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Role of the littoral area as a part of an optimal model for environmental
monitoring and the involvement of local people - Presentation of the LIFE
Vuoksi project

Airaksinen O., Back S., Luotonen H., Kanninen K., Karttunen K., Niinioja R., Sandman O., Servomaa K., Sojakka
P., Ustinov A. and Valta-Hulkkonen K.

1 Background

The littoral area is an essential part of the drainage basin. It is an area where many human activities
have effects which alter the ecological status of the lake. Many parameters can be used to measure
these alterations and to give an indication of the status of the water body. Physical-chemical data on
water quality combined with biological data gathered especially from littoral areas would prove most
useful for assessing the ecological status. Taking into account these elements is also required when
implementing the EU Water Framework Directive (WFD).

The littoral zone is an important area for recreational use and therefore of high interest for the local
inhabitants. The local people and stakeholders should be better informed of the status of the lakes and
rivers and of the relation between the water quality and the activities on the catchment area. Also the
observations of the environment made by local people should be better used as an indicative part of
the monitoring system. Activities like this will be needed to involve the local people and stakeholders in
the implementation of the WFD.

2 Aim of the project

The overall objective of the project is to plan a cost effective, integrated monitoring system for the
Vuoksi River Basin. The Vuoksi River Basin is located in the eastern part of Finland, which is
extremely rich in lakes (Fig. 1).
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Figure 1. Location and map of the Vuoksi River Basin.
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The monitoring system will take into account especially parameters of the littoral areas but combined
to the data from open water areas. The aim is to provide a tool for the management of water quality in
river basins in general.

The following key objectives can be specified:

- to plan a pilot structure for a cost effective ecological monitoring system concentrating mainly on
the littoral zone

- to clarify the pressures to the littoral zones and the connections between them and the land use

- to evaluate the usefulness and cost-effectiveness of monitoring methods for macrophytes,
macrozoobenthos, periphyton and phytoplankton

- to improve the involvement and participation of local inhabitants and other stakeholders

3 Project activities and partners

The activities of the Life Vuoksi project are organised to Work Packages, which however are closely
linked to each other (Table 1, Fig. 2). One of the starting activities of the project is the evaluation of the
existing biological and water quality data (WP 1). For analysing the quality and extent of the existing
biological data a metadatabase for materials and references will be gathered. Selecting more precise
target areas within the Vuoksi River Basin is also among the first activities (WP 2). It is foreseen that
10-20 lakes with their watershed areas will be selected for more intensive studies. They will represent
lake types and loading pressures most typical to the region. In addition to the existing biological and
water quality parameters the information of loading and water protection activities is gathered from the
target areas (WP 3).

Table 1. Work Packages (WP) of the Life Vuoksi project.

WP Title Time schedule
1 Evaluation of existing data 04/2001 — 03/2002
2 Selection of target areas 04/2001 — 09/2001
3 Evaluation of impacts and needs for protection measures 06/2001 — 04/2003
4 Selection of methods 04/2001 — 03/2004
5 Fieldwork and parameter testing 05/2001 — 03/2003
6 Model for an optimal monitoring programme 04/2002 — 03/2004
7 Dissemination of the resulting information 04/2001 — 03/2004
8 The role of the local people and local authorities 04/2001 — 03/2004
9 Management of the project 04/2001 — 03/2004
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Figure 2. Flowchart of the phases of the Life Vuoksi project.
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Review and evaluation of the methods suitable for the measuring of the biological parameters are
needed in order to be able to classify lakes in terms of ecological quality (WP 4). Testing the methods
in the field will take place mainly 2001 and 2002 (WP 5).

After the fieldwork and parameter testing the creation of a model for a monitoring system will take
place during 2002-2004 (WP 6). Combining and improving the existing separate and in themselves
insufficient monitoring efforts, especially when littoral areas and biological parameters are concerned,
are essential to obtain a optimal system for monitoring the ecological status of the surface waters.

The dissemination of the activities and results will be an important part of the project as well as the
involvement of local people (WP 7 and 8). Making an information package for local people will be an
important task. The possibilities to better integrate the observations made by local people to the
monitoring system will be studied.

There are five partners in the project. The three Regional Environmental Centres: South Savo, North
Karelia and North Savo, are each responsible for a special parameter group and in addition to that
provide regional knowledge and expertise. Finnish Environment Institute is responsible especially for
planning the monitoring system and overall expertise of implementation of the WFD. The University of
Oulu provides expertise of using remote sensing methods. The project (1.4.2001 — 31.3.2004) is
receiving financial support from the EU Life Environment Fund.

4 Expected results

A pilot, cost effective and integrated system for monitoring the ecological status of Vuoksi River Basin,
based especially on the littoral zone, is developed. The most suitable methods for monitoring the
biological parameters, macrophytes, macrozoobenthos, periphyton and phytoplankton, will be
selected.

The local stakeholder groups and inhabitants will know more about the ecological status of the local

lakes and about possibilities to improve the status of their environment as well as about the
implementation of the WFD.
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zstablishing reference conditions in shallow lakes:

The potential of palaeoecology  _ —_

Davidson, T.A., Bennion, H. & Sayer, C.D.

: | -. W
1. Backgroutid

Tin Eu]'apqn landscap "'
clal fleld ponds. and |

La Ealatun in Hungﬂr_l,r ari
where the average water dej

: ﬂqﬂlﬂﬂﬂ|§l;liﬂtﬂ=ﬂlﬂnlﬂl |

i

There are, H‘HHW, H'I’Jﬂiw il
alfected by the process of el
substantial changes® in :
functlnnlnﬁ of shallow lskes.
‘choking’ growth of weter plants,
and the daed"lnpmmt *of hl.uuu -
phytoplanktan: Iq extreme cases UHEH
submerged atlon and &%
phytoplankion dominated state witHiaE
habitat diversity and Hencebi jua_ A

2. Flgfe[npt:e nnﬂﬂlthnmn d Ine pntentl rale of palasolin ‘;;'n ay _
..hna of the I-ray gims of the 'I'nl'E['I:Er he e _ dl EE-"»‘ ‘reference conditions” for dlﬁpﬂ-ﬂf Ial?.e- !’y-p‘aa'.u'h T
" pristine statg.) " = ."; ’ i .,.J o5
P S 4 4 g L i s y
In.the absence-of historical data paian-t:l;:n‘u]!l -.1 |UES Can pl-al-,r an important role in determing past Iah‘.a conditions. A,uEir'lH e bidlogical HI'EIIJPE.I
B arg presarved in lake EEdIﬂ'IE‘l'I'tE reépresanti e food-web: algae (diatoms). macrophytes (macrofossils, pollen), zo aklan: (Cladocera),

5= ' macroinvertebrates (molluscs and bryozoans) unr.:l fuil!l

&) Analysis of these remains in fuadlmant cores, can be used ta track changes in ecolegical
ﬂ'uptl.il'l! and -ul-u’m:rl‘nirmL reference conditions,™ 3

¥+

saood, B - r':..|| g, G- C xore (SEM image), D - Fish (Poncid) scale, E - Acrsoanis rarpas cargpacs. F - Crolastonfanaus thanlonmmis,
musens, H - Liriculana v

étuﬁi dﬁ:hw Pc-g: 3
IEI by pool I5 'ﬂ'ralluw lake Irt .ﬂln
diands of England. Sediment '
o m. this site have heen subject:

frol g e multi-indicator palagsiimnclogical |

A - | studies., These data indicatel that

autrophication ‘bas had, effects that
‘cascade through all trophic levels
with = post 1850 ADShift towards
‘eutrophic™ macrophyte taza and
dominance by glankionie forms (e.g.

s z i o - e ) . Cyclostephanhold ;F“ tah,
i Ay o T e i S R et e e e gk o s S s '.I... it Rt Eﬂsmulpﬂnh]‘ |swWear

; “ - ; ' i sections of gores Tridn lhli site can
: hfbluud datine ' pre-distur m:n
e , biblogical communities. They indlcat |
el mn ow ey @ b XA R TES & a diverse,_ ‘mesotrophic’ manrnphytn

i TRIRTRT X B VT

_.._,[.l.

—————————— ' assem hla’g E " (8 Charatese.
ngical groups. Aquatic plant mecrod zooplandton ephippia. Phmarels statobleata, Myrigphydum fiernittorum,
1, digioma and ¢hironamids® ., {Radiometris a5 are shown where ayallsble, Mumbers ar Hrﬂﬂphﬂfm spleatum, Ulrlcwiarla

“lvulgarls,  Lltterslla  unffigra),
dominange | by' benghic = diatomg

’ # ' % | J L LAY 4 (Fragilaria“gpp.) and plant-associated
; . .Ghyim‘ldan B’Ed chiranomids. N
For further informalion: Tom Davidson, EGRC, Department of Geography, UGL, 26 Bedford Way, London, WCGTH CaAP. | - A " s |}

amall; thomas.davidson S gadg.ucl.ac.uk







Eco-hydro-morphological Model Development for a Stream Restoration Scheme
Bettina N Bockelmann, Prof. Roger A Falconer
Environmental Water Management Research Centre
Cardiff University, School of Engineering

Introduction

Heavy regulation activities at rivers and streams contributed to an increase of flood events and a decrease
in diversity and abundance of ecosystems over the last century. Thus restoration is required in many
rivers world-wide. ‘Natural’ channel and floodplain designs have recently been envisaged, including the
integration of meanders, minimum use of bed armouring material and structures, which promote habitat
diversity. Trying to meet both hydraulic stability and ecological requirements, the engineer is currently
confronted with conflicting design parameters — the need to protect the physical integrity of the stream
whilst sustaining biodiversity. Davies (1989) proposed a classification which incorporated the combined
effects of velocity, depth and substrate roughness providing a means of quantifying the flow regimes
occurring within the microhabitats of stream benthos.

In order to successfully create, manage and enhance various ecological habitats, it is essential to
understand flow characteristics and morphology of river channels. Imposing inappropriate hydraulic
conditions can lead to instability of the bed and maintenance problems (Hey and Thorne, 1986). Velocity
and bed material characteristics are significant determinants of biological production and diversity in
streams. Linking the ecology to a hydrodynamic model will improve the understanding of factors
enhancing ecological diversity and habitat creation.

Case Study

A 4 km long section of the Afon Morlais, a small stream in West Wales, UK, was monitored over a period
of 1.5 years, starting directly after it had been reinstated along its original route over a disused ‘open cast’
coal mine. The river was acknowledged as of a good quality and significant fisheries resource. Previous
reinstated watercourses in the area were designed with armouring sufficient to prevent any erosion,
resulting in an ‘over engineered’ appearance with little opportunity for the development of gravel beds,
point bars, pools and riffles. To encourage natural development, an erodible, trapezoidal channel,
including an up to 50 m wide floodplain, with no armouring and a series of severe meanders was
constructed. The stability of the ‘natural’ design was compromised by highly varied flow rates (0.075 m3/s
baseflow to up to 5.7 m3/s in an annual flood event), changes in bed slope over the full length (from 1 in
11 to 1 in 160), the severity of the meanders and the shallow cover layer (approx. 2 m) with a high
proportion of fine material. The monitoring and the numerical predictions were undertaken to show
whether these constraints had been successfully incorporated into the design.

Flow and sediment transport modeling

At present, little information is available about the design and maintenance of ‘natural’ river restoration
schemes, combining hydraulics,-morphodynamic and habitat conditions. This combined field and
numerical modelling study seeked to redress this situation by first using two computer modelling tools:
The 1-D model HECRAS for predicting velocities and water depths longitudinally and the Research
Centre’s 2-D, finite difference model DIVAST, which was applied for several meanders taking account of
the cross-sectional velocity and depth distributions.

The ‘natural’ design, with the aim to maximise habitat creation, required that bed armouring material of the
smallest size possible was used. An additional program was developed to determine the necessary
sediment size to prevent the initiation of sediment motion. The program calculated the values for
specifying the critical Shields parameter from the results of the two numerical models and, in a next step,
the critical sediment sizes. The calculated critical sediment sizes closely identified regions where erosion
was occurring. The numerical models correctly predicted water depth and velocity distributions.
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Conclusions

An integrated 1-D/2-D hydro-morphological tool has been developed, predicting velocities, water depths
and the sediment sizes, which are necessary to prevent initiation of motion. Results have shown that the
program is able to predict observations made at site and that it would be a valuable tool for use in similar
design works in future. Bed levels surveys as well as model predictions showed that the stream has not
yet reached its equilibrium, as there are still changes in the morphology and the flow regime. It was found
that for the design of small meandering streams, a 2-D model is required to represent cross-sectional
velocity, depth and sediment distributions in the bends, whereas a 1-D model is sufficient for the straight
sections.

It was also found that various disciplines have to be brought together to create sustainable watercourses,
which meet hydraulic stability and at the same time ecological requirements. ‘Specialised’ or integrated
models need to be developed to address the specific problems occurring in river restoration schemes and
can serve as useful decision support systems.

Future work

Future work will involve the development of a linked 1- and 2-D hydro-morphodynamic integrated
numerical tool, which takes account of bathymetry changes. This tool will have the potential to be linked to
the ecology of the stream through Habitat Suitability Curves in order to study hydro-morphodynamic
influences on habitat creation.
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