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ABSTRACT: The Fluvial Functional Index (FFI) is a method that  allows the collection of infor-
mation about the main ecological characteristics of watercourses, and is able to find functional
aspects and interrelations between eco-topes. Through the description of morphological, struc-
tural and biotic parameters of the fluvial ecosystem, it is possible to determine the associated
functionality of the river. The method gives completely different information from other method-
ologies that are applied using i.e. biotic indices, chemical and microbiological analysis etc.).

The IFF has been applied by the ecologists of the Environment Agency on the main rivers of the
Province of Trento. The results had been used for the new Provincial Plan for Water Resources
Utilisation.

The process of data collection and analysis leads from ecological assessment to water course
restoration planning. Application of the FFI of the main provincial rivers has resulted in a map
identifying three different ecological river types:

1. “adequate ecological quality”: zones with high value which are defined by an ecological dis-
continuity or by a no-fluvial influence distance.

2. “ecological altered strips”: 30 meters wide along the river with restoration possibility

3 “high urbanised strips” compromised and almost impossible to restore.

KEYWORDS: River ecology, river restoration, river assessment, water management

1 Introduction

An integrated approach for sustainable use and protection of water resources is a key
element of effective water policies including those set out by theEC Water Framework
Directive 2000/60 (1).

A holistic and integrated vision of the river environment is also crucial to successful river
restoration (2). The Fluvial Functional Index (FFI) is a tool that can aid an integrated
assessment of the rivers is, and is now largely applied in Italy. This paper aims to give on
overview of the FFI and its possible application for the river restoration purposes.

2 The fluvial functional index

2.1 Brief history

The FFI is a further development of the Riparian  and Environmental Inventory (RCE)
1 and  -2 (3), created by Peterson from the Institute of Limnology at Lund University
(4). RCE-I was initially created for collecting information about the sides and banks of
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rivers. After many field applications, it was recognised that this method could be ad-
justed to evaluate the whole river ecosystem quality.

Building on the RCE method, the FFI method was developed. The first FFI manual was
issued in 2000 by the National Environmental Protection Agency and widely dissemi-
nated in Italy through training courses organised by the Provincial Protection Agency
of Trento (North of Italy) (3).

2.2 The method principles

The FFI method allows the collection of information about the main ecological charac-
teristics of the water course and captures co-functional aspects and interrelations be-
tween eco-topes within en eco-mosaic.

The FFI assesses the most important ecological characteristics of the river. This evalu-
ation is carried out by identifying  river stretches in the field that can be considered
homogeneous. For each stretch a FFI form, which is divided in 14 questions, is filled in
(tab. 1a and 1b). There are 4 possible responses to each and for each answer there is a
fixed score.

There is a progression apparent in the sequence of the questions. The first four concern
the bank vegetation, the extent of the riparian area and the land use pressure. The next
two questions refer to the physical and morphological structure of the banks, due to the
importance of the role that these have for the conservation of the water quality charac-
teristics.

Questions 7 to 11 are about the structure of the river bed, identification of the features
related to the capacity of the river to be self-purification). These five questions facilitate
the comprehension of the characteristics that influence the biological composition of a
particular habitat; identify the elements which characterize the static and dynamic mor-
phology of the ecosystem (e.g. the succession of meanders, riffles, pools; presence of
back waters, point bars, islands, bank features; the nature and size of non-living parti-
cles; (granulometry of a different nature and size); depositing and erosion processes).

The last three questions evaluate some key biological characteristics of the river eco-
system: periphyton, macrophytes and macrobenthos, and the state of the coarse particulate
organic matter. This, normally called CPOM, is considered to be the energy input con-
tributing to the trophic web of the ecosystem. The fact that there only two questions
reserved forthe biotic aspect should not be taken as an underestimate of its importance,
but rather as the balancing of the information contributing towards the assessment of
the quality of the whole aquatic ecosystem and its surroundings.

2.3 Functioning level calculation

The final score, called FFI value, is the sum of the answer scores, and classifies river
stretches surveyed into in 5 levels of functionality. Level 1 is the best and Level 5 the
worst situation. There are also boundary levels (i.e. Level 3-4). The conversion table
from FFI value to functionality level is shown in the following table (tab 2).
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Tab 1 Conversion table for the fluvial functioning levels

LEVEL SCORE JUDGEMENT
I 261-300 excellent

I-II 251-260 excellent-good

II 201-250 good

II-III 181-200 good-fair

III 121-180 fair

III-IV 101-120 fair-poor

IV 61-100 poor

IV-V 51-60 poor-very poor

V 14-50 very poor

COLOUR

FFI FORM

Basin…………………………….Stream name………………………………………..

Location………………………………………………………………………………….

Stretch (metres)………….. width (metres)……… altitude…………

date ……………….record no………………… photo no………………
code………………..

Bank Left  Right 

1) Land use pattern of the surrounding area    

Undisturbed forests, woods and/or natural wetlands 25  25 

Meadows, pasture, woods, a few areas of arable and uncultivated land 20  20 

Mainly seasonal cultivation and/or mixed arable and/or permanent cultivation 5  5 

Urbanised area 1  1 

2) Vegetation of primary perifluvial zone (fluvial zone around watercourse)  

Arboreal riparian formations 30  30 

Shrub riparian formations (shrubby willow thicket) and/or reeds 25  25 

Non-riparian arboreal formations 10  10 

Made up of non-riparian or herbaceous or absent shrub species 1  1 

2b) Vegetation of secondary perifluvial zone  

Arboreal riparian formations 20  20 

Shrub riparian formations (shrubby willow thicket) and/or reeds 15  15 

Non-riparian arboreal formations 5  5 

Made up of non-riparian or herbaceous or absent shrub species 1  1 

3) .Extention of the perifluvial vegetation zone  

Perifluvial vegetation zone >30 m 20  20 

Perifluvial vegetation zone 5-30 m 10  10 

Perifluvial vegetation zone1-5 m 5  5 

Perifluvial vegetation zone absent 1  1 

4) Continuity of the perifluvial vegetation zone  

Continuous perifluvial vegetation without gap 20  20 

Perifluvial vegetation zone with gap in vegetation 10  10 

Frequent gaps or only continuous and consolidated herbaceous vegetation 5  5 

Soil without or with thin herbaceous vegetation 1  1 

5) Water conditions of the river bed  

Width of the annual peak flow bed less than three times than the wet river bed  20  

Annual peak flow bed more than three times than the wet river bed with discharge fluctuations with 
seasonal variation 

 15  

Annual peak flow bed more than three times that of the wet river bed with discharge fluctuations with 
frequent variation 

 5  

Wet river bed non-existent or almost non-existent or presence of impermeabilisation of the river bed  1  

6) Stream bank structure  

Bank with arboreal vegetation and/or stones 25  25 

Bank with grass and shrubs 15  15 

Bank with a fine grassy layer 5  5 

Bare banks 1  1 

 

Tab 1a: The FFI form, question 1 to 6
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7) Retention structures of trophic matter  

River bed with large boulders and/or old trunks firmly embanked or presence of reeds or hydrophyte strips 25  25 

Boulders, cobbles and/or branches present with depositing of sediment or scarce and not extensive reeds or 
hydrophyte  

15  15 

Retention structures free and mobile during flooding or absence of reeds 5  5 

River bed with sandy sediment without algae or smooth artificial profile with uniform current 1  1 

8) Erosion  

Little evident and not important 20  20 

Only at bends and/or narrow passages 15  15 

Frequent with cutting of the banks and of roots 5  5 

Very evident with undercutting of banks and landslips or presence of artificial intervention 1  1 

9) Cross-section  

Natural  15  

Natural with some artificial intervention  10  

Artificial with some natural elements  5  

Artificial  1  

10) Stream bottom  

Diversified and stable  25  

Movable in stretches  15  

Easily moveable  5  

Cemented  1  

11) Riffles, pools or meanders  

Clearly distinguished and recurrent  25  

Present at different distances and at irregular intervals   20  

Long pools which separate short riffles or vice versa, few meanders   5  

Meanders, riffles and pools absent, straightened path   1  

12) Vegetation in the wet river bed  

Periphyton  only noticeable on touching and/or low covering of macrophytes  15  

Periphyton visible and/or small covering of macrophytes  10  

Periphytion fair, presence of filamentous algae and/or monotonous macrophytes  5  

Periphyton  thick  and/or macrophytes relatively unvaried  1  

13) Detritus  

Presence of leaves and woods, vegetable fragments recognisable and fibrous  15  

Leaves and woods scarce, vegetable fragments fibrous and pulpy  10  

Pulpy fragments  5  

Anaerobic detritus  1  

14) Macrobenthonic community  

Well structured and diversified, appropriate to the fluvial type  20  

Sufficiently diversified but with altered structure as compared to that expected  10  

Poorly balance and diversified with a prevalence of taxa tolerant of pollution  5  

Absence of a structured community, presence of a few taxa all relatively tolerant of pollution  1  

                                                                                                                      Total Score   

                                                                                              Fluvial Functioning Level   

 

 

Tab 1b: The FFI form, question 7 to 14
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2.4 The FFI mapping

The FFI results are mapped in order to view directly the functionality level of each river
stretch. An example is given in figure 1.

Fig. 1 An example of the FFI applied to the River Fersina in Trentino (North of Italy).

The different colours show different functional levels.

3 FFI and river restoration: a practical example

The FFI has been applied by the ecologists of the Environment Agency on the main
rivers of the Province of Trento. The final results and maps had been used by an inter-
disciplinary team to draw up the new draft Provincial Plan for Water Resources Utilisa-
tion, which is now under approval. This plan will effect the water management of the
entire province for the next years (how many)including also opportunities to restore
rivers and their flood plains.

Through the FFI different functional zones along the main provincial rivers had been
identified. This zoning process was based on field data and lead from a simple ecologi-
cal assessment to integrated water course planning. The result was a final document
which includes a map that identifies three different river area types with different resto-
ration potential (Fig 2):

3. “adequate ecological quality”: zones with high ecological value which don’t need
specific restoration actions. These areas, identified by an ecological discontinuity
or by a no-fluvial influence distance, must be preserved and protected.

4. “ecologically altered strips”: 30 meters wide strips along the river with restoration
possibility. In these areas further new urban and agricultural development schemes
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will not foreseen. The strips guarantee an adequate space for restoring the river
and the floodplain. This is also very important for flood protection in order to
maintain an area where the rivers can expand freely in high flows.

5. “highly urbanised strips”: these are severely compromised and almost impossible
to restore. In there strips restoration opportunities are greatly reduced.

“adequate ecological qual-

ity”: polygons defined by an

ecological discontinuity or by

a no-fluvial influence distance.

This areas will be protected by

further human intervention

“ecological altered strips”

(yellow line) with restoration

possibility, 30 meters wide

Fig 2: Examples of the potential restoration areas derived using the Fluvial Functional Index

“high urbanised strips” (red

line) compromised and almost

impossible to restore

4 Conclusion

From the experience gained in Italy,  the FFI method can be a useful tool for targeting
river restoration schemes as it :

- is able to identify the most fragile or altered features of the river ecosystem.
- can be a valid way to identifying the most suitable areas for river restoration
- can be use to assess pre-scheme river restoration state and to forecast possible

post scheme scenarios, verifying how the fluvial functional index can change ac-
cording the objectives of the project

The FFI has also the advantage of being  a rapid and low cost method. The estimated
cost for 1 km of FFI is about 250 euros. The FFI method, proposed by National Envi-
ronmental Protection Agency of Italy, is indicated as best practice by WFD Common
Implementation Strategy- Working Group 2.7. It appears in Annex III (Summary of
factsheets on current monitoring) of the final draft of Guidance on Monitoring for the
Water Framework Directive (15th november 2002).

The FFI manual (in Italian) is downloadable for free at: http://www.provincia.tn.it/appa/
Pubblica/FrPubbl.htm



227The fluvial functioning index: an ecological assessment applied for river restoration

Acknowledgment

The authors thank Jenny Wheeldon of the Wildlife Trust (UK) for the precious review
of this paper.

Bibliography

1. European Commission, “Introduction to the new EU Water Framework Directive” http://

europa.eu.int/comm/environment/water/water-framework/overview.html, 2003

2. Conte G., Significato e multidisciplinarietà nella riqualificazione fluviale, Corso di

formazione: ”Nuovi approcci concettuali e tecnici nella gestione e riqualificazione dei

corsi d’acqua nel territorio montano”, Centro Italiano per la riqualificazione fluviale

Trento, 2002.

3. Siligardi M., Bernabei S., Cappelletti C., Chierici E., Ciutti  F., Egaddi F., Franceschini A.,

Maiolini B., Mancini L., Minciardi M.R., Monauni C., Rossi G.L., Sansoni G., Spaggiari

R., Zanetti M. “IFF Indice di Funzionalità Fluviale - Manuale di applicazione. ANPA,

Roma (Italy), 2000

4. Siligardi M. e B. Maiolini. L’inventario delle caratteristiche ambientali dei corsi d’acqua

alpini: guida all’uso della scheda RCE-2. Biologia Ambientale,VII, (2):18-24., 1993

5. Petersen  R.C. The RCE: A Riparian, Channel, and Environmental inventory for small streams

in agricultural landscape.  Freshwater Biology, 27: 295-306. 1992

Authors:

Paolo Negri, Maurizio Siligardi, Maurizio Francescon, Alessia Fuganti, Catia Monauni, Sabrina

Pozzi, APPA, Provincial Agency for Environmental Protection, Via Mantova 16, 38100

Trento Italy, Tel: +39 0461 497756, Fax: +39 0461 497730, paolo.negri@provincia.tn.it



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


