynamics in a near-natural riverine
landscape.

With the presentation of first results and an outline of the general characteristics of the
Vjosa catchment, we provide a starting point for further studies, a strategy for further in-
tegrated research and a baseline for a continued environmental monitoring with regard to
the requirements of an Environmental Impact Assessment.

A short overview of the Vjosa catchment: geography, geology,
climate & hydrology

The Aoos-Vjosa river extends over 272 km from its sources in the Pindos mountains, east
of loannina at the foot of Mavrovouni (2159 m a.s.l.) in Greece through the south of Alba-
nia to the Adriatic Sea. During its course, it follows a SE-N'W direction. The first 80 km
are situated in Greece, where the river is named Aoos. The total catchment size is 6 704
km? of which 4 365 km? are on Albanian territory. Figure 1 provides an overview of the
Vjosa catchment and its main tributaries and major cities.
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In Greece the river flows through the Vikos-Aoos National Park characterized by deep
gorges. At the border to Albania a major tributary — the Sarandoporo — combines with the
Aoos to form the Vjosa. Because of the border situation, the alluvial loodplains of the Sa-
randoporo near the confluence are particularly undisturbed with well-maintained flood-
plain forests (Fig. 2). The channel pattern changes over its course in Albania (see Daja et
al. 2018 this vol.). In the upper section the Vjosa follows a sequence of steep canyons be-
tween Permet, Kelcyra and Dragot, entrenched in steep gorges intersected by areas with
large alluvial fans and islands (Fig. 2). After Dragot the river valley widens except for the
gorges of Kalivaci and Pogemi. At the city of Tepelena — before and after the confluence
with the river Drino — large gravel and sand bars formed by the braiding river dominate
the fluvial landscape. After Selenica the watershed slope of the river decreases, the valley
becomes wide, and the river starts meandering (Fig. 3d). The Vjosa discharges into the
Adriatic Sea north of the Narta lagoon, a managed “Nature Reserve"

Important tributaries are the Sarandoporo, Lengarica, Drino (catchment size 1 302 km?),
Bénca and Shushica (catchment size 715 km?).

Figure 4 illustrates the elevation profile along the river course in Albania with a steeper wa-
tershed slope in the upper reach. For the last 40 km before entering the Adriatic Sea, the
slope of the river is low. Here the river changes from a braided to a meandering course. This
interphase in river pattern occurs over a narrow stretch of about 15 km in length. The fol-
lowing delta spans over 15 km river course and almost 30 km coastline including the Narta
lagoon in the south (20,000 ha; see Fig. 2). Further information on the river course and its
accompanying landscapes is provided by DurmisHI et al. 2018 this vol., Pano & AvbpyLi
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Fig. 1: Map of the Vjosa-Aoos catchment. Indicated are major mountain ranges in the Albani-
an part (dottet line) and the position of major cities: Mif (Mifoli), Sel (Selenica), Poc (Pogem),
Tep(Tepelena), Per (Permet), Car (Carshova), Gji (Gjirokastro). — Abb. 1: Karte des Einzugsgebie-
tes Vjosa-Aoos. Die punktierte Linie zeigt grofiere Gebirgsziige im albanischen Teil, die Quadrate
markieren wesentliche Stddte im Einzugsgebiet.
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Fig. 2: Satellite overviews of the lower Vjosa valley with the delta into the Adriatic Sea and the Narta
lagoon. The image shows the short meander reach upstream of Mifoli and the intersection between
the meandering and the braided river course. — Abb. 2: Satellitenaufnahmen vom Unterlauf der
Vjosa mit dem Delta und der Ubergangszone zwischen der Mianderzone und der Furkationszone.

1984, Pano et al. 2008, Lazaripou-DiMITRIADOU et al. 2002, APOSTOLAKIS & SIMIXHIU
2008, CHATZINIKOLAOU et al. 2008, SEFERLIS et al. 2008, KesH-report 2009.

Geologically, the Vjosa catchment is embedded within five tectonic zones, the largest of
which is the Ionian zone. They are part of the Albanides-Hellenides chain, which togeth-
er with the Dinarides composes the dominant mountain range in the Western Balkans,
representing the southern zone of the orogenic Alpine belt. Tectonic movements during
the Permian-Triassic, the Jurassic, Cretaceous and the Neogene period led to a “fault and
thrust” system in Albania and NW Greece (DurmisHI et al. 2014, DurmisHI et al. 2018
this vol.). The complex tectonic structure consists of two domains, the eastern or Internal
and the western or External Albanides (ALiay 2006).

The lonian zone developed as a deep pelagial trough from the Triassic period onward.
The oldest Permo-Triassic layers are covered by dolomitic limestone sedimented during
the Upper Triassic to the Lower Jurassic period. The hard and consistent carbonate forma-
tions made of pelagic limestone of Upper Jurassic to Paleogene origin is covered by Oli-
gocene to Lower Miocene flysch. The succession is completed by pre-molasse to molasse
formations from the Middle Miocene onwards, consisting of various sediments like marl,
sandstone and organogenic limestone (for details see DurMIsHI et al. 2018 this vol.). The
south-eastern part of the catchment is characterized by Ophiolite, which is represented in
the fine-grained sediments of the Vjosa river and its eastern tributaries.



Fig. 3: Landscape scenarios along the Vjosa, a) constrained
section upstream Permeti (Photo: SCHIEMER), b) gorges
at Permeti (Photo: ScHIEMER), ¢) the river floodplain
system at Pogemi (Photo: Susic), d) downstream section
(near Mifoli), where the river changes from a braided to
a meandering form (Photo: DRESCHER). — Abb. 3: Land-
schaftsfotos a) eingeengten Flufllauf oberhalb von Per-
meti, b) Fluf8einschneidungen bei Permeti ¢) Furkations-
bereich des Flusses bei Kalivaci und Pogemi, d) Unterlauf
in Richtung Mifoli.
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Fig. 4: Landscape profile of the Vjosa in Albania (river km vs. altitude). — Abb. 4: Hohenprofil der
Vjosa (Fluss-km vs. Hohenlage).

The overall geomorphology of the Vjosa basin is characterized by a NW-SE orientation of
the folded structures and tectonic planes. The valleys of the Vjosa and their tributaries fol-
low predetermined tectonic lines of the Alpine thrust system. The middle part of the val-
ley is surrounded by mountain ranges with an elevation between 300 metres in the north
to almost 2000 m. a.s.l. in the south. The Gribe mountain range with its highest peak
Mt. Kudhésit (1907 m) separates the Vjosa in the north and northeast from the Shushica
valley in the southwest. At Pogemi, the river is situated between two parallel mountain
ranges composed of limestone and flysch. The groundwater resource of the Vjosa basin is
discussed by DurmisHI et al. (2018 this vol.).

The climate of the Vjosa catchment is subject to a variety of weather patterns during the
winter and summer seasons (Fig. 5). It is governed by its geographic position at the coast-
line facing the Adriatic and lonian Sea and its highlands backed upon the elevated Bal-
kan landmass. The coastal lowlands are characterized by typical Mediterranean-, while
the highlands have a Mediterranean continental climate. In higher altitudes the climate
resembles alpine conditions, but without glaciation (SEFeRLIs et al. 2008). The average an-
nual temperature oscillates around 16-17 °C in the coastal area and around 7 °C in the
northern mountainous region.

The hydrological regime is classified as pluvio-nival with heavy precipitation and result-
ing peak-flows in spring (Pano 2015). On average, the flow of the Vjosa exhibits a distinct
scasonal pattern with high water from December to April, intermediate flow in May and
October and low flow from June to September (Fig. 6). Referring to published informa-
tion (e.g. PANo & AvpyLr 1984, Pano 2015, KoLangct 2014 in ROssLER 2017), monthly
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mean flow values in the period 1967 to 1990 fluctuated considerably from year to year, es-
pecially in the high water period from November to May (see vertical bars in Fig. 6). The
annual mean flow for the whole period at Pocemi is 141.5 m?/s.

The mean annual value in Pocemi matches the annual flow measured at the gauge Dorez
(a few kilometres above Pocemi) for the period 1958-1990: 148,4 (range 66.4—324.1 m¥/s)
(in Pano 2015). The time series shows higher flow rates in the period 1958-1967 (180.7
m?/s) compared to 1978-1988 (140.1 m?/s). The average flow was particularly low in the
year 1990 (66.4 m/s).

From the time series 1967-1990 at Pogem the following high flood events are recorded:
1970: 2760 m3/s (Dec.)

1971: 4160 m>/s (Jan.)

1976: 2464 m>/s (Dec.)

1981: 2806 m?3/s (Oct.), 2293 m?/s (Dec.)

1982: 2670 m?/s (Dec.)

1985: 2619 m¥/s (Jan.)

1987: 2456 m?/s (Feb.)

1990: 2300 m?/s (Dec.)

Characteristic flood flow levels at Pogcemi are: HQ,: 1820, HQ4: 2620, HQ,,: 3130, HQ,,:
3630, HQs,: 4420, HQ,y: 4860 ms.

One of the shortcomings for the interpretation of our ecological data is the lack of de-
tailed data on hydrology and the rating curve connecting water surface elevation to dis-
charge. Long-term time series on magnitude, duration, timing and predictability of
floods pulses and flow pulses below bankfull, both in terms of river stage and discharge
need to be known for a detailed assessment. Information on flow is relevant for the un-
derstanding of the geomorphic dynamics, whereas the fluctuation of the river stage is the
master factor for the riverine and riparian biotic communities. A detailed monitoring of
such data is urgently required for an environmental impact assessment on the effects of
engineering measures.
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! Fig. 6: Hydrology. Mean
600 monthly flow rates at the Poge-
mi hydrometer station for the
period 1967 to 1990 (gauge
closed). The vertical bars in-
dicate the range of monthly
flow rates over these 24 years
of observations. Data from
KovraNEct in R&ssLER (2017).
300 — Abb. 6: Saisonale Abfluss-
werte der Vjosa bei Pogemi.
Durchschnittliche Monatsmit-
tel und deren Streuung in der
Zeitserie von 1967-1990. Die
strichlierte Linie gibt das lang-
jahrige Jahresmittel an.
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In the course of the excursion water- samples were taken in the Vjosa and major tributaries
for reference of the geochemical conditions. All samples show medium conductivity values
and medium concentrations of major macro-ions (Tab. 1).

Tab. 1: Geochemical parameters of the Vjosa and major tributaries, Samples were taken during the
field excursions in April (4/17) and September (9/17) 2017. — Tab. 1: Geochemische Daten iiber die
Vjosa und einige wesentliche Zufliisse. Die Wasserproben wurden im Rahmen der Exkursionen im
April (4/17) bzw. September (9/17) 2017 entnommen und an der Univ. Wien analysiert.

Cond. Ca? Mg* Na* K Cr SO

pS/ecm mg/l mg/l mg/l mg/l mg/l mg/l
Sarandoporo (9/17) 505 44.8 8.7 32.8 2.6 479 44.0
Drino below Gjirokastro (4/17) 452 78.7 6.6 11.7 0.7 16.8 52.1
Bénga (4/17) 323 57.0 7.5 3.8 0.6 5.8 26.8
Vjosa at Pogemi (4/17) 432 49.9 22.4 13.8 0.8 15.5 26.8
Vjosa at Pogemi (9/17) 259 38.5 6.4 8.1 0.5 11.8 31.1
Shushcica (9/17) 431 579 9.0 20.3 1.2 334 33.1

Geomorphology of the Pocemi—Kaliva¢i floodplains,
landscape structure and habitat types

The geomorphology of a riverine landscape in context with hydrology provides the
framework for habitat composition and ecology. The river-floodplain section upstream of
Pogem, studied in April and September 2017, is representative for the middle part of the
river between Selenice and Tepelena (see Fig. 1). This stretch of about 70 km length rep-
resents a bar-braided and island braided river type (see below). Our research program was
based on the analysis of satellite images. In a detailed review of about 30 available satel-
lite scenes, those from 1968, 2006, 2012 and 2016 were analyzed in full detail (Google
Earth 2018, USGS, 2018). Scenes were selected according to their temporal distribution,
water level and spatial resolution for interpretation (see CARBONNEAU & PieGAY 2012,
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Fig. 7: Satellite overviews (2012) of the
Pogemi (a) and Kalivagi (b) river sections
with the borders of morphological flood-
plain, active floodplain and active chan-
nel. Fig. 7a shows the 3 transects along
which the bathymetry of the terrain was
assessed. Habitat composition and habi-
tat turnover in Tables 3 and 4 refer to
the delineated area. — Abb. 7: Satelli-
tenbilder des Gebietes von Pogemi (a)
und — im Anschluss — von Kalivaci (b)
Eingetragen sind die Auflengrenzen des
Uberflutungsgebietes  (,morphological
floodplain®), der hiufig iiberflutenden
Au (jactive floodplain®) und dem ,ac-
tive channel®. In 7a sind die Transekte
1-3 markiert, an denen im April 2017
die Untersuchungen durchgefithrt wur-
den. Weiters ist der Gebietsabschnitt ab-
gegrenzt, auf den sich die Abschitzung
der Flichen der verschiedenen Habitat-
typen und deren zeitliche Dynamik be-
ziehen (Tab. 3 und 4).
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METIVIER & BARRIER 2012 on methodology). In combination with the results of our
field surveys, the structural properties and dynamics of this river-floodplain type can be
illustrated.

The overall landscape structure between Pogemi and Memaliaj bridge (about 35 km river
length) is illustrated by satellite images (Fig. 7a and 7b) which show the extensive flood-
plains. In the graph the outer borders of 3 major zones the “morphological floodplain”
(MF), the “active floodplain” (AF) and the “active channel” (AC) are delineated. In the
following discussion we have included also the higher elevated islands situated within the
white band of the very active fluvial zone as part of the “active channel”. The "morpholog-
ical floodplain” is defined by the valley margins. The area outside the “active floodplain”
(green line) is only flooded sporadically at very high floods (HQ over 100 years). This area
is largely used as arable land. The “active floodplain” is regularly flooded, e.g. to a large
extent at 2 HQ of 5-10 years flood recurrence.

The figures illustrate the clear distinction between the active channel and the floodplain
(see also Figs. 9-11). The two river segments upstream of Pogemi (Fig. 7a) and upstream
of Kalivagi (Fig. 7b) are constrained by two gorges, and by bedrock structures leading to a
high variability in the lateral extent of the riverine landscape. Within the “active channel”
large bars are deposited and more perennial islands with woody vegetation, mainly shrubs
(see Fig. 8), are formed by channel avulsion and cutoff.

Fig. 8: Overview-photo of the study area at Kute, April 2017, with the positions of transekt 1 & 2,
see text (Photo: Susic). — Abb. 8: Uberblicksfoto des Untersuchungsgebietes bei Kute mit der Posi-
tion von Transekt 1 und 2.
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Fig. 9: Bathymetry of the Vjosa at Transect 1 including a differential plot of terrain height and mean
discharge (QM) water level; Photo A — gravel deposits secondary channel (downstream view), Pho-
to B — main channel (upstream view), Photo C — floodplains (upstream view). (Photos: HAUER). —
Abb. 9: Landschaftsrelief Transekt 1 mit einem Differential-Plot des Terrains bezogen auf die Mit-
telwasserhohe. Fotos A—C zeigen den Landschaftstypus entlang des Transekees.

The two gorges constitute bottlenecks in sediment transport resulting not only in lateral
but also longitudinal sediment sorting processes. Besides the high load of gravel, a signifi-
cant feature is the high content of finer sediments transported by the river, leading to large
areas of silt depositions but also to a high compaction and reduced porosity of the river bed.

The low areal extent of softwood forests in the elevated floodplains (see Fig. 8) is caused
by the intensive human use of these areas as pastures, by regular burning and extraction
of timber. This explains the comparatively small role of large woody debris in the active
channel, compared, for example, with the situation in the Tagliamento, where large woody
debris constitutes an essential hydromorphological structuring element (GURNELL et al.
2001).

A detailed topographic, bathymetric assessment of the landscape relief along three tran-
sects perpendicular to the active channel (Fig. 9-11) shows the extreme heterogeneity in
the landscape terrain at various scales. The graphs include differential plots of terrain
height at mean discharge water level (Q,, 141,5 m*/s), an important aspect for understand-
ing the vegetation development. The width of the active channel (AC) varies between 400—



The Vjosa River corridor: a riverine ecosystem of European significance 13

7]

55 Legend
= g
g 54 Ground
Rl —
558 WSE
2 52
w

51

0 200 400 600 800 1000 1200 m

ENN
R

'
N
L

E
=
9o
F o~
f=
[0}
F
<

23

Fig. 10: Bathymetry of the Vjosa at Transect 2 including differential plot of terrain height and mean
discharge (QM) water level; Photo A — main channel (downstream view), Photo B — accumulation
of gravel, fines and initial stages of vegetation (transect view), Photo C — secondary channel (up-
stream view) (Photos: HAUER). — Abb. 10. Landschaftsrelief Transekt 2 mit einem Differential-Plot
des Terrains bezogen auf die Mittelwasserhohe. Fotos A~C zeigen den Landschaftstypus entlang
des Transektes).

1000 meters due to the morphology of the valley. Larger islands and gravel bars within the
AC are strongly structured by erosion channels and show the cumulative effects of chang-
ing water levels and flow pulses. An interesting feature, apparent in all three transects, is
that the water levels of the main arm, in disconnected arms and erosion pools differ by
more than one meter. This confirms that the lateral groundwater exchange is low, due to
the high clogging and compaction of the riverine sediments.

The scarp at the border of the AC and the elevated floodplain is on average 2—3 meters
high, measured from the mean water level of the main river arm. Transect 3 shows a con-
tinuous decline at the orographic left hand side through the former island (see below) and
towards the former main arm. Even at such areas at the outer zones of the floodplains the
occurrence of wetlands is low, indicating the restricted groundwater percolation.

The following classification of habitat types provides a common reference for integrating
the various ecological, faunistic and floristic findings:
Aquatic habitat types

Different types of aquatic habitats can be distinguished within the active channel, rang-
ing from fast current to stagnant conditions. Their ecological characteristics change con-
tinuously with the expansion and contraction of the river, i.e. in water table height. Even
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Fig. 11: Bathymetry of the Vjosa at Transect 3 including differential plot of terrain height and mean
discharge (QM) water level; Photo A — semi-aquatic habitats (upstream view), Photo B — overbank
fine sediment deposits (transect view), Photo C — braided main channel (transect view) (Photos:
Haugr). — Abb. 11: Landschaftsrelief Transekt 3 mit einem Differential-Plot des Terrains bezogen
auf die Mittelwasserhohe. Fotos A—C zeigen den Landschaftstypus entlang des Transeketes.

small water level fluctuations and “flow pulses” lead to continuous changes in the flow-
age line and habitat conditions, especially for the aquatic biota and the riparian fauna (see
below). Moreover, the geographic position of the main arm shifts with each major flood
pulse (see below). Under such hydrologically dynamic conditions the application of the
Amoros-Roux classification of water body types for floodplain rivers (e.g. cupotamal, par-
apotamal, plesiopotamal) (AMOROs et al. 1987) is not casily applicable.

The following list defines the principal aquatic habitat elements encountered:
Al: main branches of the river, fast current in the thalweg.

The beds are generally shallow, with a maximal depths of approximately 3—4 meters
in erosion zones (see Figs. 9-11). In the central runs, the compaction of sediments is
generally high, however the variability in the relief causes local runs with loose gravel.
Thus, micro-habitat conditions show a high variability, which is of significance for the
colonisation of macrozoobenthos and fish (see below).

A2: inshore zone of the main branch and shallow side branches, low current.
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A3:

A4:

A5:

AG6:

A7:

downstream connected side-branches, partially with percolating flow.

However, hyporheic flow appears to be generally low due to the compaction of the
gravel bottom with fine sediment.

disconnected side-branches.

An intensive algal growth can develop; however, for the growth of macrophytes, the
“life time” of such side branches is too short: these areas fall dry at receding water
levels.

erosion and evorsion pools within the active channel.

A characteristic aquatic habitat type within the active channel are erosion pools, espe-
cially along the borders of the elevated floodplains or behind obstacles such as eroded
trees and eroded parts of the higher floodplains (Fig. 12d, scouring holes). Their areal
extent is low (Tab. 3). These small to medium sized (a few m? to 1000 m?) pools par-
tially retain water during low water phases and allow for intensive growth of algae.
Water temperatures are distinctly higher during the vegetation period compared to the
main branch. Such thermal heterogeneities have been analysed for the Tagliamento
riverscape (ARscoTT et al. 2001).

Deeper stagnant pools with higher water residence time and fine sediment deposition
can develop behind bedrock structures or artificial groynes. Such longer-term stag-
nant water-bodies within the active channel can be densely covered with semiaquatic
and aquatic vegetation (e.g. Chara sp., Potamaogeton nodosus).

backwaters and riparian wetlands within the floodplains.

In former river arms within the elevated floodplains wetlands can be developed. A
characteristic example was found in transect 3 (see Fig. 11) on the orographic left hand
side. During our field visits at low (September, 2017) and mean water level (in April
2017) very few such aquatic backwaters were found in the whole floodplain section
between Pogemi and Memaliaj.

wetlands along hillslope streams entering the floodplains.

Such habitats characterized by low flow and fine-grained deposits were found along
the outer floodplain borders at Kute and Tepelena. Along the course of such small
streams, different successional stages can be identified:

a) slowly flowing water with Typha spp., Veronica anagallis-aquatica, Bolboschoenus
maritimus, Scirpoides holoschoenus, Alisma plantago-aquatica and others,

b) early succession stages with characteristic shrub vegetation Salix alba, S. triandra,

Populus alba and others and

¢) succession stages with small trees in ditches that are filled with water only during
flooding events.

In April 2017, in Kute, these wetlands comprised of small shallow pools and low cur-
rent running water with a rich invertebrate and fish community (e.g. Pelasgus) and
Emys orbicularis. In September 2017, these wetlands had fallen dry.
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Fig. 12: Photo-gallery of aquatic habitat types: a) overview of aquatic habitats within the active
channel (A1-A4, Photo: SuBic), b) main arm at the scarp of the elevated floodplain (Al, Photo:
ScHIEMER), ¢) disconnected side arms falling dry (A4), unvegetated fine sediment depositions
(C1, Photo: ScuHIEMER), d) erosion pools (scouring holes) within the active channel (A5, Photo
ScHIEMER), e) larger erosion pools (A5, Photo: ScHIEMER), f) wetlands along streams entering from
the side slopes (A7, Photo: ScureMEeR). Initial vegetation along slow flowing disconnected side arms
or tributaries with silty sediments and scattered vegetation of Cyperus fuscus, C. michelianus, Sparga-
nium erectum. Pioneer scrub of Salix triandra and Salix amplexicaulis and scattered herb vegetation
(Typha minima, Mentha longifolia, Equisetum palustre a.o.). — Abb. 12: Fotos aquatischer Habitat-
typen: a) Uberblicksbild des Flusslaufes, Habitattypen Al1-4, b) Hauptarm (A1), c) abgetrennter,
trockenfallender Nebenarm (A4) und vegetationsfreie Sandablagerungen (Cl1), d) kleiner Erosions-
tiimpel (A5), e) groflere Erosionstiimpel mit Makrophytenentwicklung (A5), f) Feuchtgebiete ent-
lang kleiner zuflieffender Biche mit Sumpfvegetation (A7).
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Between these major types of aquatic habitats, ecological gradients provide the multitude
of microhabitat conditions required to support the diverse communities of fish, macrozoo-
benthos and riparian fauna e.g. carabid beetles (see below).

Semiterrestrial and terrestrial habitat types

Terrestrial habitats on elevated bars within the active channel and the floodplains exhibit
an even higher complexity, dependent on sediment sorting processes, elevation above mean
water table, frequency of flooding, distance from the thalweg, etc. (see DRESCHER 2018
this vol., ROSSLER et al. 2018 this vol.).

The main factors for differentiation within the floodplain are:

® Sediment composition (grain size diameter) as a main factor for the germination of
plants (water capacity),

® Intervals and dimension of flow pulses resulting in a time span for vegetation devel-
opment,

® The situation of the groundwater table and its connection with the fine grained sedi-
ment cover, i.e. water retention capacity,

® Transformation by human impact (gravel mining, logging, burning, grazing).

Along the transects through the river-floodplain complex, an enormous range of transition
zones occurs at small scale. In the following classification, this complexity is reduced to a
few casily identifiable types in order to provide a common framework for a presentation of
the various biota. A more detailed account will be provided in the chapter on vegetation
ecology (DRESCHER 2018 this vol.).

Within the active channel we can distinguish between vegetation successions on gravel/
coarse sand (series B) and on fine-grained sediments (fine-grained sand and silt, series C).
Loam and clay deposits play a subordinate role in the Vjosa floodplain. The series Bl to B3,
and Cl1 to C3, represent succession phases of increasing age of a more or less undisturbed
vegetation development (Fig. 13a-f, see also Figs. 9-11 and Fig. 20: succession scheme).

B1: Initial phase on coarse-grained sediment bars without vegetation (Fig. 13a).

B2: Pioneer phase on coarse-grained sediment bars with seedlings of annual and per-
ennial herbs (dominant) and woody species (less than one year old; 1-30 cm high).

B3: Pioneer phase on coarse-grained sediment bars and islands with dominating
woody species like 7amarix, Salix eleagnos, S. purpurea, Populus nigra and others
(1-2 years old; 30-120 cm high).

B4: Shrub phase, on coarse-grained sediment bars and islands partly with fine-grained
cover with perennial herbs and scattered (dominating) woody species like 7amarix,

Salix spp., Populus nigra and others (2-5 (8?) years old; 1-4 m high) (Fig. 13b).
C1: Initial phase on fine-grained sediment, bars without vegetation.

C2: Pioneer phase on fine-grained sediment, bars and islands (with seedlings of an-
nual and perennial herbs and woody species, less than one year old; 1-30 cm high)

(Fig. 13c¢).

C3: Early succession stage on fine-grained sediment, bars and islands with perennial
herbs (Imperata cylindrica) and dominating woody species like Salix alba, S. purpu-
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Fig. 13: Photo gallery of terrestrial habitat types: a) unvegetated gravel bars (Bl) and pioneer veg-
etation on gravel bars (B2, Photo: DRESCHER), b) gravel bar, partly with sediment cover of coarse
sand on the orographic right bank of Vjosa river NW of Pogemi. Scrub of 1-2 m height, dominated
by Platanus orientalis mixed with Populus nigra and Vitex agus-castis. The herb layer is character-
ized by grasses (Imperata cylindrica, Elymus spec., Cynodon dactylon, Sacharum ravennae) (B4, Pho-
to: DRESCHER), ¢) sandy bank of a downstream connected side arm with scattered herb vegetation
of Dittrichia viscosa, Xanthium italicum and Imperata cylindrica. The dead individuals of Xanthium
help accumulate sand during flooding (C2, Photo: DrEscHER), d) scattered shrub vegetation of
Tamarix parviflora, Salix amplexicaulis, S. elaeagnos, Populus nigra and herb species like Chondril-
la juncea, Dittrichia viscosa, Cynodon dactylon a.o. Sediment bar with several dm sand cover and a
scattered scrub with Platanus orientalis (C3, Photo: DRESCHER), ) meadow, degradation stage with
regularily (yearly?) burned and partly heavily grazed forest, scarp, gravel, sand grassland dominated
by Imperata cylindrical (D1, Photo: ScHIEMER), f) knee of the Vjosa river near Pogemi with a steep
river bank. The elevated niveaus of the floodplain are pastured and covered with woodland of Sa/ix
alba, Populus nigra and Populus alba (D3, Photo: DRESCHER). — Abb. 13: Fotos terrestrischer Ha-
bitattypen: a) Schotterinseln ohne Vegetation (B1) bzw. schiitterer Pioniervegetation (B2), b) Schot-
terbank, teilweise mit Sandanschiittungen, Pioniervegetation mit Strauchern (B4), ¢) Sandbank an
einem unterseitig angeschlossenen Nebenarm (A3) mit lockerer Pioniervegetation (C2), d) Gebiisch-
vegetation auf einer Sandinsel innerhalb des ,active channel® (C3), ¢) Uberschwemmungsgebiet, in-
tensiv als Weide genutzt und regelmiflig abgebrannt (D1, D2), f) kleine Flichen mit Auwald (D3).
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rea, Vitex agnus-castus, Populus alba, Platanus orientalis a. o. (1-2 years old; 30-120
cm high) (Fig. 13d).

C4: Shrub stage on fine-grained sediment, bars and islands with dominating woody
species (like Salix alba, S. purpurea, Vitex agnus-castus, Populus alba, Platanus orien-
talis and others, 2-5(8?) years old; 1-4 m high).

At elevated floodplain levels:

D1: Degradation stage: Regularily (yearly?) burned grassland, with dominant /mper-
ata cylindrica, tussocks of Saccharum ravennae and scattered shrubs of Vitex agnus-
castus and others (Fig. 13e).

D2: Early woodland succession phase, with Platanus orientalis, Alnus glutinosa, Vitex
agnus-castus, Rubus sanctus, Brachypodium sylvaticum and others.

D3: Riparian woodland, with Populus alba, P. nigra and Salix alba — heavily grazed
(Fig. 13f).

Landscape and habitat turnover

The physical disturbances and continued habitat rejuvenation due to high flow and floods
are the main characteristics of riverine landscapes and the cue for understanding the biodi-
versity pattern and ecological functions (WaRD et al. 1999a). River channel patterns are a
consequence of geomorphic dynamics and the physical landscape characteristics (ScHUMM
1985, BENDA et al. 2004, RosGEN 1994, Daja et al. 2018 this vol.).

The Vjosa has so far maintained its original geomorphic dynamics which is the most val-
uable asset from an ecological point of view. Our analysis of the river-floodplain relief
(see above), in combination with the available flow data, allow a first approximation of
the extensive transport of gravel and fine sediments. The terrestrial survey of three cross-
sections was conducted using a Leica TC805 total station. The measurement of the ba-
thymetry was applied for both (i) the active channel and (ii) the active floodplain in April
2017. High resolution point sampling was carried out using height-dependent criteria
(h > 15 cm) for selecting terrain points. In a post-processing procedure, the cross section-
al data (n = 3) was used for hydrodynamic-numerical (HN) modelling. For the analysis
of hydromorphological parameters needed for the Nanson & KniguHTON (1996) clas-
sification (e.g. specific stream power), one-dimensional hydrodynamic-numerical mod-
els were applied (BHALLAMUDI & CHAUDHURY 1991, CORREIA et al., 1992, NIEKERK et
al. 1992). The modelling package HEC-RAS' was applied, which uses the 1D StVenant
equation to calculate open channel flow, based on a four-point implicit finite difference
scheme allowing the modelling of larger time steps (L1cGET & CUNGE 1975). The model
was chosen because of its capabilities for sub-/supercritical modelling (USACE 2002) and
multifunctional parameter analysis for overbank- and main channel flow. More detailed
analyses are presently being carried out and will be presented in the near future (Hauer
etal. in prep.).

In order to determine grain size distributions (GSD) of bed surface material along gravel
bars of the Vjosa, template measurements were carried out using a gravelometer (a thin
aluminum plate containing square holes of different sizes). The holes usually correspond to
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standard 0.5 f increment size sets, starting at 2 mm and reaching 256 mm (depending on
the size of the template, BuNTE & ABT 2001). Samples with grain size >256 mm were also
included via the ruler application in order to consider possibly very coarse bed surface ma-
terial of gravel bars. The calculation and graphical presentation of GSD curves was done
by sampling at least 150 grains of gravel bar surface layer, with a minimum of 30 sediment
particles around the mean diameter and neglecting grain sizes <2 mm (limited due to the
gravelometer). Grain size distributions curves were determined and analyzed taking par-
ticle values as ‘percent finer’.

NansoN & KNIGHTON (1996) categorize the different types of multichannel river sys-
tems from alpine gravel-bed streams to lowland deltas. Based on (a) specific stream power
(Wm?), (b) bed material size, (c) bank material size, (d) lateral migration rate, (¢) verti-
cal accretion rate, (f) channel sinuosity and (g) ratio island length/channel width. They
proposed a classification of five different anabranching types. Within this framework,
the Vjosa river can be classified as a laterally active gravel-bed river (Type 5 according
to Nanson & KNIGHTON 1996). Such gravel-dominated, laterally active, anabranch-
ing river systems are frequently found in cold climate regions with snowmelt and gla-
cier runoff (e.g. CHurcH 1983, DEesLoGes & CHURCH 1989, KELLERHALS ct al. 1972,
Brierrey & Hickin 1992, Norpset 1973). The Vjosa, however, demonstrates these
features in a Mediterranean climate.

The hydrodynamic-numerical modelling revealed a Q. (bankfull flow) of approx. 1000
m’s” for all three sampled transects (Figs. 9-11). For this bankfull flow, the specific stream
power was calculated to lie within the range of 22.8 W m?-39.8 Wm™. Moreover, pebble
counting on the gravel bars of the Vjosa revealed a variability of ds, = 1.1 cm up to ds, =

4000 ha

3000
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1000

0
Morphological Active Active channel Active channel Active channel Active channel
floodplain floodplain 1968 2006 2012 2016

Fig. 14: Areal extent of the floodplains from Pogemi bridge to Memaliaj bridge over 35 km of river
length, in the time from 1968 to 2016. The columns refer to the floodplain, which remain constant
and the “active channel” which show some variability. — Abb. 14: Fliche des Uberflutungsgebietes
der 40 km Strecke von der Briicke in Pogemi bis zur Briicke in Memaliaj, in der Zeit von 1968—
2016. Die Siulen zeigen die Grofle des Uberflutungsgebietes und die geringen Verinderungen in
der Fliche des ,,active channels®.
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3.1 cm in the active channel, and gravel, sand and mud sediment deposits along the banks.
Channel sinuosity as well as the ratio of island length/channel width (see Tab. 2) supported
the classification of a laterally active gravel bed river.

Referring to Nanson & KnigHTON (1996) the modelled values of unit stream power are
comparably small for a laterally-active gravel bed river. They are at the lower boundary for
a type 5 channel type. The values are more transitory to a so-called “type 2, sand domi-
nated anabranching river”. Gravel-dominated laterally active channels are described as be-
ing transitional between meandering and braided (DesLoGEs & CHURCH 1989), which is
the situation for the study site.

3 \ S ONSe
Fig. 15: Dynamics of the riverine landscape illustrated on the example of two satellite series showing
the formation respectively erosion of major islands and the major shift in the location of the main riv-
er branches between 2005-2016 in the area of Kalivaci and Pocemi. — Abb. 15: Dynamik der Fluss-
landschaft illustriert am Beispiel von 2 Serien von Satellitenaufnahmen von 2005 bis 2016 im Ge-
biet von Kaliva¢i und Pogemi. Die Aufnahmen zeigen die weitgehende Verlagerung des Hauptarmes
und die Bildung und Erosion grofler Inseln in den erweiterten Bereichen des Inundationsgebietes.

Tab. 2: Comparison of the areal extent (in ha) of the active channel within the river-floodplain sec-
tion of 6,6 km length at Pogemi, delineated in Fig. 7a. The data are derived from a series of satel-
lite images: 22.12.1968, 1.9. 2006 (low water), 29.8. 2012 (low water), 29.5.2016 (mean water). The
theoretical turnover rate per year is calculated from the shift in the geographic location of the active
channel. The “Braiding index” was calculated as 2 x sum of Li/ Lr, where Li is the sum of the length
of islands within a segment (Lr). The thalweg is given in km river length. — Tab. 2: Vergleich der
Flichen (in ha) des “active channels” in dem 6,6 km langen Abschnitt bei Pogemi (siche Abb. 7a).
Die Werte wurden von Satellitenaufnahmen aus den Jahren 1968, 2006, 2012 und 2016 errechnet.
Die theoretische Erneuerungszeit des “active channels “ pro Jahr wurde aus dessen verinderter Posi-
tion im Inundationsgebiet errechnet. Der “Braiding Index” als Mafd der Fluss-Verzweigung errech-
netsich als 2x die Summe der Insellingen (Li) in einem Flussabschnitt dividiert durch dessen Linge
(Lr). Thalweg in km bezogen auf den Flussabschnitt.

1968 2006 2012 2016
Active channel 591.9 511.3 567.7 594.4
Overlap in active channel 320.6 508.1 554.6
% turnover per year 1.1 1.0 1.4
Thalweg in km 10.5 9.4 97 9.4

Braiding Index 3.9 (2x17.4/8.9) 3.3 (2x13.5/8.1)
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Fig. 16: a) Shift in the location of the active channel from 1968 to 2016. The satellite image from
1968 is overlaid by the position of the active channel in 2016. The outer borders of the morpho-
logical floodplains are marked. b) shift in the location of the active channel, its borders are marked
for 1968, 2006 and 2016. — Abb. 16: a) Verlagerung des ,active channels®. In die Satellitenaufnah-
me von 1968 sind die Grenzen des AC 2016 eingetragen. b) duflere Grenzen des ,active channels*
1969, 2006 und 2016.

The catchment of the Vjosa provides high sediment yields (bed load and suspended load)
of up to 20—40 t. ha'.year". A characteristic feature of braided and anabranching rivers is
that bed load supply is higher than actual channel transport capacity. Reduction in bed-
load supply would lead to a more stable, single, sinuous but migrating channel (Carson
1984, CHURCH 1983). Another criterion of the laterally active anabranching gravel beds
are specific forms of avulsion at high flow rates, which incise into the existing floodplains
(NansoN & KNi1GHTON 1996). Avulsion is the rapid abandonment of a river channel
during mostly extreme flood events and the formation of a new river channel in former
floodplains (SLINGERLAND & SmrTH 2004). This is the case for the Vjosa, where the ac-
tive channel is incised up to 3 m into the “active floodplain”. Its gravel layers are frequent-
ly overtopped by overbank sands and silt, indicating the continued fluvial interaction
in the geomorphic continuum of the river-floodplain system (see BrierLEY & Hickin
1992).

The landscape development over the past 50 years could be visualized from a series of sat-
ellite images from 1968 up to now. In the 36.5 km long river section from Pog¢emi to Me-
maliaj bridge — the area of the planned hydropower dams at Pocemi and Kalivaci — the
areal extent of the whole floodplain remained essentially constant (Fig. 14). However, the
satellite images show the continuous shift in position of the active channel within the ac-
tive floodplain. This dynamic displacement in the position of the main river arms and in
the formation and erosion of major islands is exemplified in two time-series of satellite im-
ages illustrating the tremendous landscape dynamics of the area (Fig. 15).
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This landscape dynamics is in the following exemplified in more detail for the 6.6 km long
river-floodplain segment delineated in Figure 7a. Table 2 shows a variation in the areal ex-
tent (in ha) of the “active channel” of approximately 15 % from 1968 to 2016. Despite this
relative constancy in area, the time series of satellite images illustrates the continued and
drastic change in location of the active channel within the floodplain. This is expressed
as ovetlap in the location of the AC during particular time intervals. The displacement is
high, despite being constrained by the morphology of the valley which restrict the channel
migration. Naturally, the displacement rates are strongly dependent on hydrology. Main
translocations apparently occur due to channel avulsions at single extraordinary flood
events. Keeping these caveats in mind, we arrive at average relocation rates of the active
channel within the active floodplain in the order of 1-1.4 percent per year, which means a
theoretical turnover time of less than 100 years. In this time frame the active river-flood-
plain system is completely restructured.

Figure 16 illustrates this lateral migration pattern of the AC within the floodplain over a
period of nearly 50 years, exemplifying this enormous geomorphic dynamic.

At a more detailed scale the quantitative composition and turnover of habitat elements (as
defined and indexed above), is analysed from a satellite series from 2006, 2012 and 2016
(Tab. 3). Some of these habitat types had to be combined, because they were either con-
tinuously interchanging with water level fluctuations (e.g. the riverine habitats A1-A4)
or were not clearly discernable in the satellite images. Within the AC, the ratio between
aquatic and terrestrial areas varied strongly with the water level at which the satellite im-
ages were taken. Higher water levels mean a larger extent of riverine habitats in compari-
son to the gravel and sand bars. At low and mean water levels, the river with its down-
stream connected or disconnected side-arms (A1-A4) represents approximately 10-15 %
of the active channel. The areal extent of erosion pools (type A5) is very low, yet they are

Tab. 3: A comparison of the areal extent (in ha) of different types within the river-floodplain section
delineated in Fig. 7a, according to the definitions and descriptions presented above. The values refer
to the active channel and the active floodplain (below broken line). — Tab. 3: Vergleich der Flichen
(in ha) der verschiedenen Habitattypen in dem 6,6 km langen Abschnitt bei Pogemi (siche Abb. 7a).
Definition und Beschreibung der Habitattypen siche Text. Die Werte beziehen sich auf den ,active
channel” und den ,active floodplain® (siche Text).

2006 2012 2016
Active channel (AC)
River branches (A1-4) 93.2 97.7 141.9
Erosion pools (A5) 15 3.1 4.7
Gravel & sand bars, unvegetated (BC1) 183.9 3274 313.3
Gravel & sandbars, early pioneers (BC2,3) 178.4 116.8 106.5
Gravel & sandbars, pioneers and shrubs (B4) 69.1 77.5 49.5
Active floodplain (AF)
Grassland on elevated floodplain (D1) 293.5 282.6 237.1
Grassland with shrubs (D2) 227.3 165.7 218.4
Softwood forest (D3) 45.8 27.7 29.2
Wetlands (A6,7) 0.2 0.3 0.3
Arable land 24.1 18.0 16.0
Total area AC+ AF 1116.8 1116.8 1116.8

AC in % of AC+AF 47.1 55.7 55.1
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Fig. 17: A comparison of the composition habitat types in the Pogemi area (see text) based on values
presented in Table 4. The total columns show the mean extent of the various habitat types in the
period 2006-2012 and 2012-2016. The darker shaded parts show those areas which remained at the
same positions. — Abb. 17: Zusammensetzung der Habitattypen in Fluss-Auenbereich von Pogemi,
Zahlenangaben siche Tabelle 4. Die Siulen geben die Gesamtfliche der einzelnen Habitattypen an.
Der starker schattierte Teil der Siulen zeigt die ortskonstanten Anteile der Habitate.

very significant as habitat and refuge throughout the life cycle of many species. The un-
vegetated gravel and sand bars (B1/C1) cover the largest area (in the order of 35-53 % of
the AC at low to mean water level). B4/C4, as advanced pioneer stages, occur within the
active channel mainly on accreted islands.

Within the elevated active floodplain, grassland and grassland with shrubs are dominant
(D1, D2) (also compare to Figs. 9—11). Softwood forests (D3) and wetlands (A7) have very
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restricted occurrences and a low areal extent. The composition of grassland, grassland with
shrubs and softwood forests at the elevated floodplains exhibits a higher stability. Apparent
structural changes are to a large extent due to human activities by grazing and burning.

Figure 17 illustrates the average areal extent of the various habitat elements (in ha) over
the periods 2006-2012 and 20122016 (total columns) and the proportion which within
these time intervals remained in the same location (dark grey bar). The figure highlights
two significant features: firstly, the proportion of habitat elements remains fairly constant
over time, but, secondly, the continuous shift in the location of the various types indicates
a fast turnover cycle, especially within the active channel.

In a further step of analysis, the shift in the location of habitat elements (area in ha) and
their relocation within the floodplain was identified. Figure 18 summarizes these fluxes in
the position of landscape elements between 2012 and 2016. The circles from left to right
represent aquatic areas (Al-A4, the main branches, side-arms, etc.), unvegetated gravel
and sand bars (BC1), bars with pioneer associations (BC2), bars with shrubs (BC3,4) and
habitats on the elevated floodplain (D).

Figure 19 exemplifies the translocation of habitats from 2012 and 2016.

Combining this information on change in areal extent of the various habitat types and
their shift in position over time, habitat renewal and turnover rates can be calculated
(Tab. 4). Of course, the dynamic water level fluctuations complicate the calculation of
turnover times, whose areal extent is strongly dependent on river stage. Nevertheless, the
values give an approximation of the actual enormous dynamics. The position of the mul-
tichannel river changes rapidly, up to 20 % per year. For all the major habitat elements
within the active channel, including smaller islands with a cover of pioneer vegetation and
shrubs, the turnover times are in the order of 5-10 years. Isolated erosion pools within the
active channel are specifically shortlived due to erosion and sedimentation, with a life-
cycle of less than one year. Only larger erosion pools along the borders of the active chan-
nel can have slightly longer life times in the order of a few years. Especially within the ac-
tive channel, the dynamics and turnover rates are particularly high, and changes occur at
a short time scale.
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Fig. 18: Fluxes in the position of habitats in the Pogemi floodplain between 2012 and 2016. —
Abb. 18: Flussdiagramm der Lokalisation von Habitatelementen zwischen 2012 und 2016.
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Table 4: Habitat renewal rate (per year) within the active channel expressed in % of habitat area per
year. — Tab. 4: Habitat-Erneuerungsraten pro Jahr innerhalb des ,active channels® in % des Fli-
chenanteils des jeweiligen Habitat-Types.

2006-2012 2012-2016
River branches (A1-4) 76.4 13.4% 91.5 19.2%
Erosion pools (A5) 0 100 % 34 23.0%
Gravel & sand bars, unvegetated (B1) 132.6 8.7% 124.2 9.7 %
Gravel & sand bars, early pioneer (BC1-3) 1007 114% 795 178%
Gravel & sand bars, pioneers and shrubs (B4) 60.1 13.7% 21.7 14,8 %

The relative constancy of the quantitative composition of habitat elements on the one
hand, and the high turnover rates on the other indicate that the whole river-floodplain
system is in a state of dynamic equilibrium. BormanN & LikeNs (1979) coined such situ-
ations as a “shifting mosaic steady state” (see also HOHENSINNER et al., 2008).

A detailed study of the Tagliamento river in Italy initiated by the ETH Ziirich, provides a
good basis for a comparison with an alpine river system of similar size (WaRrD et al. 1999b,
TockNER et al. 2000, ArscotT et al. 2000, EDwWARDS et al. 1999, GURNELL et al. 2001,
KoLLMANN et al. 1999,). VAN DER NaT et al. 2003 analysed the relative change of aquatic
and terrestrial habitats in the active corridor and found that within 2.5 years more than
59 % of the aquatic area and 29 % of vegetated islands were restructured. This is compa-
rable with the high dynamics of the Vjosa river-floodplain system.

Figure 20 presents a summary of habitat composition and turnover cycles within the river-
ine landscape (a). It is apparent that especially the relationship between the riverine habi-
tats Al—4 (see above) and B1/C1 — the unvegetated silt, sand and gravel bars — are contin-
uously shifting with water level fluctuations. Microhabitat availability changes at a high
rate within a yearly cycle.

Figure 20 summarizes information on vegetation patterns and successions, which are dis-
cussed in greater detail by DrREscHER (2018 this vol.). The different series of successions
depend on sediment structure, soil-humidity and the frequency of disturbances by flood-
ing and burning. For the active channel, the graph identifies successions on gravel (B se-
ries), on sand/ silt deposits (C series) and within short lived erosion pools (A5).

The succession on gravel deposits starts with herbs and grasses (B1) followed by seedlings
of Tamarix, Salix spp. and Populus nigra (B2, B3). At the higher shrub phase (B4) Populus
nigra, Salix amplexicaulis and Salix alba are the dominant woody species. Finally, a forest
stage can develop, dominated by Salix alba and Populus nigra.

Onssiltand sand depositions, the pioneer stage (C2) consists of species which require higher
soil moisture, like Vitex agnus-castus and Platanus orientalis. These species, together with
Salix spp. and a wide variety of herbs, prevail as pioneers. At a later stage (C3, C4), woody
species prevail, leading potentially to a forest stage of Platanus orientalis, Salix alba and
Populus alba.

Erosion pools within the active channel (A5) initially develop a strong growth of filamen-
tous algae. At longer periods of stagnancy, Chara sp. can occur, followed by species of a
Nanocyperion-association. These successions are generally very shortlived and the turn-
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over is fast (see Fig. 13¢). In pools with low flow and current, Ranunculus aquatilis agg.
can develop.

A further succession series can be observed in former river beds within the floodplain away
from the main channel, which receive water at higher floods or through groundwater (A6)
or are fed by hillside brooklets (A7). A sequence of assemblages from Nasturtion, Gly-
cerio-Sparganion and Phragmition alliances can develop, leading potentially to an Alnus
glutinosa-Populus alba forest.

At the elevated floodplain and at higher locations (“islands” within the active channel), an
Imperata-grassland interspersed with a variety of shrubs, e.g. Tamarix and Platanus orien-
talis, develops. Due to regular burning, most of these areas remain in an Imperara-domi-
nated stage. In situations without regular burning or wherever burning has stopped, a ten-
dency towards a Platanus orientalis-Alnus glutinosa forest was observed.

The relevance of fluvial dynamics for the maintenance
of a high and specific biodiversity

The Balkan region is a hotspot of biodiversity with a very specific flora and fauna and a
high degree of endemism (see GRIFFITH et al. 2004, SHUMKA et al. 2018b this vol.). With-
in this geographic aspect (see Porr 1997), the species diversity encountered at the Vjosa
depends on the ecological quality of its highly dynamic riparian zones. The fluvial dy-
namics create and maintain the heterogenic structure with a hierarchy of transition zones.
Major floods cause the morphological restructuring of the river-floodplain landscape at a
large scale (Junk et al. 1989, TockNER & STANFORD 2002). The frequent smaller water
level fluctuations (‘flow pulses’) are important for creating and maintaining habitat het-
erogeneity, especially within the active channel. They represent continuous disturbances
(PrckeTT & WHITE 1985), leading to a rejuvenation and turnover of habitat patches and
biotic succession (TowNSEND et al. 1997, WARD & TockNER 2001, SCHIEMER 1999). The
wide range of habitat types and ecotones in context with the dynamic water level fluctua-
tions provide the conditions for the specific associations of well adapted species, with high
levels of alpha, beta and gamma diversity (WaRD et al. 1999a). Structural heterogeneity
in such dynamic landscapes is significant to buffer physical disturbances and to maintain
the species pool (SEDELL et al. 1990). In addition, the longitudinal continuity in habitat
availability is a significant requirement for maintaining the meta-community associations
and the meta-population of characteristic species (e.g. ALDERMATT et al. 2011, FUNK et
al. 2013).

Despite the limited time and the early season (April 2017) during which most of the mate-
rial was collected, our findings confirm the biogeographic significance and the high con-
servation value of this riverine landscape. No doubt, longer-term studies are required to
explore the enormous ecological and biogeographic wealth of the area. Within this study,
over 90 taxa of aquatic invertebrates and nearly 400 taxa of terrestrial species were record-
ed. Many of them are endemic to the Balkan, a large proportion (over 40 %) has been doc-
umented for the first time for Albania. A few are described as new to science (e.g. Isoperia
vjosae by GRAF et al. 2018a, Liocranoeca vjosensis by KomNeNov 2018 this vol.).

Major effort has been put into the assessment of the macrozoobenthos, (see GRAF et al.
2018b this vol., BAUERNFEIND 2018 this vol., SHKEMBI et al. 2018 this vol.) which is an
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important indicator group of the European Water Framework Directive (HERING et al.
2010). In large rivers, especially in zones of great geomorphological variability, the biodi-
versity levels are generally high (NILssoN et al. 1989). A variety of guilds occurs in the di-
verse aquatic habitats, ranging from the fast current main channel of the river to stagnant
isolated pools and wetlands in the floodplains.

In the densely packed sediments of the fast runs of the Vjosa, the population densities and
species diversity is comparatively low and the vertical dimension within the sediments is re-
stricted. Higher densities of rheophilic species have been found in steep riffle sections with
loose, less consolidated gravel and especially in situations in the main branches with large
woody structures. The fauna contains typical elements that are characteristic of large, dy-
namic rivers and were once widely distributed across Europe and have now disappeared or
lost large areas of their former distribution in Europe. The occurrence of plecopterans like
Marthamea vitripennis or Xanthoperla apicalis and ephemeropterans like Prosopistoma pen-
nigerum (SCHLETTERER & FUREDER 2009), pinpoints the outstanding conservation value
of the river. Some of these potamal invertebrates belong to the most endangered aquatic
species on an European scale.

The fish fauna is a further important indicator group for the ecological integrity of large
river systems (Karr 1991, ScuieMEeR 2000). A variety of guilds is characteristic of the dif-
ferent habitat types — from rheophilic to stagnophilic forms (SCHIEMER & WAIDBACHER
1992). The success of species guilds is determined by a complex array of ontogenetic and
seasonal habitat requirements (ScHLOsSER 1995). Rheophilic fish require a connected
range of habitats from spawning sites, nurseries and feeding grounds, especially during
the early phases of their life histories. The match-mismatch between ecological conditions
and requirements is decisive for the survival of a population (SCHIEMER & ZALEWSKI 1992,
ScHIEMER et al. 2001). Only natural river systems with their structural heterogeneity and
hydraulic interconnectivity of habitat patches provide such conditions.

The Vjosa is characterized by a large proportion of fish species that are endemic to the Bal-
kans (see checklist, SHUMKA et al. 2018a this vol.). Our assessment using a set of techniques
(backpack electrofishing, gill netting, longlining, beach seining) yielded a high density
and diversity of species (MEULENBROEK et al. 2018 this vol.). With few exceptions they
belong to a rheophilic guild with a predominance of species of the genera Squalius, Chon-
drostoma, Barbus and Alburnus. In fast current riffle zones with loose, coarse gravel, Oxy-
noemacheilus pindus was abundant. The connected or recently disconnected areas of the
anabranching system contained mainly juveniles of the rheophilic guild, indicating that
under such dynamic situations a wide range of habitats is required to cover their multiple
requirements in the course of the life cycle. The detailed assessment of MEULENBROEK et
al. (2018 this vol.) demonstrate the necessity to maintain the structural complexity of the
riverine landscape for a diverse fish fauna. An interesting fish is also Pelasgus thesproticus,
a stagnophilic form occurring regularly along the border of the active channel in isolated
pools with macrophytic vegetation, or in wetlands and backwaters within the floodplain.
Based on international experience, we can predict that the construction of hydropower
dams will cause a massive decline and the disappearance of typical riverine species in the
area (SCHIEMER & WAIDBACHER 1992).

As for the aquatic fauna our collections of terrestrial invertebrates, amphibians and reptiles
illustrate the uniqueness and high conservation value of the area (see FRaNk 2018 this vol.,
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Fig. 21: A few example of species representative for the
high conservation value of the Vjosa river-floodplain sys-
tem (from above on the left to down on the right): a)
Typha minima, Photo: SCHIEMER; b) Pelasgus thesproti-
cus; Photo: MEULENBROEK; ¢) Perla marginata, Photo:
GRAF; d) Prosopistoma pennigerum, Photo: GRAF; e) Xya
variegata, carabid beetle, Photo: W. PaiLvL; f) Poecilus
striatopunctatus, Photo: Kunz.— Abb. 21: Charakteris-
tische Arten der Fluss-Auen der Vjosa, als Beispiel der
hohen Schutzwiirdigkeit des Gebietes.

SrumMmEkA et al. 2018b this vol.). Highly specific littoral communities with good colonizing
and refuge capabilities are well represented on the bare ground and early pioneer habitats of
rivers with high fluvial dynamics. These associations consist of carabid e.g. Dyschirius spp.,
and staphylind beetles, spiders, some bugs (Saldidac) and orthopterans (e.g. Xya variega-
ta). For a detailed account see Pa1LL et al., DEGasPERI, RaBL & Kunz, KomNENOV, BLICK,
KomproscH, WAGNER et al., FRaNK et al., all this volume).



32 ScuieMeR F., DRescHER A., HAueR C. & Scuwarz U.

In contrast to the biota of the dynamically changing habitats within the active channel, the
terrestrial biodiversity of the elevated floodplain, both flora and fauna, are strongly affected
by human interventions especially by large-scale fire clearances and intensive pasturing.
A loss in biodiversity due to regular burning is clearly apparent by low species numbers
and low population densities of species otherwise characteristic for floodplain meadows.
Especially the less mobile insects of orthopterans, cicadas, and heteropterans, and gas-
tropods are strongly affected by the intensive human activities (Dupa et al., RasrTscH,
RaBL & Kunz, all 2018 this volume).

The diversity of vascular plants in Albania is higher than that of Austria, despite its dis-
tinctly smaller size. Southern Albania is one of the biodiversity hotspots of vascular plants
on the Balkan peninsula. The plant assemblages in the Vjosa floodplain are characterized
by species formerly widespread in Europe, but nowadays almost extinct in large parts of its
former area (e.g., Typha minima) (DRESCHER 2018 this vol., ROssLER et al. 2018 this vol.).

In conclusion: the highly undisturbed river dynamics and the river-floodplain ecosystems
along the Vjosa are in an excellent conservation status. All riverine habitats typical for
the Vjosa are listed in the Annex 1 of European Union Habitats Directive, underpinning
their importance for conservation at an European scale. They harbour viable communi-
ties of species that have largely or completely disappeared from other European rivers sys-
tems. Due to their specific demands, all of these species have almost entirely gone extinct
in Central Europe.

We can predict that the majority of the specific biodiversity will disappear in the case of
the planned dam constructions due to a loss of fluvial dynamics (ScuiemEeRr 2000).

In a report to the Bern Convention —on the Conservation of European Wildlife and Nae
ural Habitats, species were listed which have been documented within the project area at
Pogem These findings document and confirm the uniqueness and conservation status of
the area (see SHUMKA et al. 2018b this vol.).

Summary: hazards of dam construction
and the need for science in river management

In context of the planned hydropower dams at Pocemi and Kalivaci along the Vjosa in Al-
bania, decision makers and stakeholders should be aware of the profound and long-term
environmental consequences and major environmental threats of dam constructions in
alluvial zones. Today, the past over-regulation of rivers necessitates costly restoration mea-
sures for compensation in many industrialized countries (e.g. KaRR 1991, NaIMAN et al.,
2002, 2005, Porr et al. 2003, TockNER et al. 2008, ScHIEMER 2015).

With regard to the hydropower plans at the Vjosa, the environmental hazards refer to:

— the immediate endangerment of the high conservation value of the area and this na-
tional heritage by damming,

— aloss of groundwater resources in terms of quantity and quality,

— adeterioration of surface water quality (eutrophication processes at high water residence
times can be expected to lead to toxic algal blooms),

— methane production as a result of anaerobic processes in the flooded areas,

— coastal erosion due to the reduction of sediment transport by the river,
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— catastrophic floods especially considering the increase of flood risks due to global warm-
ing.
Besides these environmental issues, an array of environmental, socio-economic and legal

concerns has not been addressed in the proposition of the hydropower plans and require
clarification:

A major ambiguity is the high sediment load of the river which will reduce the efficiency
in energy use within a period of a few decades due to dam-filling. For short-term economic
considerations the uniqueness of the landscape and its cultural heritage is destroyed and
options for their long-term sustainable economic use, e.g. in terms of development of tour-
ism, are suppressed.

Finally there is an array of operational and legal concerns. Over the past 20 years, inter-
national water management has developed standardized operational procedures which
should be adhered to. In EU countries, for example, river management must follow the
European Water Framework Directive, EU Natura 2000 Directive, EU Birds and Habi-
tats Directive and EU Flood Risk Directive. Regulations stipulate that projects have to
be based on a detailed monitoring of environmental conditions and hazards and an as-
sessment both of the socio-economy of river basin development and the reactions towards
human interventions.

The environmental aspects must be addressed by a valid Environmental Impact Assess-
ment. These EIA have to evaluate short-, medium-, and long-term impacts on nature and
affected residents of a projected hydropower plant, and must consider alternative low-impact
concepts (Moss 2008, HERING et al. 2010). They have to be based on detailed assessments
of hydro-morphological processes, geomorphic and ecological structure and dynamics and
predictions about the impacts on specific biodiversity. Prerequisites for such an approach
are well defined, science based research programs principally with the goal of elucidating
cause-effect relations at different spatio-temporal scales, in order to develop prognostic
models for management (SURRIDGE & HaRR1s 2007, VAUGHAN et al. 2009, ARTHINGTON
et al. 2010, ScaiemER 2015). The apparent challenge is to follow the cause — effect chain
between the governing factors hydrology and sediment load in order to gain a process-
orientated understanding of river-floodplain systems and the resulting fluvial landscape
dynamics and ecology. An interdisciplinary eco-hydrological approach must combine hy-
drology, sediment transport processes and ecology (ZaLewsk1 2000, Woob et al. 2007).

In the EIA presented in the Pocem project plan, none of the apparent dangers have been se-
riously addressed and none of the potential long-term effects of the project were discussed.
National and international consortia of scientists and experts have expressed their concerns
about the poor quality of the EIA presented to the Albanian government and the EU. For
the Kalivaci project, the EIA so far (July 2018) has not been made public.

Important water policy instruments such as the Water Framework Directive of the EU
request action comprehensive catchment-wide planning process with clearly defined pro-
cedural steps.

A platform across the science-policy interface, were science can ‘speak to’ policymak-
ers, authorities and other stakeholders, requires a clear participation and decision struc-
ture and a direct involvement of political decision makers in the discussion process
(Simon & ScuieMER 2015). Continued development of local expertise and expertise to
communicate this to the public and decision makers.
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To achieve this goal, expert panels with long term mandates are required. Discussions with
scientists and stakeholder should explore scenarios for the sustainable development of the
river corridor, acknowledging the links between the integrity of the Vjosa ecosystem and
economic, social and cultural aspects of human well-being. In order to contribute the sci-
entific community in the Balkan countries is challenged to build up capacity and scien-
tific foundations for regional water management. Albanian scientists — on the other hand
— have to accept responsibility and help in decision making in landscape management.
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