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EXECUTIVE SUMMARY

WFD100: Further Development of River Invertebrate Classification Tool (March, 2010)

Project funders/partners:
Environment Agency, Northern Ireland Environment Agency, Scotland & Northern Ireland
Forum for Environmental Research, Scottish Environment Protection Agency

Background to research

The Regulatory Agencies in the UK (the Environment Agency; Scottish Environment
Protection Agency; and the Northem Ireland Environment Agency) have recently begun to
use the River Invertebrate Classification Tool (RICT) to classify the ecological quality of
rivers. RICT incorporates RIVPACS IV predictive models and is a highly capable tool
written in a modern software programming language.

While RICT classifies waters for general degradation and organic pollution stress,
producing assessments of status class and uncertainty, WFD compliance monitoring also
requires the UK Agencies to assess the impacts of hydromorphological and acidification
stresses.

This project seeks to broaden the scope of RICT by adding numerical abundance estimates
to the underlying RIVPACS database, thereby allowing the calculation of additional
abundance-weighted biotic indices to classify sites affected by hydromorphological and
acidification stress. This project also seeks to identify a list of potential new predictive
variables to enable subsequent development of a RIVPACS model that does not use
predictor variables that are affected by these stressors.

Objectives of research

To consult and then propose various new predicted species output options from RICT
that more closely conform to the level of species identification routinely achievable in
Agency laboratories.

To produce the necessary data and files to implement these new species-level
taxonomic output option(s} in RICT.

To allocate numerical abundance values to all of the existing species and family level
records in the RIVPACS reference site database.

To calculate a new range of species-level biotic indices in the RIVPACS database and to
supply the files necessary to enable RICT to predict reference values for these indices at
test sites.

To propose a list of new predictive variables that will both enhance the predictive
capabilities of RICT and also offset the loss of predictive power associated with the
future removal of variables known to be affected by hydromorphological and acidification
stress.
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This work has fine-tuned the species level index predictions of RICT to better match the
needs of the Agencies, improved the usefulness of the RIVPACS dataset to predict
abundance weighted indices and paved the way for RICT to make predictions using
predictor variables that are more convincingly independent of the stresses being assessed.

Key findings and recommendations

This project has produced several enhancements to the RIVPACS database and the
RIVPACS IV model within RICT:

» Data files to support a new predicted species output option from RICT (WFD species
level) that more closely conforms to the level of species identification routinely
achievable in Agency laboratories.

e Allocation of numerica! abundance values to all of the existing species and family level
records in the RIVPACS reference site database to support the calculation of a wide
range of family and species-level indices including those with abundance weighting.

» Calculation of a new range of species-level biotic indices in the RIVPACS database and
the supply of files necessary for RICT to be able to predict reference values for these
indices at test sites.

» Production of a list of new predictive variables that could both enhance the predictive
capabilities of RICT and also offset the loss of predictive power associated with the
future removal of variables known to be affected by hydromorphological and acidification
stress.

While this project has made reference values of a wide range of new indices available itis
recommended that further work should be undertaken to enable RICT to calculate indices

that require direct comparison of observed and expected faunal lists (e.g. the Environment
Agency Pesticide and the Index of Compositional Dissimitarity).

Key words: RIVPACS IV, River Invertebrate Classification Tool, Water Framework Directive
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1. INTRODUCTION

1.1 Previous Projects

Several recent SNIFFER projects have recently provided important work that paves the way for
project WFD100. These are briefly summarised below:

Project WFD46 — Davy-Bowker et af., (2007a, 2007h)

Investigated the ownership of the RIVPACS reference site dataset.
Established unhindered access to the RIVPACS reference site dataset for the UK
agencies {in perpetuity).

+ Made the RIVPACS reference site dataset available to the UK Agencies and to the public
domain in a readily accessible database together with its accompanying physicochemical
variables (both existing and newly collated as part of project WFD46), historical and
current anthropogenic stress data, and a range of calculated biotic indices.

+ |dentified sites that fail to satisfy the WFD definition of reference condition (based on
historical pressure data).

+ Summarised the levels of anthropogenic pressure acting at the level of RIVPACS
classification groups and WFD System-A stream types.

Project WFD72A — Paisley et al., (2007)

» Revised the BMWP scoring system to more accurately represent the impacts of pollution
on the invertebrate fauna and to better inform the direction of resources for remediation.

Project WFD72B — Clarke & Davy-Bowker (2008)

¢ Developed a robust defensible mechanism for adjusting the RIVPACS expected values of
biotic indices for any specific test site according to the perceived ecolegical condition (at
the time of sampling for RIVPACS) of the RIWVPACS reference sites actively involved in the
prediction for that test site. The resulting adjusted O/E values more evenly reflect the WFD
concept of ecological status across all UK river types.

e Provided the necessary formulae for implementing this adjustment mechanism for the
environmental regulatory agencies’ classification sites.

Project WFD72C — Davy-Bowker et al., (2008)

WFD72C was a landmark project that facilitated the progression of the DOS based RIVPACS I+
{written and programmed by CEH) to a Windows based 'River Invertebrate Classification Tool’
incorporating RIVPACS IV predictive models developed by CEH and a totally new state-of-the-art
software interface programmed by Mark Caulfield {TekSystems/Brucel Ltd.). WFD72C addressed
the following needs:

» Predictions that fully satisfy the WFD definition of ‘reference condition’ by adjusting
predictions for certain stream types and by removal of sites that were not in reference
condition when sampled.

¢ Allocation of actual abundance values to family level records and species level records in
the RIVPACS reference data set. Lack of actual abundance data, especially at family
level, has affected all versions of RIVPACS and has constrained the types of biotic indices
that RIVPACS can predict.

+ Extension to the suite of biotic indices so that the new system can predict a wider range of
reference state “expected” index values. This will enable full WFD quality reporting
capabilities as well as providing the system with the general functionality to predict a much
wider range of indices e.g. intercalibration indices {(e.g. ICMi}, stress-specific indices, and
ecological and functional trait indices.
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» Review and testing of methods for optimising predictive ability. While this has been
reviewed previously, newly emerging methods need to be reviewed to see if they can lead
to lower uncertainty in model predictions.

» Extension of the uncertainty/errors module to estimate and assess uncertainty in (i)
assignment to status class and (ii) comparison of samples for temporal change in quality
and status. This needs to be done for a wider range of biotic indices (induding those
incorporating abundance data).

¢ Free of charge dissemination to all interested users.

* Resolution of the dual coverage of upland Scottish sites in the RIVPACS Ill+ GB and
Highlands models. This leads to confusion about which model should be used for sites
within this ill-defined bio-geographical area. The geographical configuration of the current
RIVPACS models therefore needs to be re-examined for the new Tool.

» Updating the software to a modern state-of-the-art computing language whilst also
increasing user friendliness (e.g. windows interface, modern file formats for data input and
export, reducing user effort involved in running software, better integration with Agency IT
systems, and reduction in specialist knowledge required to run the software).

The new River Invertebrate Classification Tool (incorporating RIVPACS IV predictive models) has
now superseded RIVPACS lll+ as the official tocl for macroinvertebrate classification for the WFD
by the UK Agencies.

1.2  Project WFD100

While the new River Invertebrate Classification Tool has delivered additional functionality above
and beyond that in previous versions of RIVPACS, there is now a pressing need to develop and
test new or existing indices that broaden the assessment of stress types beyond organic pollution.
Bioassessment of the impacts of a wider range of stresses is now an essential biomonitoring
requirement under the WFD.

In the longer term, as the suite of stress specific indices broadens, there will also be a requirement
to develop a new ‘General Disturbance’ index that can quantify the overall extent to which a test
site deviates from its expected reference condition without over emphasis of this assessment on
any one particular stressor.

Project WFD100 has started the process of broadening stress coverage by reviewing the species-
level indices in use across the UK and Europe and by determining the required level of taxonomic
resclution to calculate these indices. This will also be compared with the current practicable level
of species taxonomic resolution in use within the UK Agencies. The RIVPACS database will then
be updated with taxonomic data at this level of resolution so that reference condition values can be
calculated for these indices.

Because many of the indices of potential usefulness in describing new stress types are both
species level indices and abundance weighted, there is therefore a pressing requirement to
address the long running problem of the absence of species-level abundance data in the
RIVPACS dataset. This will be tackled within project WFD100 by data entry of abundance data
from archived laboratory sheets 1o populate the RIVPACS database with species-level abundance
data. Appropriate methods will also be used to provide estimates of the numerical abundances for
records where no data are available on the original laboratory data sheets.

As the range of stress types that RICT can assess broadens, there will also be a need to improve
the independence of the predictor variables used by the underlying RIVPACS IV models from this
widening range of stressors. Project WFD100 will therefore start a process of compilation of data

for improved predictor variables that subsequently will be used to develop model(s) with improved
independence from the stresses being assessed.

1.3 Project Objectives

The overall objectives of Phase 1 are as follows:
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. To consult and then propose various new predicted species output options from RICT that
more closely conform te the level of species identification routinely achievable in Agency
laboratories.

. To produce the necessary data and files to implement these new species-level taxonomic

output option(s) in RICT.

. To allocate numerical abundance values to all of the existing species and families level
records in the RIVPACS reference site database.

. To calculate a new range of species-level biotic indices in the RIVPACS database and to
supply the files necessary to enable RICT to predict reference values for these indices at
test sites.

. To propose a list of new predictive variables that will both enhance the predictive

capabilities of RICT and also offset the 1oss of predictive power associated with the future
removal of variables known to be affected by hydromorphological and acidification stress.

This work will fine-tune the species level index predictions of RICT to better match the needs of
the Agencies, improve the usefulness of the RIVPACS dataset to predict abundance weighted
indices and pave the way for RICT to make predictions using predictor variables that are more
convincingly independent of the stresses being assessed.

This project is organised into six work elements (hereafter abbreviated as WE):

WE1: Project management and coordination.

WE2: Determination of the required level of taxonomic resolution.

WE3: Rationalisation of taxonomy and allocation of species level abundances.
WE4: Allocation of index values, functional values and trait data.

WES5: Compilation of a ‘wish-list’ of enhanced predictive variables.

WEBG: Technical report (a compilation of WE reports and covering summary).

These are described in detail below:

WORK ELEMENT 1: Prgject management and coordination including three project meetings and
project progress reports.

WORK ELEMENT 2: Review of species-level biotic indices in use in the UK and across Europe
including consultation within the UK Agencies. Consultation within the UK Agencies to determine
the level of taxonomic resolution practically attainable when processing macroinvertebrate
samples to species-evel. Recommendations for a new level/levels of taxonomic resolution cutput
for RICT.

WORK ELEMENT 3: Data entry of species-level numerical abundances to the RIVPACS
database. Estimation and addition of numerical abundances to records without data. Calculation of
numerical abundances for rationalised taxonomy/taxonomies and update of the RIVPACS
reference database.

WORK ELEMENT 4: Allocation of functional trait data to support the calculation of new biotic
indices. Calculation of reference values and end group means for new species-level abundance
weighted biotic indices.

WORK ELEMENT 5: Compilation of a wish list of potential new predictive variables that have
hetter independence from stressors for use in a future predictive model development.

WORK ELEMENT 6: Technical report (2 compilation of WE reports and covering summary).
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There are three main target audiences for this work.

. Operational staff in environmental protection agencies of the United Kingdom. The products
are of particular relevance for biologists, water quality and water resources staff responsible
for implementing the WFD. It is also aimed at those interpreting the results of biological
surveys and planning programmes of measures to maintain or restore good ecological
quality. Some of these people may not have specialist computing or other skills, so the
system will require a simple, clear and intuitively simple user interface and supporting
documents. The products will also be used by third parties wanting to undertake the same
tasks, including other water users, non-governmental organisations, conservation
organisations and universities.

. Computer and data systems staff of environmental protection agencies responsible for
maintaining computer network systems and staff developing integrated software systems for
WFD and other environmental management purposes.

. Those developing other ecological prediction, classification and modelling tools for the
sponsoring organisations, in particular those developing other WFD classification and
modelling tools for algae, macrophytes and fish.

1.4 References

Davy-Bowker J., Clarke R., Furse M., Davies C., Corbin T., Murphy J. & Kneebone N. (2007a)
RIVPACS Database Documentation. A report to the Scotland and Northern Ireland Forum
for Environmental Research. [SNIFFER project WFD486).

Davy-Bowker J., Clarke R., Furse M., Davies C., Corbin T., Murphy J. & Kneebone N. (2007b)
RIVPACS Pressure Data Analysis. A report to the Scotland and Northern Ireland Forum for
Environmental Research. [SNIFFER project WFD46].

Paisley M.F., Trigg D.J. & Walley W.J. (2007). Revision and testing of BMWP scores. A report to
the Scotland and Northern Ireland Forum for Environmental Research. [SNIFFER project
WFD72A].

Clarke R.T. & Davy-Bowker J. (2006). Development of the scientific rationale and formulae for
altering RIVPACS predicted indices for WFD reference condition. A report to the Scotland
and Northern ireland Forum for Environmental Research. [SNIFFER project WFD72B].

Davy-Bowker J., Clarke R., Corbin T, VincentH., Pretty J., Hawczak A., Blackburn J., Murphy J. &
Jones |. (2008). River Invertebrate Classification Tool. A report to the Scotland and Northern
Ireland Forum for Environmental Research. [SNIFFER project WFD72C].
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2.1 WFD100 Further Development of River Invertebrate Classification Tool
Work Element WE 2.1
Review and consultation on species-level biotic indices

21 Background

While the newly developed River Invertebrate Classification Tool has delivered additional functionality
above and beyond that in previous versions of RIVPACS, there is now a pressing need to develop and
test new or existing indices that broaden the assessment of stress types heyond organic pollution.
Bioassessment of the impacts of a wider range of stresses is now an essential biomonitaring requirement
under the WFD. In the longer term, as the suite of stress specific indices broadens, there will also be a
requirement to develop a new '‘General Disturbance’ index that can quantify the overall extent to which a
test site deviates from its expected reference condition without over emphasis of this assessment on any
one particular stressor.

Project WFD100 has started the process of broadening stress coverage by reviewing the species-level
indices in use across the UK and Europe and by determining the required level of taxonomic resolution to
calcuiate these indices. This has also been compared with the current practicable level of species
taxonomic resolution in use within the UK Agencies. In WE3 the RIVPACS database will then be updated
with taxonomic data at this level of resolution so that reference condition biotic index values can be
calculated for these indices.

2.2 Review of Species Level Indices
A review of the species level indices currently in use across the UK and Europe has been carried out:

+ Tolist the species-level indices in use.
« Toidentify which stress or stresses these indices report.
e To determine the required level of taxonomic resolution for each index.

This review has drawn on a number of sources:

e The Waterview Database, a deliverable from the EU funded STAR project (http://starwp3.eu-
star.at/)
Information on indices from the EU AQEM/STAR projects
WFD Inter-calibration report(s)

¢ Published literature sources and reports (extending beyond Europe where particular indices merit
investigation)

o Consultation within the UK Agencies to draw up a list of species-level indices currently in use,
under consideration and under development

NB — at the project start-up meeting it was agreed that superseded indices (e.g. the Raddum acidity
index) wifl be excluded from the next version of RICT.

221 The Waterview Database

The Waterview database is a deliverable from the EU funded STAR project and is available from
http://starwp3.eu-star.at/. The Waterview database integrates all of the indices used, documented, and
calculated within the STAR project and within the ASTERICS scoftware program and as such provides a
very good overview of indices across Europe. This database has been queried to obtain data on the
bioassessment tools currently in use across Europe and the biotic indices they contain. These data are
presented in Appendix | and then summarised across Europe in Appendix Il. It should be noted that the
data extracted from the Waterview database may not be completely up-to-date with the very latest indices
and this report will present more recent scoring systems in later sections.

The bioctic indices used by most European countries in their biomonitoring schemes are designed to
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respond primarily to organic pollution. Of these, the Waterview database shows that BMWP, NTAXA,
ASPT and the Saprobic indices are by far the most popular; the BMWP indices being used in 13 states
and the Saprobic in 16 (including regional variants of both types of index). Between them, these two types
of index are used by 25 EU Countries. An important point to note here is that while the BMWP indices use
family level data, the Saprobic indices often require identification to genus level. The EPT index and the
Danish Stream Fauna Index are the next most commonly used (4 and 5 countries respectively) while the
other indices are generally only used by one or two EU states.

Diversity indices are used less widely than the organic pollution indices. Shannon Weiner diversity is used
by 4 EU countries while Simpson diversity, Margalef diversity and Pielou evenness are only used in
Buigaria, Austria and Greece.

Acidity indices are unsurprisingly only used in those countries with significant acidification issues. The
Henrikson and Medin Acid index is used in both Sweden and Estonia while national indices developed in
both Germany and the United Kingdom are in use in these countries respectively.

2.22 EU AQEM/STAR Projects

2.2.2.1 ASTERICS

The EU, AQEM and STAR projects have between them brought together a wide range of biotic indices in
use across Europe and reported these in various different forms. The AQEM project enabled the
development of the AQEM European Stream Assessment Program that includes a means of entering
biological sample data into a standardised Europe-wide data entry system and a tool for the calculation of
biotic index values, criginally called AQEMrap but now known as ASTERICS. [n its most recent form, the
ASTERICS software automatically calculates a wide range of biotic indices and the associated manual
provides descriptions of how each index should be calculated {although the individual taxon-specific
scores e.g. trait scores, are only to be found electronically in the software and supporting databases). It
should however be stressed that the biotic indices within ASTERICS are broadly the same as those
described in the WaterView database so a full and separate review of the ASTERICS indices would yield
the same indices as have been described in Appendix | and Il of this report.

2.2.2.2 Species Traits Analysis {(STAR Deliverable N2)

Within the EU STAR project, work was undertaken to test the applicability of species traits analysis both
as a means of defining functional reference conditions (a reference condition target for the functional
guality of streams) and also as a method of assessing functional status class (for defining the quality of
test sites in terms of their function).

The analysis of functional traits across reference sites revealed consistent differences in the trait
characteristics of freshwater communities from the river types present in different geographical regions of
Europe. For example, at altitudes above 1400m, organisms with small body size and rheophilous forms
(crawlers) were consistently found to be dominant. These rivers also tended to support invertebrates with
traits associated with living in high energy, fast-flowing waters with coarse mineral substrata.

The analysis of traits as correlates of functional disturbance also revealed some encouraging patterns in
response to organic and morphological stress, although further analysis on larger UK datasets is probably
needed before any concrete conclusions can be drawn about the value of any particular suites of traits as
strong correlates of particular stress gradients.

However, it is important to stress that some of the traits used in this work were numerical scorings of
habitat or stream-type preferences {e.g. substratum preference, water body type preference, distance
from source preference). These types of trait are themselves responses to the environment and are less
desirable than traits that are innate physiological or morphological characteristics of the species
concerned (e.g. number of life cycles per year, mode of respiration, mode of dispersal). In broad terms it
is better to use biological traits rather than ecological ones or else there is a danger that any inferences
drawn may be circular and therefore uninformative.
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2.2.3 WFD Inter-calibration reports

A key action identified by the WFD has been to carry out a Europe-wide intercalibration to ensure that
ecological quality bands are both consistent with the Directive’s generic description and are also
comparable across all Member States. The intercalibration process has been managed by the Common
implementation Strategy Working Group A - Ecological Status (ECOSTAT) and all 27 Member States
have been involved (plus Norway on a voluntary basis).

Expert groups were established for lakes, rivers and coastal/transitional waters, each subdivided into 14
Geographical Intercalibration Groups that notionally had similar water body types.

For rivers, five Geographical Intercalibration Groups (GIGs) were established, each sub-divided further
into stream types. In general terms, class boundaries were initially set separately by each Member State
using their own bicassessment system and metrics. This was then followed by calibration against a
common metric and then by harmonisation of class boundaries to fine-tune the EU-wide definition of the
quality classes (with particular attention being paid to the High/Good to Moderate/Poor/Bad boundary).

Although the United Kingdom only featured in two of these GIGs {Northern and Central/Baltic) this review
of indices includes all the macroinvertebrate methods used across all Member States.

The Intercalibration Common Metric index {(ICMi) as used by the Central/Baltic GIG is a multimetric index
comprising a weighted average of six intercalibration Common Metrics (ICMs):

- Average Score Per Taxon (ASPT)

- Log10(sel_EPTD+1)

- 1-GOLD

- total number of taxa (families)

- number of EPT (Ephemeroptera, Plecoptera and Trichoptera) taxa (families)
- Shannon-Wiener diversity index

Full details of the weightings of the individual ICM metrics and their weightings can be found in Table 1
{(from Table 2.1.3 on pg 18 of van de Bund, 2009).

Within each GIG the relevant intercalibration metrics were intercalibrated against the various national
bioassessment methods. These are listed in Table 2.

van de Bund W. (2009) Water Framework Directive intercalibration technical report. Part 1: Rivers. 2009.
Luxembourg: Office for Official Publications of the European Communities.
http:ficirca.europa.eu/Membersfirc/irclirc eewaillibrary?i=fintercalibration 2&8vm=detailed&sb=Title&
cookie=1. IC_TR_JRC51339-volumeriver.
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2.2.4 Published Literature Sources and Reports
2.2.41 Macroinvertehrate Biological Traits for Bioassessment

Developed, primarily in France, over the past 10 years, the use of macroinvertebrate biological traits for
bioassessment was an applied extension of basic ecological research investigating the degree to which
the physical habitat determines the structural and functional composition of streambed
macroinvertebrate communities (Townsend & Hildrew, 1994; Statzner, Hildrew & Resh, 2001). The
premise is that differences between test and reference sites in the relative abundance of over 60
categories of 11-14 biological traits (such as size, reproductive and dispersal potential, food and feeding
habits, indicating various ecological functions) could reflect the degree and nature of impairment to the
river stretch.

To describe the functional composition of a community, the presence/densities of all taxa per
site/fsample are multiplied with the trait affinities (as a %) of the taxa, thus giving the weighted proportion
of each category per trait. It could be that all 60+ trait category values are amalgamated to produce a
mean trait score to general degradation (Dolédec & Statzner, 2008) or perhaps only those that are
predicted/known to respond to particular stressors are reported in a diagnostic capacity e.g. heavy metal
pollution could cause a decrease in the prevalence of gill respiration. Another way to present the trait
data is as the functional diversity of the community derived from a global dissimilarity matrix of traits
across all recorded taxa (Bady et af., 2005).

It has been shown that working at genus/family resolution is sufficient to detect a significant functional
response (Gayraud et al. 2003), though because of poor knowledge of the biological traits of many
Diptera and Oligochaeta, these groups are often excluded from analyses. To estimate the functional
diversity of alarge river site, Bady et al. (2005) estimated that five to ten grab samples are adequate,
which is less sampling effort than that required to estimate taxon richness to a similar level of
confidence. It has also been demonstrated that the same method can be applied to rivers across
Europe without the need for regional modification of the approach (Statzner et al. 2001}, though the
underlying biological trait data would need to be of sufficient standard in all areas.

Notwithstanding these positive attributes of the approach, there has not yet been a rigorous screening of
all the traits/categories used, to identify those that are diagnostic of particular stressors, though
intuitively this could be a potential avenue for functional index development. Recently, Dolédec &
Statzner (2008) assessed the ability of a small range of individual trait categories, as well as an overall
mean {rait score, to detect heavy metal and ship traffic impacts in large river reaches, with mixed results.
Furthermore, while the approach seems viable, additional research is needed to produce a robust and
proven biomonitoring tool that could be applied to a range of river types; most of the University of Lyon’s
development work so far has focussed on large rivers.

As yet there is no working WFD tool, or proven biological traits with diagnostic capability, that could
easily be applied to a British context. Indeed the ‘Achilles’ hee!’ of applying the approach in the UK may
well be the quality and extent of biological trait information for macroinvertebrates in the UK. This is
exemplified by the weak variation in relative abundance of the refatively crude functional feeding groups
observed in an earlier analysis across a wide range of high quality UK sites (Clarke et al., 2002). While
there is no comprehensive database of trait assignments to all macroinvertebrate taxa in the UK, the
assignments used in France (Tachet et al. 2000) could potentially be used, with caveats. Furthermore,
recent developments such as the web-based database on the distribution and ecological preferences of
European freshwater organisms {www.freshwaterecology.info) and the associated book series (Graf et
al., 2008) mean that more and more trait information is being gathered and made available.

Over the past 5 years there has been growing interest within the United Sates in the use of biological
traits for assessing the condition of freshwaters. The expectation being that different suites of traits will
correspond with specific hydrological, physical, and chemical gradients in the lotic environment (Poff et
al., 2008). As afirst step, a database of trait information has been compiled and made available to
researchers (Viera et af., 2008) and initial development work is in progress e.g. Hawkins & Carlisle
(2008) and Tullos et al. {2009).

Overall the use of macroinvertebrate biological traits for bioassessment of rivers and streams is still in its
development phase, but the potential for a genuinely useful WFD tool(s) is clear.

10
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Bady, P., Dolédec, S., Fesl, C., Gayraud, S., Bacchi, M. & Schdll, F. (2005) Use of invertebrate traits for
the biomonitoring of European large rivers: the effects of sampling effort on genus richness and
functional diversity. Freshwater Biclogy 50, 159-173.

Clarke, R.T., Wright JF. & Davy-Bowker, J. (2002). An appraisal of RIVPACS for evaluating trophic
structure. In: Wright, J.F ., Winder, J.M., Clarke R.T. & Davy-Bowker J. Testing and further developmenit
of RIVPACS, Stage 3 Report. R&D Technical Report E1-007TR. Bristol, Environment Agency.

Dolédec, S. & Statzner, B. (2008) Invertebrate traits for the biomonitoring of European rivers: an
assessment of specific types of human impact. Freshwater Biology 53, 617-634.

Gayraud, S., Statzner, B., Bady, P., Haybach, A., Schéll, F., Usseglio-Polatera, P. & Bacchi, M. (2003)
Invertebrate traits for the biomonitoring of large European rivers: an intial assessment of alternative
metrics. Freshwater Biology 48, 2045-2064.

Graf, W., Murphy, J.F., Dahl, J., Zamora-Munoz, C. & Lopez-Rodriguez, M.J. (2008) Distribution and
ecological preferences of European freshwater organisms. Volume 1. Trichoptera. Pensoft Publishing,
Sofia, Bulgaria.

Hawkins, C.P. & Carlisle, D.M. (2008) Coupling predictive models with ecological traits to predict the
response of benthic invertebrate taxa to landscape and waterway alteration. Paper presented at the
NABS Annual Meeting, Salt Lake City, Utah.

Poff, N.L., Olden, J.D., Vieira, N.K.M., Finn, D.S., Simmons, M.P., and Kondratieff, B.C. (2006)
Functional trait niches of North American lotic insects—Trait-based ecological applications in light of
phylogenetic relationships: Journal of the North American Benthological Society, 25: 730-755..

Statzner, B., Bis, B., Dolédec, S. & Usseglio-Polatera, P. (2001) Perspectives for biomoenitoring at large
spatial scales: a unified measure for the functional composition of invertebrate communities in
European running waters. Basic and Applied Ecology 2, 73-85.

Statzner, B., Hildrew, A.G. & Resh, V.H. (2001) Species traits and environmental constraints:
entomological research and the history of ecological theory. Annual Review of Entomology 46, 291-316.

Tachet, H., Bournaud, M., Richoux, P. & Usseglio-Polatera, P. {2000) Invertébrés d'eau douce :
systématique, biologie, écologie. CNRS Editions, Paris, 588p.

Townsend C.R. & Hildrew, A.G. (1994) Species traits in relation to a habitat templet for rivers.
Freshwater Biology, 31, 265-275.

Tullos, D.D., Penrose, D.L., Jennings, G.D. & Cope, W.G. (2009) Analysis of functional traits in
reconfigured channels: implications for the bioassessment and disturbance of river restoration. Journal
of the North American Benthological Society, 28: 80-92.

Vieira, N.K.M., Poff, N.L., Carlisie, D.M., Moulton, S.R., Il, Koski, M.L. & Kondratieff, B.C. (2006) A
database of lotic invertebrate traits for North America. U.S. Geological Survey Data Series 187,
http.//pubs.water.usgs.gov/ds187.

2.2.42 MISA

Developed in Sweden, MISA is a multi-metric index composed of:
(i) Family richness

(i) Gastropod species richness

(iti) Ephemeroptera species richness

(iv) Ephemeroptera:Plecoptera abundance ratio

{(v) AWICfarn {Davy-Bowker et af., 2005)

{vi) % shredders

Values for 5 of these 6 single metrics {AWIC excluded) are normalised so that all attain a value between
1 and 10. Then MISA is then calculated by summing and rescaling the normalised values.

11
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MISA requires taxonomic resolution to Family/Genus/Species and reports on acidification stress.

Johnson, R K. & Goedkoop, W. (2007) Bedémningsgrunder fér bottenfauna i sjéar och vattendrag —
Anvéndarmanual och bakgrundsdokument Report: 4. Department of Environmental Assessment,
Swedish University of Agricultural Sciences, Uppsala, Sweden.

2.2.4.3 DJ Index
Developed in Sweden, the DJ Index (Dahl & Johnson, 2004) is a multi-metric index comprising:

(i) EPT richness (Richness measure)

(ii) % Crustacea (Composition measure)

(i) % EPT (Composition measure)

(iv) ASPT (Armitage et al., 1983) (Tolerance measure)

(v) Saprobic index (Zalinka & Marvin, 1961) (Tolerance measure)

Each metric is divided into 3 classes with scores of 1, 2, or 3. The sum of the 5 metric scores is the
overall DJ index value. The DJ index requires Genus/Species taxonomic resolution and reports on the
stressors Tetal Phosphorus and Organic Pollution.

Dahl J. & Johnson R.K. (2004). A multimetric index for detecting organic pollution of streams in southern
Sweden. Archiv fiir Hydrobiologie 160: 487-513.

2.2.4.4 Taxonomic Distinctness Indices

Originally developed by Warwick & Clarke (1995) and used extensively in marine environments,
taxonomic distinctness was made more widely available through the PRIMER statistical analysis
package (Clarke & Warwick, 1998, 2001). Taxonomic distinctness indices quantify the average degree
to which individuals in an assemblage are taxonomically related to one another. It effectively measures
the average distance through the phylogenetic tree between all individuals in an assemblage.

A number of studies in marine habitats have demonstrated its ability to detect change in communities
between degraded and un-impacted locations (see Abellan et al., 2006). However, the method has only
more recently been applied to freshwater systems, in Spain (Abellan et al., 2006) and Finland (Heino et
al., 2007). In both of these this studies taxonomic distinctness did not perform well in the assessment of
environmental quality. The former study in particular cautioned against its use as its performance and
ability to detect impacts may depend on the current phylogenetic structure of the sampled taxa within a
region and their evolutionary and ecological history.

Abellan, P., Bilten, D.T., Milian, A., Sanchez-Fernandez, D. & P.M. Ramsay (2008) Can taxonomic
distinctness assess anthropogenic impacts in inland waters? A case study from a Mediterranean river
basin. Freshwater Biclogy 51, 1744-1756.

Clarke, K.R. & Warwick, R.M. {1998) A taxonomic distinctness index and its statistical properties.
Journal of Applied Ecology 35, 523-531.

Clarke, K.R. & Warwick, R.M. {2001) A further biodiversity index applicable to species lists: variation in
taxonomic distinctness. Marine Ecology Progress Series 216, 265-278.

Heino, J., Mykrd, H., Hdmaélainen, H., Aroviita, J. & Muotka, T. (2007) Responses of taxonomic
distinctness and species diversity indices to anthropogenic impacts and natural environmental
gradients in stream macroinvertebrates. Freshwater Biology 52, 1846-1861.

Warwick R.M. & Clarke, K.R. {1995) New ‘biadiversity’ measures reveal a decrease in taxonomic
distinctness with increasing stress. Marine Ecology Progress Series 129, 301-305.
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2.2.4.5 German Fauna Index D01, D02, D03, D04, D05

Developed in Germany specifically to assess the impact of hydromorphological stress, the German
Fauna Indices D01 — D05 (Lorenz et al., 2004) are stream-type specific, each metric having species-
specific scores that differ depending on the stream type that the metric is designed to be applied to. The
metrics use species-level data and are abundance based, using raw abundance data grouped into the
following eight categories: 0 individuals, 1-3, 4-10, 11-30, 31-100, 101-300, 301-1000 and >1000
individuals. Total scores range between -2 (primarily indicative of degraded morphology) to +2 (taxa
representative of near natural morphology). A quoted example of a taxon indicative of natural
morphology is a xylophagous insect (one that feeds on wood), the presence of wood being taken to
indicate a natural channel and bank structure. These indices are therefore species level, require raw
abundance data and are calculated as a ratio of sensitive to insensitive taxa.

One concern with these indices is the specificity of the taxon scores to particular German stream types
and therefore the transferability of these indices to British rivers. They do however represent perhaps
the best examples of a biotic index thought fo be capable of gquantifying the impact of
hydromorphological pressure.

The latest stream-type specific versions of these indices have been obtained from Daniel Hering (pers.
comm., March 2009).

Lorenz A., Rolauffs P. & Hering D. (2004). A new method for assessing the impact of
hydromorphological degradation on the macroinvertebrate fauna of five German stream types.
Hydrobiologia. 516: 107127 .

2.2.4.6 Comparison of Observed and Expected Fauna

Various quality indices based on comparisons of observed and expected fauna were proposed by
Clarke et al, (1996). These indices used presence absence data rather than comparisons of
abundance. The most promising of these (Qs) was a ¥* goodness of fit (GOF) statistic. Taxa were
grouped into classes based on expected probability of occurrence (pi) and f GOF between the
observed {Oc) and expected (£c) number of taxa in each class (c) was calculated as:

Qi =¥ (O ~ EYIE,

Testing on 340 independent sites showed that significant values of Q, usually indicated a loss of taxa
compared to those expected, although a few very taxon-rich sites were also highlighted.

Clarke R.T., Furse M.T., Wright J.F & Moss D. (1996) Derivation of a biological quality index for river
sites: comparison of the observed with the expected fauna. Journal of Applied Statistics, 23:311-332.

2.2.4.7 Index of Compositional Dissimilarity

Proposed in 2008 for use with RIVPACS-type models in the US EPA, the index of compositional
dissimilarity addresses a problem inherent in the Number of Taxa (NTAXA) index, namely that changes
in O/E NTAXA can be insensitive to stress-induced shifts in community composition that leave
assemblage richness unchanged. O/E NTAXA is based only on the numbers of observed and expected
taxa and so does not capture taxon-specific disagreements between the two. Van Sickle (2008)
proposed a measure of compositional dissimilarity that summarises the taxon-specific disparities
between the observed assemblages and the expected probability of capture. The following theoretical
example (taken from Van Sickle, 2008) shows a case in which O/E fails to represent strong taxon-
specific disparities in a small sample:

13
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Taxon o] E |O-E| (| | denotes sign correction)
1 1 0.1 . 0.9
2 1 0.3 0.7
3 1 0.8 0.2
4 0] 0.9 0.9
5 0 0.9 0.9
ZOEIS=3 ZEXP=3 Z|O—E|=36
Classic O/E NTAXA =1 X |0-E|=0.72

In the case above, the classic O/E NTAXA is 1.0 indicating that the sample is in reference condition
despite considerable disparities between the observed taxa and the expected probabilities of
occurrence. However, by taking the mean of the absolute differences between each observed taxon and
their expected probabilities, this simple metric correctly indicates that the observed assemblage deviated
from the expected X = 0.72 {on a scale of 0 to 1, where 0 indicates complete agreement and 1 indicates
complete disagreement). It should be noted that in the simple example above the contributions to O/E
from low probability and high probability taxa partially cancel each other out, however the example does
illustrate the point.

Initial trials in the US indicated that the mean and sum of absolute differences did not perform any better
than the classical NTAXA. However, standardising the sums of absolute differences relative to the full
set of observed and predicted values gave an index with markedly better perfformance:

c- II0-E
2 |O+E|

This index was called ‘BC’ because. it is the same formula as Bray-Curtis dissimilarity (but adapted by
Van Sickie for taxonomic composition comparisons). The BC index also ranges from 0-1, with 0
indicating complete agreement and 1 indicates complete disagreement. If considered for use in the UK
we might want to use 1-BC to reflect our usage of 0 to indicate most impaired and 1 to indicate
reference state. This index clearly has potential as a general disturbance index. A further note of interest
is that the BC index may have potential for further improvement by incorporation of abundances.

Van Sickle, J. (2008) An index of compositional dissimilarity between observed and expected
assemblages. J. N. Am. Benthol. Soc. 27(2): 227-235.

2.2,5 Consultation within the UK Agencies

Consultation has been sought from within the UK Agencies to draw up a list of species-level indices
currently in use, under consideration and under development (see consultation document in Appendix
lI1). The objective of this consultation was to arrive at a list of indices that are of operational usefulness
to the Agencies and to then (in WE 4.2) calculate reference values for these indices in RIVPACS IV so
that RICT can calculate expected values for test sites.

The consultation has involved Ben McFarland, Richard Chadd and Alice Hiley (EA) lan Milne (SEPA)
and Imelda O’'Neill (NIEA). The results of this consultation are presented in Table 3. Further to the
consultation, at the mid project meeting the consultation feedback was reviewed by the project steering
group and a final list of biotic indices for the calculation of reference values (in WE 4.2) was drawn up
(Table 4). Each index is listed with the abbreviation TL1, TL2, TL3, TL4 or TL5 indicating the taxonomic
level of the data used to calculate the index (see Work Element 4.1/4.2 — pg. 35 for further information).
For compieteness, Table 4 also shows the indices already in RIVPACS IV. All references (where
available} are given in Work Element 4.1/4.2.
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Table 4. List of biotic indices for which reference values have now been calculated and
added to the RIVPACS database {and supplied as end group means for RICT).

Note - With the exception of the ICM Intercalibration Metrics (which remain unchanged since
their original inclusion in the RIVPACS database as part of SNIFFER project WFD72C in June
2008) all of the indices have been recalculated from first principles using the newly derived
species level abundance data derived in Work Element 3 of project WFD100. All publication
references for indices {where available) are given in Work Elements 4.1/ 4.2,

Index (and variants)

Season combination(s) calculated*

TL1 BMWP
TL1 NTAXA
TL1 ASPT

TL2 WHPT Score (Non Abundance Weighted, Distinct Families)
TL2 WHPT NTAXA {Non Abundance Weighted, Distinct Families)
TL2 WHPT ASPT (Non Abundance Weighted, Distinct Families)

TL2 WHPT Score (Non Abundance Weighted, Composite Families)
TL2 WHPT NTAXA (Non Abundance Weighted, Composite Families)
TL2 WHPT ASPT (Non Abundance Weighted, Composite Families)

TL2 WHPT Score (Abundance Weighted, Distinct Families)

TL2 WHPT NTAXA (Abundance Weighted, Distinct Families)
TL2 WHPT ASPT (Abundance Weighted, Distinct Families)

TL2 WHPT Score (Abundance Weighted, Composite Families)
TL2 WHPT NTAXA (Abundance Weighted, Composite Families)
TLZ2 WHPT ASPT (Abundance Weighted, Composite Families)
TL1 AWIC (Fam)

TL4 AWIC (Sp) Murphy
TLS AWIC (Sp) Murphy

TL4 WFD AWIC (Sp) McFarland
TLS WFD AWIC (Sp) McFarland

TL4 Raddum
TL5 Raddum

TL4 SEPA % Acid Sensitive Taxa
TL5 SEPA % Acid Sensitive Taxa

TL2 LIFE (Fam) (Distinct Families)
TL14/2 LIFE (Fam) (Composite Families)

TL4 LIFE (Sp)
TL5 LIFE (Sp)

TL3 PSI (Fam)

TL4 PSI (Sp)
TL5 PSI (Sp)

TL4 German Stream Fauna Index GSFI Fi05
TL5 German Stream Fauna Index GSFI FI05

1-
1-
1-

NS ", . —_— —_— b
1 ] 1
I I N

—_—
]
=)~

NN
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TL4 German Stream Fauna Index GSF| FI09
TL5 German Stream Fauna Index GSFI FI09
TL4 German Stream Fauna Index GSFI FI091
TL5 German Stream Fauna Index GSFI FI091
TL4 German Stream Fauna Index GSFI FI091_K
TL5 German Stream Fauna Index GSF| FI091_K
TL4 German Stream Fauna Index GSFI FI092
TL5 German Stream Fauna Index GSFI FIQ92
TL4 German Stream Fauna Index GSFi FI11_12
TL5 German Stream Fauna Index GSFI FI11_12
TL4 German Stream Fauna Index GSFI FI14_16
TLS5 German Stream Fauna Index GSFI FI14_16
TL4 German Stream Fauna Index GSFI FI15_17
TL5 German Stream Fauna Index GSFI FI15_17
TL4 German Stream Fauna Index GSFI FI152
TL5 German Stream Fauna Index GSFI FI1152

1 1 1 1 1 1

_ek e e D D S S R A A D L A A
1 1

—
]
~

TL2 SPEAR (Fam) %

TL4 SPEAR (Sp) %
TL5 SPEAR (Sp) %

—_—
1
b N |

-
]
-~ =~

TL4 Community Conservation Index
TLS Community Conservation Index

TL3/TL1 ICM ASPT-2

TL3/TL1 ICM EPT

TL3/TL1 ICM N Fam

TL3/TL1 ICM Portuguese Gold
TL3/TL1 ICM Sel EPTD
TL3/TL1 Shannon-Weiner

oo

TL1 ICM ASPT-2

TL1 ICM EPT

TL1 ICM N Fam

TL1 ICM Portuguese Gold
TL1 ICM Sel EPTD

TL1 ICM Shannon-Weiner

o

*1 = spring

2 = summer

3 = autumn

4 = spring + summer combined

5 = spring + autumn combined

6 = summer + autumn combined

7 = spring + summer + autumn combined

Notes:

Pesticide Metric. The Pesticide Metric developed by lan Humpheryes (Environment Agency) was requested by the
UK Agencies (see Table 3). However, this index requires comparison of observed and expected faunal lists. Indices
of this type cannot be calculated without upgrading the RICT software to enable upload of observed taxon lists from
test sites. Alternatively RICT could be used to obtain a predicted list of taxa that could be interfaced with a
spreadsheet to calculate the index. NB - the same issue would also prevent calculation of the Van Sickle {2008)
Index of Compaositional Dissimilarity. It is recommended that further work should be undertaken to enable
indices of this type to be calculated.

Irish Q-Index. Reference values for the Irish Q-index were requested by the NIEA for use in Northern Ireland.
Calculating values of this index required a significant element of expert judgement that was not feasible for all 5,845
reference samples. RIVPACS data for the Northern Ireland reference sites has recently been sent to the NIEA. If it
proves possible for NIEA staff to calculate reference values for the Irish Q-index using these data then reference Q
values can be incorporated into the RIVPACS database and RICT.
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2.2 WFD100 Further Development of River Invertebrate Classification Tool
Work Element WE 2.2
Consultation on practicable levels of species analysis

2.21 Background

The objective of this work element was to identify the typical level of species identification of macro-
invertebrate samples that is routinely achieved by biologists working in the EA, SEPA and NIEA. From
this, the aim was then to create data files that would support a new taxonomic level of predicted species
cutput for the RIVPACS IV model within the RICT software. The new species output, while being less
detailed that the existing RIVPACS species level predictions, would still need to be detailed enough to
enable calculation of most species-level bictic indices without undue wasted laboratory effart identifying
species that are not used in these indices.

For many years, previous versions of RIVPACS have produced predicted taxon lists {with probabilities of
occurrence) at only family or species taxonomic levels (TL). More recently RIVPACS IV has developed
these output options further to produce four predicted taxonomic output levels: TL1 - BMWP families;
TLZ - Revised BMWP (WHPT) families; TL3 - All families; and TL4 - RIVPACS species (see Davy-
Bowker et al., 2008, Appendices V, VI, VIl and VIl respectively).

The RIVPACS species level output option (TL4} produces predicted taxon lists that include a maximum
of 652 possible species that accurred within the dataset used to develop RIVPACS IV. While this output
level is comprehensive and generally provides the best possible level of resolution for all
macroinvertebrate groups, it does not necessarily correspond closely with the routine species-level
sample processing results obtained by Agency biologists. The end-points of identification for the
RIVPACS reference samples and current routine Agency species-level work sometimes differ. For
example, while RIVPACS species-level outputs include Sphaerium and Pisidium species, these Bivalves
are typically not determined to species-level in Agency laboratories (as this is time-consuming and
highly specialised work).

The RIVPACS species-level samples were typically identified as far as was reliably possible (using
artificial taxon groups beyond this point to aggregate taxa that cannot be split with existing keys). In
contrast, Agency biologists often do not need to identify samples to such a detailed level of resolution to
obtain their operational goals (e.g. producing data to derive species-level biotic indices). This Work
Elerment therefore seeks to gather information to produce a fifth level of output (TL5) that more closely
meets Agency operational needs with respect to species-level comparisons of observed and predicted
faunal lists. This new level of cutput is called ‘WFD species’ level. The full compliment of taxocnomic
output levels therefore becomes:

TL1 - BMWP families

TL2 - Revised BMWP (WHPT) families
TL3 — All families

TL4 — RIVPACS species

TL5 —WFD species

2.2.2 Consultation On Current Levels of Analysis

Consultation has been sought on the current practicable level of analysis being undertaken by expert
biologists within the UK Agencies. A list of a 652 TL4 — RIVPACS IV species was circulated together
with an additional column showing the frequency of occurrence of each taxon across the whole
RIVPACS dataset (to place the rarity of each species in context).

Starting at the beginning of the list of 652 taxa, respondents were asked to work their way down the list
providing one of the four possible answers for each taxon:

+ If their labs exclude these taxa in their [aboratory analyses

« if they identify them to the same level as RIVPACS IV species-level (TL4)
« [f they split these taxa further than TL4
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s If they downgrade these taxa (and if so, to which taxon they are downgraded)

We asked for answers to represent the usual practically attainable level of identification achieved rather
than a best-case scenario. We were interested in how these taxa were identified currently, rather than
historically, and in the case of taxa with aquatic adult and larval life stages, we were interested in the
adults (e.g. the level to which adult Coleoptera are identified — it is assumed that the larvae would tend
to be identified more coarsely). An example of the consultation form is shown in Appendix III.

Expert representatives from each of the three UK Agencies subsequently provided feedback — Ben
McFarland, Richard Chadd and Alice Hiley (EA), lan Milne (SEPA) and Imelda O’Neill (NIEA).

The EA and SEPA provided detailed feedback for all 652 TL4 taxa (Appendix V).

The NIEA responded indicating that they do not do any appreciable species-level analysis so a detailed
response was not required.

2.2.3 References
Davy-Bowker J., Clarke R., Corbin T., VincentH., Pretty J., Hawczak A., Blackburn J., Murphy J. &

Jones |. (2008). River Invertebrate Classification Tool. A report to the Scotland and Northern
Ireland Forum for Environmental Research. [SNIFFER project WFD72C].
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2.3  WFD100 Further Development of River Invertebrate Classification Tool
Work Element WE 2.3
Recommendations for a new level/levels of taxonomic resolution

This Work Element seeks to integrate the responses from Agency staff (WE 2.1) to recommend a new
(fifth) level of taxonomic output from RIVPACS IV (called TL5 — WFD species). This new taxonomic
output should more closely match Agency operational needs with respect to species-level comparisons
of observed and predicted faunal lists.

2.3.1 TL5-WFD Species

To construct the new TL5 WFD taxonomic level of analysis, the questionnaire responses from the EA
and SEPA (Appendix IV) were combined.

Firstly those taxa where the EA and SEPA were in agreement were identified and a chosen end point of
identification {one of the four bullet points ahove) was adopted.

Secondly those taxa where the EA and SEPA did not agree were identified. These were then examined
in detail and decisions were made about the most appropriate level of analysis to select. In most cases
the coarser of the two suggested degrees of identification was chosen. This was done to make the new
taxonomic level accessible to as many freshwater biologists working across the UK Agencies as
possible, and also to avoid producing a new level of autput too similar to the existing TL4 — RIVPACS
species output.

Thirdly a group of cases were examined where Agency feedback had requested that certain taxa should
be identified to a more detailed level than is produced in TL4. For example, Unio sp., is the end point of
identification in TL4 RIVPACS species outputs but the EA had requested that this genus should be spilit
into species in the new TLS WFD species level output. Cases such as this presented problemns for a
variety of reasons. One of the commonest is that for some taxa, published keys may exist that purport to
split a pair or group of species, but the RIVPACS laboratory team have not placed great confidence in
the reliability of the characters used and have therefore reverted to a slightly more coarse yet reliable
level of identification (e.g. the genera Rhithrogena and Heptagenia). In some cases, a group had not
been split in the TL4 RIVPACS species outputs because while keys may currently exist enabling these
species to be split, they did not in the earlier phases of RIVPACS development and the RIVPACS
reference sample raw data does not therefore distinguish these species. Another problem arises when
previously unknown species were detected in the UK species-pool thereby destabilising earlier species
level identifications and causing downgrades (e.g. Astacidae, where several invasive species have cast
doubt on older records). Issues such as these mean that while in some cases it might now seem
perfectly reasonable, based on currently available keys, to split a group inte its component species, it
may not be possible to produce corresponding outputs using the RIVPACS reference database. These
problems were relatively few in number.

Fourthly we examined a set of problems where Agency feedback had requested a downgrade of TL4 —
RIVPACS species level groups, typically to genus level. For example, in the case of Polycelis nigra
group a downgrade to Polycelis sp. was requested. However, since Polycelis felina was also requested
as a distinct taxon, a downgrade of Polycelis nigra group to Polycelis sp. would produce overlap, as the
group is also part of the genus. In these cases, there are only two logical outcomes, either to downgrade
both P. nigra group and P. felina to Polycelis sp., or to retain two taxa - Polycelis nigra group and
Palycelis felina (as in the TL4 — RIVPACS species level output). Generally the later was chosen, since
the difficulty of identification lies within the group, nat between the group and the other species in the
genus. Downgrading all the taxa in the genus to genus-level was therefore considered to be an
unnecessary loss of useful information.

The fifth issue to resolve involved 10 Dipteran taxa (in the family Tipulidae) where both the EA and
SEPA had requested to have these given as species in the new TL5 output. However, for the vast
majority of Dipteran taxa (175}, one or both organisations requested that the analysis should only be to
family level. These 10 Tipulidae therefore presented a considerable discontinuity in the treatment of the
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Diptera, which were otherwise uniformly to be treated as famities. The decision was therefore taken to
similarly downgrade these Tipulidae to Family level so that a simple and consistent rule on how to treat
Dipteran taxa when analysing samples to WFD species-level could be established.

The new TL5 — WFD species output is shown in full in Appendix X. This is given in the same format as
the other four taxonomic output levels [TL1-4] which are also reproduced for completeness here (with
some minor taxonomic updates) from Davy-Bowker et al. (2007).

A simplified summary of the TL5 — WFD species output is also given in Table 5 where the end points of
identification for each family are summarised. The most striking difference between the WFD species
level and the RIVPACS species level is the difference in the treatment of Oligochaeta and Diptera which
are not determined beyond Class or Family in TL5.

Should further detail on specific groups be required in predicted species outputs these can be obtained
by using the existing TL4 RIVPACS species lavel.

A further important point to note is that if the new TL5 — WFD species level of sample identification
becomes used within Agency laboratories or is adopted for WFD classification work, the AQC and
external audit procedures may need to be updated. This is important because the level of identification
employed in Agency |laboratories and in the internal and external checking of quality control samples
needs to be compatible. This would also be essential if biases derived from analytical processing errors
are calculated for species-level indices.
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Table 5. Level of identification required for TL5 — WFD species level analysis (shown by

Code Family Level of |dentification
43410000  Naucoridae Species
43420000  Aphelocheiridae Species
43510000  Notonectidae Species
43610000  Corixidae Genus/Sub-Genus/Species
45110000  Haliplidae Species
45130000  Noteridae Species
45140000  Dytiscidae Genus/Species
45150000  Gyrinidae Species Group/Species
45330000 Helophoridae Species
45350000  Hydrophilidae Species
45360000  Hydrochidae Species
45410000  Hydraenidae Species
45510000  Scirtidae Genus/Species
45620000  Dryopidae Genus/Species
45630000 Elmidae Species
46110000  Sialidae Species
48110000  Rhyacophilidae Species
48120000  Glossosomatidae Genus
48130000  Hydroptilidae Genus/Species
48210000  Philopotamidae Genus/Species
48220000  Psychomyiidae Genus/Species
48230000  Ecnomidae Species
48240000  Polycentropodidae . Species
48250000  Hydropsychidae Species -
48310000  Phryganeidae Genus/Species Group
48320000  Brachycentridae Species
48330000 Lepidostomatidae Species
48340000  Limnephilidae Genus/Species Group/Species
48350000 Goeridae Species
48360000  Beraeidae Species
48370000  Sericostomatidae Species
48380000 Odontoceridae Species
48390000  Molannidae Species
433A0000 Leptoceridae Species
483B0000  Apataniidae Species
49110000  Pyralidae Family
50110000  Tipulidae Family
50130000 Limoniidae Family
50140000 Pediciidae Family
50210000  Psychodidae Family
50220000  Ptychopteridae Family
50310000 Dixidae Family
50320000 Chaoboridae Family
50330000 Culicidae Family
50340000 Thaumaleidae Family
50350000 Ceratopogonidae Family
50360000  Simuliidae Family
50400000  Chironomidae Family
50610000  Stratiomyidae Family
50630000 Tabanidae Family
50640000  Athericidae Family
50710000 Empididae Family
50720000 Dolichopodidae Family
50810000  Syrphidae Family
50820000  Sciomyzidae Family
50830000  Ephydridae Family

family). See appendix X for a full list of species.
Code Family Level of |dentification
05110000  Planariidae Species Group/Species
05120000 Dugesiidae Species Group/Species
05130000 Dendrocoelidae Species
10000000  Nematoda Phylum
16110000  Neritidas Species
16120000  Viviparidae Species
16130000 Valvatidae Species
16140000  Hydrobiidas Species
16160000  Bithyniidae Species
16210000  Physidae Species
16220000  Lymnaeidae Species
16230000  Planarbidae Species
16250000  Acroloxidae Species
17110000  Margaritiferidae Species
17120000  Unionidae Genus/Species Group
17130000  Sphaeriidae Genus
17140000  Dreissenidae Species
20000000  Oligechaeta Higher Level
22110000  Piscicolidae Species
22120000  Glossiphoniidae Species
22210000  Hirudinidae Species
22310000 Erpobdeliidae Species
24000000  Hydracarina Higher Level
34310000  Astacidae Family
36110000  Asellidae Species
37110000  Corophiidae Genus
37130000  Crangonyctidae Species
37140000 Gammaridae Species
37150000  Niphargidae Species
40110000  Siphlonuridae Species
40120000  Baetidae Species Group/Species
40130000  Heptageniidae Genus/Species
43140000 Ameletidae Species
40210000  Leptophlebiidae Species
40310000 Potamanthidae Species
40320000 Ephemeridae Species
40410000 Ephemerellidae Species
40510000  Caenidae Species Group/Species
41110000 Taeniopterygidae Species
41120000  Nemouridae Species Group/Species
41130000  Leuctiridae Species
41140000  Capniidae Species
41210000 Perlodidae Species
41220000  Periidae Species
41230000  Chloroperlidae Species
42110000  Platycnemididae Species
42120000 Coenagrionidae Species Group/Species
42140000  Calopterygidae Species
42210000 Gomphidae Species
42220000  Cordulegastridae Species
42230000  Aeshnidae Genus/Species
42260000  Libellulidae Genus
43110000  Mesoveliidae Species
43210000 Hydrometridae Species
43220000 Veliidae Genus
43230000 Gerridae Species
43310000  Nepidae Species
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2.4 WFD100 Further Development of River invertebrate Classification Tool
Work Element WE 3.1

Data entry of species-level numerical abundances to the RIVPACS
database

2.4.1 Background

The full RIVPACS dataset comprises 2505 samples from 835 reference sites across the UK. These
samples have been collected over an extended period of time, the oldest dating from1978. In the early
phases of sample collection, a simple approach was adopted for recording the abundances of the
respective taxa on the laboratory sample sheets. This involved simply recording the presence of species
and estimating the abundance of families in log,p categories (1-9 individuals = log category 1; 10-92
individuals = log category 2; 100-999 individuals = log category 3; 1,000-9,999 individuals = log category
4, >9,999 individuals = log category 5). This approach has remained the same up to and including the
latest phase of RIVPACS sample collection (the Highlands and Islands samples collected in 2002). An
example excerpt of RIVPACS taxon data is shown in Fig. 1 below.

Fig. 1. An example of existing RIVPACS taxon data showing family level data (IFELG} with logp
abundances and species-level data (PA) recorded as presence absence.

Site ID | Season| Taxon Code |Recond Type | TaxonHame __ _ __ __[LeogAbundance
| 10907 |Spring_ |D5110201__ |PA Polycelis fatina (Dalyall)
| §0%07_ {Spring__|05120000 IFELG Planariidae fincl. Dugesiidae) 1
| _|oia7 Spring  |16140301 PA |Patamopyrus jenkinsi {Smith) 7
10107 Spring 16170000 IFELS iHydrobidae (ncl. Bithynidag) 3
10107 Soring__| 16240101 PA Ancylus flwiatilis Muller
| 10107 [Spring_ |182Z20000 IFELG Ancylidae (incl. Acroioxidae) ! 1
| 40107 | Sprng [20110000___|IFELG Lumbriculidae 3,
| 10107 Sonng | 20110700 PA __|Lumbriculus group
0107 Spring__ | 20310000 IFELG Enchytragidag 3
| |0107 _ iSping 20310200 |PA - _|Enchytraeys group |
0107 " Tsping [20930000__[IFELG Najdida 3
| |o107 Sanng__| 20330601 PA Ophidonais serpenting (Muller)
0197 Spring__ | 20330701 PA Nais alpina Sparber
| {0107 i Spring | 20330705 PA Nars elinguis Muller_ _— -
| lo%07____ {Sping  |2083070Y__ |PA Nais comrmunis group
| |oio7 {Spiing__| 20340000 |IFELG Tuhificidae 3
| {0107 Spnng__ | 0340102 |PA Tubifax _ignotus (Stoic)
‘|o107 1Saring  |20340203  {RA |Limnodrilus hoffmeisten Claparede Lo
*gw’? . _ iSping _|20341101 PA Rhyacodrilus coccineus (Vejdovsky) .
o167 Spnng_ | 22120000 FELG _  |Glossiphoniidae s
o107 Spring__| 22120401 P&, Glossiphonia complanala (L)
| .01c7 Spring | 22310000 IFELG __ |Erpobdelidae _ i _ ... 2
j01e7 _ [Sping 22310101 PA Erpobgella ccloculata (L)
mez ;Spring_ 124000000 [FELG ~  (HMydracatina o 1
0167 1 Spring_ | 24640149 PA, Lebartia (Filolabertia) porasa Thor
| [0e? LSpring 37140206 PA . |Gammarus pulex (L) __ | [ S
| (0107 Spiing [3710000_ |IFELG Gammaridae (incl. Crangonyctidap & Niphargidae) | 2.
01c7 “Spring_ 40120000 [IFELG |Bastidze___ 3
0107 [ Spring__| 401201056 PA Bastis muticus (L)
| (o7 TSpring (40120107  [PA __ |Bsetis rhodani (Pictet) _ __ _ .
| {07 {Spliﬂg__ 40120111 PA Baetis vernus Curlis
Q107 iSpring {01201 IPA | iBeetisscambusgrowp L
/AR 1 1Annn._FELR IHentaneniidae. 7
| a1 T S S . N

While perfectly adequate for calculating the well-established BMWP, NTAXA and ASPT indices, family
level logyp categories and species-level presence/absence data has become a limiting barrier to the
calculation of species level indices that are abundance-weighted. In these cases reference values
cannot be properly calculated using the RIVPACS dataset in its current form.

This problem was investigated to some extent in SNIFFER project WFD72C (Davy-Bowker ef al., 2008)
where estimates of numerical abundances were derived for family-evel logqo category records. While
this work broadened the scope of indices that could be calculated, it did not achieve the ideal of
obtaining abundance data at species-level across the whole dataset. However, further investigation after
this project had been completed revealed that while the stated laboratory procedure was to record
families with logqp abundances and species as simply present, in a substantial proportion of cases the
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analysts had also noted down estimates of the numerical abundances of both families and species on
the original laboratory sample sheets. An initiat data entry trial for 17 randomly selected reference sites
{51 samples) showed that for approximately 85% of the taxon records numerical estimates could be
obtained from the sample sheets.

Despite the fact that some of the early RIVPACS samples were processed as long ago as the late
1970s, all of the laboratory sample data sheets were still held within the archives of the CEH River
Communities group. There was therefore a very real prospect of obtaining high quality estimates of both
family and species level numerical abundances across the whole RIVPACS dataset with an estimated
return of approximately 85%. Despite the fact that the remaining 15% of records lacking numerical
abundance data would still require estimates to be made by other methods, the potential improvement in
the scope and quality of the dataset that might be achieved through the inclusion of these abundance
data was clearly substantial. The potential to calculate reference values for a much broader range of
abundance-weighted biotic indices at family and species levels would constitute a considerable
enhancement to the RIVPACS dataset with real operational benefit to the UK Agencies by broadening
the range of indices available in RIVPACS IV/RICT.

In this work element (the most substantial of project WFD100) the task of matching the 2505 samples in
the RIVPACS reference database with their original sample sheets and then entering the numerical
abundances against each taxonomic record was undertaken.

2.4.2 Abundance Data Entry Process

The entry of abundance data was a very substantial task. There were 2505 RIVPACS samples with a
total of 178,627 taxonomic records. It was therefore necessary to distribute this work across several staff
members (8 in all) and to provide additional training and quality control checking to ensure that this did
not lead to deterioration in the quality of the RIVPACS dataset. A strong emphasis was placed on
maintaining a high degree of care and attention to detail in assigning the numerical abundances.

The first task involved finding the correct sheets to match the samples in the RIVPACS database. This
was not a minor task in that some rivers had several names and many rivers in the paper archives had
been sampled on several occasions. Care and attention was therefore needed in correctly assigning the
right laboratory sheet to any given RIVPACS reference sample in the database.

The process of abundance data entry itself involved working through the taxa list in the database,
looking for the corresponding taxa on the laboratory sheet and adding the appropriate numerical
abundance value in a newly created column in the database.

The numerical abundances available on the laboratory sheets were not all strict counts. In many cases
estimates had to be derived from the product of counts and multiplication factors. The use of
multiplication factors requires some explanation of how samples were dealt with in the laboratory (a full
description can be found at http://www.eu-star.at/mains/text_protocols.htm). Each sample that was
processed was distributed across a number of trays for picking so as to avoid having too much material
in a single tray. For every tray of sample sorted the numbers of individual species and families were
counted in a given fraction of the tray. This fraction varied depending on the amount of material in the
sample as a whole — for a small sample the numbers of taxa might have been counted across the whole
sample, while for a large sample, the numbers may only have been counted in a 1/2, 1/4, 1/8" or 1/16"
of all the trays sorted. In many cases these fraction counts had been muitiplied up (by a multiplication
factor) to give a total sample estimate of numerical abundance on the sample sheet by the original
analyst. In cases where the multiplication had not been performed on the original lab sheet, simple
arithmetic could provide an estimate for the whole sample.

In some cases, the sum of the abundances of the species counted within a given family did not equal
the abundance recorded for the family. These cases typically arose because the analyst, faced with an
abundant family comprising several species, chose to identify and count only a proportion of the
individuals within the family. For example, if there were 130 Baetidae, the original analyst might have
only identified 25 individuals to species. In these cases, during abundance data entry the abundances of
the species were then multiplied up proportionally so that the total abundances of the species became
equal to the abundance of the family that had been originally recorded by the analyst. In the example
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above, the number of each species of Baetidae would be muitiplied by 130/25 (5.2) to give a whole
sample estimate that correctly matched the known abundance of the whole family but also reflected the
numerical balance between the various species in that family.

In a few cases, minor disparities were found between the taxa recorded on the RIVPACS laboratory
sheets and the RIVPACS database. In these cases, a conservative approach was taken, only altering
the identity of a taxon record if there was complete confidence that it would be the correction of what
was originally an error.

As a further quality contro! measure, each staff member involved in abundance data entry also worked
in a separate copy of the RIVPACS database. These were then recombined into a single database at
the end of the data entry task.

2.4.3 Separating the Composite Families in the Raw Data

Previous versions of the RIVPACS dataset have not distinguished the component families that make up
the BMWP composite families in the RIVPACS raw data. There are 8 BMWP composite families as

shown below,

Table 6. BMWP composite families.

Taxon Code . [Taxon Name'

05120000 Planariidae (incl. Dugeslidae)

16120000 Hydrobiidae (incl. Bithynildae)

16220000 lAncylidae (incl. Acroloxidae)

37120000 Gammaridae {incl. Crangonyctidae & Niphargidae)
45120000 Dytiscidae {incl. Noteridae)

145320000 Hydrophilidae (incl. Hydraenidae)

148120000 Rhyacophilidae {incl. Glossosomatidae)

48270000 Psychomyiidae (incl. Ecnomidae)

Given that numerical abundances had now been entered at both family and species levels, it now
became possible to use the species data to accurately derive new family ievel raw data with these
families as separate records.

For example, in the raw data below the BMWP composite family Rhyacophilidae {incl. Glossesomatidae)
is used.

Table 7. Example of a BMWP composite family in the RIVPACS sample raw data.

N : Record S =
Site ID Season [Taxon Code [Type  {Taxon Name .. v - [Num Ab (LS)
0101 lAutumn 148110101 PA Rhyacophila dorsalis {(Curtis) 2
0101 JAutumn 148120100 [PA Glossgsoma sp. 16
101 jAutumn [481Z0000 |[IFELG  |Rhyacophilidae (incl. Glossosomatidae) 18

Using the numerical abundances entered at species level, it was then possible to re-derive separate
family data for the families Rhyacophilidae and Glosscsomatidae, as shown in the example below:

Table 8. Example of re-derived separate family level data for a BMWP composite family.

Record ‘ :
Site ID [Season [Taxon Code [Type Taxon Name ‘ Num.Ab (LS) :
0101 |Auturmn  |48110000 IFELG  [Rhyacophilidae 2
0101 JAutumn 48110101 [PA Rhyacophila dersalis (Curtis) 2
0101 JAutumn 48120000 JIFELG  [Glossosomatidae 16
0101  |Autumn [48120100  |PA Glossosoma sp. 16
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This process was carried out for all 8 composite families across the whole RIVPACS dataset using an
automated database routine. This led to an increase in the total number of RIVPACS taxa records from
178,627 to 180,881.
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2.5 WFD100 Further Development of River Invertebrate Classification Tool
Work Element WE 3.2
Estimation and addition of numerical abundances to records without data

2.5.1 Estimating Missing Values

As mentioned at the beginning of WE3.1, our initial data entry trial for 17 randomly selected reference
sites (51 samples) showed that for approximately 85% of the taxon records numerical estimates could
be obtained from the sample sheets. We therefore similarly expected some 15% of the full dataset
following data entry (835 sites with 2505 samples) to also have missing numerical abundances. To be
able to fully utilise numerical abundance data across the whole dataset it was therefore necessary to
estimate abundance values for these missing records.

Two approaches were used for estimating missing numerical abundance values.
- Estimation from other records

For families where we had no numerical abundances but we did have logy, abundance category data,
numerical abundances were estimated by obtaining the mean numerical abundances of that family
across across all samples where we did have numerical data at that logso abundance category. This
numerical mean was then applied to all records of that family where we had no numerical abundances.

For a small number of cases (66 records) there were no numerical abundance data available at all for a
given taxon at a given logqo abundance category. In these cases manual estimates were made based on
the numerical abundances of cther similar families.

- Assignment by Equal Weight

Where no data at all were available to make an estimate of the distribution of numerical abundances
between the various species recorded within a given family we simply split the numerical abundance of
the parent family across the species it contained with equal weight. Rounding errors associated with this
process then had to be corrected by a small adjustment to numerical abundances of 1 or more of the
taxa within each family.

2.5.2 Logic checks

Following completion of the data entry of abundance values and the splitting of composite taxa, an
automated database routine was constructed to perform various checks for logical inconsistency in the
RIVPACS database. The primary goal of this task was to identify illogical combinations of abundances
between the family and species level records so that these could then be manually reconciled. This
routine also tested the dataset for species records that lacked parent family records and for family
records lacking any species. These tests also identified any wild numerical abundance values, numerical
abundances that did not nest correctly within the previously entered log,, abundance categories and
also identified any duplicate family or species records within any given reference sample.

2.5.3 The completed RIVPACS database with numerical abundance data

An example of the final RIVPACS database with numerical and fogq, abundances assigned to all taxa is
shown in Fig. 2 below. The method of derivation of the numerical abundance data is shown in the
column [Num Ab Crigin]. A summary of the number of numerical abundance records derived by each of
the methods described above is given below:

Entered directly from estimates on the Laboratory Sheet (code LS): 139,396 (77.0%)
Assigned with Equal Weight (code EW): 31,249 (17.3%)
Estimated from other records in the RIVPACS database (code EST): 10,236 (5.7 %)
Total number of taxon records: 180,881 (100%)
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Fig. 2. An example of RIVPACS taxon data after the process of abundance data entry, splitting of
BMWP composite taxa, estimating missing values and final checking for logical inconsistencies.

Site 1D} Season | Original Taxen Code Original Taxen Name Record Type [ Log Abundance | Num Ab {Full) [ Num &b Origin
0107 |Spring_ 05110000 Flansridae IFELG 1 gEST
0107 Spring (05110201 Polycelis felina {Dalyel)) PA 1 3|EST
0107 {Spring [1514000G Hydrobiidae IFELG 3 61218
0107 __ [Spnng  [15140001 Potamopyrgus jenkinsi (Smith) PA 3J 51248
0107 ;Spiing__|15240000 Ancylidae IFELG 1 8|L8
0107  [Spring (16240101 Ancylus fluviatilis Muller PA 1 8/ts

| 10107 [Spring (20110008 _ _  _ |Lumbriculidee _ _ |IFELG X Ms
0107 [Spiing (20119708 Lumbriculus group PA 3 144]LS

0107 iSaring | 20310003 Enchytraeidag IFELG 3

0107 [Spring | 20310208 Enchytrasus group PA 3

|__|0107  (Spring (20330003 _|Naididee ____ _ _ _|IFELG - 3
0107 __ [Sprng__|20330601 Ophidonais serpentina (Mulles PA 2

|_{0107 _ :Sprng_ | 20330701 Nais alpina Sperber PA 2
0107 [Spring 20330705 Nais ghnguis Muller PA T2
0107 [Spring 2033070 Nais communis group PA 2
0107__ [Spring_ 120340000 Tubificidae IFELG 3

10907 Spring | 0340102 Tubifex ignotus (Stotc) PA 1
0107 iSpring_ 20340203 Limnodrilus hofimeister Claparede PA 2

10107 |Spring_ 120341101 Rhyacodrilus caccineus (Vejdovsky) PA 3

‘10107 [Spring_ 22120000 Glossiphoniidag IFELG 1

I (0307 |Spring 22120401 Glossiphonia complanata [L.) BA 1

{007 Spring_ 122310000 Erpobdellidas IFELG 2

[ Tl0107_ T Spring_ [22310M01_ _ Evpobdelia clocuiata L) _ P 2

| 10107 !Spiing_ |24000000 Hydiacarina IFELG 1

| |0107  ISpring_ (24540149 Lehartia (Pitalebertia) porosa Thor PA 1

+ 10107 iSpring  $37140000 Gammaridas IFELG 2

. 0107 |Spring 37140208 Gammarus pulex [L.) PA 2

0107 {Spring ;40120000 Baetidag IFELG 3

D107 [Sprikg  [40120105 Baetis muticus (L) PA 2

. 0107 iSpring 140120107 Bastis rhodani (Pictet) PA 3

i 0107 {Bpring 40120111 Bastis vemus Curis PA 2

| 10107  |Spring [4012001Z _ _iBaefisscambusgroup_ ____  [PA e

" 10107 _ [Spring_ [40130000 Heptageniidae IFELG 2
0107 | Spring__ 40130100 Bhithrogena sp. PA 2

Record; e| a3 oet (e (vilve|of egpey T ’

The RIVPACS database with numerical abundance values is the final deliverable from Work Element
3.1. These data are subsequently used in WE4.2 (pg. 35) for the calculation of reference values for a
range of biotic indices.
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2.6  WFD100 Further Development of River Invertebrate Classification Tool
Work Element WE 3.3
Calculation of numerical abundances for rationalised taxonomy /
taxonomies and update of the RIVPACS reference database

2.6.1 Background

At the end of SNIFFER project WFD72C the newly created RIVPACS IV GB and NI models within RICT
incorporated taxonomic prediction files enabling predictions to be made of the fauna likely to occur at a
test site at reference condition. These predictions could be made at four taxanomic levels (TL1-4) as
shown in Table & below.

Table 9. Taxonomic prediction levels in RIVPACS IV.

Taxonamic Level Name Abundance Predictions

TL1 BMWP families logqg abundance categories
TL2 Revised BMWP families | logsg abundance categories
TL3 All families logy abundance categories
TL4 RIVPACS species none

Each taxonomic output level had its own type of abundance output. These either took the form of
predicted log,o abundance categories for the three family output levels, or simply probabilities of
occurrence for RIVPACS species level output. These output options were restricted from being
developed further by the lack of numerical abundance data at species level in the RIVPACS database.

Within WE3.1 and WE3.2 of the current project we have now added family and species level numerical
abundance data to the RIVPACS database. This now enables enhancements to be made to the four
existing abundance data options described above. In addition, WE2.3 of the current project recommends
a new level of taxonomic output from RIVPACS IV (TL5 — WFD species) to provide a more practicable
target of the UK Agencies to use when performing species level identification work in their laboratories.
Taken together, these developments within the current project enable the taxonomic output levels to be
expanded from four to five, and for all of the taxonomic output levels to incorporate predictions of both
log1p abundance categories and numerical abundances as shown in Table 7 below.

Table 10. Taxonomic prediction options arising from project WFD100 (new outputs in italics).

Taxonomic Level Name Abundance Predictions

TL1 BMWP families log.o abundance categories and numerical abundances
TL2 Revised BMWP families | iogp abundance categories and numerical abundances
TL3 All families logqo abundance categories and numerical abundances
TL4 RIVPACS species iogqp abundance categories and numerical abundances
TLS WFD species logsy abundance categories and numerical abundances

2.6.2 Production of New Files for Taxonomic Prediction

Given that all four existing taxonomic output levels (TL1 — TL4) are being enhanced to support
predictions of numerical abundances, and that there is an additional level of output (TL5), the taxonomic
output files used within RIVPACS IV and described below (TAXAAPR, TAXAAB and TAXAPRAB) have
been re-built from first principles in the current project and supersede those made for RICT in project
WFD72C. -

The following two pages show the structure of these three files firstly as provided in project WFD72C,
and secondly how they have now been updated in project WFD100.
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Tables 11, 12 and 13 below show the output file types constructed for RIVPACS IV in project

WFD72C.

Table 11. TAXAAPR output file made for RIVPACS IV in project WFD72C.

TAXAAPR (Frequency of occurrence pred|ct|on file 2

End |Taxonomic|Season| Furse T Freq
1M°deIIGroup Level Code |. Code Furse Name — Occurrence
{1 1|TL1 4]45110000fHaliplidae 0111
1 1|TL1 4]451Z20000| Dytiscidae (including Noteridae) 0.222
1 1|TL1 4145320000{Hydrophilidae (including 0.667
Hydraenidae, Helophoridae,
Georissidaes and Hydrochidae)
1 1|TLA 4145510000| Scirtidae 0.111
Model: 1(GB), 2(NI)
End Group: 1-43(GB), 1-11 (NI)
Taxonomic Level: TL1, TL2, TL3, TL4
Seasons: 1-7
Taxa: 1-n
Freq. Occurrence: 1-n
Table 12. TAXAAB output file made for RIVPACS IV in project WFD72C.
TAXAAB (Abundance prediction file)
| End [TaxonomiclSeason] Furse | ~  ~ ~|Avg. Logy
del Group} Level _] Code Code Furse:lame Abundance
1 HTLY 1416220000 |[Lymnaeidae 0.444
1 1|t 11162X0000|Pianorbidae (excludmg Ancylus 0.222
[group)
1 1|TLA 1117130000 |Sphaeriidae 0.556
1 1]TLA 1120000000 JQligochaeta 1.889|
Model: HGB), 2(NI)
End Group: 1-43(GB), 1-11 {(NI)
Taxonomic Level: TL1, TL2, TL3
Seasons: 1-7
Taxa: 1-n
Average Log10 Abundance Category: 1-n
Table 13. TAXAPRAB output file made for RIVPACS IV in project WFD72C.
TAXAPRAB (Logsg abundance calegory predlctlon file)
""""" I — T T 7 Probability of
End |Taxonomic]Season| Furse Logq
Model Furse Name Log4 Abundance
Group] Level 1Code Code _ Cat. Category
1 1 TL1 2148250000 |Hydropsychidae 1 0.111
1 1|TLA 2]48250000 |Hydropsychidae 2 0.111
1 1|TLA1 21483Z0000|Limnephilidae (including 1 0.444
Apataniidae)
1 1|TL1 2]483A0000|Leptoceridae 1 0.222
Model: 1{GB), 2(NI)
End Group: 1-43(GB), 1-11 (NI)
Taxonomic Level: TL1, TL2, TL3
Seasons; 1-7
Taxa: 1-n
Average Log10 Abundance Category: 1-n
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For all 5 taxonomic levels (TL1-5) we can now make the same predictions:

» Frequency occurrence (0-1) — TAXAAPR

* Average numerical abundance (0-n) — TAXAAB

¢ Average logs; abundance category (0-5) — TAXAAB

¢ Probability of log:, abundance category (0-1) - TAXAPRAB

As in the previous (WFD72C) version, all files have been produced with 3 taxonomic coding systems
(Furse code and name, Maitland code and name and NBN code and name).
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Tables 14, 15 and 16 below show the replacement output file types constructed for RIVPACS IV in
project WFD100 (new items in green).

Table 14. Replacement TAXAAPR output file made for RIVPACS {V in project WFD100.

TAXAAPR (Frequency of occurrence prediction flle)

| End |Taxonomic|Season| Furse N . ~ Freq
§M°de| Group| Level | Code | Code | __ Furse Name |Occurrence!
1 1|TL1 4}451100001{Haliplidae 0.111
1 1|TL1 4 45120000]Dytiscidae {(including Noteridae) 0.222
1 1|TL1 41453Z0000]Hydrophilidae (including 0.667
Hydraenidae, Helophoridae,
Georissidae and Hydrochidae)
1 1ITL 4145510000{Scirtidae - 0111
Model: 1(GB), 2(NI)
End Group: 1-43(GB), 1-11 (NI)
Taxonomic Level: TL1, TL2, TL3, T4, BB
Seasons: 1-7
Taxa: 1-n
Freq. Occurrence: 1-n

Table 15. Replacement TAXAAB output file made for RIVPACS IV in project WFD100.

TAXAAB {Abundance prediction file)

1 End [Taxonomic|Season| Furse 7 7 "l Avg. Logq |Avg. Numerical
jTﬂi el Group] . Level _|.Code | Code_|. F urse Name _{Abundance], Abundance
I i 1|TL 1]16220000 |Lymnaeidae
I | 1|71 1]162X0000|Planorbidae (excluding Ancylus
‘ ! group)

1 ‘ 1|TLA 1|17130000{Sphaeriidae

1 : 1|7 1120000000 {Oligochaeta

Model: 1(GB), 2(NI)

End Group: 1-43(GB), 1-11 (NI
Taxonomic Level: TL1, TL2, TL3,
Seasons: 1-7

Taxa: 1-n

Average Log10 Abundance Category: 1-n

Table 16. Replacement TAXAPRAB output file made for RIVPACS IV in project WFD100.

TAXAPRAB (Logw abundance category prediction file)
| | ) 1 .. - . 1, .. | Probability of
‘ End |Taxonomic|Season] Furse Log4 :
|Model . Furse Name " | Log1o Abundance
| |Group) tevel |Code] Code | oo Cat. | category
i1 1Tl 2148250000 {Hydropsychidae 1 0.11
i1 1TL1 2148250000 |Hydropsychidae 2 0.111
1 1TL 2[48320000|Limnephilidae (including 1 0.444
Apataniidae)

1 1|TL1 2[483A0000{Leptoceridae 1 0.222
Model: 1(GB), 2(NI)
End Group: 1-43(GB), 1-11 (ND)
Taxonomic Level: TLY, TL2, TL3,
Seasans: 1-7
Taxa: 1-n

1-n

Average Log10 Abundance Category:
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2.7 WFD100 Further Development of River Invertebrate Classification Tool
Work Elements WE 4.1 and 4.2
Allocation of trait data for new biotic indices and calculation of reference
biotic index values and end group means

2.7.1 Background

Project WFD100 has sought to broaden the assessment of stress types to encompass a wider range of
stresses than has been possible with previous RIVPACS models. This has been achieved by the
calculation of reference biotic index values for the RIVPACS samples using the species level abundance
data derived in Work Element 3.1. Because the data entry process has resulted in an upgrade to some
of the taxon level data, all of the biotic indices in the RIVPACS database have now been re-derived from
first principles. TWINSPAN classification end group means have also been derived which can now be
incarporated into RICT. The final list of indices (see Table 4 pg. 16-17) arose from the review of species-
level biotic indices in use in the UK and Europe (WE 2.1) and the consultation with the UK Agencies on
their needs (WE 2.2).

2.7.2 Index Calculation
2.7.2.1 Taxonomic Levels

A mixture of family and species leve! biotic indices was required {Table 4). Rather than calculating
reference biotic index values directly on the RIVPACS raw taxa data, each index was first linked to its
most appropriate taxonomic output level (see WE 2.2). For example, reference values of the BMWP
index have been calculated using taxon data at TL1 — BMWP family level. In contrast, 2 versions*®® &%
of the LIFE (sp} index have been calculated, one based on taxon data at TL4 — RIVPACS species level
and one based on data at TL5 — WFD species level. Expected {predicted) biotic index values for all
indices are therefore now closely linked to the taxonomic level of the data used to calculate them.

This approach has a major advantage in that predicted biotic indices are now based on a data ata
defined taxonomic level, The UK Agencies (or other RICT users) should now transform their data to the
same taxonomic level prior to the calculation of observed biotic indices to ensure that the observed and
expected biotic indices are calculated on taxon data at the same level of taxonomic resolution. This
issue has not been a problem in the past because RIVPACS and RICT have only calculated relatively
simple family level biotic indices such as the BMWP indices. However the new reference biotic index
values that have been calcuiated in this Work Element are in some cases significantly more complex
and there would be a high risk of obtaining differences between observed and expected vaiues solely
due to differences in the level of taxonomic resolution (rather than real differences between the quality of
test verses references sites).

*All of the species-level biotic indices have been calculated based on both TL4 and TL5 transformed
data. This enables end users working at TL4 — RIVPACS species level and those working at TL5 — WFD
species level, to obtain directly comparable predictions of biotic index values.

2.7.2.2 Seasons

As with previous RIVPACS reference biotic index values, all indices have been calculated on all 7-
season combinations of reference samples:

Season code Season combination(s)
Spring

Summer

Auturmnn

Spring & Summer

Spring & Autumn

Summer & Autumn

Spring, Summer & Autumn

~NN A WN -
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2.7.2.3 Excluded Sites

While the biotic indices were calculated for all RIVPACS reference sites (n=835) and sample
combinations (n=5845), those sites that have previously been identified as being of insufficient quality to
include in the calculation of RIVPACS |V TWINSPAN end group means were excluded from these
calculations (and as such will not contribute to predicted indices in RICT). Details of the excluded sites
(40 sites in Great Britain and 2 sites in Northern Ireland) are given in the SNIFFER project WFD72C
(see SNIFFER project WFD72C final report Work Element 2.1 and Table 4).

2.7.2.4 Indices Calculated

The following list of indices was calculated/re-calculated using the newly derived species level
abundance data derived within this project. Taxon scores are given in Appendix XI.

BMWP, NTAXA, ASPT

Full name:

Reference:

Calculated on data at:

WHPT NTAXA ASPT

Full name:

Reference:

Calculated on data at:

AWIC (fam)

Full name:

Reference:

Calculated on data at:

AWIC (sp) Murphy

Full name:
Reference:

Calculated on data at:

Biological Monitoring Working Party

For current version in use by the UK Agencies see Appendix Il of Davy-
Bowker ef af., (2008). River Invertebrate Classification Tool. Project
WFD72C Final Report, SNIFFER, Edinburgh.

TL1 - BMWP families

Walley, Hawkes, Paisley, Trigg
John Murray-Bligh, Environment Agency, pers. comm. 4" July 2007.

TLZ — Revised BMWP (WHPT) families

Acid Water Indicator Community (family level)
Davy-Bowker et al., (2005) Archiv fiir Hydrabiologie 163: 383-403.

TL1 — BMWP families

Acid Water Indicator Community (species level)
submitted for publication

TL4 — RIVPACS species
TLS —WFD species
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WFD AWIC (sp)} McFarland

Full name;

Reference:

Calculated on data at:

Raddum
Full name:

Reference:

Calculated on data at:

SEPA % Acid Sensitive Taxa

Full name:

Reference:
Calculated on data at:
LIFE {(fam)

Full name:

Reference:

Calculated on data at;

LIFE {sp)
Full name:

Reference:

Calculated on data‘at:
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WFD Abundance-weighted Acid Water Indicator Community (species
level)

McFarland, B. (2010} Environment Agency Internal Report.

TL4 — RIVPACS species
TLS —WFD species

Raddum

Fjellheim A. & Raddum G.G. (1990) Science of the Total Environment
96: 57-66

TL4 — RIVPACS species
TLS = WFD species

SEPA % Acid Sensitive Taxa

David Rendall, Scottish Environment Protection Agency, pers. comm.
20™ January 2010

TL4 — RIVPACS species
TL5 —WFD species

Lotic-invertebrate Index for Flow Evaluation (family level)

Extence et al., (1999). Requiated Rivers: Research & Management 15.
543-574.

TL1 — BMWP families (supplemented with TL2 taxa)

Laotic-invertebrate Index for Flow Evaluation (species level)

Extence et al., (1999). Regulated Rivers: Research & Management 15:
543-574.

TL4 — RIVPACS species
TL5 — WFD species
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PSI (fam)

Full name:

Reference:

Calculated on data at:

PSl (sp)

Full name:

Reference:

Calculated on data at:

GSFI
Full name:

Reference:

Calculated on data at;

SPEAR (fam)

Full name;:

Reference:

Calculated on data at:

SPEAR (sp)

Full name:

Reference:

Calculated on data at;
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Proportion of Sediment-sensitive Invertebrates (family level)
submitted for publication

TL3 — All families

Proportion of Sediment-sensitive Invertebrates (species level)
submiited for publication

TL4 - RIVPACS species
TL5 —WFD species

German Stream Fauna Index

Lorenz et al., (2004). Hydrobiologia 516: 107-127. Latest versions
updated by Daniel Hering, University of Essen, pers. comm. 17" March
2009.

TL4 — RIVPACS species
TL5 —WFD species

SPEAR % (family level)

Environment Agency, Science Report: SC030189/SR4 and SPEAR
calculator spreadsheet; Spear_231008.xIs from Tim Johns,
Environment Agency, pers. comm. 17" December 2009.

TL2 ~ Revised BMWP (WHPT) families

SPEAR % (species level)

Environment Agency, Science Report: SC030189/SR4 and SPEAR
calculator spreadsheet: Spear_231008.xls from Tim Johns,
Environment Agency, pers. comm. 17" December 2009.

TL4 - RIVPACS species
TL5 —WFD species
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cCl

Full name: Community Conservation Index

Reference: Chadd & Extence (2004) Aquatic Conservation: Marine and Freshwater
Ecosystems 14: 597-624.

Calculated on data at: TL4 - RIVPACS species
TL5 —WFD species

ICM

Full name: Intercalibration Common Metrics

Reference: These indices were calculated by John Murray-Bligh (Environment
Agency) using ASTERICS software and remain unchanged since their
original addition to the RIVPACS database as part of SNIFFER project
WFD72C, June 2008.

Calculated on data at: TL1 logyq family level data summed across spring and autumn
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2.8 WFD100 Further Development of River Invertebrate Classification Tool
Work Element WE 5.0
Wish list of potential new predictive variables for future model
development

2.81 Background

As part of the continued drive to further develop and widen the scope of the River Invertebrate
Classification Tool (RICT), in this work element we have investigated potential ways for RICT to
incorporate new pressure metrics for hydromorphelogical and acidification stress. The classification of
streams and rivers for WFD compliance monitoring requires that rivers can he classified for these
stressors. To achieve this RICT needs to be able to calculate reference values for biotic indices that are
thought to respond well to these stressors.

While RICT can calculate reference values for indices known to respond to hydromorphological and
acidification stress (e.g. LIFE and AWIC) there has always been an underlying problem in RIVPACS
models that some of the variables that are strong predictors of macroinvertebrate communities are also
affected by these stressors. This has not been a problem in the past when RIVPACS models were
primarily used to assess organic poliution because the predictor variables were not affected by this type
of pressure. However, the predictor variables substrate composition, stream width and stream depth are
affected by hydromorphological pressure and acidification pressure may also affect the alkalinity
measured at test sites. This creates a problem because if stressor modified values of predictor variables
are used to predict reference values of biotic indices for test sites, these targets wiil consequently be
adjusted away from the biotic index values expected under true reference conditions. For example, if we
used a predictive model that includes substrate as a predictor variable and we visit-a test site where
hydromorphology has been modified making the substrate finer, our predictions will be for a stream type
with a fine substrate rather than for the actual test site with an unmodified substrate composition.

in this work element we have therefore attempted to identify a wish list of new predictive variables that
would give greater independence from the stressors we are trying to measure. We have also
investigated ways to improve the predictive capability of RICT in general by attempting to find new
variables that increase overall predictive power whilst similarly not being affected by any stressors that
we are likely to want to monitor.

By reference to previous RICT/RIVPACS development projects and an expert understanding of the
development of predictive systems, we have proposed a ‘wish-ist’ of potential new predictive variables.
We have examined the complexity of derivation of these variables, both for a one-off variable collection
exercise for the RIVPACS reference sites and with respect to ongoing use of these variables for Agency
monitoring sites. We have also considered IPR issues associated with new variables to ensure that end-
users within the UK Agencies {and beyond) can derive these variables without dependence on external
GIS layers or datasets.

2.8.2 Predictor variables in RIVPACS/RICT

RIVPACS/RICT uses a set of environmental variables to predict reference values for biotic indices and
predicted faunal lists at test sites. In previous RIVPACS development work these predictor variables
have been split into time-invariant variables (relatively unchanging though time) and time variant
variables (different on each sampling occasion).

Time_Invariant Time variant
Alkalinity Substrate composition
Altitude Width

Slope Depth

Discharge category
Distance from scurce
Latitude

Longitude

Air Temperature
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Unfortunately some of the variables used (the time variant variables) are themselves influenced by
stressors. In our example above, sedimentation will result in an altered substrate composition. Therefore
when a hydromorphologically impacted test site is assessed, its substrate composition may be assessed
in the field as being finer than it should otherwise have been. The RICT prediction may therefore be
based on a reference site that had fine sediment and the expected community and biotic index values
will therefare be those of a fine substrate river. Ideally, RICT should produce predicted taxa and biotic
indices for the test site that are based on a non-impacted substrate. The predictions should thereby set
a target for a non-impacted test site.

To get round this problem we need to find alternative variables to those affected by the stresses we are
trying to assess. For the RIVPACS variables this means removing the time variant variables: substrate
composition, width and depth, all of which are affected by physical modifications to test sites. It may also
be necessary to remove alkalinity as a predictor variable because its measured values at test sites may
be modified by acidification stress. The other variables are regarded as being robust with respect to
stressors.

2.8.3 Relative Explanatory Power

In order to assess the effect on overall model performance of removal of the variables affected by
stressors we reviewed the relative explanatory power of the variables used in UK RIVPACS models.

We first reviewed an analysis of the explanatory power of predictor variables carried out in Davy-Bowker
et al., (2006). This analysis used canonical correspondence analysis (CCA) to compare the predictive
.power of variables in the now superceeded (although still relevant) GB RIVPACS lII+ model with WFD
System-A variables. Table 8 below, reproduced from Davy-Bowker et al., (2006), shows the results of
this analysis.

Table 17. Percentage variation explained by RIVPACS lll+ and WFD System-A variables when
each variable is the only explanatory variable in an analysis of 614 RIVPACS llI+ sites across
Great Britain (reproduced from Davy-Bowker et al., 2006).

Variable % Variation explained
Alkalinity 7.0
Mean substrate composition 6.4
Logip alkalinity 59
Logy slope 59
Longitude 5.4
Logso distance from source 43
Logs, altitude _ 3.7
[Log;o water depth 37 ]
Latitude 3.7
[Cog:o water width 32 ]
River discharge (flow) category 3.2
Mean air temperature 3.2
WFD catchment size category 2.7
WFD geology — calcareous category 2.7
WFD geology — siliceous category 2.1
WFD altitude category 1.6
WFD geology - organic category 0.5

Alkalinity ranked first as the most powerful single descriptor of variation across the GB RIVPACS
dataset. Substrate composition was the second most powerful variable and water depth and width
ranked 8" and 10™. Alkalinity and substrate were therefore very strong predictors of macroinvertebrate
community composition.
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The second large-scale analysis of the relative explanatory power of predictor variables we reviewed
was a combined analysis of clean and polluted streams and rivers from the 1995 General Quality
Assessment survey of England and Wales (Murphy & Davy-Bowker, 2005). In this analysis we explored
the relative explanatory power (marginal effects in a CCA) of predictor variables together with variables
representing stressors and a range of new spatial variables. The results are reproduced in table 9
below.

Table 18. individual explanatory power of a range of variables in an analysis of 5752 clean and
polluted streams and rivers from the 1995 GQA survey of England and Wales.

Variable Marginal effects
Substrate ' 0.12
lA_ltaliﬂi.ty 0.11
X (Easting|) 0.10
[Beptn . 0.06 |
Altitude 0.05
Slo;)e 0.05
XY 0.05
Organic inputs 0.04
Distance from source 0.03
Urban run-off 0.03
Discharge category 0.02
- Y (northing) 0.02
[Width 0.02— ]
XY 0.02
Y? : 0.02
Acidification 0.02
Canalisation 0.02
X2 0.01
X2y 0.01
Agri-chemical inputs 0.01
Industrial discharge and run off 0.01
Excessive plant growth 0.01
Reduced discharge <0.01

This analysis again shows that substrate and alkalinity are the two strongest predictors of
macroinvertebrate community composition. In this analysis the predictor variables depth and width rank
4™ and 13" respectively.

These two analyses, while based on different datasets (one using RIVPACS reference sites, the other
using GQA monitoring sites) both show that alkalinity and substrate are very strong predictors of
macroinvertebrate community composition and are therefore going to be hard to replace in any attempt
to build RIVPACS madels that are truly stressor independent.

2.8.4 Candidate Variables

In discussing candidate predictor variables that might enable RIVPACS models to be built that are not
affected by stressors, it is worth summarising the criteria that any new variables should ideally satisfy:

+ Stressor independent {not affected by any stressors routinely encountered)

+ Easily derivable (both for reference sites and test sites by Agency staff and others)

+ Not dependent on external GIS layers or datasets (which might both prove impractical for some
users and have IPR restrictions)

Although identifying a wish list of potential new predictor variables that meet these criteria has been
challenging, a potential list of candidate variables and associated notes is given below.
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Group 1 — Further Map Based Variables (or from GIS)

Variable Notes

Catchment area Hard to calculate manually
Another measure of river size - may not explain much more than
distance from source. Already have this variable for all RIVPACS sites.

Stream order Must define method and map/GIS resolution e.g Strahler from 1 to
50:000 OS Land Ranger. Lots of tribs usually indicates hard geology.
Very few tributaries indicate a groundwater fed river.

Altitude of source Relatively easy to derive. Provides more information an the river
leading into the site in question. Should help distinguish if the river has
an upland fauna upstream.

Slope - source to site  Relatively easy to derive. Provides information on the river leading into
the site in question. Should correlate strongly with the number of riffles
and therefore typical undisturbed substrate composition of the river
upstream. '

Stream power A measure of the energy within a river system. Calculation requires
slope at site and discharge (see below)

Group 2 — Spatial Variables

Following work done in Murphy & Davy-Bowker, 2005 (described below), we have listed below a set of
alternative spatial variables that appear to have some degree of explanatory power. We propose the
same set of spatial variables as used in Murphy & Davy-Bowker (2005) and perhaps some additional
variants:

X {Easting, East-West spatial patterns)

Y (Northing, North-South spatial patterns)

XY

X*

YZ

Xy

xy?

XG

YG

An important consideration with these spatial variables is that while there is evidence that they may have
explanatory power, it is not clear why these variables work. It does however appear that they correlate
with some unmeasured gradient(s) of change through the biological data. Indeed, the multivariate
analysis in Murphy & Davy-Bowker (2005) suggests that this may be the case (reproduced with
additional annotation in Figure 3 below).

In Figure 3 the current RIVPACS variables are shown in blue boxes while the potential new spatial
variables are shown in pink. Examination of the relative directions of influence of the existing variables in
multivariate space reveals some clear patterns with four gradients clearly visible (marked around the
border of Fig. 3}.
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(2003) solid and drift geology were reduced to six and four classes respectively (following River Habitat
Survey methodology).

Investigation of the discriminatory power of these variables indicated that altitude of source and slope
(source to site) had discriminatory power that was comparable to the existing predictor variables. Stream
power also exhibited potential explanatory usefulness.

In summary, to widen the scope of the River Invertebrate Classification Tool to incorporate new pressure
metrics for hydromorphological and acidification stress, RICT needs to be able to calculate reference
values for biotic indices that are thought te respond well to these stressors. Furthermore, any new
RIVPACS model(s) built to assess these stressors should exclude variables known to be affected by
them, and ideally use aliernative ones to regain potentially lost predictive power.

We have reviewed two analyses of the relative predictive power of RIVPACS predictor variables and a
previous R&D project that sought to derive and test new GIS variables for RIVPACS. We have found
that alkalinity and substrate are very strong predictors of macroinvertebrate community composition.
These are therefore going to be hard to replace in any attempt to build RIVPACS madels that are truly
stressor independent.

From the studies we have reviewed we have identified a wish list of potential new predictor variables
and three criteria that these variables need to satisfy. These include a group of new map/GIS based
variables and a group of new spatial variables, both of which are wholly independent of
hydremorphological and acidification stress. These variables may give additional information on the river
type that could help to offset the removal of alkalinity, substrate, width and depth and there is some
evidence that at least some of these may work as predictor variables in any new RIVPACS models that
we build for incorporation into RICT. Any decision on whether new stressor independent model(s) will
replace or be used to assess specific stressors alongside the existing GB and NI RIVPACS IV models
currently within RICT will depend on a subsequent comparative analysis of model performance.

2.8.5 References
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comparison of the European Water Framework Directive physical typology and RIVPACS-type
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Figure 3. Relative importance and direction of influence of 23 variables in a CCA analysis of 5752
clean and polluted streams and rivers from the 1995 GQA survey of England and Wales.
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It is interesting to note how four of the five new spatial variables in Fig. 3 do not follow the same
gradients as the existing RIVPACS variables. This could indicate that they correlate with previously un-
measured gradients of change and hence could have potential as predictor variables.

In addition to these analyses of variable performance above, we have also reviewed work done in a
previous RIVPACS R&D project in which the procedures for acquiring environmental variables from GIS
were investigated (Hornby et af., 2003). In particular, we reviewed work done to investigate the
explanatory power of new variables derived from GIS. Several variables were assessed:

Altitude of source

Slope (source to site)

Stream power = g.p.Q.S/MW {Ferguson, 1981)

Upstream catchment area

Site and upstream catchment geology (both solid and drift geclogy)
Stream order

Where g = gravitational acceleration (9.81 m s™), p = density of water (1000 kg m™),
Q = discharge* (m® ™), S = stream slope at site (m km™), W = stream width (m)
*Hornby et al., (2003) suggests using mid points of RIVPACS discharge categories.

Stream power is a measure of the energy within a river system. Low stream power indicates that a site
is likely to be depositing in nature while high stream power indicates that a site is likely to be erosional
(Hornby et al., 2003).

Solid and drift geology are typically described in terms of many classes (115 and 13 classes respectively
in the analysis by Hornby et al., (2003). This number of variables is too large to be used directly within
RIVPACS discrimination and some degree of amalgamation is needed. For example, in Hornby et al.,
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4, APPENDICES

Appendix | Review of species indices — WaterView database

Appendix Il Review of species indices in the WaterView database (summarised across Europe)

Appendix Il Consultation on the current practicable level of analysis and indices being used in the
UK Agencies

Appendix IV Feedback on the current practicable level of analysis being undertaken by biologists
within the UK Agencies.

Appendix V The 89 NBN codes newly created for taxon prediction

Appendix Vi Taxonomié Level 1 — The 78 "BMWP family” level taxa in RIVPACS IV
Appendix VIl Taxonomic Level 2 — The 103 “Revised BMWP” (WHPT) taxa in RIVPACS IV
Appendix VIIl  Taxonomic Level 3 — The 132 “All Families” taxa in RIVPACS IV

Appendix IX  Taxonomic Level 4 — The 656 "RIVPACS Species” level taxa in RIVPACS IV (including
component members of species groups)

Appendix X Taxcnomic Level 5 — The 417 "WFD Species” level taxa in RIVPACS IV (including
component members of species groups)

49



SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix | Review of species indices — WaterView database
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Appendix | Review of species indices — WaterView database (by country)
Austria
Method Indices Incorporated Stressor

Assessment of
saprobiological
quality of rivers
(Bestimmung der
saprobiologischen
Gewassergute
von
FlieRgewassern)

Saprobic Index (MARVAN, P.; ROTHSCHEIN, J.; ZELINKA,
M. (1980): Der diagnostische Wert saprobiologischer
Methoden. Limnologica 12(2): 299-312.

Organic Pollution

Ecological
Integrity
Assessment -
ONORM M6232

No Index Associated

General
Degradation

AQEM Austria

AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods (‘metrics’)
are applied based on the comparison with type-specific
reference conditions

abundance of all taxa

abundance of Oligochaeta

abundance of Plecoptera

abundance of Trichoptera

number of sensitive taxa

number of EPT-taxa

total number of families

total number of taxa

(%) EPT individuals / total individuals

(%) EPT taxa / total taxa (sp)

(%) EPT-taxa / total taxa

(%) gatherers/collectors

(%) littoral + Profundal preferences

(%) littoral preferences

(%) of Oligochaeta and Dipteran taxa

(%) shredder

RETI

Index of Biocoenotic Region

Diversity (Margalef)

— e et N e

Organic Pollution,
Morphological
Degradation

Belgium

Method

Indices Incorporated

Stressor

Belgian Biotic
Index (BBI)

Belgian Biotic Index (NBN (1984). Biological quality of
watercourses. Determination of the biotic index based on
aquatic macroinvertebrates. Belgian standard T92-402.
Belgian institute for normalization. Brussels). Family/genus
level

General
Degradation

Biotic Sediment
Index (BSI)

Biotic Sediment Index (BSI) - DE PAUW, N.; HEYLEN, S.
(2001): Biotic index for sediment quality assessment of
watercourses in Flanders, Belgium. Aguatic Ecology 35: 121-
133.

Toxic Substances
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Bosnia & Herzegovina

Method Indices Incorporated Stressor

Revised

g;g{gg}'c Saprobic system revised by LIEBMANN (1962), together with 8;%?; Pallyaes
Serfibia Wil species deficit’ method (KOTHE 1961) Degradation
Species Deficit

Bulgaria

Method Indices Incorporated Stressor

Determination of
Saprobic Index
(ROTHSCHEIN
1962)

Saprobic Index (ROTHSCHEIN 1962). Supplemented by
determination of diversity (SHANNON & WEAVER (1949);
SIMPSON 1949) and evenness (PIELOU 1966).

Organic Pollution

Biotic Index
based on the
Quality Rating

Quality Rating System - Adapted from the Irish ‘Quality
Rating System’

Organic Pollution,
General

System Degradation
Croatia
Method Indices Incorporated Stressor

Extended Biotic
Index (EBI)

Extended Biotic Index' according to WOODIWISS (1978).
For determination of the IBE value two factors are
considered: taxa richness (diversity) and presence of
sensitive taxa (indicator groups).

Organic Pollution

Saprobic Index

To determine the quality of surface waters in Croatia, the
saprobic index by PANTLE and BUCK (1955) is utilised.
PANTLE, R. & H. BUCK (1955): Die biologische
Uberwachung der Gewasser und die Darstellung der
Ergebnisse. Gas- und Wasserfach 96: 604.

Organic Pollution

Czech Republic

Method

Indices Incorporated

Stressor

PANTLE and BUCK (1955) modified by MARVAN (1969).
PANTLE, R. & BUCK, H. (1955): Die biologische
Uberwachung der Gewasser und die Darstellung der

fni':r’{i?gi‘r’"gg'ca' Ergebnisse. Gas- und Wasserfach 96: 604. MARVAN. P. Organic Pollution
(1969): Notes to the application of statistical methods in
evaluation of saprobiology. Symposium SMEA on Questions
of Saprobity: 19-43.
PERLA The PERLA prediction system is based on the RIVPACS General
approach. Index is obs/Exp NTAXA Degradation
AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods (‘metrics’)
are applied based on the comparison with type-specific . .
reference conditions ! a;%f‘)ﬂg;;g:ron'
ASPT (Average Score Per Taxon) .
AQEM Czech Czech saprobic index Degradation,
number of Ephemeroptera taxa General .
Degradation

number of EPT taxa
number of Plecoptera taxa
RETI (Rhithron Feeding Type Index)
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Index (DSFI). Verh. Internat. Verein. Limnol. 27: 1822-1830.

Denmark

Method Indices Incorporated Stressor

Danish Stream Thfe Danish Stream Fauna Index is dfaternjined on the basis

Eauna lndss of indicator taxa and the number of diversity groups in the Organic Pollution
DSFI (Dansk total fauna sample. SKRIVE.R, J..; FRIBERG, N.; ' General !
vandlahs Falna KIRKEQAARD. J. (2000): quloglcal assessment of running Degfadation
Indeks DVFI) waters in Denmark: Introduction of the Danish Stream fauna

County-specific

Depending on water authority, the method has been modified

deviations of the

and is in general a field assessment method mainly based on

Organic Pollution

g?gggc saprobic values.
Estonia
Method Indices Incorporated | Stressor

Organic Pollution,
Quality Based on the Swedish 'Benthic Fauna in Lake Littorals and | Morphological
Assessment of Running Water - Time Series' method. It uses four selected | Degradation,
Estonian indicator metrics of macroinvertebrate diversity and Acidification, Toxic
Watercourses distribution: SHANNON's Diversity Index, ASPT Index, Substances,
using Benthic Danish Stream Fauna Index and Acidity Index according to | Eutrophication,
Macroinvertebrates | HENDIKSON and MEDIN General

Degradation

France

Method

_Indices Incorporated

Stressor

Global Biological
Index Adapted to
Large
Watercourses -
I.G.B.A. ('Indice
Biologique Global
Adapte aux
grandes cours
d’eau et aux riviére
profondes’)

Standardised Global Biological Index I.B.G.N." to large and
deep watercourses in France the ‘Global Biological Index
Adapted to Large Watercourses’ was published in 1997
(AGENCE DE L'EAU R-M-C 1997),

Organic Pallution,
Morphological
Degradation,
General
Degradation

Oligochaeta Index
for Sediment
Bioindication —
IOBS (‘Indice
Oligochetes de
Bioindication des
Sédiments’)

The 'Oligochaeta Index for Sediment Bicindication’ (IOBS)
assesses the general quality of stable and permanent fine
sediments of natural and artificial watercourses and
indicates their susceptibility to gross organic stress and
micropollutants such as metals and PCBs. To calculate the
index 100 individuals have to be identified. The total
number of taxa (only Oligochaeta) and the dominant
percentage of Tubificidae with or without hair-setae are
determined. The latter group indicates the effect of
micropollutants.

Organic Pollution,
Toxic Substances

Standardised
Global Biological
Index - I.B.G.N.
(‘Indice Biologique
Global Normalisé’)

The ‘Standardised Global Biological Index (I.B.G.N.) has
been widely used in monitoring programs in France since
1992. Benthic invertebrates are usually identified to family-
level, some groups to higher taxonomical level. The
method embraces 138 different taxa to determine the ‘total
variety of the sample (Zt)' split up into 14 variety classes.
38 taxa constitute 9 ‘faunal indicator groups (Gl)' which are
selected if three (or ten, respectively) individuals belonging
to an indicator taxon are found in the sample. The IBGN is
then categorised into quality classes.

Organic Pollution,
Morphological
Degradation,
General
Degradation
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Biclogical S.E.Q.
('Systeme
d'Evaluation de la
Qualité’) - Version
0

Combination of the IGBN, IBGA, IOBS

General
Degradation

Germany

‘Method

Indices Incorporated

Stressor

Investigation
and Assessment
of Water Quality

Saprobic Index of Macro- and Microbenthos according to the
PANTLE & BUCK (1955)

- Saprobity Organic Pollution
The Physiological Tolerance Index (t) assesses the degree of
pollution by organic toxins in running waters. The index is
based on a rank ordering system on the varying physiological
Phvsi ; tolerance of macroinvertebrate taxa (WOGRAM & LIESS
ysiological

Tolerance Index

®

2001). WOGRAM, J. (2001): Auswirkungen der
Pflanzenschutzmittel-Belastung auf Lebensgemeinschaften
in FlieRgewassern des landwirtschaftlich gepragten Raumes.
Dissertation, TU Braunschweig. - http://www.biblio.tu-
bs.de/ediss/data/20011107a/=20011107a.html (in German
with English abstracts).

Toxic Substances

Multimetric assessment system of modular structure
designed for stream type-specific application. For each
stream type an individual set of metrics is used. Module 1 -

Sgggﬁfaﬂ!on o | Saprobity: stream ROLAUFFS et al. (2003). Module 2 — o o uao,
: ; Acidification: (BRAUKMANN & BISS 2004). Module 3 — .
benthic fauna in Sl . . General
. General Degradation: Different stressors like morphological ,
rivers ; : - Degradation
degradation, land use in catchment area, pesticides,
hormone equivalent substances etc. are jointly detected
based on a multimetric index.
Assesses by considering species traits as stated by MOOG
(1995) and BAYERISCHES LANDESAMT FUR
WASSERWIRTSCHAFT (1996). According to the taxon's
Potamon-Type- affinity to the biotope 'river', five ECO-values (‘ECO-Wert') General

Index (PTI)

are allocated to 299 macroinvertebrate taxa. Species
exclusively occurring in large watercourses and showing
stenoecious character are provided with high values. On the
basis of taxa-presence and abundance data the PTl is
calculated and classified using 5 classes

Degradation

Bio-Ecological
Investigation of
Watercourses

The Bio-ecological Investigations of Watercourses assess the
biological quality of running waters based on the old version
of the German DIN 38 410. To validate the resulting
classification either the Saprobic Index based on an extended
taxa list (BLfW 1990), the Assemblage Analysis
(‘Kopplungsanalyse') according to BUCK (1986) or the
‘Karlsruher Methode’ according to SCHMITZ has to be
applied.

Organic Pollution

AQEM Germany

AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods (‘metrics’)
are applied based on the comparison with type-specific
reference conditions.

(%) akal + (%) lithal + (%) psammal

(%) akal preferences

(%) gatherers/collectors (ind.)

(%) hyporhitral preferences

(%) littoral preferences

(%) pelal preferences

Organic Pollution,
Morphological
Degradation
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(%) phytal preferences

(%) Plecoptera

(%) rheophilous preferences

(%) Trichoptera

(%) xylophagous taxa + (%) shredder + (%) active filter
feeders + (%) passive filter feeders
BMWP

German Faunaindex

German saprobic index (new version)
number of EPTCBO taxa

organic pollution

Shannon-Wiener Diversity

Bioindication of

Four classes of actual acidity of Bavarian highland streams
are distinguished by the occurrence of Benthic Invertebrates
indicating the type of acid condition (‘Saurezustandstyp’).
Each indicator species has an index value ranging from 1

sicid condition (sensitive to acidification) to 4 (resistant to acidification). Acidification
Following the principle of maximum sensitivity, organisms
belonging to the same indicator group are summed up to
determine the acidity-class by exceeding a specific
frequency-threshold.
Greece
Method Indices Incorporated ‘Stressor

AQEM Greece

The European AQEM project generated a multimetric
classification scheme for three Greek stream types based on
macroinvertebrate sampling.

(%) EPT taxa

(%) hypopotamal preferences

(%) littoral preferences

(%) metapotamal preferences

(%) parasites

(%) passive filter feeders

(%) predators

(%) profundal

ASPT

BMWP

Diversity Groups

DSFI*

German Saprobic Index (old version)
IBE

number of EPT taxa

Simpson Diversity

type LR

type RP

Organic Pollution

Hellenic
Assessment
System

Two biotic indices: HBMWP and HASPT. The indices
represent modifications of the Spanish BMWP’ score system
(ALBA-TERCEDOR & SANCHEZ-ORTEGA 1988). In
addition, different indicator scores are assigned to each taxon
dependent on its relative abundance in the sample. Separate
classification of “poor” and “rich” habitats accounts for the
habitat diversity of the sampling site. Both the scores of
HBMWP and HASPT determine the overall ecological stream

quality

General
Degradation
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Hungary
Method Indices Incorporated Stressor
The main aim of the method is to detect the general status
of aquatic macroinvertebrate communities, not to determine
Macrozoobenthos | the influence certain stressors directly. Pristine and
Sampling Project | degraded water bodies are monitored. Populations of
of the Hungarian | threatened species are surveyed. Not all taxa are identified, | General
National but Odonata, Ephemeroptera, Plecoptera, Hirudinea are Degradation

Biodiversity determined to species level and some others — aquatic
Program beetles and bugs, molluscs, Gammarids etc. — are
determined to higher taxonomical level. No formal biotic
indices used to date.
BMWP — HU
(adapted to Modification of the British BMWP/ASPT score system is . .
Hungarian applied featuring newly included taxa and modified scores. Organic Pollution
conditions)
Iceland
Method Indices Incorporated Stressor
Biological ; o ; . .
e Sampling of benthic invertebrates (mainly Dipteran taxa) is

Monioring.of done by utilisation of window traps to catch flying adults after General
Watercourses in aney u 4 R RRER Bt ats Degradation

emergence.
Iceland
Italy
Method Indices Incorporated Stressor

To avoid on the one hand costly determination to species

level, on the other hand loss of biological information when

family level is sufficient, species of similar sensitivity are

aggregated at a ‘lower than genus'-level (morpho-taxonomic
Mayfly Average | groups). Together with other mayfly genera they form so- General
Score (MAS) called Operational Units (OU) to be identified in the field. A Degradation

score (1 - exploiter taxa; 3 - ancillary taxa; 5 - indicator taxa)
is assigned to each OU, which are summed up to the Mayfly
Total Score (MTS) which is then divided by the number of OU
to obtain the Mayfly Average Score (MAS).

Report Index (IR
- ‘Indice a
Rapporto’)

The 'Report Index' distinguishes between four groups of taxa
showing different tolerance to organic pollution. The
proportion of sensitivity groups is used to determine the water
quality. STOCH, F. (1986): Nota preliminare su una nuova
metodologia biologica per il mappaggio di qualita delle acque
correnti. Acqua & Aria 2: 137-142.

Organic Pollution

AQEM ltaly

AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods (‘metrics’)
are applied based on the comparison with type-specific
reference conditions.

(%) Argillal preferences

(%) Borrowing locomotion types

(%) Filter feeders

+ Odontoceridae

abundance of A. muticus + N. digitatus

abundance of all taxa / abundance of Diptera taxa
abundance of Amphinemura and Protonemura
abundance of Cordulegaster and Dinocras

abundance of Dugesia and Lymnaea

abundance of Elmidae

abundance of Leptophlebiidae

Morphological
Degradation,
General
Degradation
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abundance of Leuctra and Calopteryx

abundance of Lumbricidae

abundance of Tubificidae

ASPT

BMWP

diversity groups (DSFI)**

MTS (Mayfly Total Score)*

number of MAS Operational Units*

number of Plecoptera and Trichoptera taxa

number of Plecoptera taxa

number of Trichoptera taxa

Rhithrogena

sum of abundance of Amphinemura + Protonemura +
Nemoura + Leuctra + Perla

sum of abundance of Ancylus + Lumbriculidae + Micronecta
+ Gyrinidae (Ad) + Limnephilidae

sum of abundance of Baetis rhodani + Ecdyonurus +
Habrophlebia + Torleya + Caenis beskidensis belfiorei +
Caenis beskidensis + Caenis belfiorei

sum of abundance of Brachycentridae + Goeridae +
Sericostomatidae + Odontoceridae

sum of abundance of Dixidae + Empididae + Stratiomyidae +
Dolichopodidae + Athericidae

sum of abundance of Odontoceridae + Limnephilidae +
Polycentropodidae

sum of abundance of Procloeon + Centroptifum +
Ecdyonurus + Paraleptophlebia + Ephemera +

sum of abundance of Rhithrogena + Ecdyonurus gr. venosus
+ Ephemera

sum of abundance of Rhithrogena + Epeorus + Centroptilum
+ Goeridae + Hydraenidae + Elmidae + Ancylus

sum of abundance of Syrphidae + Culicidae +
Ceratopogonidae + Siphlonurus

Extended Biotic

The IBE is based on the 'Extended Biotic Index' according to

Index - IBE WOODIWISS (1978) modified according to GHETTI and is a

(Indice Biotico standard method for assessing Italian watercourses. Cancal
Esteso) For determination of the IBE value, according to biotic index Neaicistion
modified methods, two factors are considered: taxa richness (diversity) 9
according to and presence of sensitive taxa (indicator groups). Calculation

GHETTI is performed with a cross-table.

Latvia

Method Indices Incorporated Stressor
Operative

Evaluation of the
Biological Quality
of Small Streams
by Saprobic
Index of
Macrozoobenthos
Communities

The Saprobic Index is calculated according to PANTLE &
BUCK (1955) and the results are assigned to one of five
quality classes.

Organic Pollution

Liechtenstein

Method Indices Incorporated Stressor
Water Quality The Saprobic Index (MARVAN ef al. 1980) is calculated o ic Polluti
Assessment according to the relative frequency of habitats sampled. raaric Faliduion
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various metrics

Luxembourg

Method Indices Incorporated | Stressor

N Several indices (among them IBGN, BMWP and ASPT and ﬁgaﬂgfﬁggfm”'

various indgices | DIN 38 410). Within the next three years it is intended to B et T
s generate a predictive system (similar to RIVPACS or PERLA) 9 '

to assess 2 . . Substances,

ST airSSE out of which a system for ecological water quality General

assessment will be developed. Degradation

Moldova

Method Indices Incorporated Stressor

Saprobiological

assessment Saprobic index according to PANTLE & BUCK (1955), (2) ; ;

based on ratio of oligochaets Organic Pollution

Northern Ireland

classification

Method Indices Incorporated Stressor
Biological GQA

(General Quality ; General
Assessment) BMWP, NTAXA and ASPT used with RIVPACS Degradation

Poland

Method

Indices Incorporated

Stressor

BMWP — PL
(Biological
Monitoring
Working Party
score adapted
to Polish
conditions)

BMWP modified for Poland togheter with a diversity index
(ratio of number of families to macrofauna abundance).

Organic Pollution

Portugal

Method

Indices Incorporated

Stressor

AQEM Portugal

AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods (‘metrics’)
are applied based on the comparison with type-specific
reference conditions. Uses the Portuguese Index, which
combines stress tolerance (scores) and community
composition (relative abundance). A list of indicator taxa
(family level) was established to this purpose, based on
autecology and distribution along the impact gradient.
Portuguese Index, which combines stress tolerance (scores)
and community composition (relative abundance). A list of
indicator taxa (family level) was established to this purpose,
based on autecology and distribution along the impact
gradient.

Organic Pollution

BMWP'
(Biological
Monitoring
Working Party
score adopted
to Spanish
conditions)

The Spanish BMWP is an adaptation of the British Biological
Monitoring Working Party (BMWP) score system. The
modifications include the addition of new families, changes in
some scores (see score table) and division of scores into five
classes, representing various degrees of organic pollution.

Organic Pollution
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Republic of Ireland

Method Indices Incorporated Stressor
Quality Ratin The Quality Rating System relates the relative abundance of | Organic Pollution,
S ster)rg g five key groups of macroinvertebrates (sensitive forms to General

y most tolerant forms) to water quality. Degradation
Romania
Method Indices Incorporated Stressor

Determination of
Saprobic Index
according to
PANTLE &
BUCK (1955)

Saprobic Index according to PANTLE & BUCK (1955)

Organic Pollution

Russia

Method

Indices Incorporated

Stressor

The method is based on identification of animals to the
taxonomic level mentioned in the definition table. Each

Organic Pollution,

Method of Biotic taxonomic group has a score and the sum of all scores “Dﬂgrfgg;%g(j ﬁal'l'oxic
. indicates the quality class of the water body. The MBA 9 ’

Analysis (MBA) . . Substances,
method was developed for simple assessment of aquatic Goneral
ecosystem status and is applied to streams as well as to DiasEadatian
stagnant waters (lakes, reservoirs). 9
A large number of macroinvertebrate species (about 920) is

Index of Trophic | characterised according to the trophic criteria plant, animal General

Completeness
(ITC)

ratio in the diet, feeding mechanism, food size, food
acquisition behaviour, energy and substance transfers. On
this basis the species are divided into 12 trophic groups.

Degradation

Serbia & Montenegro

Method Indices Incorporated Stressor

ﬁszrsc;:)':t?jgal Water quality is expressed in four classes obtained by Oraanic Pollution
'estig calculating the Saprobic Index according to PANTLE & BUCK g R el

using PANTLE (1955) Eutrophication

& BUCK index )

National Water

New system under development. May include: Saprobic
Index according to PANTLE & BUCK (1955) and ZELINKA &

Organic Pollution,
Eutrophication,

Monitoring MARVAN (1961), Species Richness, Diversity Index Beriaral
Strategy according to SHANNON & WEAVER (1949), Trophic i
Relations, ASPT, Index of Biotic Integrity(KARR 1981) 9
Slovakia
Method Indices Incorporated Stressor
National Surface ; 2
; The degree of Organic Pollution is separately assessed by . :
‘I:\,flvc?:ietrog:amy determination of the Saprobic Index (SLOVAK NATIONAL SL?;”';E;E?:O”‘
S aiam 9 STANDARD 757221 1989) P

Saprobiological

Saprobiological analysis is based on the calculation of the
saprobic index of a biocoenosis by PANTLE and BUCK

Organic Pollution

Analysis (1955) modified by ZELINKA and MARVAN (1961).

Spain

Method Indices Incorporated Stressor
ECOSTRIMED ,\Oﬂrga?‘iﬁ FollL e
— ECOlogical FBILL (total number of families found in the sample and Dorp g ctzgca
Status Rivers | indicator families) and IBMWP (Spanish version of BMWP) | fedracation.
MEDiterranean enera

Degradation
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Sweden

Method

Indices Incorporated

Stressor

Benthic Fauna
in Lake Littorals
and Running
Water - Time
Series
(‘Bottenfauna i
sjoars littoral
och vattendrag -

SHANNON's Diverity Index, ASPT Index, Danish Stream
Fauna Index and Acidity Index according to HENDIKSON
and MEDIN

Organic Pollution,
Acidification,
Eutrophication

tidsserier’)
AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods (‘metrics’)
are applied based on the comparison with type-specific
reference conditions.
AQEM Sweden (%) grazers/scrapers Organic Pollution,

(%) swimming/diving taxa

Acid index (Henrikson & Medin)
ASPT

DSFI*

number of EPT taxa

Acidification

Benthic Fauna
in Lake Littorals
and Running
Water -
Inventory
('Bottenfauna |
sjoars littoral
och vattendrag -
inventering’)

Different freshwater-species have been assigned to one of
five sensitivity classes (chemical stress: acidification and
organic pollution). The most sensitive taxon found at a site
decides the quality class.

Organic Pollution,
Acidification,
Eutrophication

Switzerland
Method Indices Incorporated Stressor
Benthic
Invertebrates
&s;ﬂ:) nthe | Makroindex according to PERRET (1977) and 1.B8.G.N. index g’sgzg;ﬁon
Stepwise
Procedure
The Netherlands
Method Indices Incorporated Stressor
AQEM uses an approach that is specifically designed for
each stream type: Different calculation methods
(‘metrics’) are applied based on the comparison with type-
specific reference conditions.
(%) (grazers+scrapers) / (%) (gatherers/collectors+filter
feeders)
(%) EPT / (%) Oligochaeta General
AQEM Nethertands %) EPT / (%) Oligochaeta — (%) Gastropoda Degradation

(

(%) EPT / (%) Oligochaeta — (%) type PEL
(%) EPT / (%) Oligochaeta — (%) type RP
(%) Gastropoda

(%) Gastropoda — (%) EPT / (%) Oligochaeta
(%) hypopotamal preferences

(%) of passive filter feeders

62




SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

(%) of Trichoptera

(%) type hypopotamal — (%) EPT / (%) Oligochaeta
(%) type PEL

(%) type RP

number of EPT taxa / number of Oligochaeta taxa
Saprobic Index ZELINKA & MARVAN

total number of taxa

method for
ecosystem
description and
assessment

beschrijving en
Beoordeling')

AMOEBE - general

(‘Algemene Methode
voor Oecosysteem-

Number of individuals and biomass. Multimetric = ((value
target variable under present conditions) / (value target
vaiable under present conditions)) * 100.

General
Degradation

surface waters
(‘Ecologische

EKO — Ecological
characterisation of

karakterisering van
opperviaktewateren’)

Typological approach based on multivariate analysis of
abiotic and macroinvertebrate data. The position of the
site in the web makes it possible to determine the desired
developmental direction from the community in the field
towards the reference community. Multivariate: a
combination of passive ordination, calculation of the
Euclidic distance, Mahalonobis distance and similarity,
weighting and discriminant analysis.

Organic Pollution,
Morphological
Degradation,
Acidification,
Eutrophication,
General
Degradation

Ecological
Management of

EBEOSWA
(VEcologische
Beoordeling en
Beheer van

Examination and

Surface Waters —

Oppervlaktewater’)

Relative abundance of specific indicator groups (value
between 0 and 100). :

Organic Pollution,
Morphological
Degradation,
Eutrophication,
General
Degradation

United Kingdom

assessing canal
water quality

enumeration of a small number of widely distributed,
frequently occurring and easily recognisable indicator genera

Method Indices Incorporated | Stressor
Biological GQA ] ]
(Gengral Quality Organic Pollution,
Assessment) BMWP, NTAXA & ASPT with RIVPACS General
classification Degradation
gh'rolngrlei Uses cast skins (exuviae) from chironomid pupae. A scoring

P Eiait system and a dichotomous key. Both classify water quality
Technique into 5 quality grades and are based on the identification and General
(CPET) for g yg Degradation

AWIC (Acid
Woater Indicator
Community)

The AWIC(fam) method is a scoring system on family level to
assess acidity. The AWIC(fam) enables to predict the mean
pH from the AWIC(fam)-ASPT at a site. The level of
invertebrate identification is the same as used in British
monitoring programmes ("BMWP families").

Acidification

Scottish River
Classification

Organic Pollution,

(RBAKs)

Oligochaeta).

Scheme BMWP, NTAXA & ASPT with RIVPACS General
(biological Degradation
component)

Rapid Biological | RBAKSs are based on sewage fungus and four macro- Geners
Appraisal Keys invertebrate indicators (Baetis, Heptageniidae, Gammarus, Degradation
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Community Conservation Scores of between 1 and 10 have
Community been a_ssigped to each speci_es of mar_:roinvertebrate based
Conseryatan on their rarity. Thg Community S_c_ore_ls based on thg BMWP— General ‘
Index (CCl) score (see Biological GQA classification) or the species in the | Degradation

sample with the highest conservation score, whichever
indicates the highest score
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Appendix Il Review of species indices in the WaterView database
(summarised across Europe)
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Appendix lll Consultation on the current practicable level of analysis
and indices being used in the UK Agencies.
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Appendix Il Consultation on the current practicable level of analysis
and indices being used in the UK Agencies.

To whom it may concern

Centre for
Ecology & Hydrology

NATURAL ENVIRONMENT RESEARCH COUNCIL

Centre for Ecology & Hydrology

c/o The Freshwater Biological Association
River Laboratory

East Stoke, Wareham

Dorset, BH20 6BB

Telephone (01929) 401891

www.ceh.ac.uk

Tuesday, 20" January 2009

Consultation for Project WFD100

Dear Sir/Madam,

As part of the Scotland and Northern Ireland Forum for Environmental Research (SNIFFER) project
WFD100 to further develop the River Invertebrate Classification Tool, | am seeking feedback from the

EA, SEPA and NIEA to ascertain:

1) The current practicable level of species-level analyses at which Agency biologists currently
work
2) A list of the biotic indices (including any that you are aware of that are under development)

that are currently in use, or are likely to be used in your work.

On the pages that follow, and on the supporting Excel spreadsheet, you will be asked a series of
questions. Your help in this consultation will contribute greatly to the further development and refinement
of RICT for the operational needs of the Agencies and your input is greatly appreciated. If you wish to
include your name with your response this will be included in the acknowledgements of the final project

report.

With very many thanks for your kind help,

John Davy-Bowker
jobo@ceh.ac.uk
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Current practicable level of species-level analyses

We are seeking to establish the current level of identification you achieve when you process
samples at species level. The purpose of this consultation is to enable us to make RICT
produce predicted taxon lists at a level that more closely matches the needs of the Agencies.

You have received a spreadsheet called ‘652 TL4 - RIVPACS species level taxa.xls’:

E1 Microsoft Excel - 02 652 TL4 - RIVPACS sparies level tana.xls
18] Bl Edt ¥ew jwet Fumet Jools Dota Fashpaper Window e Trme 8 Suasnontor hep: 2 IR
OZEY SRV S WBT oo @ -5 W@ -0, s o »
FES - A& NBNSYSOOO0O0ER0 !
] T e e | ] i |

1 cies leved laka pEaE N Freguency of ocour nos =
et 053 795 skes, n 3 B}
31 G & N combined

40| Spongiides B NENS Y= 00001 €104 Sporgiias g

5 [B3010000  Fydbiine 10000 Hycridse [NENS YSO000TE0166 Hydridae 302

B 73 [0s11m0r  Panar torvs (uler) (05110101 Panars lorva (Muter, 1774) [NEMS Y SO0U00T 3180 Plansrs torve i)

7 A 05110201 Poryceds feins (Dalyel) (5110201 Polyesis teira (Daiyed 1 4) NENSYSO00001 3103 Polycais falina 1680

8 05110207 Poiyceds nigrs group (05110202 Polycess rigra group <MEWW-CODE=100001  Polycels nigra group 1332

9 B f05110301  Phegocels vita (Duges) (05110301 Pragocsta vila (Doges, 1530) INENSY SOUDOUT 3186 Phagocata vita 193

100 7 [si1md01  Crenokis aipna (Dans) 05110401 Craniobia apins Mana, 1766) MENSYSO00001 163 Crenobis sipina 144

118 [65120107  Dugesis tigrina (Girars) (051201103 Dugssis tigrina (Giard, 1350) HENS Y SO0 53431 Dugesls tigrira 235
|12 8 05120102 Dugesia polycreos goun 05120102 | Dugewa pobychros group <HBALDODEX 100002 Dugerssa polyChroa group 361

13710 [0513M01  Bdelocaphalapunciaa (Paiss)  [05130101  Edslocephaia gunclata (Patas, 1774) NENS VSO0 1Y Bdaliocephaia punciats o4

14141 [ha130201  Cenarecoshum lactsum (Mie:) 130201 Gendrocostan acteum (O F Miller, 1774) NENS VSO00001 3180 Dendrocoeium [scdaum 35

151792 o120y Chordudcae 09120000 Crordodides MENS YSO00U1 59580 Chordudidae oet

1698 [loommog  Nematoda T0000  Menanida HENS Y SO EOSO6 Neml oda 268

17 [1a [i4000000  Eetoprocta 14000000 Ectoorocts HESY SO0 1476 Fotogencta 013

18738 [e110101  Theodwus theviatis (L1 16110101 Thendasus vt (Linnaeus, 1758) HENSYSOID000EE01  Thecuomys Ihraulirs

19718 [16120102  Vipanus vvperus (L) 16120102 Vivporus vivparus (Linneeurs, 1748) HENS YSO000DCSEN Viporus vivparus |
20 [47 6130101 Vaivata crictata Muber 16130111 Vatvata (Valvais) cristals OF Miisr 1774 HEHSYEO0O0GSM Vabesta cristala

2118 [ie130102 Valvate macrosdoma Mocch 16130121 Vuabvola (Tropina) mecrostors Morch, 1884 MENS YSOOODODES0S Vabvolo macrostums

299 [16130103  Vaivita prscocks (Muler) 16130131 Vabveta (Crcinne) piscinals (O F Muller, 1774)  [MENSYSOUOUUESTS Valvata prociieis

23[20 fisrannt  Potamonyous erkined (Smth) 16140301 Polamopyrgus antipociarm (J F Cray, 1843) NENSYSOO0000RE1 3 Pedamony) gus jamkins| |
2412 16160101 ynla leachd (Sheppard) 16160121 Entwnia (Codisis) leachi (Shenpard, 1823) NENS' SO00000E516 Bthynia leschd

252 ereoz  Eiyniatertaculata L) 16160111 Ethyria (Bnyres) leraculla (Livouss, 1758)  MENSYSOUO0UUEETS. Bihyna tenlacuista

% 'A'wszmm Adlesn hypnarum (L) IGH0I01  Aplea hypronen (Linnasus 1756) HESYSO0D00S524 Aple:s hyenonim

27 28 [e20m02  Physn tontnais (L) 16210202 Phiysn forfnets (Livaews, 1758) 5 Physs fortinels

2B | 28 icnoz Phiyes scuts groun 16210321 Physela (Costalaila) scida (Dragamaud, 1605) Phives acuza
29728 [16220101  Lymnoea eaicutonia (L) 6220801 Recin auriculara (Linnoeus, 1758) s Lymnaca suriculris

30 [ 7 163203 Lyimnwsa pakastris (Musar) 16220401 Stagricola pakisins (OF Muller, 1774) Lymnass psiustis 3 =
St G 55 =

" 1"
Ready UM zl

Step 1) Choose your preferred taxon coding and naming system:

- Maitland (columns B & C)

- Furse (columns D & E)

- NBN (columns F & G)
Retain either columns B & C; D & E or F & G, delete the others. In the example below, Furse
Names and codes have been retained. Expand the Name column to show the scientific name
of each taxon in full.

NB — Column D - Frequency of Occurrence is provided as a measure of taxon rarity.

£ Micrusoft Excel - XX 652 TL4 - RIVPALS species level taxasls L agh
@) Ble B¢ Wew st Fomat Jook [wa Hmbisper Widow Heb reE

DNDFEY GRY LIBR- T v o RE-HI MG~ T, lad -t -lB sy EEEEFE
F38 - ~
TAEES Sty = ] (R T VT 30
| I TL4. RIVPACS specips loval taxa of occurence i [ N
2 786 stes, 3 al
3 [Line 08 & M comtined
4 19 102110000 Spongiidas 134
5 7 foamooon Hyarise 30
B 3 05110101 Planariatora (0k 1774) 0@
7 ITaTos110201  Potveeks taing el 1814) 1680
8 T8 05110207 Polycels ngrs grovn 1392
8 T8 [05110001  Phagocata vt (Duges, 1330) 183
7 _[05110801  €ranchin aguna (Dana, 1766) 444
5120103 Dugesia lrns (Seara, 1050) x
05120107 Dugesis polychroa group 361
MS130101  Basiocasnals punctas (Fadas, 1774) 004
[b=130201  Densocosium tacteum (0 7 Wisler, 1774) 633
[62120000  Chordodidse 0&?
[i0000000  Mematoda 269
[14000000  Ectosroctn 013
-\5\10101 Theodonus fluviets (Linnasus, 1 754) 667
NE120102 Vivwarus vivparus (Lnneeus, 1758) 149
[16130101  Vaiala (Vaivala) criztate O F e, 1774 289
[16130121  Valvata (Tropidine) macrostoma Marcn, 1854 017
[16130131  Vahata (Cncnna) piecinabz (O F Muler, 1774) 1nar
[i6140301  Potamonyrous antodarm (JE Oray, 1843) 208
_[18180121  Bthyria (Codeti) leachi (Shappwd, 1823) 247
18180111 Bayrin (Sthyra) tartacidads (Linsews, 1755) 148
'___Euzwmm Aplexa hypnorum (Linnaeus, 1748) 004
27 34 18210202 Phoyew tontineks (Levasuz, 1758) 1249
jemu:z‘ Phyzeha {Coslstelln) ncuta (D1 aparraud, 1505) 087
16220801 Raoix aurculinis (Uinnaeus, 1758) o087
3 :azzmm Swgricoln pausiris (O F Muler 1774) 23 v
€4 b WABSZ T - RIVPACS species level | Tt  spacies grougs [ e 1 - ] I Ol
Ready UM
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Step 2) Using column E, make entries as shown in the example below to indicate how you deal
with each taxon in your routine species level laboratory identification. We are looking for the
usual practically attainable level of identification that you can achieve rather than a best case
scenario. We are interested in how you deal with these taxa currently, rather than historically.
In the case of taxa with aquatic adults and larvae, we are interested in the adults (e.g. to what
level do you routinely identify water beetle adults — it is assumed that the larvae will tend to be
identified more coarsely). We ask that you try to only make the 4 types of entry below for all
652 listed taxa:

Don't include in species lists - meaning that you don't record these taxa in your lab

Downgrade to ADD NAME

- meaning that you only identify to a courser level — please indicate level e.g. genus, family

Example of finished product

E3 Microsoft Excel - XX 652 TL4 - RIVPALS species level taxa.xls

(9] Fle Edt View Insert Format Tools Data  FlashPsper Window  Help Type a question for help. = o @ X
DEERSRY tR- T o--fE-HillBPer ~B.ie -|B|[E|_-D-7
K111 - S
AN STE IR St Ot o i § - COT sl D SDEEE i
1 1 TL4 - RIYPACS species level taza Frequency of ocoutrence
[ aci0ss 795 sites;in 3
3 [ Line seasons; GE & Nl combined
4 1 [oznoo00 Spongillidas 34| Don'tinclude in species lists
5 [ 2 foomonoo  Hydiidae Don'tinclude in species lists
B [ 3 [osmom Planatia torus (Miller, 1774)
7 [ 4 [ostozon Folycelis felina [Dalyell, 1814)
8 6 | 0510202 Folyeelis nigra group
|0 T & [05w0301  Fhagooatavina (Duges, 1830)
107 7 [osmn4o Crenobia slpina(Dana, 1766)
11 05120103 Dugesia tigrina (Girard, 1850}
12 05120102 Clugesia polychroa group

13 10 [ost0i Bdellocephala punctats (Pallas, 1774)
T4 7 0 Tos0201  Dendioooelum lacteum (OF Miler, 1774)
15 12 [o910000  Chordodidae

16 |13 foooonan  rematoda

| 17 [ ¢ _[4000000  Ectoprocts

18 [T [istofor Theodorus fluviatilis (Linnaeus, 1758)

18 18 [ierzonz Vivipatus viviparus [Linnaeus, 1758)

20 [ 17 Tieom Valyata (Valvats) cristata OF, Muller, 1774

21 [ 18 [sama Walvats (Tropidinal mactostoma Moroh, 1864
22 [ 18 Tetaom Waluata (Cincinna) pisoinalis (OUF, Miiller, 1774)
23 e 140301 Potamopyrgus antipodarum [JE Gray, 1843)
24 G 160121 Eithynia (Codiellz) leachii [Sheppard, 1823)
25 6160111 Bithynia (Bithynia) tentaculata (Linnasus, 1758)
26 Fic210101 Aplexa hypnorum [Linnaeus, 1753)

27 210202 Physa fontinalis (Linnasus, 1758)

28 16210321 Physella (Costatella) acuts (Draparnaud, 1805]
29 16220601 Fladix auricularia (Linnasus, 1758)

a0 16220401 Stagnicola palustris (O F. IMiiller, 1774)

31| 16220602 Fiadix bakthic s (Linnaeus, 1758]

37 6220106 Lymnaea stagnalis (Linnaeus, 1758]

16220301 Galbatruncatula (OF. Midler, 1774)

1623011 Planorbis (Planorbis) oarinatus (O.F . Miiller, 1774)
1623012 Planorbis (Planorbis) planorbis [Linnasus, 1758)
fic2a0211 Anizus [Anisug)leucostoms (Millet, 1813)
230221 Anizus [Diseulifer) vortex (Linnaeus, 1758)
16230301 Bathyomphalus contortus [Linnasus, 1758)
Me2a0412 Gyraulus (Gyraulus) albus (OF Muller, 1774)
16230421 Guyraulus [Torquis] laevis [Alder, 1838)

16230421 Gyraulus [Armiger] orista [Linnaeus, 1758)
16230601 Hippeutis complanatus (Linnaeus, 1758)
[6230701  Gegmentina nitida (O.F. Muller, 1774)

16230801 Planoibarius corneus [Linnaeus, 1758)

1623101 Ancylus fluviatilis OF, Midller, 1774

16250101 Agrolowus lacustris (Linnaeus, 1758)

0101 Margaritifera margaritifera (Linnaeus, 1752)

8#!‘.3!3828[&28838EIQ&.’R&&RNNB
"

-
b4

R R EECCEEEEEEECEEEERER

85 [712000  Uniesp.

46 | 17120200 Anodonta group

47 [17130101 Sphaerium cormeum (Linnaeus, 1758) 88| Downgrade to Sphaerium

48 [17130301 Musculium lacustre (Mifler, 1774) 0.80| Downgrade 1o Sphaerium

43 [17130103 Sphaerium rivicola [Lamarck, 1318 055| Downgrade to Sphaerium

50 [17130302 Musculium trsnsversum (Say, 1829) 013 Downgrade to Sphaerium

51 [17130201 Pisidium amnicum (Miler, 1774) 4.40| Downgrade to Pisidium

52 [17130202 Pisidium casertanum (Poli, 1791) 1157| Downgrade to Pisidiumn

53 [17130204 Pisidium hensiow anum (Sheppard, 1823) 5.58| Downgrade to Pisidiurm

54 [17120205 Pisidium hibernicum Westerlund, 1834 285| Downarade to Pisidiun

55 [17130206 Fisidium liljeborgii Clessin, 1886 0.13| Downgrade to Pisidium

56 [17130207 Pisidium milium Held, 1836 4.49| Downgrade Lo Fisidium

§7 [17130208 Pisidium moitessierianum Faladilhe, 1868 04| Downgrade to Pisidium ol
W« » nI\B52 TL4 - RIVPACS species level { Members of species groups [/ I 5] I ﬂ]’J
_Reafi'{ Lk NUM 7
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List of the biotic indices (including any that you are aware of that are under development) that
are currently in use, or are likely to be used

In the second part of this consultation we are seeking to establish a list of the biotic indices that you
currently use, are likely to use or are aware of being under development. The purpose of this work is to
enable RICT to produce predicted reference state predictions for these indices to better support the
needs of the Agencies.

We simply ask that you attempt to fill in the table below. A few example rows are provided which you
may delete if required. If you make an entry for an index we are not aware of we may need to refer back
to you for further details.

Name of biotic index Role/Stressor Taxonomic resolution Abundance weighted?
BMWP Organic pollution BMWP family level No
NTAXA Measures diversity | BMWP family level No
ASPT Organic pollution BMWP family level No

A few example indices are given here as food for thought:

LIFE(fam)

LIFE(sp)

AWIC(fam)

AWIC (sp)

new Acid Water index under development by Ben McFarland (EA)
WHPT/Revised BMWP
WHPT/Revised NTAXA
WHPT/Revised ASPT
Raddum

Henrickson & Medin
Irish Q-index
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Appendix IV — Feedback on the current practicable level of analysis being
undertaken by biologists within the UK Agencies
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix V — The 89 NBN codes newly created for taxon prediction
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Appendix V — The 89 NBN codes newly created for taxon prediction

NBN Code

<NEW-CODE:>100001
<NEW-CODE>100002
<NEW-CODE> 100004
<NEW-CODE> 100005
<NEW-CODE> 100006
<NEW-CODE> 100007
<NEW-CODE> 100008
<NEW-CODE>100011
<NEW-CODE>100012
<NEW-CODE>100013
<NEW-CODE> 100014
<NEW-CODE>100015
<NEW-CODE>100016
<NEW-CODE>100019
<NEW-CODE> 100020
<NEW-CODE>100022
<NEW-CODE> 100025
<NEW-CODE=100026
<NEW-CODE>100029
<NEW-CODE>100030
<NEW-CODE>100032
<NEW-CODE> 100033
<NEW-CODE> 100034
<NEW-CODE> 100036
<NEW-CODE>100038
<NEW-CODE> 100039
<NEW-CODE> 100040
<NEW-CODE=> 100041
<NEW-CODE>100042
<NEW-CODE> 100043
<NEW-CODE> 100046
<NEW-CODE>100047
<NEW-CODE> 100048
<NEW-CODE>100049
<NEW-CODE=>100050
<NEW-CODE=100051
<NEW-CODE>100052
<NEW-CODE> 100055
<NEW-CODE> 100057
<NEW-CODE>100059%
<NEW-CODE=> 100060
<NEW-CODE=>100061
<NEW-CODE:> 100064
<NEW-CODE> 100067
<NEW-CODE:> 100068
<NEW-CODE:> 100069
<NEW-CODE> 100070
<NEW-CODE>100071
<NEW-CODE:> 100072
<NEW-CODE>100073
<NEW-CODE> 100074
<NEW-CODE=> 100075
<NEW-CODE=> 100076
<NEW-CODE:> 100081
<NEW-CODE=>100082
<NEW-CODE:> 100083
<NEW-CODE>100101
<NEW-CODE>100103
<NEW-CODE> 100105
<NEW-CODE>100106
<NEW-CODE>100110
<NEW-CODE>100111
<NEW-CODE>100112
<NEW-CODE>100114
<NEW-CODE>100200
<MEW-CODE> 100201
<NEW-CODE> 100202
<NEW-CODE>100203
<NEW-CODE>100204
<NEW-CODE>100205
<NEW-CODE>100207
<NEW-CODE>100208
<NEW-CODE>100209
<NEW-CODE>100210
<NEW-CODE>100211
<NEW-CODE>100212

SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

NBN Name

Polycelis nigra group

Dugesia polychroa group
Anodonta group

Lumbriculys group

Nais communis group

Nais simplex graup

Thalassodrilus prostatus

Baetis scambus group

Heptagenia lateralis

Caenis pseudecrivulorum group
Caenis luctuosa group

Nemoura cambrica group
Coenagrion puella group

Gyrinus natator group

Anacaena lutescens

Agrypnia obsoleta group
Micrapterna group

Potamophylax group

Tipula {Savtshenkia) signata group
Tipula {Yamatotipula) montium group
Gonempeda group

Pedicia (Pedicia} group

Pericoma trivialis group

Dixa maculata complex

Simulium angustitarse group
Simulium ¢ryophilum group
Simulium vernum group

Simulium aureum group

Simulium argyreatum group
Simulium ornaturn group
Thienemannimyia group
Zawrelimyia group

Potthastia gaedii group

Potthastia longimana group
Eukiefferiella group

Cricotopus group

Hydrobaenus group

Micropsectra group

Stempellinella group

Tabanus group

Chelifera group

Hemerodromia group

Clinocetinae

Planariidae {incl. Dugesiidae)
Hydrobiidae (ind. Bithyniidae)
Ancylidae (incl. Acrolexddae)
Gammaridae (incl. Crangonyctidae & Niphargidae)
Dytiscidae {incl. Noteridae)
Hydrophilidae (incl. Hydreenidae, Helophoridae, Georissidae & Hydrochidae)
Rhyacophifidae {incl. Glossosomatidae)
Psychomyiidae {incl. Ecnomidae)
Enchytrasidae (incl. Propappidae)
Pristina {Pristinella) sp.
Lumbricidae (incl. Glessoscolecidae)
Einfeldia group

Endochireromus group

Ameletidae

Helophoridae

Hydrochidae

Apataniidae

Siphlonuridae (incl. Ameletidae)
Umnephilidae (ind. Apataniidae)
Tipulidae (incl. Umoniidae, Cyiindrotomidae & Pediciidae}
Hydrophilidae (incl. Helophoridae, Georissidae & Hydrochidae)
Plancrbis group

Enchytraeus group

Achaeta sp.

Sperchon hibetnicus group

Aeshna mixta group

Donacia group

Phryganea grandis group
Phryganea group

Potamophylax cingulatus group
Triaerodes group

Nymphula group

Tipula {Acutipula) maxima group
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

NBEN NBN Name
<NEW-CODE>100213 Tipula {Lunatipula) lunata L.
<NEW-CODE>100216 Anopheles (Anopheles) atroparvus group
<NEW-CODE>100217 Simulium (Eusimulium) group
<NEW-CODE>100218 Simulium (Simulium) group
<NEW-CODE>100219 Tvetenia discoloripes group
<NEW-CODE>100220 Tokunagayausurika sp.
<NEW-CODE>100221 Microtendipes rydalensis group
<NEW-CODE>100222 Paratanytarsus group
<NEW-CODE>>100223 Tanytarsus group
<NEW-CODE>>100224 Clinocera group
<NEW-CODE>100225 Wiedemannia graup
<NEW-CODE>100226 Hemerpdrominae
<NEW-CODE>100227 Phaecnia group
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SNIFFER WFD100: Further Development of River Invertebrate Classification Toof September, 2010

Appendix VI Taxonomic Level 1 -
The 78 “BMWP family” level taxa in RIVPACS IV

97



sepidan

SepLIBD)

IEPLISLLCIPAH

22P|I[PAOS3

aepn|Ran

aepuysay
sepunsebanpioy
3EPIYAWOD

sepibAmdoe)
aeplubeuao)
sepplauMe|ld
aepdoioiy)

JEpitd

Sep|popad

aepluden

JLPLOINTT

PEPLNOWRN
sepiilimdoze

SEpIUIEY

3epl|Riawaydy
aepuawaydy
JepiLpueLIEIDd
aepligaydaday
(2epgapwy ‘o) sepunuoydis
sepuusbeydeq

sepaaeg

(aepifiueydiN ® SePRIAUOBUEL) *PUI) SEPLBWILRS
aepyydouo)

Jepi|psy

QEpLBISY

sepRRoda

SEPIIDIIH

aepluoydisso|s

IEPNOA

E3RyBI0

(sjassnw eag) aepiuaseyds
Fepuoun

(sEPROICIDY *[3U1) JepIAdUY
[epigioue|d

FEDIBRLAAT

aepisiyd

{(3epIUALRIE ' puIl} SEPIIGOIPAH
SEPUEAIRA

aepLRdiAIA

aepnLaN

(sepisabng *pu) sepiueueld
BEPIRO0LPUA]

5WEN NaN

9T505TO000SASNEN
0£T0PO0000SASNEN
DBTOSTODIDSASNEN
S90ETOODTOSASNEN
£0E0STO000SASNEN
9TE6STODO0SASNEN
PSL6STODOOSASNEN
TOL68TODO0SASNEN
61860000TOSASNEN
EELBSTORO0SASNEN
SEL09TO000SASNEN
ZL963TO000SASNEN
Z9909T0000SASNEN
TTETFO0000SASNEN
ZBS65TO000SASNEN
SDE0ITOD00SASNEN
ZOETHRD0N0SASNEN
880TITO000SASNDN
0E6990C000SASHHN
TE69900000SASHHN
CE6I90000)SASWHN
SEEIS00000SASHHN
+EEII00000SASHHN
0TT00T<3003-M3IN>
E£E69900000SASWHN
6T695000005ASWHN
0£000T<300>-MIN>
6S£ESTO0D0SASNEN
8310+)0000SASNEN
£5PEATODODSASNEN
ESCZHOD000SASNEN
63TQ9T0000SASNEN
9bBBS00D00SASWHN
STL09TODO0SASNEN
8ZEZZO0000SASNGN
TOESTOO0TOSASNEN
6TLTITODODSASNAN
650007 <3002-MIN>
STPOS00000SASNEN
t+/ E0000TOSASNGN
90£09T0000SASNAN
890007 <3A03-MIN>
8rETHI0000SASNEN
SSZTITO000SASNAN
6T509T0000SASNAN
£9000T <3Q03-MIN>
SSZZHC0000SASNGN

2pe]J NEN

66

sepday
aepuRy

FEPLGIUIOIPAH
SEPIFAOSIW
[epin|Ran
FeplLYsIY
aeplgsebanpion
aepiydwos
sepibAmdoe)
aepiuoubeuacy
FEPIP ISR
aepidoion)

aepipad

2epipoiiad

o

epiude?)

aepujana
BEpUNCWaN
sepibAmdonse |
aepluse)
sep|fsewaydy
aepiwaydy
FePIUBWLOd
aepugaiydada

(aeppapwy Bupn pur) sepu

nuojydis

aepiuabemday

aepgaeq

(sepfieydiy pue sepgiuctuer Bupniu) sepuewiues
sepiydoin)

aepiRsy

3epo@sy

aepyEpqed.3

SepIprIIH

aeppuoydissols

Sep0dIsIY

a

BU06IG

aepluaeyds

aepuoiun

(aepxojoudy -jput) dnout snpiouy
{dnoJ snpiuy Gupnpxe) aepigioueld
SEpReUWAT

aepisiyd

(@epuuiung Buipnpun) SepIqOIPAH
22PORA[RA

aepledialp

aepLaN

(sepusabng buipnpul) sepiueuely
2ePIBBI0IPUSQ

ang

00DOTEER
0000ECEr
0000TZEL
DDDOTTER
0000SZZ
0000E2ZR
0000z ey
0O00TZZY
0000FTZE
DO00TIZY
0000TTIZE
DODOETTY
DOROTCTE
LO0OTETE
CO0OFTTE
CORDETTE
LogozZItTE
0000TYTY
4000150k
Q000T+HOP
Q000ZEOF
00001 £0t
00Q01Z0+
0000ZTOF
00QDETOY
Q000eTOP
0000ZTLE
00Q0TTLE
0000TT9E
0000TERPE
0000TEET
0DQ0TZZT
U TARAS
00001122
00000002
0000ETLT
0000ZTLT
Q000ZZ9T
D000XZ9T
0000¢zZ9t
00Q0TZ91
0000ZT91
Q000ETIT
00002 19T
Q0001191
Q000ZT50
000EE50

PpoD 351N

3epidaN

JBpLLIRY

DEPUISWOIPAH

BepIEACSAl

sSepIn|Ran

gepluysay
aepusebanpIoy
aepiydwod

aepibiiadeie
aeplubeuaoy
aEpPIPIUaUIARIY
aepsdosop

sepad

2EpIpOpRd

aepiuder

2epLyaNF]

BEPUNOWBN
aepibAsmdoae |

aepluae)

aepl|RsBwWayd3
aepLawaydy
epIyIuRILIEIOd
sepipudoda
(2eppapwy ‘[2ul) aepunuciydis
aepiuabedon

aepyaey

(aepibueydin g sepnaiucbues - jpour) aepuewwen
aepuydosad

seplRsy

DEPDESY

aep||ppqod.3

seppnuy

aepiuoydissoin

ePoMIsLy

e33el206)10

aepyeyds

aepuoun

(2eppayousy “our) sepriouy
aepigioueld

IEPREUWAT

aeprsiyd

(sepruAipig *pun) SEpIKOIpAH
3EpReAlRA

sepUediAA

aepaLIN

(sepusabng *pur) sepiueue)d
SePIPOIVIPLA]

SWEN PUCHIEN ‘Aod

Al SOVAAIY Ul exe} [9A3] Ajlwe) dMINE, 82 BYL — | |9Ae7 dlwouoxe] |A xipueddy

Q000TEEY
0000€2Er
00001ZEY
Q0O0TIEY
0000522+
0000EZTH
Qo00eEEd
0000TZZE
000012
Q000ZTZTH
0000TTZE
0D00EZTH
0000ETT
000032TH
0000PTTH
DODOETTH
0000Z1TH
0000TTTH
0000TS0F
0000THOP
0aoozEod
00001 £0%
0000120+
0000ZTO0Y
0000ETO¥
0000Z10+
0000ZTLE
0000TTLE
0000119
0000TEPE
0000TEeE
00001222
0006Z1CZ
000011ZC
00030002
0000ETLT
00002141
0000ZZ91
0000£Z9T
00002791
0000TZ9T
0000ZTIT
0O0OETIT
00002191
00DOTTIT
DOO0ZTS0
DODDETSD

Sp53
puenieW
g

0L0Z ‘4equiejdag |00 LORERISSEID B1BIGaLIAU] oA JO JUBWILOBAQ JYLINS 1004 O4M HIHHINS



aeprouony}

(SePNMPa 12 SBPIICICIPUYAD ‘epyuown ) sepynd |
aepuadcidan

(sEpuuEiedy *pui) depiiydauwn
SepIILRIO}

2EPUIOIUOPY

SePLEWMS0ILS

Jepeesdg

SEpLA0H

aepgewasopidan
aepLguasiyoelg

eeprruBBAIY{

(32PIIOUDT *|2U} JBPHALIOYMSY
2epIyAsdoIpAy
aepipodonualA|od
sepiweado)iyd
(92PYRWOE0SSOS) *Put) SRPIIYAOIRALY
FepyRdopAn

SEPIIRIS

aepuu

aepidoiuq

LPUOS

(=ePYOIPAH

g 2RPISSLIOAT) 'ILPUOUCCISH 'SEPIUSRIPAH ‘3U1) 38pIIydoIpAH

{3EpUNON "puI) FEPIISAAQ
IEPIULAD
sepudijey
aepxue)

JEPAIRALCION
BEPUIBLIORYTY
3eplodneN

SUIEN NaN

00EZZ00000SASNEN
E8TOKO0000SASNAN
ZITQ0T<3Q00-MIN>
88TZHO0000SASNEN
TETO0T<3Q03-MIN>
THOITO000SASNEN
£5509TODO0SASNEN
9ECTHO0000SASNEN
96¥6STO000SASNEN
69ZZHR0000SASNON
£87THIN0D0SASNAN
STSESTOODOSASNAN
96309T0C00SASNAN
PL000T<3Q00-M3IN>
G8ZZH00000SASNAN
L0V TOOOTOSASNGN
08909T000GSASNAN
££000T<3000-MIN>
TBZTHIOODOSASNEN
£6609T0000SASNEN
<BLL000000SASNEN
TE36STOOC0SASNAN
SS609TG000SASNAN

2L000T<3Q0T-MIN>
T£000T<3Q03-M3IN>
6210+00000SASNEN
26k £L000000SASNBN
9/ T0+000005ASNEN
FOGEEDODO0SASNEN
POEGSTODOOSASNEN
00509T0000SASNAN

SPOINAN

aal

SepiocuoNy>  00000F0S
SEpIINWIS  00009E0S
{SEPINIPAd pue SepLOCIPUIA] ‘sepiuowr Suipnpul) sepindill  0000ZT0S
asepuasolden  DOGOVESE
(sepiuetedy "pul) SepldaLWn  DODDZESH
SEPIULEO  OODOGESE
JepuEICIUORO  DOROBESY
SEPARWOISOINES DOO0LESE
SEpioRey  DOCOSESE
3\PUIOD  000SERY
sepgawoysopida]  QOA0EERY
QepauRdAgeg  000ZERY
J8pRURGAIY  Q00DTERY
(@epnuousg Buipnpuy) seprAwouydsd  0D0DZZEb
IepyAsdapiH  0000ST8Y
sepipodoquatAlod D00 ZSY
sepiwejodojiyd  O0O0TZ8E
{(3epnewosessoD buipppw) aepiiydodeAys 0000Z18F
sepypdoupAd  0000ET8Y
SeplRls  Q000IT9v
epuyl  0000ESS
sepidodiq  0000Z9SH
2BPIIDS  0000TASY
(2epiydoIpAy
PUR 3EPISSLCRY ‘aepLOYdORH *IRpILARIPA BUPNUI) SepIydoIpAl  0000ZESE
(epualoN Bupnpuny 2epdsnAg  0DD0ZTSE
0000STSE
00001 TSk
0O0OT9EY
2epaIRUCION  BO0OTSER
sepupLIGRYdY  Q000ZHER
SepucOney  (O00THER
SIIEN 351N 3p0) 5517

BEPLIOUSIIYD

aepynus

(SBPIDIP3 ¥ SEPILICICIPUIAD 'SEPRUOWI "ou)) 3epind)
3epLROMdF]

{aepuueedy *puj) sepijiydauwr
SEPILLE|OW

FENUIOIUOPO
IRPORLIAS0IUSS

Iepiaelsg

SEPLR0Y

SEPRRWSOpId]
SEPLIUBIALIRIG

aepruebAiyy

{epiWwoud] "pul) 3EpIAWCLDAS
3epIydAsdoIpAl
3epIpodoquadA(0d
aepuueodoiud
{3epREWosossol: *put) sepiydodeAyy
aepadospAy

SEpIRIS

Fepiug

aepidadiq

3EPIPS

(PepiyospAn

W SEPESLOID ‘BEPPOLCORH *IBPILIBIDAH “|2U1) F2pIIYA0IPAH

(3epUalON "puI) 22p1EAAg
SEPILIAD

IBH
2eppuI)
SePHIBUOION
|epuEYR0EYdY
SEPLOINRN

SWEN PUCHIPH "ASH

0000005
00009£05
Q0007105
0000T+8Y
Q000ZE8Y
00006£8
0c008est
000L£8%
000098
0000Se8Y
0000EEBY
0000ZERY
0000TE8Y
0000228¢
0000528
0000¥T8%
00061Z8%
0000Z18t
0000ET8E
Q0001 19¢
0000E95F
0000Z95¢
00C01S5¢

0000ZESY
Q000ZTSH
0J00STSY
0000T1SE
0000T9EY
0OADTSEY
COR0ZREY
0000THEY

SOy

PUERIEN
K|

0402 “49quialdas 00 LOHBIYISSBI) 8]eqaLsAul JoAy Jo jusiidoleraq joyun4 (00t d4M ¥IFHINS



SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix VIl Taxonomic Level 2 —
The 103 “Revised BMWP” (WHPT) taxa in RIVPACS IV
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix VIl Taxonomic Level 3 —
The 132 “All Families” taxa in RIVPACS IV
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix IX Taxonomic Level 4 —
The 656 “RIVPACS Species” level taxa in RIVPACS IV
(including component members of species groups)

113



oln
esajguebiew esayquebiep
SLSNIR| SNXOI00Y
S|REmnYy SNASUY
SNAUI0D SNLegJouR]d
EpOIU RUgUAWBag
sryeueidwed sgnaddiy
Bsu> by

SIADE| SNINEIAS

SNQ[B SN|NeAS
SMUOUOD snjeydwodyeg
X3H0A SNSIUY
RWIDYS0INB]| SNSIUY
saoued sKuouR|d
SMEULR) SKHCURd
B[NJe3UN.G eDEULLAT
sieubms eavtwky
eJfizsad eaeuni
siasnjed eaeuwA
BLEINIUNE ESEUWAT
Enoe esild

SHleunuoy BSAYd
wnioudAy exady
genzmua UG
yoes) eluAnilg
isupjuaf snBiAdoweog
SlfeuIsKd EjRAIRA
BLICISOIZBL EJRAJRA
BESHD E|BAIRA
snuedi snuediny
Sty Srxopoay |
75040303

EPGIEWSN
QepiPCpIoY)

WNoe| WNBo204puUaq
=eund ejeydzo||2pg
dnoub eauyadjod eisabng
euubg eisabng

eud|e exqouas)

ERln Ejed0belqd

dnoub eibu s1R2AI0d
BUIRY S1IR3A10d

BAIO) EBURURYY
3ePLPAH

SIUeN NaN

Al SOVAIN Ul BXe} |9A8] $8199dS SOVAAIY. 969 84l — ¥ |2A97 dlwouoxe] X| xipuaddy

€8{BETOOD0SASNEN
6££9000000SASNEN
T599000000SASNEN
T599000000SASNEN
6+95000000SASNEN
8+33000000SASNEN
LPIS000000SASNEN
9+950)0000SASNAN
E¥IS0000005ASNEN
S+93000000SASNEN
T¥93000000SASNEN
0F9S000000SASNEAN
6E£95000000SASNEN
£E93000000SASNEN
BE£93000000SASNEN
0£93000000SASNEN
EEYS00D0D0SASNEN
S£95000000SASNEN
CE9S0I0000SASNEAN
¥EIS000000SASNEN
9293000000SASNEN
SZ99000000SASNEN
+¥Z95000000SASNEN
ST95000000SASNEN
9195000000SASNEN
£T95000000SASNEN
90930C0000SASNEN
S09S000000SASNEN
FO990C0000SASNEN
C0990D0000SASNEN
T099000000SASNEN
BLPTTO00TOSASNEN
90S09TON0USASNEN
0B9BSTOO00SASNEN
OGTETOODO0SASNEN
TETETOODIUSASNEN
Z0000T <3J0D-M3N>
TEPBRTOD00SASNEN
BBTETO0000SASNSN
98TETOC0C0SASNEN
TOCODT<3Q02-MIN>
EBTETOD000SASNEN
08TETQLODOSASNEAN
98TOSTDODOSASNEN
LHOTITD0DOSASNEN

SpoJ NaN

Sl

ds oun

(85/T ‘snaeuun) esaygLebew ewjgueb ey
{5/ T 'SnaeLUN) SL5NJ8) SIXO0IY

bLLT “SHIOW "1°0 SIIGRANY SNAUY

(g5 ‘SPBUUN ) SNaLIO] ShLBqIOUR]Y

{b£LT "1BINA *3°0) epIIU eunuaLIBag

(521 “snaeuun) smeuejdwon sgnaddiy

(95/1 ‘sneeuur) esun (1Rbuuy) snineis
(gE8T 2pIv) swae (sinbuoy) snineidn

(b££T “®IDW "4'0) snqje (Sninetis) sninelin
(g5/ 1 ‘snaeuun) srUoyLoD snieydwoAlyeg
(8BS ‘sndeuun) Xsp0a (BINISIA) SNSluy
(ET8T 121114 ) RWOSONA| (SNSIIY) SNSKY
(8541 .m:u.m_.__.__.: siquoueld (Siquoue)d ) SKQIoUB)Y
(b£LT *PINW “4°0) SmEeuLed (SiqJoueld) sigioue)y
(b£L1 *1B)INIW "4°0) BIWESUNY eqlED

(§5¢T ‘snaeuun ) sieubes eapuwAl]

(8541 ‘snaeuun) ednpjeq xipy

(b££1 'RINW *4'0) stasned eodubeag

(8SLT 'sNaeuuny) eLenILNE Xipey

(S08T 'pneusedeiq) gynoe (e(R500) BIRFSAYd
(8541 “snaeuun) sieunuoy esiyd

(8541 “sreeuun) wnioudAiy exsidy

(851 ‘snzeuun) elenIus) (RUALLIA) kLAY
{£z8T ‘paeddays) mudea) (elRPO3) euAulg
{epgT ‘AR13T) Wniepodgue snBukdoweogd
(b£e¥ "BINKW *3"0) SlRUPSK (BUUDUD)) ©eAleA
FIRT ‘UoW ewascisew (eupidolt) Meales
pLLT LRI "0 SEISLD (BRAJRA) EIRAIEA
(85T *snoeuur} snuedia snuedmip

(85,1 "Smeuun) SNRRIANY STIXOPOAL L
g20udoa3z

epoeWway

aeppopIoyd

{BLLT 1[N 4" Q) WN3Y3e| Wi Po2oIpusq
(k24T "slled) meiound eleydadcipa

dnoui eaiyoAiod eissBng

(08T 'paen) euubn esabng

(99/1 "eueq) eudie RIGOUBL)

{oggT ‘sabing) enia ejesobieyd

dnoif eibu s1RIAICd

(bTBT ‘1A= eUIRy SIRIA

(££LT “BINW) eI BURURId

Fepupiy

6uods

- SWEN 55414 9po) I5and

00TOZTLT
TOTQITLY
T0T0S29T
TOTTEZ9T
TOBOEEZIT
T0L0£T9T
T090ETOT
TER)ETO1
TZH)ETI1
CHQLC9T
TO£QEEIT
1Z70£T91
TTZ0ETOT
CT10£E9T
TTTOL29T
TOEQZZ9T
S0T0ZC9T
Z0907Z91
10¥07291
T080ZZ9T
TZEQTZOT
2020TE9T
10101291
TIT49191
TZTICaT19T
TO0L0+T9T
TETDETIT
TCTOETIT
TITRETIT
Z0T0ZT9T
TOTOITYT
000000FT
0000000T
0000ZT60
TOZOETSO
TOTOETSO
ZOTOZTISD
£0T0ZTS0
TOFOTTS0
TREQTTSO
Z0T0TTIS0
T0T0TTS0
TOTOTTSO
QDOOTIED
00001120

(sdnoub sa1dads jo siaquaw Juauodwod Buipn|oul)

-ds omn

(1) eszinuebiew erjquebien
(1) s1a5n28| SNXQj0LY

131Nk SHREANY SNAIUY

(1) sndutod snueqIouR|g
BN epni euguowbag

(-1} smyeueidwioy spnaddiy
1) esuo Rbuy

(13p(¥) sinae| SNNEIAD
(3(INW) snqje snjnesAn

1) smuuod snieydwoALeq
{"1) a0 SPSIUY

(211 BWOISOINB) SASIY
(1) siqoued swaoueld
13| SMELLED S51q10UR|d
{I9]|nly) BIMRIUNLG RIRUWAT
(1) sieubegs earUWAT
(13N ) esBasad easudy
(43lInl) stasnjed eseuiiA}
("1) euENIUNE BaRUWAT
dnoub ejnoe esdyg

(1) sipuRUOy eSAyd

(1) wnioudAy exajdy

(1) @ejnoxu=) euAEIg
{paeddsys) nyxes) ewiugig
{Lws) supjuaf snbiAdoweod
(331} sifeuPsI EjeAlRA
Y310} BLIOISOIIRW EJeAJRA
B3N E1EIS1D EIRAIRA

(1) snednia snsedia

(1) SIRBIANY SMXOPOAY L
=20idey>3

EpORILIZN

3EPPOPIOYD

(B|INW) WN3308| WNP020IpUS]
(seleq) emeyound eeydadollepg
dnoub rouynAjod eisabng
(pIeng) euLby eisabng
{eueq) eudje eiqouan
(s3bng) enis mecobeyqd
dnoub eabu sIpIA|04
(IIRARQ) BUIR SIPIADd
(RINW} ety eueuelg
BepUPAH

0OI0CTLT
TOFOITLY
IG30SZ91
[QI0¥Z9T
80€7eT
TOLOEZST
I090£Z91
EBSOEZST
EOF0EZST
COF0EZOT
IDEOEZOT
TOTOETOT
T0E0EZOT
T0T0EZOT
I0TOEZOT
9010zTHT
50102251
H102291
EQI0ZEST
1010791
Z0Z0TZ51
70C0IzeT
H0IZoT
70109151
107091971
T0EOPTOT
EDTOETOT
COTOETOT
TOTDETOT
0T0TT9L
10101191
0000001
00000001
0000¢T60
TOZOETSO
TOTOETSO
20102150
£0102150
TOPOT1SO
T0L0T TS0
Z0Z0T1S0
T0Z0TTS0
T0T0TTS0
0000TTED
00001120

5pa)
PUEREN
3d

0L0Z '19qualdag 001 LIOJBOYSSE]?) SleIGaLIoAU] JoAY JO Juauidoensq Joyund :00LJ4M ¥TFHINS



XLAISI SNjUpSUWn
x31qm} Xapqn |
smoubi xa3anL

s (Bjlaupnsiid) eudsug
easibuc] eunsuy
masinbae augsLd
e1e7,61p nisg

pueg ejRganbid
SINSNIR| _LRAS
eyseied ss|dny
BIPILLLIFU BjjaANSA0piaA
IR0 BIRANSAOPIRA
Henapusdde eukes
dnouf xaicdis sey
dnoub SjuNWIWes seN
siepied 5.8y

SINBuIR siey
WaY25321q SieN

eujdie siey

eupuadsas sieuopiydo

EJBUPUN S[BUIUN

IBUISOf eueIDds
JAseboyaely)
sapioipiob spejo|deH
dnaub snimuquinm
sLasnde| sNjupdig

IUewWa| sN|UpolIS

snueiBuuay snupolIs
SMAISAYEI] SNIUPGAIS
BLOsO|03Y
eychiowdjod euassiaig
Wwneaunu wnpisid
wnuidns Wwnipisig
WwhIeXINGqNs Wnipisig
wn(@yind wnipsty
wneucssad whipsid

S|BSNIGO Wnpsid

Wpgiv wpsid
WNUeHIISSa)I0W WNIPSLY
Wiy Wwnipisiy

wWNJILI WNPISIY
LINUEMOSURY WINIPISI
WNUEHsSEd Wnpisid
WNDILWE WnIpisid
WNSI3ASURS wnuseyds
BJOOEAM WNudeyds
ansnie) wnuseyds
WNZLWLND winpaeyds
dnoub eyuopouy

SWEN NaN

6082 T000T0SASNAN
£50££00000SASNSN
PEEZTO0000SASNEN
940001 <3Q00-MIN>
¥OLPTOOCTOSASNGN
T9LFTO00TOSASNEN
0SZTTDO0TDSASNEN
ESEPTO0OTOSASNEAN
E€EETTO000ISASNEAN
E€E0STO0OTOSASNEN
T99TOC0TISASNEN
09+9TOCOTOSASNEN
TEEZZO000OSASNEN
£0000T <3000-MIN >
90000T<3000-MaN>
SBZETO00TOSASNEN
£SrBRTO000SASNEN
YBTETO00TOSASNEN
Z8ZETO00TOSASNEN
6ZEZTO00DOSASNAN
S/TBETOODOSASNAN
E£LZSTOO0TOSASNEN
ZTE0B8TON0DSASNAN
96ETTOO0TOSASNEN
S0000T <3A0I-MIN>
S/FTTOD0TOSASNGN
SEEST000TOSASNGN
ZLB££00000SASNGN
LE6STO00TOSASNEN
ZLE60000TISASNEN
6089000000SASNEN
Z6£9000000SASNEN
T08900C0D0SASNEN
DO8900000OSASNEN
S082000000SASNEN
96£2000000SASNEN
L6£9000000SASNEN
SOBSODOO0OSASNEN
LOBIODOGOOSASNEN
66£9000000SASNEN
£089000000SASNEN
#059000000SASNEN
Z089000000SASNEGN
$6£9000000SASNEGN
£6£9000000SASNEGN
68290000005A5N3N
£8£9000000SASNEN
06£9000000SASNEN
98/9000000SASNAN
HIC00T<3002-MIN>

IPSIRAR

9kl

£96T "ISINPIULE XIAJE2 SNUpOUWN  TOZOPEOZ
(PZLT J3(INW) X3IG) xagn1  90TOVEDZ

(98871 ‘ag) smoubl xapan)  ZOTOPEOZ

‘ds ([BUASUd) BURSId  OZSTEEOZ

8z81 ‘Busquasya :as1Bu0| (BUNSH) BuIsLd  ZTSIEE0T
1681 ‘auInog Elasinbae (BURSIY) BuSLd  TTSIEE0Z
(LT 3310} ee3ibip (0uaq) assq  TTHTEEDT
{9061 1anbie) pueig eyananbly  TOETEEOT

{£9£1 'snaeuun) SLsNe| BUBKIS  TOZTEECZ
{£b8T “Pruyas) epsesed sagsidny  TDTICERT

(9681 121251210} BPALLISIUI B)PANSACEBA  TOB0EE0T
(€881 "AfsAoplan) EIBWDD ENBAYSAORIBA  TOG0CE0T
(SS8T "WaEpN,P) Eenjpuadde BUMBS  TOSDEE0T
dnouB xaiduiis SIeN  Z0£0££07

dnolb sNLIWOod SIEN  AQZ0£50Z

9061 ‘3anby siepied sieN  90L0££02

££LT “BINW SNBUIR SEN  S0£0££0Z

G68T "UISREUIIW USYISIHY SIBN - £0L0EE0Z

P61 1aquadS euidie SIBN  T0Z0££02

(b£LT URIINW) BURLACLS SIBUODIYAG  TO9OEEOZ
(TPBT "PaISIO) BJRUDUN SIRURUN TOSOCEDZ
(£981'Aysaop(an) 2euisol epeseds  TOBOSE0T

ds JSeE0PeY)  OTOSE0T

(1281 ‘uueuniey} sapioipaob sejeidey  T0T0TZ0T
dnoub snjnokgum  00Z0TT0Z

(T£81 “IWIBA) SLISNSR| SNIUPEIPT  TOOTTOZ

0881 ‘AU WBWS| SNWOUOLRAY  T090TTO0Z

7981 “Ipuedepy snueibuusy SnUPOIS  ZOEDTT0Z
8761 ‘39eIH SNAIsAYIeIq SNIUPOIS  TOEOTTOZ

'ds BWIOSO03Y  ODTOTTET

(1241 'sefjed) eydiowAjod BU3sSIBIQ  TOTORTLT
BI6T 'XOJNS WMesLinu wnpsld  LTZ0ETZT
TS8T IPIWYDS wnudns wnipislg  9TZOETLT

SS8T ‘WieW Wennngns wapsld  STZOETLT
TEBT 'SUAUSL WNBLOIN WAIPISY  $TZOETLT

SS8T ‘w(eW wrheuossad wnj ZITOETLT

(8181 “2Jewe) a@smae wnj TTZOETLT

ZERT “SUAUSE WNPL W) 60ZOETLT

998T '24|IPejed WAUBLIESINCW W) 80Z0ETLT

9EBT ‘PIPH WNIL WNIPISId  Z0TOETLT

9881 ‘UIssap uB10GRM|| WNIPSld  90ZOETLT

PGET ‘PURLEISIM WNJRUSQIY WNIPSIY  SOZOETLT
(€781 ‘preddays) WwnuemoisLay WNIPSK  HOZOETLT
(T6/T "0d) WNLELBSEd WhIpSY  Z0Z0ETLT
(b£2T "9)INW) Wnouwe wnipsd  TOZ0EELT
{6281 'ARS) wNs.aAsURD WANXSAW  ZOEOETLT
(18T YBWET) BODRY WhuseYds  E0TOETLT
(b£L1 "IR|IMA) 30SNJR WNNDSNE  TOEOETLT
(86/T "SNBBUUM} WNAWOD wnuaeyds  THT0ETLY
dnoub ejuopouy  00Z0ZTLT

SIOEN 35T 3P0 =51

1SINUULIE XIS SNJUPOLLLF]
(4811} xepqnd xa4qn |

(3ms) smoubl xayqn |

dnoub sisuzapl PUASUY

Biaquaiyl e1esiBuo; Bunsud
aLnog e135inbae eunsuy
(aINKW) eerbip g

(13nB1y) 1ue|q e(@Ranbiy

{71 swgsnaey euels

(pruyds) epsesed saysidny
{ars1ag} IpawWIAUL ejjakysaoplan
{fofsroplap) Evernd elakysAOp(an
(w3pn,p) mendipuadde punels
dnoub xajdwis siey

dnodf siunwewad siey

1onbyy Siepied siey

13N sINBUR S1eN

USSReYIIWY LaYIsIAIg SleN
13q13dg euidie siey

(BN ) euguadias sieuoprdo
(Peas10) e12UUN S1euldun
(ysaoplan) seusol euesads

*ds sagsebolseyn

(uuewyuey) sapoipiot spejojdey
dneuf snnougquin

(4427) stasney snjupidi| g
(2qru5) IewR| SNIUPOKIS
apasede[) sNUBBULBY SNUPCIAIS
BGRIH SMAISYDE4G SNILPOJAIS

'ds BLIOSO|03Y

(seyed) eydiowAjod euassiaug
XQJR0S WMESUINUSE WnIpsiy
IPIWYIS WAuKNS WAIPSY

W Wryeunggns whipisid
SUAUAC Wnjpyxnd wnipisq

wiew wryeyossad wnipisty
(§ewet) AesSMgo WnIpisiy
SUAUS{ WNPAU WNIPIStY

AYPL|ed WNUBLIBISSSI0W WNIRISIY
PRH W wripisid

uissapy ubiogaljy wnipsid
PUNPLSAM WNIILLIBAIY WNIPSIY
(peddays) wnuemesuay wnipisiy
{1104 } WNUBHISE? WNIP|Sid
(19]|N) WN3ILWE Whipsld

{APS) wnsiaasuen wnuseyds
{Y2IBwET} BIOIAL whudeyds
(131} augsnoe) wipeeyds

{7) Wnawo3 wnuaeyds

dnasb gyuopouy

SUEN PUEHTEN A5y

TOZOPEDT
S0TOPEDT
20TOREDT
ZDSTEENT
P0STEEDT
TOSTEEDE
TTPIEEOE
TOETEEOE
TOZTEEDT
TOTTEEDT
Z060€E0T
TOG0EEDT
TOBOLEDT
20£08€02
ADLOEE0Z
90£0££0Z
S0£L0€£0Z
£0/DEEOT
TOLOEE0T
T090£E0E
TOS0EE0T
TOPOEEDT
0010£€0¢
T0t0T20Z
00201102
TO¥0IT0Z
E0EQTI0C
Z0E0TT0Z
TOEOTTOE
GOTOTT6T
TOTOPTAT
LTZ0ETLT
9TE0ETLT
STCOETLT
PIZOETLY
CTE0ETLE
TTCDETLT
60Z0ETLT
8020ETLT
L0TOETLT
90COETLT
S0ZOLTLT
HIZOETLT
Z0Z0ETLT
TOZOEFLT
SBTOSTLT
EOTOETLT
ZOTDET/T
TOTOETLT
00Z0ZTLT

Sp03

PUERTEH
=g

0L0Z Joquisldes 00| UOHBIYISSEID S]RJqaLIaAU] JaAY JO JuswidoeAsq oUuny 00+ d4M HTHHINS



sisnoe) srunuoydis
*3[inbe sniieydiy
1yIeppez sniewwesy
snupbp sniewwes
x2)rd sniewwery
S{O5NJ8| SNIBWIWEL
|uBganp SNJPWWET)
s)jipesBopnasd xiuobuery
wmudoioy

SNUBIPLBL SN|RSY
snonenbe snjEsy
IepPESY

RULIRIRIPAR

SUAGNS BBYI0IL
IMSMONAG 1313011
gesu|| euig

eadnsa) eRpodia
230 ejpX o1l
efinsinbues sklowsen
slieubeys e(RPqoRH
EJEXNLBA B[SPqO310g
esopnjed ejppqoegey
RIp0RI3Y euoydEsols
ereuedwod ewoydisso|ny
eeuliiew sisdapiusy
WIN3B[NSS3] LOZAWOLRY |
eqawesh eloxsd

(PepISIOB OS5I “|PUI) ARpIdIqWNT
{(sepiddedaud *[2u1) SEpIRRAAYRIT

SmEsoud SnUPOSSeIRE L
AGRMOS BINIYUEIG
SIWLIOJD(B) SNILUPOIRAUY
SNBUID0D SN|UPOIBAUY
egasun(d snjupojny
SnIqouLL] snjupoINy

1Swrs sgeH

SnUgN[@A 2wIsdsonds
XCJzy eudsonds
nag3|duwiE sniupoAl
WSADPIBA XULADLWIEIOY
SISUDAED|OI XULADWEIC
L2Y25M3Y XLLROWEIod
SISUIIUCALIIEY XLILJOWE0d
SNOLBARY XLLRGWELO]
SMEqJeq SaPRIAICLULIES
BIODI](E SBPO2AJCWIWESY
SMNUBILLS¥IPN SN|pouwW
eoaIpunyad snupouwr]
LajsRpugoy snjspouwn
snueRpaJede|2 sniupoUW

SWEN NaN

¢980T00D00SASNEN
TIBETOODOOSASNAN
TOBETOODOOSASNAN
GETELO000DSASNEN
DORETOODODSASNAN
G6LETOO000SASNEN
86/ ET00D00SASNEN
BOBETOORODSASNEN
EBLBET0000SASNEN
TESB000DODSASNEN
6858000D0DSASNAN
£5P65TO000SASNEN
B9PTT000T OSASNEN
DLETZ00D00SASNEN
LLETZO0DODSASNEN
8£88900000SASWHN
6£88900000SASWHN
PLETZOODODSASNEN
TLECZO0CO0SASNEN
BOZETOODODSASNAN
Z0ZETOORODSASNEN
S0ZETO0000SASNEAN
POZETOOODSASNAN
SOZETOODODSASNEAN
S£8BI00000SASWHN
££88900000SASHWHN
£388900000SASWHN
T8000T <3A0D-MAN>
SL000T<3A0D-MIN>
80000T<3002-MIN>
E£EL60000TOSASNGN
8TDSTOO0TOSASNAN
6ZETFOO0D0OSASNAN
OLELEQDODOSASNAN
£T960000T DSASNEN
E£TEZTO00TOSASNEN
£/ESTO00TOSASNAN
CTLESTODDEOSASNGN
6£5¢TO00T0SASNEN
£b£PTQO0TOSASNEN
02Z/£00000SASNEN
9bLFTCO0TOSASNEN
SPLPTDOOTOSASNEN
bbLPTOODTOSASNEN
6Z0ZEDOOQOSASNEN
+EZBFTO00TOSASNEN
BTTTSDO0JOSASNEN
S£TZE00000SASNEN
09bBRTI0I0SASNEN
OT8ZTO00TOSASNEAN

3p03 NAN

L

(02871 'umes) siosnae| srunuojydis

SSgT ‘P05 xtinbe snbeudin

ZIST 'UtXas PRPPEZ SMIBWLIES)

BEET ‘Uapas m:_.__._mn SNABLULLES)

{5/7 'snaeuun) xend Sniewrues

£98T ‘SIEG SLOSME| SNJelLes)

7591 ‘fuogalin wagenp sniewwen

56T ‘prausnog sieibopnasd xAuobuer)
-ds wnydouo)

(6767 ‘ez1l0DEY) SRUBIPLIBW SN|PSE0.J
(54T "snaeuun) snopenbe sn(Rsy
aeppRISY

euedIeIpAH

LTHT "18Y200n] SPUANS 2133011

£16T 'IA0IP39) IDSMONAQ E3RY01 L

(bZLT RUNW A0} B38| el

(zrg1 'Aubiabs) eadR)sy) elppqodn

(8541 'snaeuuny) gendooo ejRpqodsy
(g1 ‘snseuury) ebnsnbues sidowakey
(8641 'snaeuun) siieubeys elRPQoRH
{bbRT "12INKW *H) mesnuas euoyd 55018
{bza1 ‘euuen) escpnied eluoydissor
(1921 ‘snaeuun) epos3iay ewoydissojboq|y
(8521 "snaeuur]) meuejdwod eloydsson
(b2£1 'BINW'4'0) geubiew sidajoiusy
(b4 "Bl 4 0) WIMBINSS3) UOZAWORY L
(1941 *snaeuury) egawosb ejoAdsY
{9=p1303505508) "[2u1) FEPILQWIMT
(sepddedoid Guipnioul) aeplaeRAyIL
(S£6T “JoulIgUN) 5MEgsoxd snjLposse(ey L
Z68T 'PJeppag 1AQIamos einiyue.g

TO6T *IB3YD512.)8 SIWIOJE) SNIUPOIRAUY
(9/8T ‘AYsA0p[EA) SNBUIID0D SNILPOJBAYY
(9061 ‘42nbig) ejasunyd snupogny

6681 "JAyIsIHg SNIGOULL)| SNIIPONY

(te6T “sqean) snsopads saqeH

(B£BT HMID) Srugnpa SnRYdId00qW]
BLBT ‘US| XCla) PwLadsolds

{6067 ‘wPLAINOS) ITIBIKWIS) SRIUPOAT
(T#6T '208IH) Wysaoplaa XUpoWEIod
E06T "B7R1W 1§ AISAOD[aA SISUIIAEPIOW XULpCLUEIod
(006T “RYISI248) 1BYISN3Y XLLAGWEID]
(T0ST ‘uaspeydl) SISUSILDWIWEY XULACWE 04
(€161 ‘ULeLILE(Q) SNJLRAR] XUICWEYOY
{1681 '3qrug)) smequeq sapEMIOWWESY
(T06T “USSIFRUYIA ) BIGDIG|E SBPROAIOUILIES]
Z9RT ‘apaseder) SNUBILSXIPN SRLPOUWTT
(/81 ‘|ILL@A) ejodipunjaud snjupouw
7981 'apa.edep) LAISPWYOY SNILPOULT
6981 ‘PAeY snueipasedep sN|UPOUILT

SWeN 23ind

£0T0TT0F
TOZOSTLE
BOZObTLE
BOZOFTLE
2070k1LE
£070PTLE
Z0ZOKTLE
TOTOETLE
0OTOTTLE
Z0ZOTT9E
10T0TT9E
0000TEHE
00000042
T0L0TEZL
T080T€2Z
T0Z0TE27
Z0T0TELE
Tototezz
tototzez
10402122
£0F0TTZE
HvozTZe
10807122
ToK0zTZZ
10£02122
1020212¢
1QTOTTZT
0000ZH0Z
00002E0T
T09THE0T
T0ETHEDZ
ZOTTHEDT
TOTIPEDT
£060PEDT
T060bE0C
1080+€0Z
T0£16£0Z
T090£0Z
1050+£0Z
SOYOYEOT
HPOHE0T
€0¥0PE0T
Z0¥DYEDZ
TOV0PE0T
Z0E0FE0T
T0£0bE0Z
50Z0bE0T
HIZOPEDT
£070b£0T
Z070bE0T

3 o5In

uojey slgsnde| sunuopdis
Fpons xepnbe snbieydiy

LCPAS IYDBPPRZ SNIBWWES

LOp@G snuubiy Snipwuen

(1) xaind snieuwruseny

$IBG $LOSNIR| STUBIWIRD

Biogalj wagenp SnIeWURS
plysneg sieibopnasd xAuobuer)y
'ds wnydoioy

B7|A0DEY SNURIDLAW SN|RSY

(1) snagenbe snjPsy

aeppelsy

BULIRJEIPAH

13120007 SPUANS EI3LI0IL
AU IDEMONAQ BIYI0L)
(421N Epeau euig

{AuBres) esdesy) ejppgodiz

{1} enom>0 eyppgoediy

(1} ebnsinBues sdoweeH

(1} s1ieubes BIRPGORH

(IINW) mesnueA e|RPqoRICE
(euaie)) esopnijed exppqoseneq
(") mIpossRY euUoydIsso|n

(1) ezeuediu 02 eluoydisson
(o) meubiew ssdapuuay
{B[INW} WNENS53) UOZALIOIBY ]
(1) egowoab elods
(2EPI132|050550I) |3U1) BRpIdLLWIN
(sepiddedaud 'our) aepReqiysu3
(Buouy) sraejsoxd snjupossefey L
PAEPPIR KQIBMOS BANILDUESY
JOYD5)a.g SILWI0jDje) SNjUPoIRAYY
(AisA0paA) SNAUIICD SN|LPODRAUY
(3@nbid) eyesingd snjupony
JBLPSIR1E SNIQOULL L] SN UPOINY
(3sanupuug) 1Sws BgeH

(2qrugy) snupnEa ew.Rds0IdS
(uas)} x0ua) euwladsouKls
(uBLnos) ey dway SILUPOALL
(3924H) KysA0plan xuLOWRIOY
(lpzed 18 ASAODIEA) SISUSERIOL XLLOWE)Od
JaYdsjaag UAYIsNay XULYOLIE)Od
{UBSBRLDIN ) STEUDIUOLILIEY XLLROWEIO]
(uueurya50) sN2eARq XULROWELOY
{2an.10) SmeqIeq S3PIAIOoLILESY
(uaspeydIY) eloXgIe SIPRMIOWIWES]
apasedery SNUBIWMIPN SN[LPOULIT
{I13A) BOAPUNGOK! SN lpOUWIN
apalede) UISBLLOY SHILPOUWT
PzIeY snueRpEaede)d sn|LpoUWn

£0TOTTOP
T0TOLTLE
BOZOPTLE
B0ZMPILE
90ZoYTLE
E0TOPTLE
OTIILE
TOTOETLE
0OIQTTLE
HOTHTTIL
10191198
000QTERE
DOOJOGHET
C0EQTETT
T0E0TETT
T0C0TECT
010TETE
TOT0TETT
10101222
10£0Z12C
1090Z1Z¢
TOSO7TEE
COTICT
T0+0Z122
TOEQZIZL
T020Z12C
10101122
0000Z+0Z
000DDZEDZ
TO9THE0T
TOETFEDT
Z0TTPE0T
T0TT+E0E
£060+L0Z
T06G+EDT
TO8CPEDT
2090¥L02
1090+£02
TOS0PE0Z
S0POPEOZ
HFOVEQZ
£0b0PEQZ
Z0POPEOT
TObOPEQT
Z0E0PLE0T
TOEObEDT
50eObEDT
FOTOFEDT
EDZOPEDT
20eovE0z

5pa3
PUEEN

"Aod

0407 ‘1oquiajdag |00 UOHBOYISSEID SlBIqeLIBAL] JaNY JO JuadOlaAsq J8ULIng :00LG4M HIFHINS



dnoufi 2ouquien emoany
BRUBLD BINOWAN
SUBRIN3AR 2INCWAN
ns10d ejjaInWay
SI102PNS _anwauydwy
1S$AJpUElS Runwauydwy
X002RId EINWBUCIOI]
BUBILAY RINLEAUGYOL]
LSASL BINWSUGI0L

15U eRdALdelq

ejend esaydAyoelg
eso|ngau xARdowae |
dnauf esomon) S|USED
dnouf wruonauopnasd siuae)
gppsnd siuoed)

E}SNQ04 5|UBED
wruonAY S1u3e)
BUBJOY SIUSED

B|[@sLuey SnJJadAyDeIg
e}E0U Bj2iawaydy
aubl e|EeUes

eebina eawaydy
EjEau)| Browaydy
ejuep essusydy

N3N STLPUBRUE O
8051y RIGRIUdOIGRH
uauwam eigaydogdajesey
Peufupwgns elgajydojdajerey
2uD eyga|ydoidalesed
Euadsaa eigaydoid)
geuifuew eqa|ydoidn
SNINUOAPDT

eaunyd|ns eluabmday
siese) euabeidaH
easufiossny eluosabey
euaboiIyy

LNpLIq uoaoX.d
S{WIs UoACPH

wnuydip uolop
wmenuusd Uoa004d
wnjoxAn) wnjgdoguan
dnoifl snques spaeg
snuJIaA SpaeY

|UepOY spaeg

Ja6iu spaeqolbiy
snoANW SajuIely
SMEBIP $ARRGOIBIN
SMeIadNq spaeg
snugeqage sgaeqoqe]
smeuidour sraEy

SWEN NON

ST000T<3Q00-MIN>
TZPTZ00000SASNEN
GTIPZZO0CODSASNEAN
S0LETO0CTOSASNEAN
8THZZ0000GSASNEN
LTFZZ0000)SASNEN
£2¥7700000SASNEAN
9Z¥ZZ0000)SASNGN
SZHZIO0000SASNAN
BTEZZOD0DOSASNAN
ETHZZOC0DOSASNEN
9T+ZZ00000SASNEN

PI000T<IQ0D-MIAN>

£T000T<3A0I-MIN>

6969900000SASWHN
5060TO0000SASNEN
#060TO0000SASNBN
9969900000SASWRN
0060 TO0ODOSASNAN
SGBOTOO000SASNEN
6BES0000TOSASHAN
6680TO0000SASNEN
BEBOTOQ0O0SASNAN
0/699000005ASWHN
S£69900000SASHHN
8880 TI0000SASNGN
£680TODODDSASNGN
Z6B0TOQ0OUSASNEN
I680T00CO0SASNEN
0680T00000SASNEN
PL69900000SASWHN
TS69900000SASHHN
££69900000SASHHEN

ZT000T <3QCO-MIN>
PTSECODOTOSASNEN
5569900000SASWHN
9£80TOQ0Q0SASNEN
SZBOTOO000SASNEN

POG9900000SASIWHN
S969500000SASWHN
£969900000SASWHN

TI000T<300D-MIN>
T£80TO0000SASNEN
2969900000SASWHN
£5TPO000T0SASNAN
THETO000TOSASNEN
ZSTHOO00TOSASNGN
+3I80T00000SASNGN
TYSENQODIOSASNEN
6580 TO0DODSASNEN

SPO)NEN

5193

dnouf esuquies enowaN  Z0p0ZTTH

(€841 'SMIA3Y) eaRUR BINGW3N  £0P0ZTTE

PEBT ‘UOHOW SUBINJAR BINGWAN  TOROZTTH

0061 “#2|pdep) noid gjaunwaN  TOE0CTIH

(9£871 ‘suayd=xs) s(ezpns eanwsuydwy  ZOZOZITY
06T 'Sty SSrypuers einwauiydwy  T0Z0ZTTY
(PEAT "UOHOL ) X0ooRud RINWAUGICYE  §OTOZTTE
TFAT ‘SULLWD BURUCW EINWRUXI0LY Z0T0ZT1r
(THRT "380d) UBdaw einWBUCIOL  TOTOZTTH
(9681 ‘uoncy) su eRdAYRIE  Z0E0TTTH

(§€8T 'uewmaN) @nd e10dAYSEl  TOSOTTIE
(8S41 'sn2euur) esongeu xARldoiuse]  [0I0TTTH
dnab esormon; SIWseD  Z020ESOb

dnoiB WNIoINALIOPNaST SIUIED  X0Z0TS0P

ETST 'SRARN EJjisnd S|UBED  BOZOISOb

+881 ‘uMe] ESNg0; SIWALY  SOZOTSO0b

PBET ‘UCIET WIIOINAK SIUAED  H0ZLTS04

(§S£1 "SNBRULN) BUBJOY SINBED  TOZOTSO%

PEQT "S0MMD SNYIFSIURY SNORdMALIEN  TOTOTSOP
£887 ‘uOiE] EE0U glRRWAYdT  Z0TOTHOR

(1941 "epod) eubl RjRIRLSS T0Z0THOL

BS/1 'sreeuLn medna eewaydy  €0TOZEOK
0/81 ‘uoyeg ejeau) BJaWBYd]  ZOTOZEQR

POLT "RINW EdUEp RIBWSLAT  TOTOZEOR

(#9417 'snaeuun ) sNan| SNUEWEYY  TOTOTE0L
(pE8T "smunD) exsny eigajydosde  10£0TZ0F

GIHT “JAWIN Hawem elqaydudajeied  £02Z0TZ0F
(SEBT “suaydms) eleubiewqns eigajydoydajeled  ¢o70TZ0F
(5e81 ‘snizZiay) epurd eaydoldaeed  10701Z0F
{8541 'snaeuur) Bupiadsas eiqgaydoidan  Z010TZ0t
(£9¢1 *snasuun) ejeuifiew eigaydoidal 10101200
ds SrunuUoAPIy  QOHDETOR

(9241 "19)10W) eHNYdns ejuaberday  40Z0ETOL
(¥EBT 'SIUND) sl|eJsie| BUSGOADDE  Z0OSOETOP
(€841 'sNiAay} easuboIsny BuoRBey  T090ETOH
'ds euaboiiyy  00TGETOY

(ZT6T 'u0ssiBuag ) WNPUIG UOBOPOY]  TOROZTO
0/8T ‘uCEF 3WIS WO ZOLOZTOY

(1941 'sNaeuUn) wiudp uoIOD  TOEOZTOL
(04871 ‘ue3} wrenuuad UOSPOY  Z0B0ZT0b
(9227 M) WNjoAN WNRLONLY)  T0Z0ZTOE
dnoub snqwieds sgakg  ZIT0ZT0F

PEBT SOIM) SNUIAA SO3E  TTTOZTOR

(SYRT-E¥RT 1930id} IWepoy) sgaeg Z0T0ZTOR
(1921 'sneeuun) sshiu sgaeqoibiN -+ 20202700
{BS/T ‘SN3BLUM) SNINNL SAWIRY  TOSOZTOF
(261 "ucsnIbuag) SMENDID SRREGAIBIN - T0/0ZT0b
0£87 ‘uciey sSmesadng sgdeg  ZOTOZTOV

{0481 'u0Ie3} shugedane sgaeqoge  T090ZT(E
£881 'uDjea smeuidou) SNPRWY  TOTOPTOL
SUIEN 351N 3P0 9511

dnalf eaUQLIED RINCLWISN
(SMIZI9Y) LI BINCLWAYN
UOKCYY SHEBINJIAR RINOWIN
¥2|edery 0Ad BjRINWaN
(suayd=s) s(e20ns RanwsLIYdwy
Sy 1SSNpUels ewduydury
(UDHIOK) x0dBRId BANWAL0I0LY
SURLWITY BUEJUOW BINWBUOIOL
(39191d} L2daW BINWIU}0L
(uopow ) 1su esmdiyesg
{uewman) elend esaydiyoelg
(1) eso|ngau xAmdeoiuae
dnab esemon| siuIe

dnouf wrniojnaucpnasd Suae)
seaeN ejisnd Swuse)

UYe3 BISNAe) S|UaED

UOJe] WIIOMAL S1U3ED

(1) ewesoy swse)

SOUND B(IS5LURY SNOJSDALDERIYG
uole] Koy eiRsswayd
{epod} enub: eppsRwaYyd3

-1 gjebjna esawaydy

ucgey ejesul| elRwaydy

13(iNW BJjuep eRwayds

(1) snagn| snipURWERaY
(smunD) exsny eigajydaigey
JBWN Wauam elge|ydoydseied
(suaydals) eeufiiewgns eIGAIYAGCs|EIRY
(sniziey) iy eigaydaidsieied
(1) eugsadsaa eqayydoydan
() mpeuibiew eigajydoidan

*ds SMUNUCApIg

(13|} esanyd|ns ewabeday
(squnD) sijesane) eusbnday
(snizay ) easuboosny euabeday
‘ds euaboupiyy

uossi6URE WINPT UO3XJ04d
uojeg SHUIS UcIC))

(1) wndip ueacH

uojeg wmenuuad wnigdoguay
(43}|nly) wnjozn| wnjndoaus)
dnouts snquess spaeq

SN SNLUBA SNIeY

(121214 1uepoy sgaeg

(7) 4abiu snaeg

(1) snagnw sgaeg

uossibuag sebp saaeg
4033 SMERLAING snaeg

uQyeg snupeqage sgaeg

ugjeg smeurdour sapPWwy

SIEN PREHTEN A5y

2000211
E0P0ZTTH
TOFOZT T
TOEOZTIP
2020211k
T0ZOZTTE
£OT0ZTIY
Z20T0ZTTH
TOTCZTITH
Z0E0TTTH
TOEDTTIR
TOTOTT TP
2020150
X0ZOTS0P
80Z0150¢
S0Z0150¢
#0Z0TS0F
T0Z01S0%
TOT0TSOE
<0TOTH+OY
T0T0THGF
£0T0ZE0
0T0ZEDY
TOT0ZE0Y
TO101E0%
T0L0TZ0Y
£0Z0T20%
20Z0TZ0
TOZOTZ0k
201120
T0TO0TZ0P
00RQETOr
F0ZOCTOE
Z0Z0LTOR
TOZ0ETOL
00T TOR
T0F0Z10¢
ZOE0ZTOP
TOEOZ TOY
70Z0Z10%
TOZ0ZICk
ZTT0ZI0F
TI10ZIGr
0102108
90T0Z10p
SOTOZTION
EQTOZTO+
Z010Z10%
TGT0ZTOH
TCZOTTOH

SPY
PUCREN
)

0L0Z 1equia)dag |00 LOHBINISSE[D SJRIGaLIBAU] JBATY JO JUBLUAOISNSQ JoYLUN (004 0IM ¥THHINS



uezued expo)
saduap exuo)

SIULe EXLIOD)
IUCYSE||OM BXLODI|[eD
ejsnaeid exuodi|e)
e1endodiod enewd

[ TH TR

enbijge mpdaucoN
RJENIRW BOIUCON
eone|b eyauc)oN
SI[BARSIE SrUBY20RYdY
SBPIONID SLIOJ0AL
B3RU eday

sefeu suen

SN2DEIOLY SLBD
ssebeuopo swwey
SLOSNIE| SLUIS
smejuabie slen

EI[BA

wntoubms enqawoipiy
E1EDANJ BIDACSI
wnoadwAs

wnaauguo

BULSY

asuaye.d vogAyreug
majeq J)sefainpiod
snulsspebina snuydion
of xAmdoles
suapuads xAsdoeD
sefeu plwwoIAIT
dnoub ejend uoubeuso)
winiabipeAs ewbejeus
suebap einuysT
enydwAl B asoy.LAd
sadiuuad siwaudkeld
EjEysundin epsdoioly)
WNRUB.LG epadoioiy)y
eEmaundy elRd
sajoeydas senoulg
eonewwesd epadosy
EJepnedIq einig
BReydanoIdn S3popad
suouqg eludeny

ege eudeny

eibu enonE

KB50W BRING
SIWBU| BOINET
sndoddy egonan
eenusk enina
B2SN) B.OIN]

SweN N8N

S6E0TO0000SASNEN
T6E0T000005ASNEN
P6E0TOQ000SASNEN
D6E0TO0000SASNEN
BBEOTO0000SASNEN
£8£0T00000SASNEN
92T TS00000SASNEN
DBEOTOA000SASNAN
T8E0T00000SASNEN
SLE0T00000SASNEN
£££0T00000SASNEN
9££0T00000SASNEN
$LE0TO0CDOSASNEN
9L0TTOO0TOSASNEGN
99£0TO0000SASNEN
0ZEQTO0000SASNEN
GIENTOO0O0SASNEN
89£0T00000SASNEN
9ZBILTOOO0SASNEN
85£0T00000SASNEN
$SEOTO00D0SASNEN
TT66E00000SASNAN
068SLTQO00SASNEN
0886£00000SASNEGN
ZT95000000SASNEN
TZ9S000000SASNEN
DZ9S000000SASNEN
9T95000000SASNEGN
£LT95000000SASNEN
DTSS000000SASNEN
STO00T<3J00-MIN>
Z095000000SASNEN
D0SS000000SASHNEN
6655000000SASNEN
8655000000SASNEN
IPPTZO0000SASNEN
SEPZZO0000SASNAN
EPFZZ00000SASNEGN
CT¥bTZ00000SASNEN
6EFCZ00000SASNEN
LEVTTODDDOSASNEN
T++CZ00000SASNEN
SEPZTAD0D0SASNEN
PEHZC00000SASNEN
EEFCTO0000SASNEN
CEPZTOO000SASNEN
TELZZO0000SASNEN
0E¥ZT0D0000SASNEN
6TFTTD0000SASNEN
BZLZZO0000SASNEN

5P NGN

6L}

(8b8T “Pqay) uazued extio])

(5981 ‘uosuroy] ) sadquap exL0)

£18T %2837 SIUYE BEXLIOD

(5981 O3S 1 se|bnog) judse|iom exuadlie)
(881 "Rqald} gsnaead exuodi|e)

(221 “snpuqey} @eqdoajod egewi)
ds eyoaunIlW

£841 “Biagquny ] Ul ug|es enbiqo e33uaoN
BLT SNIILCRY B1RNIRW BOSUCION
54T ‘snaeuur; exnelb ejaeumon

(¥6LT “snLaed) sijeaasee srupLopydy
(86T 'SNIRULET) $SPIOMLLE SUCDOAT
86/ ‘snaeuun easul eday

(€241 '1992Q) sefeu snuenby

ZEQT ‘PUILINYDS SNIIDEICLY SILRS

{gzat puseez) 2sebouopo s1I9
(g52T *snaeuur) sLsNoe| LIS

7ERT ‘PUwnyds smejusbie sueg

'ds el3A

(8541 ‘sn@euurn) wnioubeys eqauroipAn
ZSBT ‘A3Y '8 JUESY BENY BIPADSI
“ds WwnyadwAg

ds wngayup

'ds euysay

($9LT “3B)INIW) asuseld uonAydelg
(2081 “ueacuog] Iuolog RIsebaINp.I)
(8521 ‘sneuur) snwissgebina snydwos
{8541 "snseuurn) obuw xuzdoe)

(7841 *swieH) suapuajds xAmdoje)
(£78T ‘uupWwasuey) seleu PLIWOLRAIT
dnaub ejjand ucuBeuaon)

(op31 “enuadiey]) wniebpeis ewbe|eus
(0Z8T ‘uapun JepueA) sueba@ _inuYds]
(941 ‘RzNS) enydwAu ewoesoylidy
(T££7 'selley) sadiuuad siwausAye)d
{g9z1 “todons) eeaundiy eppdouoiy)
(1$81 19121d) wnpuauy epadouoydis
££81 910l ©eoundiq epRd

{791 ‘s5.n3) s:oeudan sesoulg

(T9£T ‘2pod) ESREwRIb Bados]

(857 'snaeuur) eyepnedtg enig

{£€8T 19301} SN R0 SIPOLB
(5£81 ‘uewman) suoyg ewdes

9E8T ‘UCpolY BAR Bluded

{1181 ‘*0) 2.6 eqgona

66T 'UNLIOK WPSOW enana

6681 ‘ALdway siwsuUl BN

6687 "Audway sndoddiy egona

(9e81 ‘suaydarg) ejendiuab ehana
(gs/T ‘snaeuun) easny egana]

£09019ER
09019k
TO9019ER
05019tk
T090T9£Y
0E0T9Ep
00T019¢k
£0T015ER
Z0T01SE
T0TQISER
0107 ED
T0T0THED
TOT0TEEY
T0E0EZER
LIT0ETER
oTToELED
FIT0ETER
TITOEZER
0010ZZER
[Ail1014434
TOT0TTER
00e0aCLk
00105TZY
DOZOETZE
10T0ETEY
10107ezr
1610122k
Z0T0b1Zk
T0I0FT2E
T0902TEk
2000Z1Z8
TDEQZTER
10e0e1Zh
T0T0Z1ZR
TOT0TTZh
£0TQL2TH
T0EQLZTY
TRZOLTTP
T0T0Z2TY
TOHDT1ZTE
TOEQTETY
T0Z012TY
Z0TDFITY
TOTOHTTH
S0TRET T
SOTOET T
POTOETTH
E0TDETTH
ZOTOETTH
TOTOETTH

SWeN BEIng 3p65 55ang

(19g2y) wazued exuo)
(uoswoy| ) sednuap exuey
Yoea siuyle exuo

{no35 g selBnoq) WOISE(IOM BXLODIED
(Jeqan) esnoesd exuode)
(snougeq) megdos|od egewiy)
*ds eosuoDN

u3|fes enbIqo BI[UOICH
SNPLge{ DEMIBW BIIIUCION

1 eanejS e\oBsuUoIoN

{snpuqed) sieansae srulsydopEUdy
(1) SIPICHWID SLO30AI

1 eas2up edap

(+0baq) sefeu swag

PLIWNYS SNIDRIO SILI8Y
{1p315.12)997) J2)sebouopo SLRD
(-7) swasnoe| slRg

Pwwnyds syeuab.e sueg

"ds eipA

(") wnoubzs egawoIpAH

A3 B JUBSINW EIELINJ BIBAOSI
'ds wngadwAs

-ds wnosuo

ds euysay

(B(Inw) asumerd uoniydesg
(ueacuoq) Iucy|oq ssEGIMPIOT
(1) snuisspebina snydwosy

{"1) obun xismdored

(sIueH) suspuads xAmmdoey
{uuewasueH) seleu ewwWORRAII
dnaub ejpnd uoubeuaody
(saquadieyn) wnebnpeAds ewbe|eug
(uapun #8p uep) suebafp eunuyISsT
(+9ZNs) enudwAu RWOSOY.LAY
{se|[ed) Sadiuuad sIuaudAel
(1odoog} megoundiq epadosoyd
(=101} wnpuauoy epadosc)y)

’ 181K geundig elad
{snunD) ssyojeydad senoulg
(epod ) eanewnwelt epados]

(1) erepnexg eanig

(1191} BERYASICII SIPOLRY
(UBWIMIN ) SUOY Blude))

UOLIOK B4R BlUde)

(810} esbiu endnan

UOHOW A[BSOW BOINST

Audway siwiau) egona
{Audway} sndodd)y eqana
(suayd=:s) exen2uab eqana
(1) ezsny egana

09019k
7090t etk
Ta90719¢ed
205079¢ek
TIS0I9ER
Z0E0T9EY
DOLOTSEE
£OTOISER
Z0I0TSER
TOTOISEY
Torozvedr
TOLOTHER
TOTOTEE
TZToEZER
LITOEZER
9TTOEZER
PITOEZEY
TTT0EZEY
DOTOZIER
Z0T0TZER
TOTOTTEY
00E05ZZF
0010SZZH
D0Z0EZZY
TOT0EZZR
T010Z2¢k
TQT0TZZR
Z0TobTZR
T0TOPTZ
10902724
0t0212k
100212
1070ZT¢k
1010Z12H
TOTOTTER
£0TOECTH
oI0ELTH
[az0ZeTH
10102
I
TOEQTE T
10201ZT¢
COIOPI T
T0IOFTTE
JOTOET TR
SOTOET T
HOTOETTH
£0TOETTE
COTOETT
TOTOERTE

8po)

PUEREN
ATH

0L0Z '1oquiajdag 00 UOHBOWISSEID SIRIGOLISAUS IOAY JO JUSLUCOIASQ JOYLINS ‘00 L0M YIFHINS



S15U3|BY S3IAP0IRIS
S11euoLIUSIdS SRIAPOD
IBHBLLUEBS SBIAPOIUQ
ISIABD SEAPO3IO

SMBIMSNAWRAIPOND STSIBCINS

snssaudap suodougay
SI|IWISSE SniodoUgsN
SMe| $3)33U0.43]
Sresu|| STPALHOd
SmIT sTApaIde.
snpIda| S3309URIIRS
snye(assa) sniodoipAq
suazsaqnd sriodospiy
snuejd sniodoipiy
sigsnjed sruodospAq
SMuUN35GO SNIodoIpAH
bt sniodoipiy
SNUOULLIAW SrUOAOIpAH
sN3uIbnLR) SMUdIpAH
SMAUDSIP SruUodoIpAH
smesnbue sruodopdH
10j015180 SMOMBAH
s|lenbaey) srqolbAH
SMBAC SMUPAYdAH
smnunry snjydodoe
snueAy snpydoade
SILIOOIARID STBION
EDOUYIM Sndijers
sijloayru snidiey
smeeauy snidileq
sl|roacgeauy| snidieH
smeuwe| snidiey
smejnoeww snidiey
1uapAay snid|jeH
sigenny snidijeq
snjoaney snidiieH
SIUyuO snidiey
SMeAa sniyalg
BEsnuaa eaebig
Besiuas eebig
eeau)cbiu esebis
s||eJ)e] e:ebis

moos eiebig

wnuessoy eiebis

waje; ewebg

EPURSIp eiebig
(RIR6IS} R1RGIS
1Buaqiyes expodoiadsay
IBUU| exU0J0sadsaH
gepund exua)

BUEN NaN

T85Z000000SASNEN
085£000000SASNEN
BEBZSTOO00SASNEN
SEBZSTO000SASNEN
9£52000000SASNAN
2/5/00C000SASNEN
£80+0000TOSASNEN
0£5£00C0D0SASNEN
695000000SASNEN
895.000000SASNEN
+9520000005ASNEN
095200C000SASNEN
9552 B00000SASNEN
S552000000SASNEN
¥55£000000SASNEN
CS5£000000SASNAN
TSSL0000C0SASNEN
2H5/00C000SASNEN
6£5.000000SASNAN
9£5/0000005ASNAN
+ES2000000SASNEN
8Z5£000000SASNIN
975/000000SASNEN
T25£000000SASNAN
£T5£0C0000SASNAN
915£000000SASNSN
£T5£000000SASNAN
TT5Z000000SASNSN
805/000000SASNAN
SOS£000000SASNAN
P05 L000C00SASNEN
£05£000000SASNEN
Z05£000C00SASNEN
T0SZ000000SASNEN
86FZ000000SASNEN
£6FL000000SASNEN
96FZ000000SASNEN
E6FL000000SASNEN
+THOTOC000SASNEN
£IHOTODODOSASNEN
0T+0TOCOD0SASNEN
60+0TOCO00SASNEN
80+0TOCOR0OSASNEN
£L0F0TOC0Q0SASNEN
SOF0TO0000SASNEN
00 TO00D0SASNEN
0EZSTOO0TOSASNAN
LBEOTOQ000SASNEN
96E0TOQ000SASNAN
£6£0TO0000SASNEN

SPCT NEN

ozl

(£B£1 ‘SNIBUGR4) SISUDRRY SAUPLIESS  TO9THISH

(9781 '1PYUaIKD) SjRuCLOUNDS SBAPOAID  EDSTHISH
(9281 ‘Busqiyes W'D} IBHRWUES SHAPOIO  C0STFISH
(T£8T ‘SMUM)) SINEP STUPOAD  TOSIRISE

{¢6£1 'SNOUQRY) SMEMISRW (D3PONP SNSIEJONNS IOV IFTSE
{S££1 “SNLQed) snssaudap sniodougaN  E0ETPISE

(8647 'INYABY ) SIIWISSE SuodougsN  TOE IbTSE

{6781 'suaydals) smejsABuIed  102TPISE

(S££1 'snDUQRY) SME3u SPIpAYod  TOTTHISE

(/847 ‘sniduged) smod sapoders  H00THISY

(S6£1 "#9I0) SNPICa) 53109000 TDE0FISE

(6787 ‘zaideaq) sejassay sUodoUpAH  TESOPISH

(80BT "PYUS|IA ) SUBXIGNG STUCAOIPAH  9ZR0PISH

(zg21 'snpugey) snued sruodoupAy  SZ80PISY

(1941 “snaeuun) swsnjed srucdopdy pZROVISY

SERT ‘WIS SMNXSqo snuodoupAy  Z280bTSE

{z6£1 'snpugey) Gubiu sruedoipAy  TZ80PTSE

2287 "1RIOAN SMUoUWIW SNodOIPAH  LTSOPTSE

6ZBT 'SUBUA=NS snaUIbnLDY SILOAOIPAH  Z080P TS

6587 IN0SuY g BnewiBy SMR13SIP SodoIpA  FOBORT S
GERT 'WImS smEsnbue SuodolpAH  TOBOPTSH

(£8£T 191842G) 40035134 (SMOIBAH) STICIBAH  $TO0HTSE
(£2£1 'snizuged ) syenbaew (SMoubAY) SMOIBAH 21904154
{1941 "snaeuun) sraeao srupAydAl  TOE0HTSE

(BSLT 'sN2euun) sMnuIW SMIYACIIE]  ZOTAEISE

(b££1 *12999Q) snujjeAy snydadde  T0TOFTSY

{241 '19993Q) SIWLICOMED STUBJON  TOTOETSH

Q08T "AXSINYIKIO SNoURgESs SnjdIeH  BTEOTISE

(b2£1 "19202q) siooynu snidijey  STEOTTSE

HH81 ‘WiBiBuLRN sneodu) sndiey  ZTEOTTSE

(T087T 'weysiew) syodomesyy sndifed  TIEOTTSH

(£8£T “}3leyS) smeuel snidileH  S0E0TTSE

££81 pIEED smendeww snidiey  80EOTTSE

58T ‘@puyam uspiay smdiled  LOEDTTSE

OFRT ‘Bqny sigewny snidiied  HOEOTTSE

FEST 'wams syioxaey snidiieH  EQEOTISE

9ZRT "SUSYdS SULUOD SN  Z0EATISE

(€641 "19Zued) smeAdR sMYdAig  TOTOTISH

(69BT "ROXS B SBIBNOQ) FIsNuaA (Ex02003Y) BeBIS  £/60T9EY
(8YBT 129314} BeLSIUES (EXHOD0ARY) BIRBIS  2/60TIEL
(8481 *439314) BmeauyoIBIu (EXLONWIBADPNRSY) BIBBIS  TSE0TIEY
(£1871 'y2ea) Si2sael {BXHOJMWIRA) BIREIS  THEOTIEL
{898T 'ROXS @ sefnoq) maos (eebisgns) eebls  SZ60TIEH
(21871 "yoe:) wruessoy (ebisgns) elefils  +Z60T9EE
(98T "Iogely) wa|ey (eiebisgns) exebis  Zz60T9CH

(86RT 49q914) MPOUNSIP (RJebisqng) BieBis  [Z60I9ED

'ds (RIEBKS) RIBDIS  OTEDI9EE

(881 "13q3y) IUaq)yes ExLOD0IdSaH  $OZDISEY

(8¥81 "Jogay) jseuu BXU0208dSAH  ZOLOTSEY

{Z0gT "6y} eepund exuod  H09019EY

SWreN 351y 3p0) 9511

(SPIRNGES) SISURIRY SAPOLEDS
(Buag)yes) sieucioualdas SAAPOAID
(B1aq|yes) IDHELLLES SEAPOBIO
(SRUM)) 1ISKEP S0ApoRI0
(snpuged) smemsndwdsponp snsJej0R05
(SnaLIGES) SNSSRIASP SEIIRUOW B0
(IMjAR ) SIILISSE SASBUCLIEIOY
(suayd=s) smEe| sARU0IR]
(snauged ) smeaLy) srpALLod
(snpuges) smad sakpaideln
{2w110) sPpIda) sAsURNS
za|deiQ snJe|jRss3] SModoIpAH
([eyusite) suasaqnd snadospAH
(sniziiged ) snueid sPICAdoUpAH

{"7) stasnjed snuodaupAn

WIS snINJsga sruodoipAH
(snixuged) equfiu srucdospAk
|EOIN SMUOUWBW SRodoIpAn
Suaydas snaulbrue) sniodoipAy
INOSKE g BJIEWIES SM2435IP SNIodOIPAH
uums smesnbue sniodolpAy
{RIEYIS) J0jCoIS9A SN0IBAH
(Snpuged) sienbaew) snoJbAY
(1) smeao supAudAy

(1) smnu snyydosze

{428B3(3) snuyeAy snpydodsen
(43363q) siwcowne|> srusjoy
(pews9) @izuyem snjdijey
(1363} $n00yns snj
WRYIAULBY SIYRI0UI $N)|
{wieysiely) siod0eau) snj
13][_UIS STYBURLE) SN)
IPIRYIDG SMBNDRLLILY| SN)
TR IUBPAIY SN

|qny sjnenay sny

LLIMS SII0AARY SNy

suaydas suyuod snidijeH
(1azued ) sryeAs(a sniydAg

(1035 3 se|bnog) msnuaa esebis
(+2qa3y) elelnsuuas elebis
(12ga1d) eesuciBiu elebis
(Yoea) si|eisie| eiebis

(1agan) mods eebig

(1J2Ba7) Wesso) BIRGIS

(48q314) 1w9)ey eiehis

(42930} epunsip esebis

‘ds (eiebis) esebis

(4ageg) 1Buaqjues exuodosRdsay
{19031y ) 1Puuy exuo3osadssy
(4264 1) mEund exuo)

SWEN PUBHTE "ASd

TO9TFESE
EOSTHISEH
Z0STHISE
T0STPISE
TOPTHISY
EQETHTISY
TOLTPISE
10ZTF 1Sk
TOTTHISE
+OATHISE
TO60+ IS
TE80L IS
9Z80b TSt
SZBO0PISH
+Z30P1SE
ZZ80p1Sk
TZ30FTSE
LIB0PTISE
£0BOF1SH
£0BOPISH
I080P1SH
P090FISH
2090+ 15y
TOEOFISY
Z0TO+PISE
T010¥1SY
TOTOETSE
BIEOTTSE
STE0TTSE
ZIE0TTSE
TLEOTTSH
S0EOT IS
BOEOTISE
£0E0T TSk
FOEOTTSE
£0£0T1Sk
20E0TTSH
T0T0TISk
£/60T9EF
TLE0TSEY
1560195
TFE0TIEE

SZ60T9EY -

PEGOTIEY
CZOATIEY
1Z60TIEY
QT60T9EE
POLOT9ED
C0L0T9EY
+09019Eh

]
PUCATER
A3d

0102 '19quejdag 0O LONBIYISSEID S]IGeLIeAU] JOAY JO JUBIdO|eASq JeUyLNS 00 04M HIFHINS



BADLRI53] BUIRIPAH
sadunu euaeipAH
euedu euseIpAH
etiyaind euaripAH
=7ubu euaRIpAH
1115846 euseIpAH
SRWRILY SNHGBLAYDD
smdinsxs sNgALAYIg
sSReP sNGAAY20
uojodIq SNIGIID0
SNDIBIES} SNAIDOUT
SNJMEeLns SNKGOIIE]
SERUE SNIJOIIE
SN|eydadone sniqoide
SMRHR SMKYOIIEN
SMNULL $RKJOIOE]
snyepnbig snigoade
SURISIAN; BUIRZRUY
EjEquU| BUIB3RUY
snnqeib euseseuy
je|nsndiq BUSBIRUY
sadpxsny SnQoIpAH
SUBJRINDS SnwAdeieq
sucyiLgs snioydoeH
SNINJ5G0 shucydofppy
smnupy snoydopH
sadey snioydopy
sidredina g snaoydopH
snauaae snioydoRy
sipueib snioydoeH
sifenbae snioydoy
smyesnbue snYJoIpAH
SNSOYA SN|IYINIRI0
Hoeuun snuuAcy
dnoub sogeleu SPULAG
SNULBW SNULIAL
SMIUDSIP SNUUAD
SMRISE SNULLAD
SMEINSIWSS SNISHAQ
sjleuibiew snasgiq
SMe3NSs snijRY

SN25NJ SAILUA(O
sgAL

s snqeby
snsopned sngeby
snyennb sngeby
SnWAPIp snqefy
snjeuodjeyd snqeby
smejmsndxg sngeby
SJEM3eW SNOUER|d

SIEN NEN

£9££00000DSASNEN
S9LL0000OYSASNEN
S9££000000SASNEN
£9£L000G00SASNEN
TLLOOOJOGSASNEN
65 L000000SASNEN
T5£Z000000SASNEN
BPLLODDODOSASNEN
SbLLODDODOSASNEN
L L000000SASNEN
EELL0D0000SASNEN
61.£Z000000SASNBN
8TLL000000SASNEN
CTLZ000000SASNBN
TILZ00DODOSASNEN
STLZ0D0000SASNEN
ETLLB00OGOSASNEN
070007 <30A03-MIN>
S9TEEOCOCOSASNEN
80/ £000000SASNSBN
£0££000000SASNSBN
£060TO0000SASNEN
50££000000SASNSBN
££9Z000000SASNBN
0£9Z000000SASNEN
£99£000000SASNEN
0992000000SASNEN
8S9Z000000SASNAN
L992000000SASNEN
299L0000005ASNEN
S99000000SASNE N
6£9Z000000SASNEN
9F9Z000000SASNIN
SFIL000000SASNEN
6T000T <3000-MIN>
6£9.000000SASNEN
BE9L0000Q0SASNEN
SE9Z000000SASNEN
£E9/000000SASNEN
ZE9Z0D000OSASNEN
979L000000SASNE N
8T92000000SASNEN
E0TPETQDIOSASNEN
T09L000000SASNEN
665L000D00SASNEN
+¥65L000D00SASNEN
£65£0000005ASNEN
D65£0000005ASNEN
28520000005ASNEN
PBSZO0C000SASNEN

2po) NN

Lel

TEBT ‘SRIND BIDEISE] PUSRIPAH

€8T ‘spung sadyru euselpAl

P61 ‘uleabny euedu euaeipAy

+ZRT Jewssn ejpyInd euseipAH

$ZRT "IEWRg eubiu eUSEIPAH

bZRT “ewsan s(pesb euaripAH

(76T *SMIDLGRY) ST SMIGAYIYDO

(vzg1 “EwRs) smdinase snIGALIY20

62971 'suaydas SMEe|Ip SNIGIRYS0

$Z8T IBWLRD UOIoN] SNGARUDO

(1087 "sniduged) snasesa) snuyou3

(TQ8T ‘srduqed) snimyeLys (SNIGodIR|aISE]Y ) SNKQOIdE]
BPRT "AMSINYISI0W SMENUIS (SNKCIIRI0.IIR) SNIQOIDRY
0167 ‘dieys SKUSUSA (SNIGOIDR|OIIRY ) SNIODIE]
/87 ‘Gunquanoy smeqe (SnIgeIIe[oIIe)y) SNIgodIe]
(@521 ‘snaeuun) smnuiw (SNKOIOET) SN0
(6281 ‘suaydans) UojoD (SNIQEDDEY) SNIqede]

(6281 ‘suaydass) suaxsan| BUIBIBUY

{Z641 'sNiuged) EjequW| eUSRIBUY

(6Z8T Iied) snpqolb eusedeuy

(z081 “weysiey) eyemsndy] eusedeuy

(5£1 ‘sneuurn ) sadpsny snigoipiH

(9581 “J2NeyuUIS0y) SUR|PINS SNLUAIRIeY

89871 ‘uoswoy] suoybigs (snioydopH) snioydopH
PEET QUBSINW $nUNsQO (Snioydopn) snioudopH
SZET "Sniugey smnuiw {SniogdopH ) snioydopy
Z6/T ‘sniauged sxdiney (snuoydopH) snioydopH
1881 ‘Ppag sidjedinasg (snioydopyadoyy) snioydopH
O8I UBS|NIY sholRAe (snuoydopyordoyy ) snioydopH
8641 ‘JR6i sipurlb (snuoudopybaly) snuoydopH
8087 ‘Woswou] sienbse (snioydopubaly) snioydopH
PZRT 1BuLR0 smeysnbue SNYIPAH

(B£L1 'RINW “4°0) SRSOIWA SNILXARI0

£081 ‘RO JojeuUn SNULAD

dnouf Jaeeu snupAD

BDBT ‘IBYUBIAD SNULELL SNUIAS

£EBT ‘2dny SM3UASIP SAULAD

SERT ‘suaydas SMEIAE SNULAS

SZLT “RINKW '4'0 STEDNSILBS SNSRAG

85/7 ‘snaeuun sieuibiew snxspAQ

(85T ‘snaeuun) smeJMS sniDY

(85T 'SNIBLUI) SNI5N) SAFQWIAIODY

-ds snigAlL

(8081 "eyuaIAD) nuLms sngeby

{1081 “sniduged) snsopnjed snqeby

{86/T ‘(INYAB4) smenni snqeby

(86T “BIIQ) SNWApIP snqeby

{9641 "12zugy) Sraeuodfey> snigA(l

(2921 “snaeuurt) srgejrgsnd g snqeby

{9641 ‘snaeuur;) smenoeW SnAweeld

TTE0T¥SE
60TOTHSE
BOZOTSE
90z0THSE
HOZOTHSE
£0Z0THSE
60TOTHSE
S0TOTHSE
HOTOTHSE
€0TOTHSE
S0LISESE
LTPISESH
STYISESY
CIPISESY
L4433 4
TIPTSESH
TIPISESH
POLTSESY
EQETSESH
COETSESH
TOETSESE
TOTISESE
<DOTSESH
a910£€5H
YOTOELSH
2010EESH
29T0LESE
2STOEESE
TSTOLESE
ZPTOEESE
TFT0EESE
T0T09ESE
1DH0STSE
TTZ0S1S5¢
2020515
SBE0STSE
HC0sTSh
TOZOSTSE
LIFISH
S0LTPTSP
[drerag 14
T0EZHTGE
0DTZHISH
BTOZPISE
9T0ZP1SP
TI0ZP15E
600ZF1SY
BOTZPISE
POOZPISP
T06TH15t

BWEN 55an] 5P63 35ing

S04ND EIDEYST] PUBRIDAH
SN sadyny eusRIDAH
uuepbny eued) BUIEIPAH
JewR g|leyind eulespAH
Jewseny ejubiu eusespiH
JeulBg S|[elb euseIpAH
(snIDuge4) SNWLIW SNIGSYILID
Jew s smdinsa SnIgRLYI0
suayds1g SMEe|ip SNIGELLRO
JBULIRS U000 SNIGBLRAYAO
(sniuqed) snaxeiss) snicu3
{snibugey) snjmews snigoioe]
AIS|NYISION SMENUS SNIGEa2e]
ey snjeydanone snqooe
Bunquanoy smeqe sniqoaoe]
(1) sminupy snigose
IpIeylRg sraepnbiq sniqo3se
{suaydxsg) suadsyn| euaedeuy
{snpuged) elequil| euaedeuy
{IImiied) snnqob euaedeuy
{weysiey) nemsndg eusedeuy
(1) sadpsny snIgaIpAH
(JRNeyUS50Y} SHE|RNDS SNWAJEIEY
voswoy t suoybugs snioydoRH
JUES|N} SNINSO SNIoYDORH
SNOLGed SMnuA snoldoRH
snpluqed sadwey snuoydoeH
PPag sidiediagiq snIoydoRH
JUBS|N STIMUBAIR STUOYSCRH
J4eby sipuest snuoydoRH
uosw ol sienbae sruoydoH
Jewsan smeysnbue snydoipAH
(433NIW) SNSGIIA SNIYIBI0
1B JojeulIn SAULIAS)

dnoib Joeeu snuuAn
[BYUS{JAL SOLUELU STIULAD
20Ny STEAFSIP SNULAY
SUIYAHS SMBRE STILLAD
| SMIENSILDS SNOSNAQ

-1 sljeuibiew SNo5JAQ

(1) sryeans snioy

(1) snasry szr3qUAIC)

'ds SngAl

{PyuapAD} nuuns sngeby
(smipuge4) snsoprijed sngeby
(imyAeg) smepnd snqeby
(@1A10) snwApIp snqeby
(s2zuey) smeuodjey> snqeby
(+7) sryejrysnd g snqeby

() smendew snqweged

N PUBRIEW "ADYd

TTZOTHSP
60Z0THSY
80ZATHSE
90T0Tst
HIZ0TYSE
Z0Z0THSP
60TOTHSE
20T0THSE
FOTOTHSE
€0TOTHSE
BOLITESE
LTPITESY
SThITESE
TIPITESH
TZPITESY
TTIESE
TIHTIESE
POETTESH
EOETTESE
COETTESE
TDETTESE
TDITTESE
Te0TTESH
CLEOTESH
TLEDIESE
8GEDELSE
79t0TESY
Z5E0TESE
TSEOTESH
ZPEOTESH
TrEOTESD
TYZOTESE
ToH0STSE
TTZ0STS5P
2070515%
5070515%
HZ0STS
TZ0ST1SY
NLTPISE
50L2pTSP
Z09ZrISE
I0ETPTSE
0CITPISE
810Zr15P
9102k 15b
TI0Zb15E
600215
00ZH15
POOZPTSE
T06THISE

5p05
PUERAIEW
w5y

0L0Z “4oquisidag |00 UOHEIIISSEID BJeIqalIonu] JoAY JO Jualidofers 18yun :00Ld-4M YIH-HINS



21RNoewWIq sisd)32uN3N
S1u102421d SNAO[USI0|0H
SNEINJBLILY SPUIAD
SNPIARY SPLAD

SN|[BLa} SAWOLI]
L3UIEM SIPOULL
JO[TOIN SAPOL |

S3AIP SaPOUL)

Bysnd BAWOYIASY
sibey adA|Bay

adiy

ejeuibiew ey
2IP|BULGM

SMUERUOW SMWEo|Yd
elydWmAgL

BILRAX0

2|0dospAy

Siuod|jed elygo|Y
ejenzelxas eajdriby
elepundninw EaieIby
smadeby

BWIOSOSS0|9
sjuoLjua)das ejydodeAyy
EjessIgo BjiydodeAyy
BpUNW E|lydoseAYYy
SIBSI0p BlydoseALy
RiksIg

Sneydadiany sNAWSQ
sadubiu sijerg

euEn| siers

esouIBiny sies
SNANR[OAYNS SNOTY
snaudnd snjory
SMEINXSGM SNIUWINQ
saghpo|Ban snjuwnc
SuBNAU SNUWING
Jolew snuwiNQ

SUIL IPUBLLICH
SMBNuIgrIPent SNLJAUCIZEK
LIELUNDCA SN
snpaddaje)eled snjosj
e3UE SIW3

sdoAlq

smesqns snuydjeH
sioaxaysp uoydASoIpAH
SUI0JLIRS LCYAAIOUOLY
uoydAd

S9pa3

SN|[3e3ung snigauwn
SNPOU SNIgAUWIT

ITEN NEN

SOVBO00000SASNEN
£0bBO00000SASNEN
TOPRODO0OOSASNEN
66£8000000SASNDN
£6EB000000SASNEN
96EB0000Q0SASNAN
SSER000000SASNAN
06£80000005ASNAN
BBEFODO000SASNAN
£8E80000005ASNIN
S6ZZH00000SASNEN
PBEBOI0000SASNAN
8O68ET0000SASNAN
08E8000000SASNAN
E€LTPETO000SASNEN
80EZHGO000SASNAN
THZZV00000SASNEN
[SEBOGO0Q0SASNAN
OSEBOIDONOSASNEN
G#EB000000SASNAN
tP0Z£00000SASNAN
§92ZP)0000SASNEN
HE8000CANSASNAN
TrE8000000SASNEN
CHEB0000O0SASNEN
GEE30000005ASNEAN
£6£L£TO0D0SASNEN
8080T00000SASNEN
96, 0TOD00OSASNEN
S6L0TO00COSASNEN
P6L0TO0000SASNEN
£6£2000000SASNEN
Z6LL000000SASNAN
T6LL0000Q0SASNIN
06£000000SASNEN
68££0000005ASNTEN
BRLL000000SASNGN
£BLL000000SASNGN
954 /000000SASNAN
584 £000000SASNAN
#8LL000000SASNGN
€8//000000SASNIN
2SOZETO000SASNAN
6TZ8FTO000SASNAN
S8THZ00000SASNEN
PBTHZO0000SASNAN
O6TZETODO0SASNAN
bZLTETOO00SASNAN
€LLL000000SASNAN
DZLL000000SASNEN

SPOINAN

el

(8S¢1 'snaeuun) Elensewg SISAIPBINSN [OE0FZ8Y
(9£8T ‘SUBYORS) SILI0dID SNAONURI0H  Z0Z0bZ8t
{pEYT ‘SUM)) SIgNIBWIL SNWAD  E0TOPZRY

$O8T "URILDET SADUEY SNLAD  TOTOFZ8Y

(ZbBT "Inquiey) snjlaua) sSwoud3  TOTOEZ8H
(85L1 "sndeuun) LIUIem SIPoUIL  BOV0ZZ8Y
(PEBT '3371d) J0j00WN SBPOULL  £0b0ZZ8Y

{F£8T 12004d) 53 53pOULL,  Z0+0Z28%

(1841 'snipxugey) eisnd eldwoyaisd  TOE0ZZ8Y
(4£8T 19901g) SNibey sdAlms  10Z0Z28F

'ds a4 00T0ZZRY

(191 'sraeuun) meubuew euewyy  TOEGTZSY
‘ds eplewopm  00Z0TEZ8Y

(ET8T ‘'uBADUOQ) SNUSUOW Snwelcdoyd  T0TOTE8r
‘ds BIUDLAAWNT  0090ET8Y

oS RIABAXO  DDKISTBY

'ds e|pdoupAH  0DE0ETSY

(€281 "uojex) snucoqjed BROLSOY  TOZOCT8Y
PEBT 'SIND elgniewxas esfeilly  ZOTOETSY
PERT "SuND eleaundinu espdelly  T010£18Y

‘ds smadefy  00Z0ZT18k

'ds ewesossor  pOT0ZTRY

6581 ‘uabey ®epsey epydodeAyy  POTOTISE

£981 ‘ueOe DY Beye eudodeAy  E0TOTTEY
2981 ‘UBpDE1dW epunw epydodeAly  ZOTOTTSY
(bEBT 'SIUND) SyESIOP BlydoIRAYY  TOTOTTISY

‘ds BASIS  00TOZTLb

(€921 "1odoos) shjeydadming sSNAWs0  TOTOTTLY
5087 "13d sedublu £0TOTISY

(8547 "snaeuun) eueln) ZOT0TISL

SEQT 12124 escuibyny 5 010119

(ZTBT "13)10iy ) SNRD2CGNS SNIOKY  Z0£0£95F
(9081 "INW) snaudnI snjoy  [OLDESSH

(S08T 43|01} sMERRM SNLWING  H)I0EISH
(£28T '|eyuaio) sa3Ape|boq sni £090£55E
(95871 “4aNeYUISOY) SLEMAL SN Z090£95+
(6881 "A3y) Jolew SNILWYNG  TOIDESSH

(Z18T "BINW) SUINU BpURLION  TOS0E9SH

S08T BNl STuenusgraupenb sNUDAUOIEY  TOHDESSY
(E6£T ‘152uBd) LBWYOA SNIUWIN  TDEDESSH

(5081 121N} Snpadidaid|eied shicsy  10Z0L95E
(9081 “J9(INW) B3USR SIUA  T0TQL9SH

‘ds sdodig  00Z0795k

(9081 "421I0W) STRBLOSQNS SNubeWOd  TOT0Z9SE
(12871 "131NW ) SHEDaYap woydAdoIpAH  T0SOTSSE
(TZBT "SI0} SILOOWIZS uoydAdouoLd  TOPOTSSE
'ds uoydAd  QOEDTSSE

'ds sapoj3  QOTOTSSE

(641 ‘Biaquny L) shiij@oung snigauwrn  S0E0THSE
(2081 "Weysiew) sNpAl SmgaUWE £0EDTHSY
SWEN 95IN] 3P0 35111

(1) @enoRwq Sisdippanay
(suBydas ) S0 SNUOLUSI0|0H
(smun]) smenoewLn SRS
UB[YIE[Hy SPPIABY SRLIAD
{anqrueny) SNPPUSY SMwoud]

(1) LBUSEM S3POUL]

(13934d ) JO[O0IUN 5apoul)

(391019) swIp sapoL).

(sniouge ) Blisnd BIALIGUDAS]
(131d} smbey adAjeray

'ds aaA]

(1) meuibiew evewyy

ds BIP|RWIOM

{ueaung) snueluoWw SNLWERdo)d
'ds ety

s BIIABAXD

“ds pRdoupiy

(ume3 ) siuosyjed BIYILIOYY
SOUND Eje|nJewXas esiARIByY
SOUN) egegoundgnw esjdeity

“ds smadefy

ds BWOSOS50[D)

URUIR P S1u0Lqudas ejydozeidy
UejUde2W Ee1aige eudozeiyy
UBYIBRY epunu Bydoseiy
{saunD) stjesJop e|iydozedyy

‘ds RIASIS

(n10doos ) snjeyd3dmng SNAWSO
19021d sadubiju sers

(1) euen)

18121 esoulbyny siers

(13N} SNA2BJCIAGNS SNjOIY
{43[IN{y ) SNRICN] SNjo1Y

(19N ) SMEINUSYIY ST
{|eyu3)A9 ) SAPOIBOL SHLWIINGD
{Jeneyuasoy) SLENAL STULIND
Aoy} Jolew snuwing

(J31IN{N ) SUSHU RIPURLLIDN

13N}y SMenuBgnLpent snYAULIE]
(43zUBd) LewD(3(0A Srjuw
(a1} snpadidagsieied snjos3
(J9|INW ) eauze snug

~ds sdodug

(43|Njy ) STBLISGNS SNLDIRH
(431In) snjoamayap uoudAscIpAH
(IR1NW) SILI0NURs uoydAJououd
“ds uoydA

“ds S0

{bsaqunut) snji33eaung snigauwr
(weys.tew ) snpaiu snigauLwn

SWEN PUERATEN AFY

TOEOHZBY
Z0Z0vZ8Y
E0TOkZBY
1010628y
TOT0EEBY
80t0¢Z8+
L0¥0Z78%
20+0ZE8Y
T0£0Z28y
T0z0zE8Y
0010ZE8Y
TOEDTCEY
00Z01Z8¢
10101280
0090€ 181
COROETBY
00E0ET8Y
10Z0€18Y
<0T0ET8Y
T0T0E 18K
Q070Z 18k
Q0T0Z 18+
+0ID1I8Y
E0TOTIBY
<0TOTIBY
T0TOTT8E
0010ZTLY
TAT0TTLE
£010719%
2010119¢
TOT0TT9¢
20L0ESSP
T0/0€95+
POI0EISH
£090£95¢
2090£95¢
[090£95+
T0S0£95P
TO¥0ESS
TOEQE9SY
T020£95%
TOTOE9SE
0070Z95¢
1010295k
1050755
TOH)TSSE
00EOTSSE
COT01SSE
SOE0THSE
EQEOTPSY

305

PUeER
|

0102 ‘Jequieidag |00 [ UOHRIYISSEID SJRIGILISAU] JOATY JO JUSLIAOPASQ J8YLINS (00Ld4M HIFHINS



BUIOIKJ[R WINISIMUOPQ
wmeuossed 2wamsoiles
SURD GOPGON

SMNUIY $2POSRISGE

gefnd eserRg

Sninew eaelag

sadijied o5

sIoubu ofs

esopd 21209

dnoub xeiydoweog
dnout eussydosy

smen snjiydauwn
SN2WIOoYS snjiydauwn
smjjod snpydauwn
smeJowsew snpydauwn
smyeun| snjiydauwn
S)U102138ny snpiydauLn
SuIockey snjiydauwn
SIGRILGX snpydauiun
suaididap snpiydauwn
smeaundig sniydauwn
sreyouq snjiydauwn
snpianjiad snipejoydAlo
BSOAISU EljOgeUyY
sn03nW xelydodwesly
SMEWNJU) XBIAUCTIEPAH
snsajeH

egejnpnt xAmdosipog
SIYeNUUE SnSnIQ
SUQRIINW e(uejedy

wriy ewasopidan
sieseq eeydasose]
BJEJQU| 21330UNLY
Sn|INUgNS SNQUIAYDRIG
wauebiiyy

dnoub epsjesqo endAiby
X119y euon9dig

lefis ayMsdoIpAH
RIIUOXES BU2ASEOIPAH
enponjEd syAsdOIpAH
SIIQEISUN BUDASHOIDAH
sadiainy SUMSEOIPAH
SHEWRQMUOD SYMSAOIPAH
swuadgsnBue aysAsdoIpAH
epids| ayaisdojewnal)
1Bupy sndo.guadiieg
SMEsCL] SNAd0QU3dAICH
senaeweoaey sndoguatiiog
E1|IUG eusud0.L3|d
essadsuod ewsudogxld

SWeN N8N

£058000000SASNAN
5058000000SASNAN
S0S8000000SASHAN
£058000000SASNAN
Z058000000SASNAN
TO58000000SASNAN
D058000000SASNEN
GEPBODDODOSASNEN
B6FEO000D0SASNEN
920001 <3000-MIN>
§Z000T <3Q0D-MIN>
P6PRODO000SASNEN
6BPBOCOC00SASNEN
88+B000000SASNEN
S8+R0G00D0SASNEN
E8¥B000000SASNEN
LL¥B0C0000SASNEN
9L{¥B000000SASNEN
$/B0D0000SASNEN
££7B000000SASNEN
63¥B000000SASNEN
85rB000000SASNEN
£9b8000000SASNEN
T9rR000000SASNEN
6bBO00000SASNEN
8+FB000000SASNEN
0£ZCH00000SASNEN
EVPBO00000SASNEN
TYBO00000SASNEN
GEFBO000ODSASNEN
9EFBO000DODSASNEN
SEPBO0OCOOSASNEN
PEFBO00000SASNEN
EEFBOOODODSASNEN
6066E£00C00SASNEN
ZZ000T<3A0D-MIN>
TeFROD0000SASNEN
TTP8000000SASNEN
0ZFB000000SASNEN
6TFB000000SASNEN
STFBO00000SASNEN
LTFBO000D0SASNGN
STFBO00000SASNEN
ETFB000D00SASNEN
TTHB000000SASNEN
T1B000DODSASNEN
0TEB000000SASNEN
60t-B000000SASNEN
80¥B000000SASNEN
L{¥BO00000SASNEN

b NEN

ecl

(€941 “11dS) Lo e WNBILOPY
{gzgT ‘93uads g Aquiy ul acuads) wrheuossad ewasoILss
(1941 ‘sraeuun) swelb egopnoN

{19/T 'SN3eLuUn) SMNUIW S3po3eiag
(#£8T ‘siun)) eefind eaeiag

{pERT ‘StuN)) SMUNew eaesag

{1821 'snouged) sadyjed ops

(€81 1230 sisodLBL O)I5

{5427 “snipuged) esojd eigon

dnoub xeldydoweog

dnoub ewsmdosoy

(861 ‘sniauged) smepa snjydauln
(g1 'snaeuur]) snaxqwoyd snpydauwn
§98T ‘URIyIETIW smed snpydauwn
PERT ‘SN SNISIOWEL S
PEQT ‘stun) smeun) s

{ZbBT INquIEY) SIOAISNY S
(£841 'sniauged) sluscomey snjydaun
S98T ‘UBIYIETAY Sruedisxe sniydautun
(8681 ‘neuatoy) suaidnap sniydauwr)
PERT "SIND smejundiq snpydauwun
FERT ‘SHHND smejoulq sniydauwn

(£8/1 ‘sniaay) srpN|Rd snREYdAID
(bEQT 'SQUND} eSOABU BIjOgEUY

(1981 ‘usbepy) snauodnw xep)ydodwe Ry
(5981 ‘uelydET2) Sraewnyun xeydaepiny
“ds snsajeH

(€81 1910d) e npnb xAsndos)og
{Z€B1 ‘suaydals) smyenuue snsnig

9981 VBB SLGINW eejedy
(8421 ‘snpuged) wany ewmsopidan
(gb81 ‘neualoy) sieseq ejeydalnise]
(PEBT 'SOND) BRIOL BIBOUNIY

HEQT SDUNT) SNHQNUQNS SnguadAydelg

*ds eaueBAiyd

dneub gRjesqo eudAify

8781 URIYIETIW XIR) euonBidig

€961 "SRUQQ 1BEIs AYASTOIPAH

R8T ‘UBMIETIW BIIUOxes 3ySASTOIpAH
(+E8T ‘stun3) enpin|ied ayMsdoipAH
(PEBT “STND) SNIGEISUL BYIMSIOIPAH
{begT 'snuny) sadmny aysAsdoIpAH

SYBT ‘URIUDETZW SIRUBGMUOD SUMASIOIPAH
(PERT ‘stun7y) siuuadpsnbue ayYdASTOIPAH
(PE8T 1910) epidal ayd4sdojewnauy)
1881 "Ue|y227IlW Bun| sndo.guadi|od
(S8 ‘spnD) smesown sndoguadi|od
(PEBT 19394) SmenzewoAeY sndonuadiiod
T/8T ‘uejyde]d menouab ewwausogss)g
(bEST 'SpuN7) BSIROSUOD BAUBUD0L D]

TOT08E6
TOZ0LER
TOL0LEBY
TOZ09ERY
20T 09ERP
TOTO9ERY
Z0Z0SERY
TOZ0SEBY
TOTOSEBD
0OX0orbeEst
opMmorest
CELTPERY
ITLIVERY
STLTPESY
CTLTPERY
BTLIVERY
ETLTHEBY
TELTHERY
TTLTHESY
B0LTYESY
POLTPERY
E0LTHESE
TOSTPEBE
T0bTHESY
1080-£81
10£0bE8Y
0090FE8F
ToFOPEBE
ToL0bERE
TOT0BERY
TOEQEESY
TOZOLESY
TQTQEESY
ToT0zESE
00SOTESE
Z0T0TEBE
TOEQSZ8Y
6070528k
8070428
£0709T8F
90205E8Y
S0Z0ST8r
£0705Z8F
T0T0ST8Y
1010528k
£0506Z8F
205028y
1050¢28%
00628
[ trasid

SWEN 951n4 3po) 95103

{)jodoag) aLodKg[e WNBIWUOPH
(23uads) wnyeuosiad eSO
(1) suein exqopnoN

{7) smnur saposeeyg

{spnD) mepnd esesng

{sgun)) snunew eaesRg

(snpuged ) saded o)g

(33121d ) sI0316W 0)5

{snppuqed) esoid exo0n

dnoub xeAydowziod

dnoub eurdoson

(snuged) smepn sniydsuwr

(1) snagqwoys snpydsuwn
uepew smod sniydauwn
SEUNT SMeJowIeW snjiydauwn
SQUY smeun| snjiydauwn
{nquiey) sioopsny snjiydauwn
(snpuqed) siwoamey snjiydauwn
UBJY2ei SMEdLp® snjiydauwr
{neusjoy) suaidinap snjydauwn
stur?) smejundiq snpydauwn
SRINY smejoulq snjydauin
(snmay} snpwniad snipaoudAl
(snnD) esoassu elogeuy

(uaben) snaiodnuw xeiydoduze By
(uejyoepp) smewnul xeAudaepiy
-ds snsajeH

(33121d) E3enAnb xAsndes)Io3
(suaiides) sneUUE snsnid
UBfyIR|W SLg3nW euzedy
(snipuqed) wnpy ewasepidan
(neuajoy) sieseq ejeydadolse
(50410} E1RICL! BAOUN

SN $A1KIUGNS $n.Qu3dAYRIg

-ds eauebluyyg

dnoib masqo eudAiby

Lee|dW xi@y euogdedio

1EH)s Y2ASAOIPAH
Oxes ayaAsdopAH
(smn)) enppn|iad 3yaAsdospAH
(smunD) siigEmsul 3yaAsdompAn
(sR4nD) sedining 8yaAsdospAH
UBYIR[DI SIBWLBQMUOD 3YdAsdospAH
(sgun3) swuadgsnbue auyaAsdospiy
(13321d) epidal ayaAsdaewnal)
uejyaey 1BUn SndonuadAicd
(smun3) smesou sndoQuadiicd
(1:2d) smenaewesey sndoquadiicd
LRN2ERW E3Rjnouat Busulen 384
(smn3) essadsucd enwsudcniv)d

SWEN PUERIEN AoY

TOTOBESY
TOZOLEBY
TOTOZEBY
10709E8Y
C0T05EBY
10109E8Y
Z0Z05EBY
T0Z05E8F
TOTOSERY
DOXTHERE
00MIPEBY
CELTHERY
STLIVERY
STLIVERY
CeLTHERY
6TLTPERP
ETLTPERDE
TTLThERY
ITLTRERE
BOLIVERD
HLIPERP
FOLThERD
TOSTHERY
TObTrERY
T080bESY
TOLOVERY
0090bEBY
TObOPERY
TQE0bERE
20Z0vERY
TOE0EERY
TOZ0EERY
TOTOLERY
TOT0ZERY
DOS0TERY
20T01E8
100528
60Z0SZ8F
80Z0SZ8Y
{0Z0578F
0Z0SZ8P
S0Z0SEEE
£0Z0SZ8Y
10Z0SE8E
[Q10528F
05028
2050t28F
T050bT8Y
E0HOPTRP
wrorzek

03
PUERIEW
‘ABH

0102 42quisidag 0O UOHBOLISSED SIRIGELISAU] JOARY JO Juswdojersq Jaypn4 :00L04M HIHHINS



(epydouwrt} enydouwn
{easopiiiydng } ejydeuwn
(E210p1IAUd} ElIydoun
{enudoaoga} eydowun
2ydouwnopnasy
Ea24Y20 epydouwjonsny
2joueiq

dreub (epipad) eRIPad
(euoydAx 1) 21apad
dnaufh epadwaucs
sy

EjeaDe) exndasewney |
Siuuadigia eyd0juy
eluown

Blooydan

BN 8jndi

ewxew endil

esopnjed endi

BR)EIB|C BNd1 |

dnoub wnpuow {ejndgojewey) endip
sl{enas|os ejrdLL

eoun ejndi]

dnoub e3eubis (epjusysiAeS) eindi|
euyru ejnd |

sadiqie ezadoyaeq
Xuhodeieq

BIISA SR
£3284430 503330

[I|}OU 503930

S195N0e| SRIVC
SUB{NWIS SSPOIA
SM513ASU0Y SIPOLL
100 S3POUDRL |
E1INpau eadIPY

BJBIU S3pIZEISAl
SILWICOIBUO| SSPIZEISAR
B3UNZE S3P1ILISAN
SNoWRNSN| Snaxoydan
SIIUSS e3DRITD)
B50AI2u0IbIL B3)0RITD)
BA|N) B3[2BJD

SIWIESIP B30
SILLIODNUUE B3RS
ERIBWIge ea[2es3]
SMEINLILLOS SRPOSCLY
SNBI2UID SBPOsdIiY
sMEaLIq SaposdLy
SNWLIRE Saposduy
suQyiq|e saposduy
esnbue Buue|op

SUrENNEN

£18ZT000T0SASNEAN
E£B06STODOOSASNAN
SBO6STOCOOSASNEN
ZB06£TOCODSASNEN
020££TACODSASNEN
0+T8000000SASNEN
£ZT8000000SASNEN
EE000T<3000-MIN>
£0T6ETOO00SASNEN
ZE000T<3305-MaN>
LOLEETOO000SASNEN
£LDTBOODODASASNEN
9018000000SASNBN
SI9FETOODOSASNEN
Z/5SETCODOSASNEN
SH0BOOCOCOSASNSN
+H0BOOCOROSASNAN
TH)B00C000SASNEN
0108000000SASNEN
0E000T<3A0C>-MIN>
BE080000DOSASNEN
0T0BCOCOCOSASNAN
6Z000T <300-MIAN>
£66£000000SASNEN
£96£000000SASNAN
GSTISETO000SASNEN
6£58000000SASNEN
BES8000000SASNEN
£ESBOQ0000SASNGN
SES8000000SASNEN
+ESBO0000DSASNEN
ZE£SBO00J00SASNGN
TESB000000SASNEN
6Z58000000SASNEN

£Z58000000SASNEN.

9Z58000000SASNEN
5Z58000000SASNAN
£ZSBO0DOCOSASNEN
TZSBOOCOO0SASNEAN
0ZS8000000SASNAN
S1S8000000SASNEN
BISBO00000SASNEN
£158000000SASNEN
9T158000000SASNEAN
STSBOD0000SASNEN
PTSBO00000SASNEN
£TSBI00000SASNAN
ZT58000000SASNAN
DTSEO00000SASNAN
60580C0000SASNEN

POy NAN

143

‘ds (epydouwn) pydouwn  QS0ZETOS

"ds easopiAydng - 00ZZET0S

‘ds ea10piiyd  QOPZETOS

'ds eyydoao;y  Q0TZETOS

'ds e|rdouwopnasd 006 TETO0S

{(+08T 'uabRKy) B22R1Y20 (BlydoLuoasny) epudouwossny  TTZTET0S
‘ds EjouRIDIQ  0DSOFI0S

dnoub (enipad) eipad  0ZTORTOS

s (euoydAsu] ) euoydAdul  0T90FT0S

dneub epadwaucn  ODZEELOS

‘ds SNBH QUBOEL0S

99T "MW EIEadjeD e/dmsewney)  TO90ET0S
(0£87 "waba) suuadin (eyoauy) BYDDIMY  TISOETDS
“ds quown  OTOETOS

'ds ewaouydan  pOSOTTOS

pOBT ‘UsbiaW @R (Bindandy) BNduL. $DE0TTCS
19/1 ‘epad ewmew {endandy) endiL  £J£01105
0£87 ‘uabialy esopryed (gndiL) endll  £AE0TTOS
BSLT ‘snseuur] eazeso (2IndiL) endiL  ZA£OITOS
dnosb wnguow (endpolewey) endl) ZYEDRTTOS
TZ6T “HOULOL 121K (BINCGOIBWEL) BINCEL  Z¥EJTTOS
L1971 ‘uvewapaip eaun (eindpobuuag) Bindi.  T9EQTTOS
anosb eRubls (Epuaysiaes) BRIl ZECOTTOS

8181 ‘uabiay euyny (epusysiaes) endiL  BEEOTTOS
(8947 ‘woaS) s3dmje ezacoyMoa  TOZOTTOS

'ds xuAodeled  0OSOTT6ER

(€8T 'sSpMD) 2a2E)S3) SRIB0  SOEOVERE

(SZ8T 'SHUNMD) BAJRUYD0 SOBDR0  H)EOVERY

(Z¥RT ‘INQWEy) BIMOU SABD30  £O6OVERY

(FEST "13001d) SLOSTIR} SHB0B0  ZOGOVERY

(6261 '18pal L) suepnwIs SBPOW,  £0S0VESE

(Z¥8T UNquiey) SNsiadsuod sapols  TOSOVERY

(P£9T "STUMD) 10031 $3POUIRLL  TOLOVESRY

(S98T "URMIETOW ) BONPa: BBIPY  ZOSOVERD
(8S£T "Sn@euun) esB SIPEISA  EQYOVESY

(8521 ‘snaeuur) snuanibuo| SBPEISAW  Z0ROYES
(T9LT 'snaRUUN) B2:NZE SIPISEISAW  TOLOYESH
(¥B8T ‘UBUIETIW) SNUENSN) SIUBDMAT  TOEOVESE
(68T '5/BUNG) SIS BAPRID  90ZOVESD

(£BLT 'sMZIY) BSOARUOIDI B2DRID  S070VESRE
(ZPBT Unquiey) eany EsDRIE}  HOZOVESY

{9€8T "SUBYORS) SHIWISSIP BB £0ZOVESE
(9€81 'suaydalg) suucinuue BDRIZ)  ZOZOVESE
{2t81 unquey) enoewiqe B32RI)  TOZOVESE
(¥£81 "O0ISOY) SMAMUWOD $IPOSIUYY  SOTOVESE
(bERT 'SIUND) SNBI2UID SBPOSCLLAY  HOTOVESE
(8S2T "SNBRULM) SMEBUNI SBPOSTULY  EDTOVESE
(5€81 'suaydalg) smurume saposduyly  Z0T0vERE
(8941 'snaeuun) suayiqie sspesdugly  TOTOVERY
$EBT 'S mejsnbue euueioy  TOTO6E8E

'ds {eyydouwn) epydouwn

"ds (euopiydng) epydouw
“ds {easoohyd) egydouwn

'ds (eqydoao)3) epydouwn

*ds ejiydeuwiepnasd

(u2bBla) EazeIyd0 eydouw joasny
ds EJouRIg

dnoub (e121pad) enipad

“ds (euoydAdu]l) epipad

dnaif epadwauon

*ds SNIEH

il E3R2D1RD RudldolSewngy |
(uaBiapy} siuusdigiA eYICILY

ds ejuown

'ds ewojaiyday

LRBPW EIERIA Bjndi L

epo4 Bwixew ejndi|

uabizly esopnied gindiL

-1 eadea|o endi

dnoub wnguow endi]

HOYISHM SIIEARS|0S endiy
uLeapa exun gnd))

dnoub ejeubs endiy

ushisy] euyrns end;

(wao0.s) sadig|e ezadoyNieg

*ds xuAodesed

(SIUIMD) BADRNSA) SO0

(S04 EaDRIIO SHBID
{anquiey) BRoU $§3330

{19121d) SUISNDR| 508230
(+3pa{ 1) SUBNLIS SAPOLA
(UNQuuey ) SNSIBASUDD $300L,
($tur) Jojoiq sapouseu |
(UeyoEpPL) EJ2NP3 B|RIIPY

{1} B261U SBpIDeISA

(1) slweniBuo| sspRelsAly

(1) eaunze sappeIsiy
(ueyoeW) SNOuEsN| sA13303da
(JASIPWINg) SIUFS eAress)
(sniZoy) esoassucubiu RIPRI)
{nquiey) eany eapasa)
(SusydeIs) SHIWISSIP BIPRID
(suaydms) SIIoINULER BIPRIEY
{angquey) endew gie e3pess)
(30350y) SMBNLIWOD SBPOSAMLAY
{SIUN3) SsNaJaupd saposdully
(11} srqeauy saposduy
(suaydals) snuipue saposdulgy
(1) sucipqie saposduLly

SN elasnbue euue| oy

ST PSRN #5Y

0S0ZET0S
OL0ZETOS
0E0ZETOS
0T0ZETOS
Q06TETOS
TOLIETOS
00STETOS
0Z0TET0S
OF0TET0S
00ZCETOS
0060105
TO9GETOS
T0SQET0S
O0TQETOS
£0S01105
FEPDTTOS
EEPOTTOS
£ZHOTT0S
¢ZH0TI0S
ZI+0TI05
LTHOTT0S
T9E0TT0S
ZFEQTIDS
BEEQTICS
TOC0TT0S
EOTIEY
506078
H607H8¢
€060IE8F
Z060I b3
£080THEY
TOBOTLEY
TOLOTHEY
Z0S01¥8H
£0p01H8Y
COpOTHBY
T0KOTHBY
ZOEOTHBY
S070THBY
S0ZOTHBY
HZ0THBE
£0Z0THBP
20Z0THRY
TOZ0THBY
S0T0THEY
FOI0IEEE
€0T0THBY
COT0THBY
TOT0TH8Y
T0T06£8F

apag

PUERIER
|

0102 ‘1oquisjdag (00 UOHBIYISSEID SJRIGeLIBAU] JaAY JO jusludojenaq teyind 00Ld4M MIH-HINS



WMeRsal wainuig
winjeydasoipAl wninwig
(EILRYIM} WNiNWIS
dnouf wnaune wnnwig
drQub WnuBa wninwis
dnoub winpydodln wnnuis
dnoub ssimgsnbue waynwis
WIME)S00 Whinwig
sadge| wninwig
VUBASOWD) WM IS0
QUNLUQE) LUN|ML IS0
S W S0l
sepuobodaers)
E3[RWINEYL

sapydouy

SUBDIARY SMIOqORY")
SNy BjEXIQ

w0l =mejndew BxIg
ejngnd exig

esopgau exiq

HER|Ip exig

erRydoysid

1JnODINS EPOLYASY
[UpFABS BPOUYIASY
sapicudeeyd epoysisq
eujaty epoyAsd
EYRLLIRY|E BPOYIASY
B35y EpoydAsduad
dneub sijealy ewoduay
E|EDSEJLG eWODL3d
aiyond ewoduag
eysinbxaopnasd ewodLRg
eyafau ewaoduay
esoubiny RWodLSg
XE|[2) RO
gisinbxa ewodLRd
BS1RAP RWOILDY
eubiod rwoduagd
SURISBUED BLIODLIDY
eba(pjed rwodLad
ENPUB BWOdLR
(snudojoydéyy) esowip
shiiydoion

epador|dsg

{Brsouln) eSO
eixdony

xuyosdn

Bl OERH

(eueld) euend
{(P1AWOUL03N) BLENd

SWEN NEN

0ZFS0000TOSASNEN
95£LZ00000SASNEN
DPZSTO00TOSASNEN
T#000T <300D0-MaAN>
C+000T <300D-MaN>
BE00DT<3002-MIN>
BEDOOT<3A0I-MIAN>
PEESO00000SASNEN
9SLL700000SASNEN
9L LZ00000SASNEGN
SELLZO0000SASHNEN
FHLLZO0D00SASNEGN
0L E00000SASNEN
Z9EBETOCOOSASNGN
E£8B6L00000SASNEN
DT LZ000O0SASNEN
£95TT0O0O0SASHNEN
QE000T<3A0I-MIAN>
£SSTIN0DODSASNEN
SSSTTO000CSASNEN
£95TT00C00SASNEN
BATLETOROBSASNEN
LETZZO000CSASNEN
9ETLZ000ODSASNEN
EETLZO0COOSASNEN
LETLZ0000DSASNEN
TETLZO0CO0SASHNEN
SOTZZ00000SASNEN
L0001 <3A0D-MIN>
S804Z00000SASNGN
PBDLZ0000BSASNEN
£80LZ0000DSASNEN
8L0L00C00SASNEN
PLDLTO00O0SASNEN
£L0LT00C00SASNEN
TZ0£Z00000SASNEN
0£0ZZ00000SASNEN
£90£Z00000SASNEN
990LZ00000SASNEN
S90L2000005ASNEN
¥50£200000SASNEN
EQTEETO000SASNEN
69CSELTO000SASNGN
SE9LETO000SASNEN
S90FTODOTOSASNEN
£96CET0000SASNEN
L59PETO000SASNEN
YEBCETOODOSASNEN
SEEFTO00TOSASNEN
YSEPTO00TOSASNEAN

PO NaN

Gal

(TT6T ‘wonspun) wnensas (WNinw S} wagnuwig
{0241 '1995%0G) winjeydaoonpii (Rioudoog) wninwis
+ds (BIWPYIM) wninwis

dnouf Wnaune (W nwisn3} wninwig

dnoub wnulea (BIILBWIRASN) WAINWIS

¢noub winpydods (BluuRWRASN) Wwoynwis
droib asuepsnbue (eruveWRASN) WINENWIS
DZ6T ‘SYoLEPBLY WMES0D (BUUBLLBABN) WNINWIS
(H08T ‘uabai) sadne| (eygadlRH} wWnnWig
(1267 "UB|IBPUZ) IAIBASOWT] WNINUS Oid

(SZ6T ‘UPKRPUI) QUINWRE| WNINWIS0.d

(bze1 ‘ssud) sadgy wnin:is old
aepobodajesa)

“ds eafewiney |

'ds sapydouy

{pee1 ‘usbialy) sueswey (Sruogoe)) snioqoey?)
{9z61 ‘spJewmp3) SILIOD)Y BIPXIQ

¥edwed eiendew exiq

61 ‘mac RInIBgNd exig

0£8T ‘WRbRIN esoINgau exig

DOBT ‘19055 Ejepp exiq

ds exydoyaiid

2T6T 'JIoUUOL YnodIns epoyAsq

DSBT ‘IPNSIMSZ suuadige EpoydAsq

(8521 ‘snaeuur) sopiouserRyd epoydisd

{PO6T ‘Uel) PUNLDE EPOYDIASY

(bZBT ‘A2S) euse euEdUIL

(9z81 ‘penbeyy) exny epoysisdiiag

dnoub syewLg RwodLIdg

(0BT ‘usbrly) Berxseln (BWODLSY) BWODLBY
(£68T ‘ucae3) eaynd ejfpuouuc]

k6T “Jiouuo) eysinbxecpnasd (Bl odUad) ewodlad
(€681 ‘umed) B3{bou v|Biezeg

(bo8T “uabe) esoulbiny (RIAWOIN] ewWodLad
£68T ‘U0ed xe|e) (EWIoIUBd} BWODLRY

E£68T 'utie] myEINbx (ewoduad) ewodusd

DZ6T “AIOUUD] BSIRAID (BLLODIBG} BWODLIRd

£68T ‘ucie3 Beuos (eKwo|n) BwWodHad

{+0RT ‘uabialy) sUss3UED (BILUNBUY} BWODLRY
£761 ‘Liogana4 ebajded (ewodldg) Bwoduay
£68T ‘uoye3 enpue|q (EWwodlad) Lo,

-ds snydojoydAuyy

ds snjydojop

-ds gyaudosapg

“ds (eISOWIQY) BISOLLIC

“ds esndouy

ds xuposdn

~ds ewapexaHq

'ds epe|d

*ds {JAWOUWI|OBN ] BALIOULI|OIN

BWEN B5ang 5p0) o]

Z8E09E05
19£09£05
0S£09€05
ZbEQ9L0s
XZEQ9E0S
ZZEI9E0S
AZE0AE0S
EZE09L05
TTE09E05
£0T09C05
Z0T09£05
1014904
00035 £0%
00TOPE0S
DOTOLEDS
ZITOZENS
SQZOTEDS
Z0TOTEDS
SOTOTEDS
£0101E05
TOTQTEDS
DOTZT0S
6060TZ0S
80601205
£060T20%
FOB0TZ0S
10811205
ZoHQTE0Y
ZSZOTZ0S
YEZOTT0S
E0ETTIZ0S
LETOTZ0S
TOTTIZOS
ZLZ0TZ0S
SEZOTZ0S
FETOTT0S
EE70T209
/201208
152071205
ZETOTZO0S
TEZ0TZ05
006PETO0S
D0£5SET0S
000SETOS
018bET0S
00THETOS
00LE€TOS
008ZET0s
009Z£T05
0252ET05

WQOSPUNT WINRAso WnNiig
(4330 ap) Wneydadoipis Wnnwis
"ds (BRURYIM) WRINWIS
dnoufi twnaine wnntuig

dnaf wnusa wnjnwig

dnoub wnjydoAid Wninwis
dnoub ssiejnsnbue Wwnntuig
SUILRPRIS WIMES0S WNNWIS
(uabpw) sadne| wrnwis
(UBPBPUT) KIRASOLIOL LWUNINWISCIY
(UBBPUZ) QIINWRE] WNINUISOIY
(s214) sadguy wninwiseld
aepuoodmess)

*ds egpwneyY ]

‘ds sapydouy

(uabialy) suBdARY SNIOGORYD
SPpJeMP3 SRLIODIY B([=XIa
xadwod ejenaew exiqg

waa] eniaqnd exiq

uabialy esongau exiq

19045 eEepp exig

+ds exydoyaiyd

J0UUO] YNO2INS BPOYAS
JI0UUO] IULUBASS BPOLYDASY

(1) seprouaeeyd epoydisd
ugiey euwab epoYIASd

Aeg RRL R RPOYIASH
{(penbsey) exsny epoydisding
dnoub syewny ewodusy
(uabRiy) MeDSELY PLIOOLSY
uaes edyaind Pwoduayq
Jjouuo] EBysinbxaopnasd ewodLRd
udje] €)336au eWodLRY
{UsbPy ) esoulbiny BLODLRY
UDJE3 X2|[J BUIOdL3d

ucIeg ESINDX® BWOdUR
JOUUD| BSIAD PWODLRd
ucqe] eleusiod BuWodLRg
(uabmy) sUadsAURI PUWOILIBd
ulogqanad efs|p[eI BwWodRd
uOjes RINPUEK] LWL

‘ds snydojoydAyy

-ds snjudojoly

ds eyyudomiag

ds esouLg

-ds esmdouy

-ds xuposdn

-ds BLIOJEX@H

'ds (eueld) eueld

'ds (BIALIDULIIDSN) BB

BUieN PUCReN ‘A0d

ZBEOILOS
TOE0IEDS
05£09€0%
ZrEN9L0S
ZEEQOEDS
ZLE09E0S
AZEOIEDS
EZEQAL0S
TTE09E05
£OT09E0S
Z0TO9E0S
TDTO9EDS
0DOOSEDS
00TObEDS
02T0LEDS
TITOTEDS
S0707EDS
20101£65
SQT0TE0S
£0T0TEQS
TOTOTEQS
00102205
60601205
80601205
£060T205
601205
TO60TTOS
ZOv0TE0s
ZZZ0TTIS
SZZ0TTOS
+ZZ0TZ0S
£2EOTZOS
L1Z0T205
£1Z01205
Z1Z0TZ0S
60Z0TT0S
80T0TZ0S
SOTOTZ0S
¥0T0TZ0S
£0C0TZ0S
TOTOT1Z0S
DOSSETOS
00ESETOS
000SETOS
Q0BFETOS
00THETOS
00LEETOS
008ZE10S
0Z9ZE10S
OT92ET0S

P63
PURREEN
]

0L0Z ‘4equiajdeg (00| LOHBOHISSEID S)RIqaleAU| JOAY JO JUSWd0[Aq JaYLN 00L0IM YT HHINS



LINBUOUAICD
snipeposRyy
snipepcuseydodsg
SUIIAIUDS SNIPEPCYLICUAS
sNdAaduIcaYY
SNIPEICRIaSY

SNSIBALIDD SNIPEIRIEY
B[cob|| snipe[2ayH0
snjpejpouey

dnoub snuzeqolpiH
SN{PR|0sSLCIa)RH
sifeoide snsJejALelc e
sadisses) snwauding
dnoub sndojooun

dnoub ejlauayapng
13bLaina snipepojdiq
snipepoipie)

Ejsapall egyjjug

suocyaey eljug

5U32N| sNdo3oIuTY
BRJEAI|D BSSWERIPOL]
BA|NY BSILCIUOPO
ensaynochuis
ESSWRIPOPIS

dnaub euewbuo) enseyiod
dnoib paeb eqseyiiod
ESHRURIQ

snddue]

eidopadouay

Bukw | bug; Bidopdossu)
snignp sndAugopy
BlsIReN

JBEIINUE edo)Sdouoly
1B3[RILNZ BjSIe]
eidopdouaiy

dnoub eldwisinez

dnoub elAlWIuuBWLIBUIN |
edwsaqeqy

snues, sndAuejondasd
snipepoald

edoRdooRy
s|uuadiase)L srdAuejonsasdy
snsgalau sndAuEloulD
WNS0I3qN WnnwIS
dnoib wMELWD wnnus
dnoub wnieauAbie wnynwsg
sumdss wninwis
wmedgsod wnnwis
Lij[20u wninwis
SUBJSIOW WNNWIS

SWeN NN

6S6TETO0D0SASNEN
Q9P TETO000SASNEN
EPOTETODO0SASNEN
T96£Z00000SASNYN
T670S00000SASNEN
99G9ETONNNSASNAN
T+ L200000SASNEN
PEZFI000TOSASNEN
9ST6L00000SASWHN
250001<3000-MaN>
TZBEETO000SASNGN
£2¢LT00000SASNAN
8THL200000SASNEN
TS000T <3002-MIN>
0S000T<3Q00-MaAN>
90#LT00000SASNTEN
99Z TETO000SASNEN
9£££T00000SASNGN
80070000TOSASNGN
PLELE00000SASNEN
P ZD0000SASNAN
6Z¥LC00000SASNEN
ZSTBELT0000SASNEN
900/LTOON0SASNEN
GFO00T <3T0D-MIN>
8r000T<3Q0-MIN>
99EZETODODSASNEN
OEZBETON0OSASNEN
DESRETOQ0ISASNEN
SpELZ00000SASNEN
£LELZO0O0OSASNAN
ELPSETOODOSASNEN
0EELZ000DOSASNAN
SSSE00C0TOSASNEN
6206£00000SASHWHN
£P000T<3A03-MIN>
O T<IA0I-MIN>
STCEETQDO0SASNIN
S6/0000TOSASNEN
9TELEOO000SASNEN
SEBPETO000SASNAN
£0£.200000SASNEN
9TELTOO000SASNAN
9£££T00000SASNEN
£0000<3Q00-MIN>
2000 T<IA0D-MIN>
££//T00000SASNEN
6THS0000TOSASNGN
B8THS0C00TOSASNEN
ZLL£200000SASNGN

SPOINEN

9zl

‘s emaucLAI)  0PBETFOS

'ds SMIPRI0ISBYD  DLEIPOS

'ds snipepouseydodis  OOSEIH0S

{B06T '42Yan) SUBJIARUSS STIPEIDOLAIOUAS  T0679+05

“ds sndaodudcayy  008ZIL0S

'dS SPPRROAIASY  00LZ90S

(9581 “JONEM) SNSIMLCD STIpeRIey  THTZ9H0S

ST6T 'Ueyend eleaubl (SNIpEPOSOAWAS) SNPRROYMO  TS0Z9F0S
'ds SNIPE[SOURN  DOBTOYDS

dnosb snuseqeIpAH  00ZT9+0S

“ls SNIPEPOSSIN0AIAH  00ET9H0S

(12671 ‘+oyani) sieoide snsIBAUBIOURRH  TOZT9H0S

(01871 ‘uabiaW) S2dISSRII SNWAUMINT  F00TIHIS

dnosfi sndmoary  p0Zeords

dnoJb eIRUAKRNINT  00AD9EOS

BOGT ‘4agany 261N snipePojdiq  TO909K0S

'ds sRipeROIPIE]  00+09H0S

(6061 Jopa0i) epug elug  Z0E09P0S

(50671 "ussuueyo() suoymey B(Ug  TOL09H0S

(0S8T IpBS1aNLZ) SUAdN| SNAROOLDY  TOI09H0S

(8187 ‘udbiap) eadeANO eSBWEIPOY  TOEDSHOS

(BTBT “JAan) BAINY BSSULMUOPO  TOZOSH0S

'ds BOSEUROCWAS  00S0FH0S

'ds esWRIpOpNSd  00EObP0S

dnoud snuewBuo| BASEUN0d  ZOEORF0S

anoub npaeh enseiod  AQS0EHOS

‘ds esaweiq  00ZObY0S

‘ds sndAUB)  QOSZZROS

'ds eidodouay  COEZZHOS

(6£81 ‘s202835) euewnbugl eidoRdossy)  T0ZZ208
{F08T ‘UsbiRl) srgnp sndALEIOIIN  TOZTZH0S

‘ds eisaeeN 009712405

(8161 '12ya1y) Jexenud) eidoRdoucly  TOSTZHOS

(8TET "1243n) Je2jE0MIM BISIET  ZOTTHOS

‘ds eydoadoudsy  00ZTCHOS

dnoib eiwianez  DGZ0THDS

dnouf eALIIUUBWBUBIY ]  OOADTHDS

‘ds edwsaqeiqy  0080H0S

(£8/1 'sPLGey) SNues SNAAURICOIRS]  TO90ZHOS

'ds SNiPe30d  D0S0TH0S

*ds edojpdosdeld  00H0ZE0S

(18£81] “IpNs1eNaZ) sluuadidse)n sndiugjandasdy  F0Z0Zr0S
(8187 ‘uaBRl) snsoalau sndAuEloly  TOLOZHOS

(TT6T ‘WORSPUM)) WNSAIAAN (WAINWISY WNWIS  ¥BL09£0S
dnoub WMewo (WNInwis) wnynwils  Z8E0ac0s

dnoub wmesABIe (wnnws) wngnwis  ARENOENS

(85T 'SNSBULIN) SUEYCA) (WININWIS) WNINWIS  BBEG9E0S
8E8T ‘wabPW wiesgsod (wnynwis) wnnwis  /BEA9E0S
DZ6T "SUDLIEPSLH LS|[B0U (WNINWIS) WNIRWIS  SREASE0S
ST6T 'SpJempy suepsiow (wnynwiS) wninwis  BERSEDS
SUTEN =511 SPOy o5

~ds eunauouiio)

«ds SNIPe|>OIeRyY])

~ds snipepouseydoiug

{RYI01 ) SUIMWAS SNIPRIDOYIOLAS
-ds sndaosud0syy

“Us SNIPR(D0ADISY

(434[BA4) SNSI8AUOD SMIpRIRIEY
(+oa) BjoojUS) SNIPe2OYUO
‘ds snipepouey

4 -ds snuaeqoIpAH

‘ds SNIPRASSLCINISH

(4220} sije2ide snsiggAuR|CIalaH
(Jazued ) sadissesd SwsudAINg
anoub sndoean

dnoib eyBUBYIHNg

J3yeny JebLgno snipepojdig

'ds snipepoIpJe)

(U363 ) @IsapowW eyug

13yJany =ary|buo| eliug
{1pa1s4a0197) SUON| SNAogeoLdy
(UabI3) EI2RAL0 ESIWR|PCIY
(43449) BAIY ESBWCILOPO

'ds eRSELROdWAS

'ds esalu pipopnasq

dnaub euewBuo| BASEYIIO
dnoj6 ||pzet enseymod

“ds ESaLBK]

‘ds sndAue]

'ds eydojadouay

(1abaEls) euew |BUO| RIdOfRAOSSH )
(uabiap) snignp sndAuegopy

s eissejeN

(13ery) Jesjeonua) eidopdouoy
(494aty) JEdEDIUIND BEIE

'ds eidojadouary

dnoub pAwRuAEZ

dnoJB BAIIULRLISUNY

-ds ewsaqeiqy

(5n1a1qey) snuea SndALE0G33Sd
*ds sn|pepoLy

(s exdoadosde)y

{Ipeisanaz) siuuadidseyin sndiuejonaasdy
{uabiapy ) snsoasau sndiueyounny
{WOSPUITT) WINSOIBPT LWANRLIG
dnouG wnewe wnnug

dno.f wgealAbie wninuis

{1} suesdas wnynuis

uatiay Wmeonsod wWninws
SYILBPIL LD)|20U WNNusg
SPURMPI SUBLSIOW WNnWIS

SWEN PUSHIEN "A5H

008E9R)S
00££9005
005£9F05
T06Z9¢05
00829+05
00£29r05
T3129%0S
TS0Z9+05
00819505
00FT19+0S
DOETIH0S
10219405
E00T90S
00209+05
D0ADIPOS
T0909H0S
00p09t05
Z0E0940S
TOE0HOS
TOT}9P0S
TOE0SH05
10205405
D0S0F40S
00r0P0S
20£0605
ADEOPH0S
Q0C0#05
Q05Z2+05
Q0EZTPOS
T02ZTH0S
TDLETHOS
009TZP0S
T051ZH05
0FIZP0S
0DZLZPDS
0020¢+05
0DAOZHGS
0080205
T090Z¥05
0050¢p0S
00+0ZH0S
10202105
TOF0ZHOS
T6E09E0S
ZBEQ9L0S
ABEQIEOS
88E09£05
LBEDOEDS
SEE09EDS
YBEDILOS

]
PUEHIE
w2y

0107 4oquia)dag 00 UOIRIYISSEID BRIqapBAU] JonR JO juawidojansq Jaypnd :00+dIM HTHINS



mesibiew xUsuyy

SKI xXLeny

eLALICILOPO

XD

SNRIoWaAN

dnasb ejpuipdwas
dneub egsesdouony

Bsnex eulxdwag

dnoub snsieAueied
BIRIAEZOIN
SNSJEJAURIOpR[D)

SIQB(OUDX SNWOUOILIOUY,
SNWOLOBYI0)ILS
SOUONYIOUTS
wnypadAjod
endasdouseyd
sadipuerey
siesaj(eyobiu e)RIuIogINneRIed
ewpdopeeied
SNWWOUOINIRIRY

AeIq BWNRLIOJIN

dneub epjajuig

dnoub snwouonyaopuz
sadipunoidy
SypadIpua shineyary
BIY2SIUIRH

sadipuzdA|S
sadipusjaaia

SNJE3UNA SHWOUQIIOIdAINWSQ
sadipusyandisy
sniuouauyamdA
ewdope()

snwouoIIY)
e|RILURWALIY |

sipeif euuRwausIy |
emws

BMIWSOpNasd
snipepoLpopnasd
sndia3xa SMpRPROSSIRRY
EJEULED BOHWSERY
snipepoussydeseyd
SMEAIS SMUIUIOLOAUEIRY
snuId|ecaI0q SPUBLIOIGAUBIRY
Bll@iayapeed
SMLAUIOLYSY

saAydouwn

BRULISOUSLY

SI|[C2neLID BIRILSPH
SNUBUIOLIILL OUWACG
SUBABY SNIpRPEII0d]

SWEN NSN

658/000000SASNEN
858L000000SASNEN
BZLSETOIOSASNEN
TIHSETOUIDSASNEN
ZESSETQDJOSASNEN
£5000T<300D-M3IN>
S5000T<3000-MIN>
BELZTO0000SASNEN
€ZT00T <3A0J-MIN>
C8T6L0D000SASWHN
£69TETOD00SASNEN
£0650000T0SASNEN
THOBETQDIUSASNEN
666LETO0000SASNEN
LBTZEDDODOSASNEN
SEEDETOD00SASNGN
SETOETO000SASNTN
IF3LZ00000SASNEN
8500ET0000SASNGN
£55670C000SASWHN
ZE9LT00000SASNEN
Z8000T<3000-MAN>
£8000T <300D-MIN>
BETSET0000SASNGN
bT9LZ00000SASNEN
GFIELTO000SASNEN
LTPEETOOD0SASNEN
£588200000SASWHN
165LZ00000SASNEN
080ZLTO000SASNGN
PS0ZET0000SASNEN
£8£8£00D0QSASWHN
LPTLEQD000SASNEN
OTHBET0000SASNEN
65£Z00000SASNEN
LTBLETO000SASNAN
650L£TO000SASNAN
2S0ZE£T0000SASNGN
S9EPDODOTOSASNAN
ELTPTOOOTOSASNAN
ETTSEI0000SASNEN
£T5LZ00000SASNEN
SELFO000TOSASNEN
SB0SET0000SASNEN
OTTSETO0D0SASNGN
609PET0000SASNEN
65ZPETO000SASNEN
LE¥LT00000SASNEN
BESEETO000SASNEN
£6PLTD0000SASNEN

P63 NON

x4

(18T *snia1qed) meusbiew esigp

(86LT "snpLged) siqy xRy

*ds etAw@uopo

+ds esa0ixg

*ds snjFowWwsN

dnaib ejpuypdwag

dnoub egaasdoniy

(1161 *Ruan) Bsneq eupdwss

dnoshl snssejAumeIRd

'ds eIpIABZOSN

'ds snsIRAURIOpR)D

(9161 *Syany) SIGRIOUIX SILUCUOILIOUIY
-d$ SnwouMIYIINS

“ds snwoauoyouals

ds wnypadAjod

*ds egsasdouaryy

“ds sadipumeseq

(ST6T ‘U20l(eW) sleEYOIEIU BRI BINE RIE]
“ds ewpdope|zeieq

-ds snwouosyzeied

(Tz61 ‘NngayBia00) Ke.q BwneyolN
dnaib epjyuil

dnoJb snwououyaopul

“ds sadipu3jcaziy

(TZ6T “RnaayBla0o) st pdipU SN
ds enysiuey

*ds sadipumoydAln

*ds sadipuoidiq

(FgeRT] p=ns4maz) smeBunAa (SnouolypadAniwzg) snwouoiyaogdAnag

“ds sodipumeding

-ds snweuoupdaydAny

'ds ewpdopep

‘ds snuiouosy3

‘ds BIRIUURWIAUIY )

606T Py siipesf eluuewauay )

ds equwg

'ds EMILISOPNaSy

-ds snipeRoLRIoPNSS

{9981 leM) Smdaadxa snipepessisesey
0561 ‘HZUILS LIeULILY BRYLUSEIRY

d$ snpejsouseydeled

{£76T Houeds) smeRKIs snwaudoLaawese
Zb6T “UINOG 5nuId 200G SMLUICLAIWERIE]
'ds e|lRUBYADEIRY

~ds snWaU3o103W

-ds saAydouwn

-ds PIILSOUIYN

(6267 'SPEMP3) SIICINELUIO ||RIUBRK

*ds SPWBUDOLEBWOUWAD

(b76T “A4an1) sessiusyda snipepoioda

Bldeyasng Ipo;) osIng

TQEOFIDS
To10b90S
00501905
DOEOTINS
D0C0I%0S
00A06+0S
00MO6E0S
TOL06+0S
00X06E0S
DOLOGEOS
00T 06H05
TOEEL)S
00ZELKOS
DOTELKOS
00674t05
008ZLb05
0092105
T0SZLF0S
00¥ZLR)S
METLP0S
100ZL005
00ZTLH0S
BOATLPOS
006TLb0S
10512405
00$TLH0S
00ZT410S
0060405
TIBOZFOS
00904105
0050405
00¥0Lb0S
00£04F0S
00659+05
-10859P05
0095905
00¥59k05
00£59+05
T0Z59505
T0159F0S
0005905
206¥9r0S
T06F3005
00£F9b05
005+9k05
00£FIP0S
00Ztat05
T0TH9P0S
000F905
TOBESHQS

(snnuged) epeuibiety xSy
{(sniaked) si) xSty

5 elAtIUOPQ

-ds BRMXQ

'ds snoay

dnaib ejpulRdwWAS

dnouf endasdoioiy

(o) sneq eupdwag

dnoub snsiejiuzeiey

“ds ejpiaezoay

'ds snsIejAuRiopR)

(4aary) S1ge[ouax SNLUOUOJYIOUIY,
-ds snmwouonyd0Ing

*ds SNWOUONYIOURS

ds wnypadiod

*ds egaasdouaeyd

“ds sadipuzieled

(ysorew ) siRBIIEY0IEI BlBILIOGIZINE RE]
‘ds ewipdopepeied

-ds snwoudlydeIey

{1anqayfa09) eiq euneely
dnaub elpRua

dnoJb snwouany>opu3

“ds sadipusyomiy

(ngauBlaoo) smypadinusy snInEYaN
-ds e1yosiueH

‘s sadipumadAlD

'ds sadipusouag

(1p=sseua7) smessuna snwounay>adAongag
'ds sadipusiaqdAin

+ds snwouoly>adir)

-ds ewpdope

-ds snwoday)

'ds e|jpIUUEWSUBIY L

J3yery s)pelb eluuBWAURIY L

-ds BRIWG

'ds eQILISOPNESY

'ds SnIpeROLRIopNaSd

{j|ep) sSmARIxa SnIpedossIgeIed
INZUILS IRULRD BIILUSEIRY

‘ds snpejaouzeydeled

(#y)a13) SrejAls snwaudoLaWRIey
UmoS) Snutd)PoaI0g SMLWAUD0LAURIEY
'ds e|[ajsayaneIeg

“ds SNWIBUI0LERIN

-ds sadydouwn)

-ds eQyIWsouasy

(spsemp3} S1030RWIC BIRIURH

*ds SNILBUIDLEBOULLAD

(Uooilew) suaaey snipepoojod3

SUTEN PUERTER kS

Z0T0Z905
TOT0Z90S
0050905
DOtOE90S
00Z0T905
00ADEH0S
DOMOGR)S
TOL0605
00X06H05
00£06+05
0010605
TOLELPOS
MZELPOS
00TELPOS
0062405
0082405
00974405
10524405
00%Z410S
00EELP0S
TOOZLPOS
00ZTLP0S
QOATLFOS
006TLH0S
T0STL40S
00b1Zb05
00ZT/+05
D06ALADS
T0804+0S
00904+0S
00504405
00+0L+0S
00EQLP0S
D06S9T0S
T08S9¥0S
0095905
00F59b05
00ESIFDS
10259P05
10T59¢05
00059¥0S
06F9P0S
T06F9F0S
00£¥or0S
005+9+0S
00EFIPOS
00ZF9k05
TOTFOP0S
000905
TOGEIHNS

L]
PUEREW
k=T

0102 “tequejdeg [00] LOJBIYISSEID 8]RIGe)IsAU] 1oAY JO JUBLITOIPAST JYLNS (001 A4M HIHLHINS



ejoydouwr
sepupiydy
BEPIZAOS
sepildiAs
LU
aepipodoy1oq
AINQUB eoIpoIWIY
dnoub eRypPYD
dnoub snueqe)
sdosAILD

sadisselD sdouyoLnyY

SWEN NdN

£20/E£00C00SASNGN
TS6E6STOJ00SASNAN
PSE0STOQ0OSASNGN
88TOF00000SASNAN
PI000T <3002-MIAN>
T8865¥0000SASNEN
T90G0T <3q00-MIN>
090007 <3a00-MaN>
650001 <3J0D-MIN>
¥S8THO0000SASNEN
0982000000SASNEN

IPTINAN

8gcl

‘ds eioydouwinn  pOZOS8OS
2epupAyd  0OCDESOS
IBPIZAWLONS  HOGOZB0S
aepydiis  QOODTS0S
SRULRIOUILD  (OOXTL0S
sepipadoydiea  0000zZ£0S
dnawb enuoiposBWsH  DOXATLOS
dnoafl ey ODAATZOS
dnoub snuedep  Q0Z0ES0S

ds sdoshny  00T0E90S

(0z81 'uabial) sedissess sdoyaiay  T0ZOP90S
SWEN 51T SPoTy 951

“as mioydowurn
aepuphlydy
PRpIZAWALS
sepIydiAS
ABUUSOUID
sepipodoynog
dnaib eLUCIpOAURH
dnoub ey
dnoub snuege]

'ds sdoship

(uabap) sedissed sdoyiny

BTN PUENTE "X5Y

00z0S805
0000EBOS
0000Z80S
0000T80S
0000X£05
0000¢£05
00X01Z05
00MOTZ09
00Z0E90S
00T0£90S
10202905

fdaizie]
PUEATER
|

0L0Z ‘Iequisldag |00 UOHEIHISSEID 8jIqeliau] 18AR JO juaWdoferaq JBYLnd (G0 LaIM HIA-HINS



624

"Al SOVAAIY Wl “ds (eljpunsud) eunsuud snuab ay)

0} papeJBumop ale Lyoiym Jo B — (JeANy) juousiy BUISLId B Joqleds Sisualpt BUlSLH ‘Ua0IsET eajoigiydwe eunsid pasudwoo dnouB sisualpr eulisti4 7061 EE0g dnolb papod pueliepy posney syl

‘{gog| 'pnewedelq ejnoe (eaieson)} efasiyg

i, Baausb [BUDNIPPE + “ds BILOIPDIBWEH

¢ eipust euonppe + “ds eigiiaun

'ds ejodojewseH g ‘ds snueqe]

‘ds enanez g "ds ejzujad waig

'ds snsuelueoany @ 'ds snsuejfueiesed

ids emalang g ¢ 'aou "useb wisssliAue] ds snsuedueiebin ds snsuedus] ds enpasdosoy

suapissip {snluououIy20qoT) SNWouyD ¥ "ds eIpajug

-ds sojpqu] ¢ "ds sadipusjopusuAg “ds SNLIoUQIIYIOpUT

“ds snusequupAH Bulqweasal aeunpejdoyuQ Jopu)

ejoaubi (snipejooisodwds) snipejaoul( 1dasxe SNIPRDOUUE JO Se128ds (e ¢ "ds snipepoysulesed "ds sndojosun
“ds elusiaAL ' “OS E|ISLayang

& $219ads muonippe + snueuwsbuo| ensewicd

& s3179ds [pUONIPPE + IPSED BRSEUIC

-ds puuswesed g ds ekwianez

-ds eidojadeysucn ¢ "ds eidojadoayys “ds eidojpdojaly “ds ekwiuuewaus|l

WNIPSULSIUL (WN|NWIST WRAWG 2 W aseu) (Wninwig) wenw|g "Wnewo (wWanug) wnpnug
wmebsuea (WnnWwg) wninug g wneaibe (wnnuig) wninwisg

wnupras (Wninuasag) wonnus g sadpsnBue {wninuisng) wWiiawis whaune (Wngnsnsng) wnnwig
BlRJMEU (BIULBULSASN) winwig $ wniqoududexnl (BIUug WIBAIN) WRN WIS "WNWas (BIULBULIBASN]) wniinwIg
WNLEGIN {BIUUBUUSABN]) WNNWIS § $5U3[RJUNP {BIUUBLUSAIN) WNINWIS 'WNUEsucUle (BiUuBUUBASN ) WNInuIS ‘wniydods {BlULBLUBABN) whinWIS
wniuoBie| {EUUE LIBASN) WNINWIS § IWORSPUN| {BIUUBUUBAON) whnwg "asselsnbue (eluueunanan) winnwig
Ele(NoBWIqNS EXI '® SluuadIqnu exiq ‘eenoeLw exig

& $3193ds [EUOLIPPE + (uabiap) epqnu ewoousd *

E1EIN200 (5{sd0f W) BI0Pad ' "ds (BIqoUnL]) e1DIpad ‘ES0A (B10IPRd) BIDIPad

{uablapy) suroeiauI (RWOIYRI) BILOWIO|BYD PUE (uabiaw) ENgL) (BlYDLIOIBYD) BIYDMICHBYS '(|9WIWINYDS) BAR)) BPRd LUBUDD)
sierae] (eNdpolEwe A} B|NdiL ¢ [@3on0a (endioleweA) eindiL ‘wimuow (epdioiewe,) gindil

uafaeys (enjuaysies) endis ¢ eleulis (exusysines) eindi

E50||n XAsedolseysy 9 siooune snwebolly “ds xeAydowejcd

‘ds xeiydoualg 9 "ds ewaydo.oy

euea eludAiby g e12/0sqo eludAuBy

SNIELSANS SNUUAS B JCIBIEU SNULAS)

wnyayaind uoubruacs g gend uoubeuson

BINEBLE BINOWSN g BEOUALED BJNOWSN

BJMUDBLU SIUSED) R BSONION] SIUSED

$2199d5 JaUo Alg1550d 9 SISUSDINSAQ SILdRn) Wruo|MLopnasd siuse)

SMEeJSN) s)eeg § sNJLEdS syaeg

esnaopnasd sieN @ Bleqieq sieN ‘xa|dLUIs sieN

SIIGRUEA SIEN B SIUNWLWOD SIEN

(¢8EPHNIUQWINT JBLIC B) BIBSOUWI SIWBYIUALY "smebaues sninouqun

ElEUR|d WO BJLUOPOUEPNaSY § "ds BjuopouyY

sugnfin ersafing ' eosus4jod eisabng

sINUs] siediiod g esfiu sieak|od

eXe] Juemnsuoy

yum snowAuouds Buisq se poptebal mou aie usium Jo ylog — ABS eydoiisossisy esiyd ® pnewedeiq einoe esdyg pesudwon dnosb einoe esAuyg ZozoLzolL dnolb papoo puelely pasinay syl

S310N

dnoub erwoipoiawaH

dnouB eiapBYD

dnoib snueqe

dnoub ejpuyedwalg

dnoub snaueueieiey

dnoub endasdosoy

droub expagug

dnaub snwovaysopul

dnouB snuseceIpAK

dneub sndojoousy

dneub ellsuaysing

dnoub snuewnBuol enseyod

dneub ypaeb eyseyod

dneul erwianez

dncsb el wuue weuay|

dnoub wnewo (wnnwig) wnnwig
dneub wmesiABie {wninwig) wninuis
dnoub wnaine {wnjnwisng) wonug
dnauf wnwan (BluuB uusiaN ) wninwis
dnoufl wnpydoA: (IUUBLUBASN) WRINWIS
dnoub azuersnBue (2luue wusnaN) wninwig
*2[dwion eRINsBW BXI0

gnosb sienu) ewosuad

dnosb (ewipad) eloipad

dncub epadwsucs)

dnouf wnpuow {endnoewey) eindiL
dnoub ejeubss (enjuayspes) eindig
dnoufs xeliudowelod

dnou ewssidousy

dnoub ejaj0sqo eludlby

dnoub Jolerey snuuAcy

dnoub ejend uoubruacy

dnoufl esUq e BINDLWBN

dnouf esomon| sluaes

dnoub wruojruopnass siuaeny

dnab sngwess siiseg

dnoub xadwis sien

dnaub siunwwod sien

dnoub snduqwny

dnoub ejucpouy

dnoub eciyofjod eisebng

dnaub e:Biu sy@2akj04

SweN dnoig 55ang

00XALL0G
00MALLDS
00Z0€90S
OOADEROG
00X06+0%
D0MOER0S
00Z 1 L70G
00ALL¥OS
00Z19+05
00Z09%05
00AQ9P0S
ZOECFYOS
ADECHPOS
007202405
Q0A0ZY0S
ZBEQDEQS
AZE09E0S
ZPE0SEQS
XZE09e0s
ZZEO0ZEQS
AZEQSEQS
Zoioleos
256201205
0ZLorios
00Zeeios
ZYEQLLOS
ZEEOL 105
00X0+Eay
QoMobesk
Z0L0LERY
Z0z0s1sh
Z0v0Z ey
Z0¥0ZLIY
Z0Z0LS0r
X020 150F
ZiL0Z10r
Z0L0E€02
AQLOEEDT
00204102
00Z0z1 21
20102150
20201 1E0

FEIILF]

(semeds §OVJAIN) 7 19A2] J1LUOUOXE] Je Al SOVUAIN Ul pash sdnoub sa1oads Jo siaquiaw Jusuoduro)

0L0Z “48quisjdes 001 UOHROYISSEID Seiqapionu] JonY Jo Juswdoienad Jaypnd :00Ld4M ¥IJHINS



SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix X Taxonomic Level 5 -
The 417 “WFD Species” level taxa in RIVPACS IV
(including component members of species groups)
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix XI Tables used to calculate biotic
indices for the 835 RIVPACS reference sites
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix XI - BMWP, NTAXA and ASPT (TL1)
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Taxon Score Taxon Score
Dendracoelidae 5 Aeshnidae 8
Planariidae (ind. Dugesidae} 5 Cordufiidae 8
Neritidae i T Lbellulidae 8
Viviparidae [ 6 Mesoveliidae 5
Valvatidae E Hydrometridae 5
Hydrobiidae (ind. Bithyniidae) ] 3 Gerridae 5
m?&EZE o 3 Nepidae 5
Lymnaeidg: e 2 Naucoridae 5
I;I-aﬁ.éFt;ﬁae- 3 IAphelocheiridae 10
Ancylidae ({incl. Acroloxddae) 6 Notonectidae 5
Unionida(:- o 6 Pleidae 5
Sphaeriidae 3 Corixidae 5
Dligochaeta 1 Haliplidae 5
Piscicolidae 4 Hygrobiidae 5
"(i)ssiprnniidae 3 Gyrinidae 5
Hirudinidae 3 Dvtiscidae (incl. Noteridae) 5
Erpobdellidae 3 Hydrophilidae (incl. Hydraenidae) 5
Astacidae 8 Scirtidae 5
Asellidae 3 Dryopidae 5
Corophiidas 5 Elmidae 5
Gammaridae (incl. Crangonycddae & Niphargidae) & Sialidae 4
Baetidae 4 Hydroptililae 6
Heptageniidae 10 Rhyacophilidae (ind. Glossosomatidae) 7
Siphlgnuricae (incl. Ameletidae) 10 Philopotamidae 8
Leptophlebiidae 10 Polycentropodidae 7
Potamanthidae 10 Hydropsychidae 5
Ephemeridae 10 Psychomyiidae {incl. Ecnomidae) 8
Ephemerellidae 10 Phryganeidae 10
Caenidae 7 Brachycentridae 10
TBEniO;;-terygidae 10 Lepidostomatidae 10
Nemouridae 7 Goeridae 10
Leuctridae 10 Betaeidae 10
Capniidae 10 Sericostomatidae 10
Perlndidae 10 CQdontoceridae 10
Pertidae 10 Molannidae 10
Chloroperlidae 10 Limnephilidae (ind. Apataniidae) 7
Platycnemididae 6 Leptoceridae 10
Coenagrionidae 6 (Tipulidae (incl. Limoniidae, Cylindrotomidae & Pediciidae) 5
Lestidae 8 Simuliidae 5
Calopterygidae : 8 Chironomidae 2
Gomphidae i 8

Cardulegastridae : 8




SNIFFER WFD100: Further Devefopment of River Invertebrate Classification Tool September, 2010

Appendix Xl (continued) — WHPT, NTAXA and ASPT (TL2)

Taxon PO | AB1] AB2] AB3 [AB4+{Composite families!
Planariidae 4.90| 4.70] 5.40] 540} 5.4 ---NO---
Dugesiidae 2.90] 2.80) 3.10] 3.10} 3.1 ---NQ---
Dencrocodidae 3.00] 3.001 2.60f 2.60] 26 nfa
Planatiidae {ind Dugesiidae) 5.00 4.80; 540} 5.30f 5.3 ---YES---
Neritidae £40] 6.40 6.50] 5.90f 6.9 nfa
Viviparidae 5.70| 5.20§ 6.70] 6.70{ 6.7 nfa
Valvatidae 3.20] 3.30§ 3.10f 2.70} 2.7 n/a
Hydrobiidae 4.20] 4.10] 4.20] 4.60] 37 —NO--
Bithyniidae 3.70] 3.60{ 3.80} 3.30{ 3.3 ---KO-—-
Hydrobiidae {ind Bithyniidag) 4.20] 4.10] 4.20§ 4.50{ 3.7 —YES---
Physidae 2.40] 2.707 2.00} 0.40| 0.4 n/a
Lymnaeidae 3.30] 3.60] 2.50] 1.20] 1.2 nfa
Plancrbidae 3.10] 3.20] 3.00] 2401 2.4 nfa
Ancylidae 5.70] 5.80] 5.50{ 5.50 5.5 -—-RO--
Acroloxidae 3.60 3.601 3.80} 3.80) 3.8} ---NQ---
Ancylidae {incl Acroloxidae) s5.80] 5.90) 5.60] 5.40] 54  --vES—
Unioridae 530] 5.200 6.0} 6.80] 6.8] nja
Sphaeriidae_Pea_mussels 3.90] 4405 3.50f 3.40| 2.3 nfa
Dreissenidae 3.70} 3.70) 3.70§ 3.70] 3.7 nfa
Oligochaeta 2.70} 3.60] 2.30] 1.40{ -0.5 n/a
Piscicolidae 5.201 5.208 4.90] 4.50] 4.9 nfa
Glossiphoniidae 3.20} 3.40} 2.50{ 0.80 0.8} n/a
Hirudinidae -0.80§-0.80§-0.801-0.80 -U.SI nfa
Erpobdellidae 3.10} 3.60p 2.00§{-0.80 -0.8' n/a
Astacidae 7.00] 7.00] 7.90{ 790] 7.9 n/a
Asellidae 2.80§ 4.00] 2.30} 0.80] -1.5 nfa
Coraphiidae 5.80§ 5.70f 5.80] 5.80{ 5.8 nja
Crangenyctidae 3,90} 3.80§ 4.00; 3.60] 3.6 ---NO---
Gammaridae 4.40% 4.20; 4,501 4.601 3.9 ---RO---
Niphargidae 5.30] 6.30§ 6.30] 6.30 6.3 ---NQ-—-
Gammaridae (incl Crangonyctidae & Niphargidae) 4.50§ 4.30} 4.70 4.70§ 3.9 -=-YES---
Bactidae 5.50f 3.60f 5.60] 7.20{ 7.5 nfa
Heptageniidae 9.70§ 8.50§10.30/11.10§ 11.1 n/a
Siphlonuridae (incl. Ameletidae) 11.50111.30{12.20]12. 2 12.2 nfa
Leptophtebiidae 880§ 8.80} 9.10] 9.20§ 9.2 nfa
Potamanthidae 10.00} 9.80§10.40{10.40; 10.4, nfa
Ephemeridae 8.40§ 8.30y 8.80] 9.4D0§ 9.4 n/a
Ephemerellidae 8.20§ 7.904 8.50| 9.00 9 nfa
Caenidae 6.50§ 6.50] 6.50] 6.50§ 6.5 n/a
Taeniopterygidae 11.30}11.00411.90]12.10f 12.1 n/a
Nemouridae 9.30f 8.70}10.70;10.70f 10.7 nfa
Leuctridae 10.00§ 9.30f10.60{10.60{ 10.6 nfa
Caprildae 9.60 9.70] 9.40] 940 9.4 nja
Perlodidae 10.80[10.50]11.50011.50] 11.5 nfa
Perlidae 12,70{12.60713.00{13.00 13 nfa
Chtaroperiidae 11.60{11.40/12.2012.20{ 12.2 nfa
Patycnemididae 6.00] 6.00] 6.00} 6.00 [ nfa
Coenagriidae 3.50] 3.40] 3.80} 2.80F 3.8 nfa
Calopterygidae 6.00] 5.90] 6.20} 6.20] 6.2 nfa
Cordulegasteridae 9.80| 9.80{ 9.80] 9.80F 9.8 nfa
Aeshnidae 4.70] 4.70] 4.70f 4.70] 4.7 nfa
Libellulidae 4.10] 4,10] 4.10] 4.10] 4.1 nfa
Mesoveliidae 4.70] 4.70] 4.70} 4.70] 4.7 1fa
Hydrometridae _ +.30] 4.30] 430} 9.30] a3 nfa ¥
Veliidae 4,50} 4.50; 3,90} 3.90f 3.9 nfa
Gerridae 5.20} 5.20% 5.50] 5.50f 5.5 n/fa
Nepidae 2,90} 2.90f 2.90] 2.90} 2.9 nfa
Naucoridae 3.70F 3.70} 3.70] 3.70f 3.7 nfa
Aphelocheiridae 8.50f 8.60} 8.50] 8.00, a nfa
Notmnectidae 3.40} 3.40; 3.90] 3.90; 3.9 n/a
Pleidae 3.30} 3.30} 3.30} 3.30f 3.3 nja ]
Corixidae 3.80} 3.70} 3.90} 3.70] 3.7 nfa
Haliplidae 3.60] 3.60; 3.40f 3.40] 2.4 nj/a
Hyqrobiidae 3.80] 3.80] 3.80} 3.80] 3.8 n/a
Noteridae 3.20} 3.20; 3.20f 3.20] 3.2 ---NQ---
Dytiscidae 450 4.50] 4.80} 4.80] 48] —NO—
Gyrinidae 8.20] 8.10] 9.00f 9.00] o} nfa |
Dytiscidae (ind Noteridac) a70] 4.70] s00f s00] 5]  —¥ES—
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Taxon PO {AB1 | AB2 | AB3 jAB4+ {Composite families
IHydrophilidae (incl. Helophoridae, Georissidae & Hydrochidae)] 6.207 5.80% 8.80} 8.80 8.8 ---ND---
H;arophilidae (incl Hydraenidae) 7.40| 7.00f 2.50¢ 9.50§ 9.5 ---YES-——
Hydraenidae 8.90| 8.50{10.50}10.50} 10.5 ---NQ--—-
Scirtidae 6.90| 6.90} 6.80f 6.80{ 6.8 nfa
|Dryopidae 6.00] 6.00} 6.00} 6.00 6 n/a
Elmidae 6.60 5.30} 7.40f 8.301 8.3 n/a
Sialidae 4,30] 4.20} 4.40} 440} 4.4 nja
Sisyridae 5.70| 5.70f 5.70} 570 5.7 nfa
Rhyacophifidae 8.40| 8.10§ 9.20} 8.3¢] 8.3 —NO—
Glossosomatidae 7.70] 72.80§ 7.60} 2.200 7.2 —NQ---
Hydroptilidae 5.20] &.10% 65.50f 6.80] 6.8 n/a
Rhyacophilidae (ind Glossosomatidae) 8.20) 7.90{ 8.80] 7.500 2.5 -—YES—
Philopotamidae 11201 1.20]11.10|12.10] 11.1 nia
fsychomylldae 5.80) 5.80] 5.70] 5.70] 5.7 -—-NO---
Polycentropodidae 8.10% 8.20] 8.10] 8.10 8.1 nja
Hydropsychidae 6.60§ 5.80] 7.20] 7.40] 7.4 n/a
Fs}chomyiidae {incl Ecnomidae) 5.90§ 5.90% 5.80] 5.80 5.8] ---YES---
Phryganeidae 5.50f 5.501 5.50] 5.50] 5.% nja
lBrachycentridae 9.50} 9.60] 9.50] 8.90] 8.9 n/a
Lepidostomatidae 10.10f 9,90010.30]10,20] 10.2 n/a
Goeridae 8.80} 8.80} 8.801 9.40 9.4 n/a
Beraeidae 8,70§ 8.80] 7.30] 7.30] 7.3 n/a
Sericostomatidae 9.10¢ 8.90% 9.40| 9.50 9.5 nfa
Odontoceridae 11.00411.10§10.30{10.30f 10.3 n/a
Molannidae 6.60f 6.50} 7.60] 7.60] 7.6 nja
timnephilidae (ind. Apataniidae) 5,20} 5.90] 6.90] 6.90] 6.9 nfa
Leptoceridae 6.70} 6.70] 6.90] 7.10 7.1 n/a
iTipulidae {incl. Limeniidae, Cylindrotomidae & Pediciidae) 5.90% 5.40} 6.90] 6.90f 7.1 nja
Psychedidae 4.40¢ 4.50} 3.00{ 3.00 3 n/a
Ptychopteridae 6.40} 6.40) 6.40] 5.40] &4 nfa
Dixidae 7.00¢ 7.00} 7.00| 7.00 7 n/a
Chaoboridae 3.00§ 3.00% 3.00} 3.00 3 n/a
Culicidae 2.00¢ 2.00} 1.90] 1.90] 1.9 nfa
Ceratopogonidae 5.50% 5.40f 5.50] 5.50f 5.5 nfa
Simuliidae 5.80f 5.50§ 6.10] 5.80] 3.9 nja
Chiranomidae 1.10¢ 1.20} 1.30]-0.80] -0.9 n/a
Stratiomyidae 3.60F 3.60} 3.60] 3.60] 3.6 nfa
Rhagicnidae 9.80¢ 9.60] 9.60] 9.60 9.6 n/a
{Tabanidae 7.10¢ 7.104 7.30] 7.30] 7.3 nfa
Athericidae 9.30% 9.30] 9.50] 9.50 9.5 nja
Empididae 7.10§ 7.00} 7.60} 7.60] 7.9 nfa
Dolichopodidae 4.50% 4.90} 4.90| 4.90 4.9 n/a
Syrphidae . 1.90f 1.90f 1.901 1.99] 1.9 nfa
Sciomyzidae 3.40} 3.40] 3.40] 3.40] 3.4 n/a
Ephydridae 4.40¢ 4.40] 4.40] 4.40 4.4 n/a
Muscidae 3.90} 4.00f 2.60} 2.60 2.6 nfa
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix XI (continued) - AWIC (fam) (Ti.1)

Taxon

Planarildae (ind. Dugesiidae)
Valvatidae

Hydrobiidae (ind. Bithyniidae)
Physidae

]

Lymnaeidae

Pianorbidae (exl. Ancylidae)
Ancylidae (incl. Acroloxidae)
Sphaeriidae

Oligochaeta

Piscicolidae

Glossiphoniidae

Erpobdellidae

Asellidae

Gammaridae (incl. Crangonyctidae & Niphargidae)
Baetidae

Heptageniidae

Leptophlebiidae

Ephemeridae

Ephemerellidae

Caenidae

Taeniopterygidae

Nemauridae

Leuctridae

Perlodidae

Perlidae

Chloroperlidae

Ceenagricnidae

Calopterygidae

Cerixidae

Haliplidae

Gyrinidae

Dytiscidae (ind. Noteridae)
Hydrophilidae {incl. Hydraenidae, Helophordae, Georissidae & Hydrochidae)
Scirtidae

Elmidae

Sialidae

Hydroptilidae

Rhyacophllidae (ind. Glossosomatidae)
Philopotamidae
Polycentropodidae
Hydropsychidae

Psychomyiidae (incl. Ecnomidae}
Lepidostomatidae

Goeridae

Sericostomatidae

Odontoceridae

Limnephilidae {ind. Apataniidae)
Leptoceridae

Tipuiidae (incl. Umoniidae, Cylindrotomidae & Pediciidae)
Simutidae

Chirpnomidae

Hdiwihioo|lajla|laiv|air|[winid i jfwln|ajolajr|loain|Rrir|vinjo ]|ty I || DI [ |l | b
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SNIFFER WFD100: Further Development of River invertebrate Classification Tool September, 2010

Appendix Xl (continued) — AWIC (sp) Murphy (TL4)

g
3

Taxon

Phagocata vitta (Duges, 1830)
Crenobia alpina {Dana, 1766)
Potamopyrgus antipadarum (1.E.Gray, 1843)
Ancylus fluviatilis Q.F. Miiller, 1774
Gammarus putex {(Linnaeus, 1758)
Baetis rhodani (Pictet, 1843-1845)
Alainites muﬁc&"('lgnnaeus, 1758)
Nigrobaetis niger (Linnaeus, 1761)
E;'lithrogena sp.

Heptagenia sulphurea (Mdller, 1776}
Ecdyonurus sp.

Electrogena lateralis {Curtis, 1834)
Leptophlebia marginata {Linnaeus, 1767)
LCaenis horaria (Linnaeus, 1758}
Caenis rivulorum Eaton, 1884

{Caenis robusta Eaton, 1884

Caenis pusilla Navas, 1513

Caenis pseudorivulorum group

{Caenis luctuosa goup

Brachyptera risi (Marton, 1896}
Protonemura meyeri (Pictet, 1841)
Protonemura mantana Kimmins, 1941
Protonemura praecox (Morton, 1894)
Amphinemura sufcicallis (Stephens, 1836)
Nemurella picteti Klapalek, 1900
Nemoura avicularis Morton, 1894
Nemoura cinerea {Retzius, 1783)
Nemoura cambrica group

Leuctra hippopus Kempny, 1899
Leuctra inermis Kempny, 1899

Leuctra nigra (QOlivier, 1811)

Perlodes microcephalus (Pictet, 1833}
Diura bicaudata (Linnaeus, 1758)
Isoperla grammatica (Poda, 1761)
Perla bipunctata Pictet, 1833
Chloroperia tripunctata (Scopoli, 1763)
Siphonoperia torrentium (Pictet, 1841)
Cordulegaster boltonii (Donovan, 1807)
Hydraena gracilis Germar, 1824

Elmis aenea (Mliller, 1806)

Esolus parallelepipedus (MUller, 1806)
Limnius volckmari {Fanzer, 1793)
Qulimnius major (Rey, 1889)
Culimnius rivularis (Rosenhauer, 1856)
Qulimnius troglodytes (Gyllenhal, 1827)
Qulimnius tuberculatus {Miiller, 1806)
Sialis fuliginpsa Pictet, 1836

Sialis lutaria (Linnaeus, 1758)

Sialis nigripes Pictet, 1865

Rhyacophila dorsalis (Curtis, 1834)
Glossosoma sp.

Agapetus sp.

Philopotamus montanus (Donovan, 1813)
W"::?maldia 5p.

Hydropsyche instabilis (Curlis, 1834)
Hydrapsyche pellucidula (Curtis, 1834)
Hydrapsyche siltalai Gohler, 1963
Diplectrona felix McLachlan, 1878
Lepidostoma hirtum (Fabricius, 1775)
Silo pallipes (Fabricius, 1781)
Sericostoma personatum (Spence in Kirby & Spence, 1826)
Athetix ibis {Fabticius, 1798)
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Appendix XI (continued) — AWIC (sp) Murphy (TL5})

Taxon i
Phagocata vitta (Duges, 1330)
Crenobia alpina (Dana, 1766)
Potamopyrgus antipodarum (1.E.Gray, 1843}
Ancylus fluviatilis O.F. Maller, 1774
Gammarus pulex (Linnaeus, 1758)
Baetis rhodani (Pictet, 1843-1845)
Alainites muticus (Linnaeus, 1758)
Rigrobaetis niger (Linnagus, 1761}
Rhithrogena sp.

Heptagenia sulphurea (Miiller, 1776)
Ecdyonurus sp.

Electrogena lateralis (Curtis, 1834}
Leptophlebia marginata {Linnaeus, 1767)
Caenis horaria {Linnasus, 1758)

Caenis rivulorum Eaton, 1884

Caenis robusta Eaton, 1884

Caenis pusilla Navdis, 1913

Caenis pseudorivulorum group

Caenis luctuosa goup

Brachyptera risi (Morton, 1896)
Protpnemura meyeri (Pictet, 1841)
Protcnemura mentana Kimming, 1541
Protpnemura praecox (Morton, 1894)
Amphinemura sulcicollis (Stephens, 1836)
Nemurella picteti Klapdlek, 1590
Nemoura avicularis Morton, 1894
Nemaura cinerea (Retzius, 1783)
Nemoura cambrica group

Leuctra hippopus Kempny, 1899
Leuctra inermis Kempny, 1899

Leuctra nigra (QOlivier, 1811)

Perlodes microcephalus (Pictet, 1833)
Diura bicaudata {Linnaeus, 1758)
Isoperla grammatica (Poda, 1761)
Perla bipunctata Pictet, 1833
Chloroperla tripunctata (Scopoli, 1763)
Siphonoperla torrentium (Pictet, 1841)
Cordulegaster boltorti (Donavan, 1807)
Hydraena gracilis Germar, 1824

Elmis aenea (Miiller, 1806)

Esolus parallelepipedus (Miiller, 1806)
Limnius volckmari (Panzer, 1793)
Qulimnius major (Rey, 1889)

Qulimnius rivularis (Rosenhauer, 1856)
Oulimnius troglodytes (Gyllenhal, 1827)
Qulimnius tuberculatus (Miller, 1806)
Sialis fuliginosa Pictet, 1836

Slalis lutaria (Linnaeus, 1758)

Sialis nigripes Pictet, 1865

Rhyacophila dorsalis (Curtis, 16834)
Glossosoma sp.

Agapetus sp.

Philopo@mus montanus (Donovan, 1813)
Wormaldia sp.

Hydropsyche instabitis {Curtis, 1834)
{Hydropsyche pellucidula (Curtis, 1834)
Hydropsyche siltalai Dohler, 1563
Diplectrona felix McLachlan, 1878
Lepidostoma hirtum {Fabricius, 1775)
Sile pallipes (Fabricius, 1781)
Sericostoma personatum (Spence in Kirby & Spence, 1826)

]
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Appendix Xl (continued) — AWIC {sp) McFarland (TL4)

Taxon Score Logl Log2 Log3+
Phagocata vitta (Duges, 1830) 4 5 4 3
Crenobia alpina (Dana, 1766) 6 8 ki 10
th;mopyrgus antipodarum (J.E.Gray, 1843) 9 12 12 14
Ancyfus fluviatilis O.F. Miiller, 1774 9 12 13 14
Gammarus pulex (Linnaeus, 1758) b 12 13 14
Baetis rhodani (Pictet, 1843-1845) 8 10 11 i2
Alainites muticus (Linnaeus, 1758) 9 12 13 14
Nigrobaetis niger (LUinnasus, 1761) & 8 9 10
Rhithrogena sp. 8 10 i1 12
Heptagenia sulphurea (Miiller, 1776} 8 10 11 12
[Ecdyonurus sp. 8 10 11 12
Electrogena Yateralis {Curtis, 1834) 7 8 9 10
[Leptophiebia marginata (Linnasus, 1767) 3 5 ) 3
Caenis horaria (Linnasus, 1758) 9 12 i3 14
Caenis rivulorum Eaton, 1884 9 12 i3 14
Caenis robusta Eaton, 1884 9 12 13 14
Caenis pusilla Navds, 1913 9 12 13 14
Caenis pseudorivulorum group 9 12 13 14
Caenis Juctuosa group 9 12 13 14
Brachyptera risi (Morton, 1856) 5 7 ] 5
Protonemura meyeri (Pictet, 1841) 4 5 4 3
Protonemura montana Kimmins, 1941 4 5 4 3
Protonemura praecox (Morton, 1894) 4 5 4 3
IAmphinemura sulcicollis {Stephens, 1836) 4 5 4 3
Nemurella picteti Klapalek, 1900 1 3 2 1
Nemoura avicularis Morton, 1894 2 3 2 1
Nemoura cinerea {Retzius, 1783) 2 3 2 1
Nemoura cambrica group 2 3 2 1
Leuctra hippopus Kempny, 1899 3 5 4 3
Leuctra inermis Kempny, 1899 4 5 4 3
Leuctra nigra (Olivier, 1811) 4 5 4 3
Perlodes microcephalus (Pictet, 1833) 7 8 g 10
Diura bicawdata {Linnaeus, 1758) 3 5 4 3
[soperla grammatica (Poda, 1761) 5 7 6 5
Perla bipunctata Pictet, 1833 9 12 13 14
Chloroperia tripunctata (Scopoli, 1763) ] 8 9 10
Siphonapetia torrentium (Pictet, 18431) 4 4 3
Cordulegaster boltonii (Donovan, 1807) 5 7 & 5
Hydraena gracilis Germar, 1824 8 10 11 12
Elmis aenea (Miiller, 1836) 6 8 g 10
Esolus parallelepipedus (Miller, 1806) 8 10 11 12
Limnius volckmari {Panzer, 1793) L] 8 E 10
Qulimnius major (Rey, 1889) 4 5 4 3
Culimnius rivalaris (Rosenhauer, 1856) 4 5 4 3
Oulimnius troglodytes {Gyllenhal, 1827) 4 E 4 3
Oulimnius tuberculatus (Mifler, 1806) 9 5 4 3
Sialis fuliginosa Pictet, 1836 3 5 4 3
Sialis lutaria {Linnaeus, 1758) 3 S 4 3
Sialis nigripes Pictet, 1865 3 5 4 3
Rhyacophila dorsalis {Curlis, 1834) 5 7 & 5
Glossosoma sp. 3 12 13 14
Agapetus sp. 9 12 13 14
Philopotamus montanus (Donovan, 1853) 8 10 11 12
Wormaldia sp. 8 10 11 12
Hydropsyche instabilis (Curtis, 1834) 8 10 11 12
Hydropsyche pellucidula {Curtls, 1834) & 8 9 10
Hydropsyche siltalai Déhler, 1963 & 8 9 10
Diplectrona felix McLachlan, 1878 7 8 9 10
Lepidostoma hirtum (Fabricius, 1775) 7 8 9 10
Silo pallipes (Fabricius, 1781) 8 10 11 12
Sericostama personatum {Spence in Kirby & Spence, 1826) 8 10 11 12
Atherix ibis (Fabricius, 1798) 8 10 11 12
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Appendix Xl (continued) — AWIC (sp) McFarland (TL5)

Taxon Score Logl | Leg2 | Lop3+
Phagecata vitta (Duges, 1830) 4 5 4 2
Crenobia alpina {Dana, 1766} 6 8 9 10
Potamopyrgus antipodarum (J.E.Gray, 1843) 9 12 13 14
Ancylus fluviatilis O.F. Miler, 1774 9 12 13 14
Gammarus pulex {Linnaeus, 1758) 9 12 13 14
Baetis rhodani (Pictet, 1843-1845) 8 10 11 12
Alainites muticus {Linnaeus, 1758) 9 12 13 14
Nigrobaetis niger (Linnaeus, 1761) [ 8 9 10
Rhithrogena sp. 8 10 11 12
Heptagenia sulphurea {Miller, 1776) 8 10 11 12
Ecdyonurus sp. 8 10 11 12
Electrogena lateralis {Curtis, 1834) 7 8 9 10
Leptophlebia marginat (Linnaeus, 1767) 3 5 4 3
Caenis horaria (Linnaeus, 1758) 9 12 13 14
Caenis rivulorum Eaton, 1884 9 12 13 14
Caenis robusta Eaton, 1884 9 12 13 14
Caenis pusilla Navas, 1913 9 12 13 14
Caenis pseudaerivulorum group 9 12 13 14
Caenis luctucsa group 9 12 13 14
Brachyptera risi (Morton, 1856) 5 7 6 5
Protonemura meyeri (Pictet, 1841) 4 5 4 3
Protonemura montana Kimmins, 1941 4 5 4 3
Protonemura praecox (Morton, 1894) 4 5 4 3
Amphinemura sulcicollis (Stephens, 1836) 4 5 4 3
Nemurella picteti Klapalek, 1900 1 3 2 1
Nemoura avicularis Morton, 1894 2 3 2 1
Nemoura cinerea (Retzius, 1783) 2 3 2 1
Nemoura cambrica group 2 3 2 1
Leuctra hippopus Kempny, 1899 3 5 4 3
Leuctra inermis Kempny, 1899 4 5 4 3
Leuctra nigra (Olivier, 1811) 4 5 4 3
Perfodes micracephalus (Pictet, 1833) 7 8 9 10
Diura hicaudata (Linnaeus, 1758) 3 5 4 3
Tsoperla grammatica (Poda, 1761) 5 7 6 5
Perla bipunctata Pictet, 1833 9 12 13 14
Chlcroperia tripunctata {Scopoli, 1763) 6 [} 9 10
Siphonoperta torrentium (Pictet, 1841) 4 4 3
Cordulegaster boltonii (Donavan, 1807) 5 7 6 5
Hydraena gracilis Germar, 1824 8 10 11 12
Elmis aenea {Miiller, 1806) +] 8 9 10
Esolus parallelepipedus (Mdller, 1806) 8 10 11 12
Limnius volckmari (Panzer, 1793) & 2 9 10
Outimniys major {Rey, 1889) 4 5 4 3
Qulimnius rivularts (Rosenhauer, 1856) 4 5 4 3
Oulimnius troglodytes (Gyllenhal, 1827) 4 s 4 3
Qulimnius tuberculatus (Mdller, 1806) 4 5 4 3
Sialis fuliginosa Pictet, 1836 3 5 4 3
Sialis lutaria (Linnaeus, 1758) 3 5 4 3
Sialis nigripes Pictet, 1865 3 5 4 3
Rhyacophila dorsalis {Curtis, 1834} 5 7 6 5
Glossosoma sp. 4 12 13 14
Agapetus sp. 9 12 13 14
Philopotamus montanus (Donovan, 1813) 8 10 11 12
Wormaldia sp. 3 10 11 12
Hydropsyche instabilis (Curtis, 1834) 8 10 11 12
Hydropsyche pellucidula (Curtis, 1834) 5] 8 9 10
Hydropsyche siltalai Dohler, 1963 ] 8 9 10
Diplectrona felix McLachlan, 1878 7 8 9 10
Lepidostoma hirtum (Fabricius, 1775} 7 8 9 10
Silo pallipes (Fabricius, 1781) 8 10 11 12
Sericostoma persanatum {Spence in Kirby & Spence, 1826) 8 10 11 12
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Appendix XI (continued) — Raddum (TL4)
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Taxon IScore|Category Taxon Score[Category|
Crenobia alpina {Dana, 1766) 0.5 by Brachyptera risi {Morton, 1896) 0 d
Radix balthica (Linnaeus, 1758) 1 a Protonemura meyeri (Pictet, 1841) 0 d
Panorbis {Plancrhis) cavinatus (O.F. Milller, 1774) 1 a Amphinemura standfussi Ris, 1902 0 d
Planortis { Planorhis) planorbis (Linnacus, 1758) 1 a Amphinemura suldicollis (Stephens, 1836) 0 d
|Margaritifera margaritifera (Linngeus, 1758) 1 a Nemurella picteti Klapaiek, 1900 0 d
Sphaerivm comeum {Linnaeus, 1758} 0.5 4] Nemoura avicularis Morton, 1894 0 d
Sphaerium rivicola (Lamarck, 1818) 0.5 b Nemoura cinerea (Retzius, 1783) 0 d
Pisidium amnicum (Miiller, 1774) 0.25 4 Leuctra fusca (linnaeus, 1758) 0 d
Pisidium casertanum (Poli, 1791) 0.25 c Leuctra hippopus Kempny, 1899 0 d
Pisidium henslowanum (Sheppard, 1823) 0.25 C Leuctra nigra {Olivier, 1811) 0 d
Plisidium hibernicum Westerlund, 1894 0.25 c Diura bicaudata {Linnaeus, 1758) 0.5 h
Pisidium lilljeborgii (essin, 1886 0.25 C Isoperla grammatica (Poda, 1761) 0.5 b
Pisidium milium Held, 1836 0.25 [ Dinocras cephalotes (Curtis, 1827 0.5 h
Pisidium moitessierianum Paladilhe, 1866 0.25 C Oxyethira sp. 0 d
Pisidium nitidum Jenyns, 1832 0.25 C Philopotamus montanus {Donovan, 1813) 0.5 b
Pisidlum obtusale (Lamarck, 1818) 0.25 c Tinodes waener (Linnaeus, 1758) 0.5 b
Pisidium perscnatum Malm, 1855 0.25 < Cyrnus flavidus McLachlan, 1864 Q d
Pisidium pulchallum Jenyns, 1832 0.25 c Cymnus trimacufatus (Curtis, 1834) 0 d
Pisidium subbruncatum Malm, 1855 0.25 C Neureclipsis bimaculata (Linnaeus, 1758) 0 d
Pisidium supinum Schmidt, 1851 0.25 o Plectrocnemia conspersa {Curtis, 1834) 0 d
Pisidium tenuilineatum Stelfox, 1918 0.25 c Polycentropus flavomaculatus (PFictet, 1834) Q d
Musculium lacustre (Miiller, 1774) 0.5 b Palycentropus irroratus (Curtis, 1835) 0 d
Musculium transversum (Say, 1825) 0.5 b Hydropsyche angustipennls (Curtis, 1834} 0.5 b
i Theromyzon tessulatum (O.F.Miiller, 1774) 1 a Hydropsyche pellucidula (Curtis, 1834) 0.5 b
Glossiphonia complanata {Linnaeus, 1758) 1 a Hydropsyche siltalai Déhler, 1963 0.5 b
Helobdella stagnalis (Linnaeus, 1758) 0.5 b Lepidostoma hirtum (Fabricius, 1775) 0.5 b
Haemopis sanguisuga (Linnaeus, 1758) 1 a Halesus sp. 1] d
Asellus aquaticus (Linnaeus, 1758) 0.5 b Microptema group 0 d
Gammarus lacustris Sars, 1863 1 a Potamophylax group 0 d
Siphlonurus lacustris (Eaton, 1870) 0.5 b Umnephilus extricatus McLachian, 1865 0 d
Baetis rhodani (Pictet, 1841-1845) 1 a Limnephilus flavicornis (Fabricius, 1787) 0 d
Baetis vernus Curtis, 1834 1 a Limnephilus tunatus Curtis, 1834 Q d
Baetis scambus group 1 a Limnephilus rhombicus (Linnaeus, 1758} 0 d
Alainites muticus (Linnaeus, 1758) 1 a Limnephilus vittatus (Fabricius, 1798) 0 d
Nigrobaets niger (Linnaeus, 1761) 1 a Notidebia dliaris (Linnaeus, 1761} \] d
Heptagenia sulphurea {Miiller, 1776) 0.5 b Sericostoma personatum (Spence in Kirby & Spence, § 0.5 b
Kageronia fuscogrisea (Retzius, 1783) 0 d 1826)

Ameletus inopinatus Eaton, 1887 0.5 b Molanna angustata Curtis, 1834 0 d
Leptophlebia marginata (lLinnaeus, 1767) 0 d Athripsodes aterrimus (Stephens, 1836) g d
teptophtebia vespertina {Linnaeus, 1758) D d Athripsodes cinereus (Curtis, 1834) 0 d
Serratella ignita (Poda, 1761} 0 d Mystacides azurea (Linnaeus, 1761) Q d
Caenis horaria {Unnaeus, 1758} 1 a Adicella reducta (McLachlan, 1865) 0 d
Taeniopteryx nebulosa {Linnaeus, 1758} 0 d
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Appendix Xl (continued) — Raddum (TL5)

Taxon

Category]

Crenobia alpina (Dana, 1766)

b

Radix balthica (Linnaeus, 1758)

Planorbis (Planorbis) carinatus (O.F. Miller, 1774)

Planorbis (Planorbis) planorbis (Linnaeus, 1758)

Margaritifera margaritifera (Linnaeus, 1758)

Sphaerium sp.

Pisidium sp.

Theramyzon tessulatum {O.F.Miiller, 1774)

Glossiphonia complanata (Linnaeus, 1758)

Helobdella stagnalis (Linnaeus, 1758)

Haemopis sanguisuga {Linnaeus, 1758)

Asellus agquaticus (Unnaeus, 1758)

Gammarus lacustris Sars, 1863

Siphlonurus lacustris (Eaton, 1870)

Baetis rhodani (Pictet, 1843-1845)

Baetis vernus Curtis, 1834

Baetis scambus group

Alainites muticus (Unnaeus, 1758)

Nigrehaetis niger (Linnaeus, 1761)

Heptagenia sulphurea {Miiller, 1776)

Kageronia fuscogrisea (Retzius, 1783)

Ameletus inopinatus Eaton, 1887

Leptophlebia marginata (Linnaeus, 1767)

Leptophlebia vespertina {Linnaeus, 1758)

Serratella ignita {Poda, 1761)

Caenis horaria (Linnaeus, 1758)

Taeniopteryx nebulosa {Linnaeus, 1758)

Brachyptera risi (Merton, 1896)

Protonemura meyeri (Pictet, 1841)

Amphinemura standfussi Ris, 1902

Amphinemura suldcollis (Stephens, 1836)

Nemurella picteti Klapdtek, 1900

Nemoura avicularis Morton, 1854

Nemoura ¢inerea (Retzius, 1783)

ELeuctra fusca (Uinnaeus, 1758)
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Taxon

Score] Category]

Leuctra hippopus Kempny, 1899

o
(=15

Limnephilus extricatus McLachlan, 1865

Limnephilus flavicornis (Fabricius, 1787)

Limnephilus lunatus Curtis, 1834

Limnephilus rhombicus (Linnaeus, 1758}

Limnephilus vittatus (Fabricius, 1798)

Notidobia dliaris (Linnaeus, 1761)

QIO Q| IQ oo |Oo

Eeuctra nigra {Olivier, 1811) 0 d
Diura bicaudata (Linnaeus, 1758) 0.5 b
Isaperla grammatica {Poda, 1761} 0.5 b
Dinocras cephalotes {Curtis, 1827) 0.5 b
Oxyethira sp. [ d
Philopotamus montanus (Donovan, 1813) 0.5 b
Tinodes waenen (Linnaeus, 1758) 0.5 b
Cyrnus flavidus McLachlan, 1864 1] d
Cyrnus trimacutatus (Curtis, 1834) i} d
Neureclipsis bimaculata {Linnaeus, 1758) 0 d
Plectrocnemia conspersa (Curtis, 1834) 4 d
Polycentropus flavomaculatus (Fictet, 1834) [} d
Polycentropus irvoratus (Curtis, 1835) 0 d
Hydropsyche angustipennis {Curtis, 1834) 0.5 b
Hydrepsyche pellucidula (Curtis, 1834) 0.5 b
Hydropsyche siltalai Déhler, 1963 0.5 b
Lepidostoma hirtem (Fabyicius, 1775) 0.5 b
Halesus sp. d
Micropterna group d
Potamaphylax group d

d

d

d

d

d

d

b

Sericostoma personatum (Spence in Kirby B Spence,
1826)

=
»

Molanna angustata Curtis, 1834

Athripsodes aterrimus (Stephens, 1836)

Athripsodes cinereus (Curtis, 1834)

Mystacides azurea (Uinnaeus, 1761)

Adicella reducta {McLachlan, 1865}

oolojo o
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Appendix Xl (continued) — SEPA % Acid Sensitive Taxa (TL4)

List Taxon
LIST A Gammarus pulex
LIST A Radix balthica
LIST A Ancylus fluviablis
LIST A Potamopyrgus antipodarum
LIST A Alainites muticus
LIST A Caenis rivulorum
LIST A Perla bipunctata
LIST A Dinocras cephalotes
LIST A Esolus parallelepipedus
LIST A Glossosoma sp.
LIST A Agapetus sp.
LIST A Hydropsyche Instabilis
LIST A Silo pallipes
LUST A Odontocerum albkcorne
LIST A Philopotamus montanus
UST A ‘Wormaldia sp.
LIST A Sericostoma personatum
LIST B Baetis rhodani
LIST B Rhithrogena sp.
LISTB Ecdyonurus sp.
LIST B Electrogena lateralis
LIST 8 Serratella ignita
LIST B Pertodes microcephalus
LIST B Chloroperla fripunctata
LIST B Hydraena gracllis Germar
LsT B Hydropsyche pellucidula
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Appendix XI {continued) - SEPA % Acid Sensitive Taxa (TL5)

List Taxon
LIST A Gammarus pulex
LIST A Radix balthica
LIST A Ancylus fluviatilis
LIST A Potamopyrgus antipodarum
LIST A Alainites muticus
LIST A Caenis rivilorum
LIST A Perla bipunctata
LIST A Dinocras cephalotes
LIST A Esolus parallelepipedus
LIST A Glossosoma sp.
LIST A Agapetus sp.
UST A Hydropsyche instabilis
LIST A Silo palipes
LIST A Qdontncerum albicorne
LIST A Philopotamus montanus
LIST A Wormaldia sp.
LIST A Sericostorma personatum
LIST B Baetis rhodani
LIST B Rhithrogena sp.
LIST B Ecdyonurus sp.
LIST B Electrogena lateralis
LIST B Serratella ignita
LIST B Perlodes microcephalus
ST B Chloroperla tripunctata
LIST B Hydraena gracilis Germar
LIST B Hydropsyche pelluciduta
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Appendix Xl (continued) — LIFE (fam)
(TL2 — distinct families / TL1/2 - composite families)

Taxon Flow Group!Composite families
Planariidae 4 -—-NQ--
Dugesiidae 4 -—-NQ---
B_e}ldrocoelidae 4 n/a
Pianariidae (ind. Dugesiidae} 4 e YES-
Neritidae 2 nfa
Viviparidae 3 n/a
Valvatidae 4 nfa
IHydrobitdae 4 NO—
Bithyniidae 4 —NQ—
Hydrahiidae {incl. Bithyniidae) 4 ---YES~--
Physidae 4 n/a
Iy.mnaeidae 4 n/a
Planorbidae 4 nfa
Ancylidae 2 —-NQ—
Acroloxidae 4 —NO—
Ancylidae (incl. Acroloxidae) 2 -=-YES---
Margaritiferidae 2 nfa
Unionidae 4 n/a
Sphaeriidae 4 n/a
Dreissenidae 4 nfa
Piscicolidae 2 nja
Glossipheniidae 4 nfa
Hirudinidae 4 n/a
Erpobdelidae 4 n/a
Agelinidage 5 n/a
Chirpcephalidae [ nja
Triopsiiae 6 nfa
Astacidae *2 nfa
Mysidae 5 nfa
Asellidae 4 nfa
Corophiidae 3 n/a
Talitridae 6 nfa
Crangonyctidae 4 -—-NQ---
(Gammaridae 2 RO—
Gammaridae (incl. Crangonyctidae & Niphamgidae) 2 ---YES---
Baetidae 2 n/a
Heptageniidae 1 n/a
Siphlonuridae {incl. Ameletidae) 4 nfa
Leptophlebiidae 2 nja
Potamanthidae 3 nia
Ephemeridae 2 nja
Ephemerellidae 2 nfa
Caenidae 4 nfa
iTaeniopterygidae 2 nfa
Nemouridae 4 n/a
Leuctridae 2 nfa
Capniidae 1 nfa
Perlodidac 1 nja
Perlidae 1 n/a
Chloroperlidae 1 nfa
Platycnemididae 4 n/a
Coenagriidae 4 nfa
Lestidae 4 nfa
Calopterygidae 3 n/a
Gomphitae 2 nfa
Cordulegasteridae 2 nfa
Aeshnidae 4 nfa
Corduliidae 4 nfa
Libellulidae 4 nja
Mesovelidae S nfa
Hebridae 4 nfa
Hydrometridae 4 nfa
Veliidae 4 n/a
Gerridoe 4 n/a
Nepidae 5 nfa
Naucoridae 4 nfa
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Taxon [Flow GroupjComposite families
Aphelocheiridaa 2 nfa
Notonectidae 4 n/a
Pleidae 4 nfa
Corixidae 4 nja
Haliplidae 4 nfa
Hygrobiidae 5 nfa
Noteridae 4 --NQ---
Dytiscidae 4 --—-NQ---
Gyrinidae 4 n/a
Dytiscidae (indl. Noteridae) 4 -—YES---
Hydrophilidae (incl. Helopharidae, Georissidae & Hydrochidae) 4 —-NO---
Hydrophilidae (incl. Hydraenidae) 4 -—--YES---
Hydraenidae 4 ---NO---
Scirtidae 4 n/a
Elmidae 2 nfa
Sialidae 4 nfa
Osmylidae 2 nfa
Sisyridae 4 n/a
Rhyacophilidae 1 ---NQ-~
Glossosomatidae 2 ~+=NO---
Hydroptilidae 4 nf/a
Rhyaccphilidae (indl, Glossosomatidae) 1 ---YES---
Philopotamidae 1 nfa
Psychomyiidae 2 —-NQ---
Ecnomidae 3 -—-NO---
Polycentropodidae 4 nfa
Hydropsychidae 2 nfa
Psychomyiidae (incl. Ecnomidae) 2 —YES—
Phryganeidae 4 n/a
Brachycentridae 2 n/a
Lepidostomatidae 2 nfa
Goeridae 1 nfa
Beraeidae 2 n/a
Sericostomatidae 2 nfa
Qdontoceridae 1 nfa
Mclarnidae 4 nfa
Limnephilidze (ind. Apataniidae) 4 nfa
Leptoceridae 4 nfa
Tipulidae (incl. Umoniidae, Cylindrotomidae & Pediciidae) 4 nfa
Ptychopteridae 2 nfa
Chaoboridae 5 nfa
Culicidae 5 n/a
Simuliidae 2 nfa
Syrphidae 5 nfa
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Appendix Xl (continued) - LIFE (sp) (TL4)

|Taxon

Planaria torva {Muller)

4

LIFE Flow Groupi

Polycelis felina {Dalyell)

Polycelis nigra group

Phagocata vitta (Duges)

Crenobia alpina (Dana)

Dugesia tigrina (Girard)

Dugesia polychroa group

Bdellocephala punctata (Pallas)

Dendrocoglum lacteum (Muller)

Theodoxus fluviatilis (L)

Viviparus viviparus (L)

Valvata cristata Muller

Valvata macrostoma Morch

Valvata piscinalis (Muller)

Potamopyrgus jenkinsi (Smith)

Bithynia leachii (Sheppard}

Bithynia tentacutata (L.)

Aplexa hypnorum (L.)

Physa fontinalis (L)

Lymnaea auricularia {L.)

Lymnaea palustris (Muller)

Lymnaea peregra {Muller)

Lymnaea stagnalis (L.)

Lymnaea trurcatula (Muller)

Plancrbis carinatus Muller

Planorbis planorbis (L)

Anisus leucostorma (Millet)

Anisus vortex (L)

Bathyomphalus contortus {L.)

Gyraulus albus (Muller)

Gyraulus laevis (Alder)

Armiger ¢rista (L)

Hippeutis complanatus {L.)

Segmentina nitida Mulfer

Planorbarius comeus (E.)

Ancylus fluviatilis Muller

Acroloxus lacustris (L)

Margaritifera margaritifera (L)

Sphaerium comeum (L.}

Sphaerium lacustre (Muller)

Sphaerium rivicola (Lamarck)

Sphaerium transversum (Say}

Pisidium amnicum (Muller)

Pisidium casertanum (Poli)

Pisidium henslowanum (Sheppard)

Pisidium hibernicum Westerlund

Pisidium lillieborgii Clessin

Pisidium milium Held

Pisidium moitessierianum Paladilhe

Pisidium nitidum Jenyns

Pisidium obtusale (Lamarck)

Pisidium personatum Malm

Pisidium pulcheltum Jenyns

Pisidium subtruncatum Malm

Pisicium supinum Schmidt

Pisidium tenuilineatum Stelfox

Dreissena polymorpha {Pallas}

Piscicola geometra (L)

iTheromyzon tessulatum (Muller)

Hemictepsis marginata (Muller)

Glossiphonia complanata {L.)

Glossiphonia heterodita (L)

Batracobdella paludosa {Carena)

Barecbdella verrucata (Muller)

Helobdella stagnalis {L.)

Haemopis sanguisuga {L.)

Erpobdella octoculata {L.)

Erpobdella testacea {Savigny)
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Taxon

|LIFE Flow Group

Dina lineata (Muiler)

4

'Trocheta bykowskii Gedroye

fTrocheta subviridis Dutrochet

Asellus aquaticus (L.}

tAsellus meridianus Racovitza

Crangonyx pseudogracilis Bousfield

Gammarus duebeni Ufjeborg

Gammarus lacustris Sars

Gammarus pulex (L.)

Gammarus tigrinus Sexton

Siphlonurus lacustris Eaton

Ameletus inopinatus Eaton

Baetis atrebatinus Eaton

Baetls buceratus Eaton

Baetis digitatus Bengtsson

Baeltls muticus (L.}

Baetis niger (L.}

Baetis rhodani {Pictet)

Baetis vemus Curtis

Baetis scambus group

Centroptilum luteolum {Mulier)

Centroptilum pennulatum Eaton

Cloeon dipterum {L.)

Cloeon simile Eaton

Procloeon bifidum Bengtsson

Rhithrogena sp.

Heptagenia fuscogrisea {Retzius)

Heptagenia lateralis {Curtis)

Heptagenia sulphurea (Muller)

Ecdyonurus sp.

Leptophlebia marginata {L.)

Leptophlebia vespertina (L.)

Paraleptophlebia cincta (Retzius)

Paraleptophlebia submarginata (Stephens)

Paraleptophlebia wereri Ulmer

Habrophlebia fusca {Curtis)

Potamanthus luteus (L.)

Ephemera danica Muller

Ephemera lineata Eaton

Ephemera vulgata L.

Ephemerella ignita (Poda)

Ephemerella notata Eaton

Brachycercus harisefla Curtis

Caenis horaria {L.)

Caenis rivulorum Eaton

Caenis robusta Eaton

Caenis pusilla Navas

Caenis pseudorivilorum group

Taeniopteryx nebulosa (L)

Brachyptera putata {Newman)

Brachyptera risi {(Morton)

Protonemura meyeri (Pictet)

Protonemura montana Kimmins

Protonemura praecox (Morton)

Amphinemura standfussi Ris

Amphinemura suldicollis (Stephens)

Nemurella picteti Xlapalek

Nemaura avicularis Morton

Nemoura cinerea (Retzius)

Nemoura cambrica group

|Leuctra fusca (L.}

Leuctra geniculata (Stephens)

Leuctra hippopus (Kempny)

Leuctra inermis Kempny

Leuctra moselyi Morton

Leuctra nigra {Olivier)

Capnia atra Morton

Capnia bifrons (Newman}
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Taxan

LIFE Flow Group|

Perlodes microcephala (Pictet)

Diura bicaudata (L.}

Isoperla grammatica {Poda)

Dinocras cephaletes {Curtis)

Perla bipunctata Pictet

Chloroperla torrentium (Pictat)

Chloroperla tripunctata (Scopoli}

Platycnemis pennipes (Pallas)

Pyrthosoma nymphula (Sulzer)

Ischnura elegans {¥an der Linden)

Enallagma cyathigerum (Charpentier)

Coenagrion puella group

Erythromma najas (Hansemann)

Calopteryx splendens (Harris)

Calopteryx virga (L)

Gomphys vulgatissimus (L.)

Cordulegaster boltonii (Donovan)

Brachytron pratense (Muller)

Mesovelia furcata Mulsant & Rey

Hydrometra stagnorum (L.)

Gerris argentatus Schummel

Gerris lacustris (L)

Gertis odontogaster (Zetterstedt)

Gerris thoracicus Schummel

Gerris najas (Degeer)

Nepa cinerea L.

Tlyocoris cimicoides {L.)

Aphelocheirus aestivalis {Fabricius)

Notonecta glauca L

Notonecta maculata Fabricius

Notonecta obliqua Gallen

Micronecta sp.

Cymatia coleopata (Fabricius)

Callicorixa praeusta (Fieber)

Callicorixa wallastoni (Douglas & Scott)

Corixa affinis Leach

Corixa dentipes (Thomson)

Corixa panzeri (Fieber)

Corixa punctata (llliger)

Hesperocorixa linnei (Fieber)

Hesperocorixa sahlberg (Feber)

Sigara distincta {Feber)

Sigara falleni (Fieber)

Sigara fossarurn {Leach)

Sigara scotti {Fieber)

Sigara lateralis (Leach)

Sigara nigrolineata (Fieber}

Sigara semistriata (Fieber)

Sigara venusta {Douglas & Scott)

Brychius elevatus (Panzer)

Haliplus confinis Stephens

Haliplus flavicollis Sturm

Haliplus fluviatilis Aube

Haliplus heydeni Wehncke

Haliplus immaculatus Gerhardt

Haliplus laminatus Schaller

Haliplus lineatocollis {Marsham)

Haliplus lineolatus Mannerheim

Haliplus ruficollis { Degeer)

Haliplus wehnckei {Gerhardt)

Noterus clavicornis (Degeer)

Laccophilus hyalinus (Degeer)

Laccophilus minutus (L.)

Hyphydrus ovatus (L.}

Hygrotus inaequalis { Fabricius)

Hygrotus versicelor (Schaller)

Hydroporus angustatus Sturm

Hydroporus discretus Fairmaire & Brisout

Hydroporus ferrugineus Stephens

Hydroporus memnonius Nicolai
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Taxon

ILIFE Flow Group|

Hydroporus nigrita {Fabricius)

Hydroporus obscurus Sturm

Hydroporus palustris (L.)

Hydroporus planus (Fabricius)

Hydroporus pubescens (Gyllenhal}

Hydroporus tessellatus Drapiez

Stictonectes lepidus (Olivier)

Graptodytes pictus {Fabricius)

Porhydrus lineatus (Fabricius)

Deronectes latus (Stephens)

Potamenectes assimilis (Paykull}

Potameonectes depressus (Fabricius)

Stictotarsus duodedi mpustulatus (Fabricius)

Oreodytes davisii {Curtis)

Qreodytes sanmarkii (Sahlberg)

Creodytes septentrionalis {Sahlberg)

Scarodytes halensis {Fabricius)

Platambus maculatus (L)

Agabus bipustulatus {L)

Agabus chalconatus {Panzer)

Agabus didymus {Olivier)

Agabus guttatus (Paykull)

Agabus paludosus (Fabricius)

Agabus sturmii (Gyllenha!)

Colymbetes fuscus (L.)

Acitius sulcatus (L)

Dytiscus marginalis L

Dytiscus semisulcatus Muller

Gyrinus aeratus Stephens

Gyrinus distinctus Aube

Gyrinus marinus Gyllenhal

Gyrinus urinator Iliger

Orectochilus villosus (Muller)

Hydrochus angustatus Germar

Helopherus aequalis Thomson

Helophorus grandis Tlliger

Helopheorus arvernicus Mulsant

Helophorus brevipalpis Beddl

Helophorus flavipes Fabwicius

Helopharus minutus Fabricius

Heloghorus obscurus Mulsant

Helephorus strigifrons Thomson

Paracymus scutellaris {Rosenhauer)

Hydrobius fuscipes (L.)

Anacaena hipustulata (Marsham)

Anacaena globulus (Paykull)

Anacaena imbata (Fabricius)

Anacaena lutescens (Stephens)

Laccobius bigutiatus Gerhardt

Laccobius minutus (L.)

iaccobius atratus Rottenburg

taccobius atrocephalus Reitter

Laccobius sinuatus Motschulsky

Laccobius striatulus (Fabricius)

Engchrus testaceus {Fabricius)

QOchthebius bicolon Germar

QOchthebius dilatatus Stephens

QOchthebius exsculptus Germar

Qchthebius minimus (Fabricius)

Hydrasna gracilis Germar

Hydraena nigrita Germar

Hydraena pulchella Germar

Hydraena riparia Kugelann

Hydraena rufipes Curtis

Hydraena testacea Curtis

Uimnebius nitidus {Marsham)

Limnebius truncatellus (Thunberg)

Helichus substriatus (Muller)

Elmis aenea (Muller)

Esoliss parallelepipedus (Muller)
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Taxon

LIFE Flow Group

Limnius volckmari (Panzer)

Limnephilus decipiens (Kolenati)

4

Macronychus quadrituberculatus Muller

Nermandia nitens (Mufler)

Limnephilus extricatus Mclachlan

9u|imnius major (Rey)

Limnephilus flavicornis (Fabricius)

Qulimpius rivularis (Rosenhauer)

Limnephilus fuscicomis (Rambur)

Oulimnius troglodytes (Gyllenhal)

Limnephilus lunatus Curtis

Qulimnius tuberculatus (Muller)

Limnephilus marmoratus Curtis

Riolus cupreus (Muller)

Limnephilus politus Mclachlan

Riolus subviclaceus {Muller)

Limnephitus rhombicus (L.)

Sialis fuligjposa Pictet

Limnephilus vittatus (Fabricius)

Sralis lutaria (L)

Goera pilosa {Fabricius)

Salis igrpes Pt

Silo nigricomis (Pictet)

Osmylus fulvicephalus (Scopoli)

Rhyacophila dorsalis (Curtis)

Silo pallipes (Fabricius)

Beraea maurus (Curtis)

Rhyacophila munda Mdachtan

Beraea pullata {Curtis)

Rhyacophila obliterata Mclachlan

Beraeodes minutus {L.)

Rhyacophila septentrionis Mclachlan

Notidobia diliaris (L.}

Glossosoma sp.

Sericostoma persanatum {Spence)

Odaontocerurn albicorne {Scopoli)

Agapetus sp.

Agraylea multipunctata Curtis

Molanna angustata Curtis

Athripsodes albifrons {L.)

Agraylea sexmaculata Curtis

Flctichiz paticors (Fator)

Athripsedes aterrimus (Stephens)

Ithytrichia sp.

Athripsodes bilineatus (L.)

Philapotamus mantanus (Donovan)

Athripsedes cinereus (Curtis)

(Wormaldia sp.

Athripsodes commutatus (Rostock)

Chimarra marginata (L.)

Ceraclea annulicornis {Stephens)

Lype sp.

Ceraclea dissimilis (Stephens)

Metalype fragilis (Pictet)

Ceraclea fulva (Rambur)

Psychomyia pusilla (Fabricius)

Ceraclea nigronervosa (Retzius)

Ceraclea senilis {(Burmeister)

Tinodes dives (Pictet)

Tinodes unicolor (Pictet)

\.eptocerus lusitanicus (Mclachlan)

Mystacides azurea (L)

Tinodes waeneri {L.)

Ecnomus tenellus (Rambur)

Mystacides longicornis (L.)

Mystacides nigra (L)

Cyrnus flavidus Mclachlan

Cyrnus trimaculatus (Curtis)

Adicella reducta {Mclachtan}

Holocentropus picicornis (Stephens)

iTrigenodes bicolor (Curtis)

'Yiades conspersus (Rambur)

“l‘!eureclipsis bimaculata (L.)
Plectrocnemia conspersa {Curtis)

Ylodes simulans {Tjeder)

Oecelis Jacustris (Pictet)

Plectrocnemia geniculata Mclachlan

Palycentropus flavomaculatus {Fictet)

Oecetis notata (Rambur)

Polycentropus irmoratus (Curtis)

Oecetis achracea {Curtis)

Palycentropus kingi Mclachlan

Oecetis testacea (Curtis)

Cheumatopsyche lepida (Pictet)

Pedicia (Tricyphona) sp.

Hydropsyche angustipennis {Curtis}

Pedicia (Pedicia) group

Hydropsyche contubemalis Mclachlan

Dicranota sp.

Hydropsyche fulvipes (Curtis)

Ptychoptera sp.

Chaoborus flavicans (Meigen)

Hydropsyche instabilis (Curtis)

Hydropsyche pellucidula {Curtis)

Anopheles sp.

Hydropsyche saxcnica Mclachlan

Prosimulium hirtipes (Fries)

Hydropsyche siltalai Dohler

Prosimulium latimucro {Enderiein)

Diplectrona felix Mclachlan

Prosimulium tomosvaryi (Enderlein)

Agrypnia obsoleta group

Simulium latipes (Meigen)

Simulium costatum Friederichs

=

Phryganea sp.

Brachycentrus subnubilus Curtis

Simulium angustitarse group

Cruncecia irrorata (Curtis)

Simulium ¢ryophilum group

Lasiocephala basalis (Kolenati)

Simulium vernum group

Simulium aureum group

Lepidastorna hirtum {Fabricius}

Apatania muliebris Mclachlan

Simulium {Wilhelmia) sp.

Drusus annulatus {Stephens)

Simulium erythrocephalum (de Geer)

Ecclisopteryx guttulata {Pictet)

Simulium rostratum Lundstrém

Simulium morsitans Edwards

Halesus sp.

Simulium noelleri Friederichs

Simulium posticatum Meigen

Melampophylax mucoreus (Hagen)

Anaboclia nervosa (Curtis)

Simulium reptans (L.)

Simulium argyreatum group

Glyphotaelius pellucidus (Relzius)

Limnephilus binotatus Curtis

Simulium grnatum group

Simulium tuberosum (Lundstrom)

Limnephilus bipunctatus Curtls
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Appendix XI (continued) — LIFE {sp) (TL5)

Taxon LIFE Flow Group;
Planaria torva (Muller) 4
Polycelis felina (Daivell)

Polycelis nigra group

Phagocata vitta (Duges)

Crenobia alpina {Dana)

Dugesia tigrina (Girard)

Dugesia polychroa group

Bdellocephala punctata {Pallas)

Dendrocoadum lacteum (Muller}

Theodoxus fluviatilis {L.)

Viviparus viviparus (L.)

Valvata cristata Muller

Valvata macrostoma Morch

Valvata piscinalis (Muler)

Potamopyrgus jenkinsi {Smith)

Bithynia leachii {Sheppard)

Bithynia tentaculata (L)

Aplexa hypnorum (L.)

Physa fontinalis (L.)

Lymnaea auricularia (L.}

Lymnaea palustris (Muller}

Lymnaea peregra {Muller)

Lymnaea stagnalis {L.}

Lymnaea truncatula (Muller)

Planorbis carinatus Muller

Planorhis planorbis (L.)

Anisus leucostoma (Millet)

Anisus vortex (L.)

Bathyomphalus contortus (L.)

Gyraulus albus (Muller)

Gyraulus laevis {Alder)

Armiger crista (L.)

Hippeutis complanatus (L.)

Segmentina nitida Muller

Planorbarius corneus (L.}

Ancylus fluviatilis Muller

Acroloxus lacustris (L.)

Margaritifera margaritifera (L.)

Dreissena polymorpha (Patlas)

Piscicola geometra (L.)

Theramyzon tessulatum {Muller)

Hemiclepsis marginata (Muller)

Glossiphania complanata (L.)

Glossiphonia heterodita (L)

Batracobdella paludosa {Carena)

Boreobxdella verrucata (Muller)

Hefobdella stagnalis (L.)

Haemopis sanguisuga (L.)

Erpobdella octoculata (L)

Erpobdella testacea (Savigny)

Dina lineata (Muller)

Trocheta bykowskii Gedroyc

Trocheta sutmrids Dutrochet

Asellus aquaticus (L.}

Asellus meridianus Racoviza

Crangotyx pseudogracilis Bousfigld

Gammarus duebeni Liljeborg

Gammarus lacustris Sars

Gammarus pulex (L.)

Gammarus bgrinus Sexton

Siphlonurus lacustris Eaton

Ameletus inopinatus Eaton

Baetis atrebatinus Eaton

Baetis buceratus Eaton

Baetis digitatus Bengtsson

Baetis muticus (L.)

Baetis niger {L.)

Baetis rhodani (Pictet)
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Taxon

LIFE Flow Group]

Baetis vernus Curtis

2

Baetis scambus group

Centroptilum luteolum {Muller)

Centraptilum pennulatum Eaton

Cloeon dipterum (L.)

Cloeon simile Eaton

Procloeon bifidum Bengtsson

Rhithrogena sp.

Heptagenia fuscogrisea {Retzius)

Heptagenia (ateralis {Curtis}
Heptagenia sulphurea (Muller)

Ecdyonurus sp.

Leptophlebia marginata (L.)

Leptophlebia vespertina (L.)

Paraleptophlebia cincta (Retzius)

Paraleptophlebia submarginata {Stephens)

Paraleptnphiebia werneri Ulmer

Habrophlebia fusca {Curtis)

Potamanthus luteus {L.)

Ephemera danica Muller

Ephemera lineata Faton

Ephemera vulgata L.

Ephemerelta ignita (Poda)

Ephemerella notata Eaton

IBrachycercus harrisella Curtis

Caenis horaria (L.)

Caenis rivulorum Eaton

Caenis robusta Eaton

Caenis pusilla Navas

Caenis pseudorivulorum group

Taeniopteryx nebulosa (L.}

Brachyptera putata (Newman)

Brachyptera risi (Morton)

Protonemura meyeri {Pictet)

Protpnemura montana Kimmins

Protonemura praecox {Morton)

Amphinemura standfussi Ris

Amphinemura sulcicollis (Stephens)

Nemurella picteti Klapalek

Nemoura avicutaris Morton

Nemoura cinerea (Retzius)

Nemoura cambrica group

Leuctra fusca (L.}

Leuctra geniculata (Stephens)

Leuctra hippopus (Kempny)

Lewuctra inermis Kempny

Leuctra moselyi Morton

Leuctra nigra (Qlivier)

Capnia atra Morton

Capnia bifrons (Newman}

Perlodes microcephala {Pictet)

Diura bicaudata (L.}

Tsoperia grammatica (Poda)

Dinocras cephalotes (Curﬁg)

Perla bipunctats Pictet

|Chiorgperla torrentium (Pictet)

Chioraperia tripunctata (Scopoli}

Platycnemis pennipes (Pallas)

Pyirhosoma nymphula (Sulzer)

Ischnura elegans (Van der Lincen)

Enallagma cyathigerum (Charpentier)

Coenagrion puella group

Erythromma najas (Hansemann)

Calopteryx splendens (Harris)

Calopteryx virgo (L.}

Gomphus vulgatissimus (L.)

Cordulegaster boltonii (Dorovan)

Brachytron pratense (Muller)
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Taxon

|LIFE Flow Group

Mesovelia furcata Mulsant & Rey

Hydrometra stagnorum (L.)

Gerrig argentatus Schummel

Gerris tacustris {L.)

Gerris odontogaster (Zetterstedt)

Gerris thoracicus Schummel

Gerris najas (Degeer)

Nepa cinerea L-

Tiyocoris clmicoides (L)

Aphelocheirus aestivalis (Fabricius)

Notonecta glauca L.

Notonecta maculata Fabricius

Notonecta obliqua Gallen

Micronecta sp.

Cymatia coleoptrata (Fabricius)

Callicorixa praeusta (Fieber)

Callicorixa wollastoni {Douglas & Scott)

Corixa affinis Leach

Corixa dentipes (Thomson)

Corixa panzeri (Fieber)

Cotixa punctata (Dliger)

Hesperocorixa linnei {Fieber)

Hesperocotixa sahlbergi (Feber)

Sigara distincta (Feber)

Sigara falleni (Fieber)

Sigara fossarum (beach)

Sigara scotti (Fieber)

Sigara lateralis {Leach)

Sigara nigrolineata (Fieber)

Sigara semistriata (Fieber)

Sigara venusta {Douglas & Scott)

Brychius elevatus (Panzer)

Haliplus confinis Stephens

Haliplus flavicollis Sturm

Haliplus fluviatilis Aube

Haliplus heydeni Wehncke

Haliplus immaculatus Gerhardt

Halip!us laminatus Schaller

Haliplus lineatocollis (Marsham)

Haliptus lineolatus Mannerheim

Haliplus ruficollis { Degeer)

Haliplus wehnckei (Gerhardt)

Moterus clavicomis (Degeer)

Laccophilus hyalinus (Degeer)

Laccophilus minutus (L)

Hyphydrus ovatus (L)

Hygrotus inaequalis {Fabricius)

Hygrotus versicolot (Schaller)

Hydroporus angustatus Sturm

Hydroporus discretus Fairmaire & Brisout

Hydroporus ferrugineus Stephens

Hydroporus memnonius Nicolai

Hydroporus nigrite (Fabricius)

Hydroporus obscurus Sturm

Hydroporus palustris (L)

Hydroparus planus ( Fabricius}

Hydroporus pubescens (Gyllenthat)

Hydroporus tessellatus Drapiez

Stictonectes lepidus (Clivier)

Graptodytes pictus (Fabricius)

Porhydrus lineatus {Fabricius)

Deronectes latus {Stephens)

Potamonectes assimélis {Paykuil)

Potamonectes depressus (Fabricius)

Stictotarsus duodecimpustulatus (Fabriciug)

Oreodytes davisii (Curtis)

QOreodytes sanmarkii {Szhlberg)

Oreodytes septentrionalis (Sahlberg)

Scarodytes halensls {Fabricius)

Platambus maculatus {L.)
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Taxon

LIFE Flow Group

Agabus bipustulatus {L.)

4

Agabus chalconatus (Parizer)

Agabus didymus (Olivier}

Agabus guttatus {Paykull)

Agabus paludosus (Fabricius)

Agabus sturmii (Gyllenbal)

Colymbetes fuscus (L)

Actiius sulcatus (L)

Dytiscus marginalis L

Dytiscus semisulcatus Muller

Gyrinus aeratus Stephens

Gyrinus distinctus Aube

Gyrinus marinus Gyllenhal

Gyrinus urinator Illiger

Orectochilus villosus (Muller)

Hydrochus angustatus Germar

Helophorus aequalis Thomson

Helophorus grandis llger

Hefopherus arvermicus Mulsant

Helophorus brevipalpis Bedel

Helophorus flavipes Fabricius

Helophorus minutus Fabricius

Helopherus obscurus Mizdsant

Helophorus strigifrons Thomson

Paracymus scutellaris (Rosenhauer)

Hydrobius fuscipes {L.)

Anacaena bipustulata (Marsham)

Anacaena globulus {Paykull}

Anacaena limbata (Fabricius)

Anacaena lutescens (Stephens)

Laccobius biguttatus Gerhardt

Laccobius minutus (L.}

Laccobius atratus Rottenburg

Laccobius atrocephalus Reitter

Laccobius sinuatus Motschulsky

Laccobius striatulus (Fabricius)

Enochrus testaceus (Fabricius)

Ochthebius bicolon Germar

Ochthebius dilatatus Stephens

Ochthebius exsculptus Germar

Ochthebius minimus {Fabricius)

Hydraena gracilis Germar

Hydraena nigrita Germar

Hydraena pulchella Germar

Hydraena riparia Kugelann

Hydreena rufipes Curtis

Hydraena testacea Curtis

Limnebius nitidus (Marsham)

Limnebiws truncatellus (Thunberg)

Helichus substriatus (Muller)

Elmis aenea (Muller)

Esolus paraflelepipedus (Muller)

Limnius volckmari {Panzer)

Macronychus quadrituberculatus Muller

Normandia nitens (Muller)

Qulimnius major (Rey)

Oulimnius rivularis (Rosenhauer)

Oulimnius troglodytes (Gyllenhal)

Oulimnius tuberculatus (Muller)

Riolus cupreus (Muller)

Riolus subviolaceus (Muller)

Sialis fuliginosa Pictet

Sialis lutaria (L.}

Sialis nigripes Pictet

Rhyacophila dorsalis (Curtis)

Rhyacophila munda Mdachlan

Rhyacophila chiiterata Mclachlan

Rhyacophila septentrionis Mclachlan

Glossosoma sp.

Agapetus sp.
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Taxon

LIFE Flow Group)|

Agraylea muliipunctata Curlis

4

Agravlea sexmaculata Curtis

Allorichia palicomis (Eaton)

Ethytrichia sp.

Phllopotamus montanus {Donovan)

Wormaldia sp.

Chimama marginata {L.)

Lype sp.

Metalype fragilis {Pictet)

Psychomyia pusilla (Fabriclus)

Tinades dives (Pictet)

Tinodes uricolor (Piciet)

Tinodes waeneri (L)

Ecnomus tenelus (Rambur)

Cyrnys flavidus Mclachlan

Cyrnus trimaculatus (Curtis)

Holocentropus picicornis (Stephens)

Neureclipsis bimaculata (L)

Plectrocnermia conspersa (Curtis)

Plactrocnemia geniculata Mclachlan

Polycentropus flavomacutatus (Pctet)

Polycentrapus Imoratus (Curtis)

Polycentropus kingi Mclachian

Cheumatopsyche lepida (Pictet)

Hydropsyche angustipennis (Curtis)

Hydropsyche contubernalls Mctachlan

Hydmopsyche fubdpes {Curtis)

Hydropsyche instabills {Curtis)

Hydropsyche pelluddula (Curtis)

Hydropsyche saxonica Mdachian

Hydropsyche siltalal Dohler

Diplectrona fefix Mdachlan

Agrypnia obsoleta group

Phryganea sp.

Brachycentrus subnubllus Curtis

Crunoecia Imorata (Curtis)

Laslocephala basalis (Kolenati)

Lepidostoma hirtum {Fabricius)

Apatania muliebvis Mcachlan

Drusus annulatus (Stephens)

Ecdisopteryx guttulata (Pictet)

Halesus sp.

Hydatophylax inffumatus (Mdachian)

Melampophylax mucoreus {Hagen)

Anabalia nervosa {Curtis)

Glyphotadius pallucidus (Retzius)

Limnephitus binctatus Curtis

Umnephilus bipunctatss Curtls

Limnephilus decipiens (Kolenati)

Limnephilus extricatus Mclachlan

Limnephiltus lavicoris (Fabricius}

Umnephitus fuscicornis (Rambur)

Limnephilus lunatus Curtis

Umnephilus marmoratus Curtis

Umnephllus politus Mdachlan

Umnephllug hombicus (L.)

Limnephilus vitaius {Fabwiciug)

Goera pliosa (Fabricius)

Sl rigricomis (Pictet)

Sio pallipes (Fabridus)

Beraza maurus (Curtls)

Beraea pullata (Curtis)

Beracodes minutus (L}

Notidotia dliaris (L)

Sericostoma personatum {Spence)

QOdontocerum albicorne (Saopoli)

Molanna angustata Curtis

Attripsodes albifrons (L)

Athripsodes aterrimus (Stephens)

Athripsodes blineatus (1.)
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Taxon

|LIFE Flow Group|

Athvipsodes cinereus (Curtis)

3

Athvipsodes commutatus (Rostock)

Ceraclea annuliaomis (Stephens)

Ceradea dissimllis (Stephens)

Ceradlea fulva (Rambur)

Ceraclea nigronpervosa (Retzius)

Cevaclea serilis (Burmelister)

Lepincerus lusianicus (Mdachlan)

Mystacides azurea (L)

Mystacides longloomis (L)

Mystacides nigra (L)

Adicella reducta {Mdachan)

[Triaenodes bicolor {Curtis)

‘Ylodes conspersus (Rambur)}

Yodes simulans (Tjeder)

Oecetis lacustris (Pictet)

Oecetis nozta (Rambur)

Qecetis achracea (Curtis)

Qecetis testacea (Curtis)

Chaoboridae

Culicidae

Simuliidae
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Appendix XI {(continued) — LIFE (abundance categories and flow scores)

Flow Group{Flow Group Description{Log10 Adundance Category [Flow Score (fs)
1 Rapid 1 9
2 Moderate/fast 1 B
3 Slow/sluggish 1 7
4 Flowing/standing 1 -]
5 Standing 1 5
6 Drought resistant 1 4
1 1Rapid 2 10
2 Moderate/ fast 2 9
3 Stow/sluggish z 7
4 Flowing/ standing 2 5
5 Standing 2 4
6 Drought resistant 2 3
1 tRapid k! 11
2 Maderateffast 3 10
3 Slow/ sluggish 3 7
4 Flowing/standing 3 4
5 Standing 3 3
6 Drought resistant 3 2
1 fRapid 4 12
2 Maderate/fast 4 11
3 Slowy sluggish 4 7
4 Flowing/standing q 3
5 Standing 4 2
6 Drougbt resistant 4 1
1 Rapid 3 12
2 Moderateffast 5 11
3 Slowy sluggish 5 7
4 Flowing/standing 5 3
5 Standing 5 2
6 Drought resistant 5 1
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Appendix XI (continued) — PSI (fam) (TL3)

Taxon PSI Group| Taxgn PSI Group
Spongillidae B Dytiscidae D
Planariidae D Gyrinidae E
Dugesiidae D Helophondae o
Dendrocodidae C Hydrophilidae o
Neritidae C Hydrochidae b
Viviparidae D Hydraenidae B8
Valvatidae C Scirtidae B
Hydrobiidae C Drpopidae D
Bithyniidae D Eimdac B ]
Physidae D Sialidae D
Lymnaeidae D Osmytidae B
Acroloxidae E Sigyridae B
Planorbidae D’ Rhyacophilidae A
Ancylidae D Glossosomatidae A
Margaritiferidae A Hydroptilidae E
Unionidae D Philopotamidae A
Sphaeriidae D Psychomyiidae B
Dreissenidae E Eﬁmm';: C
Lumbriculidae D Polycentropodidae B
Haplotaxidae D Hydropsychidae A
Naididae D Phryganeidae D
Tubificidae D Brachycentridae A
Enchytrasidae (incl. Propappidae) D Lepidostomatidae B
Lumbricigae {incl. Gossoscolecidae) D Limnephilidae B
Piscicolidae B Goetidae A
Glossiphoniidae C Beraeidae A
Hirudinidae ] Sericostomatidae B
Erpobdellidae C Qdontoceridae B
Astacidae E Maolannidae C
Asellidae D Leptoceridae E
Corophiicae D Apataniidae Al
Crangonyctidae D Pyratidae E
Gammaridae B Tipuldae B
Niphargidae B Limoniidae B
Siphlonuridae C Pediciidae B ]
Baetidae A Psychodidae D
Heptageniidae A Ptychopteridae D
Ameletidae B Dixidae B
Leptophlebiidae B Chaohoridae E
Potamanthidae B Culicidae E
Ephemeridae C  Thaumaleidae E
Ephemerellidae A Ceratppogonidae E
Caenidae D Simuliidae A
Taeniopterygidae A Tanypodinae E
Nemouridae C Diamesinae E__
Leuctridae A Prodiamesinae E
Capniidae A Qrthocladinae E
Perlodidae A Chironomini E
Perlidae A Tanytarsini £
Chlgroperiidae A Stratiomyidae Cc
Platycnemididae D Tabanidae D
Coenagriidae £ Athericidae E
Calopterygidae C Syrphidae D
Gomphidae D

Cordulegastericlae D

Aeshnidae D

Libellutidae D

Mesovelidae E

Hydrometridae E

Veliidae E

Gerridae E

Nepidae D

Naucotidae E

Aphelocheiridae A

Notonectidae E

Corixidae o

Haliplidae D

Noteridae D
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Appendix Xl {continued) — PSI (sp) (TL4)

Taxon

|PSI Group

Planaria torva (Muller)

D

fplycelis felina (Dalyell}

Polycelis nigra group

Phagocata vitta (Duges)

Crenobia alpina (Dana)

Dugesia tigrina (Girard)

Dugesia polychroa group

Bdellocephala punctata (Fallas)

Dendrocoelum lacteum (Muller)

Theodoxus fluviatilis (L)

Viviparus viviparus (L.)

Valvata cristata Muller

IValvata macrostoma Morch

Valvata piscinalis (Muller)

Potamepyrgus jenkinsi {(Smith)

Bithynia leachii (Sheppard)

Bithynia tentaculata {L.)

Aplexa hypnorum (L.)

Physa fontinalis (L.)

Physa acuta group

Lymnaea aurtcularia {L.)

Lymnaea patustris (Muller}

Lymnaea peregra (Muller)

Lymnaea stagnalis (L.)

Lymnaea truncatula (Muller)

Planorbis carinatus Muller

Planorbis planorbis {L.)

Anisus leucostoma (Milet)

Anisus vortex (1.)

Bathyomphalus contortus (L.)

Gyraulus albus (Mufler)

Gyraulus laevis (Alder)

Armiger crista (L.}

Hippeutis complanatus (L)

Segmentina nitida Muller

Planorbarius corneus {L.}

Ancylus Ruviatilis Multer

Acroloxus lacustris (L)

Margaritifera margaritifera (L.)

Unio sp.

Sphaerium comeum (L.)

Sphaerium lacustre (Muller)

Sphaerium rivicola {Lamarck)

Sphaerium transversum {Say)

Pisidium amnicum {Muller)

Pisidium casertanum {Poli)

Pigidlium henslowanum (Sheppard)

Pisidium hibernicum Westerlund

Pisidium lilljeborgii Clessin

Pistdium milium Held

Pigidium moitessierianum Paladilhe

Pisidium aiidum Jenyns

Pisidium ohtusale (Lamarck}

Pisidium personatum Malm

Pisidium putchellum Jenyns

Pisidium subtruncatum Malm

Pisidium supinum Schmidt

Pisidium tenuilineatum Stelfox

Dreissena polymorpha {Pallas)

Piscicola geometra (L)

Theromyzeon tessulatum (Muller)

Hemiclepsis marginata (Muller)

Glossiphonia complanata (L}

Glossiphonia heterodiita (L.)

Batracobdella paludosa {Carena)

Boreobdetla verrucata (Muller)

Helobdella stagnatis (L)

Haemopis sanguisuga (L.)
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Taxon

PSI Group

Erpobdella octoculata (L}

(g]

Erpobdeffa testacea {Savigny)

Dina lineata (Muller)

ITrocheta bykowskii Gedroyc

[Trocheta subviridis Dutrochet

Asellus aquaticus (L.}

Asellus meridianus Racovitza

Corophium sp.

Crangenyx pseudogracilis Bousfield

Gammarus duebeni Lilieborg

Gammaruys lacustris Sars

Gammarus pulex (L.)

Gammarus tigrinus Sextan

Gammatus zaddachi Sexton

Niphargus aquilex Schiodte

Siphlonurus lacustris Eaton

Ameletus incpinatus Eaton

Baetis atrebatinus Eaton

Baetis buceratus Eaton

Baetis digitatus Bengtsson

Baetis muticus {L.)

Baetis niger {L.)

Baebs rhodani (Pictet)

Baetis veraus Curtis

Baetis scammbus group

Centroptilum futeolum (Muller)

Centroptilum pennulatum Eaton

Cloeon dipterum (L)

Cloeon simile Eaton

Procloeon bifidum Bengtsson

Rhithrogena sp.

Heptagenia fuscogrisea (Retzius)

Heptagenia lateralis (Curtis)

Heptagenia sulphurea {Muller}

Ecdyonurus sp.

Leptophlebia marginata (L.)

Leptophlebia vespertina {L.)

Paraleptophlebia cincta (Retzius)

Paraleptophlebia submarginata (Stephens)

Paraleptophlebia werneri Ulmer

Habrophlebia fusca (Curtis}

Patamanthus luteus (L.)

Ephemera danica Muller

Ephemera lineata Eaton

Ephemera vulgata L.

Ephemerella ignita {Poda)

Ephemerella notata Eaton

Brachycercus harrisella Curtis

Caenis horaria (L)

Caenis rivulorurmn Eaton

Caenis robusta Eaton

Caenis pusilla Navas

Caenis luctuosa group

|Taeniopteryx nebulosa {L.)

Brachyptera putata (Newman)

Brachyptera risi {Mortan)

Protonemura meyeri (Pictat)

Protonemura montana Kimmins

Protonemura praecox (Morton)

Amphinemura standfussi Ris

Amphinemura sulcicollis (Stephens)

Nemurefla picteti Klapalek

Nemoura avicularis Morton

Nemaura cinerea (Retzius)

Nemoura cambrica group

Leuctra fusca (L)

Leucira geniculata (Stephens)

Leuctra hippopus (Kempny)
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Taxon

lpst Group!

Leuctra inermis Kempny

A

Taxon

PS1 Group

Leuctra moselyl Mortan

Noterus davicomls {Degeer)

o

Lewctra nigra (Oivier)

Laccophilus hyalinug (Degeer)

Capnia atra Morton

Laccophilus minutus {L.)

Capnia bifrons {Newman)

Hyphydrus ovatus (L)

Perlodes microcephala (Fictet)

Hygrotus Inaequalis (Fabricius)

Diwa bicawdata (L}

{Hygrotus versicolor {Schaler)

Isoperla grammatica (Poda)

Hydroporus angustatus Sturm

Dinocras cephalotes (Curtis)

Hydroporus discretus Falrmalire & Brisout

Perla blpunctats Pictet

Hydraporus ferrugineus Stephens.

Chloroperia torrentium (Actet)

Hydroporus memnonius Nicolal

Chioroperia tripunciata (Soopoli}

{Hydroporus nigrita (Fabricius)

Platycnemis pennipes (Pallas)

|Hydmoporus obscurus Sturm

Pyrrhasoma nymphula (Suzer)

Hydraporus palustris (L)

Ischnura elegans {Van der Linden)

Hydroporus planus (Fabricius)

Enallagma cyathigerum (Charpentier)

Hydroporus pubescens (Gyllenhal)

Coenagrion puella goup

Hydroparus tessellatus Drapiez

Erythromma najas (Hansemann)

Stictonectes lepldus (Olivier)

Calopteryx splendens (Harris)

Grapiodytes pictus {Fabricius)

Calopteryx virgo {L.}

Porhydrus lineatus (Fabricius)

Gomphus vugatissimus (L)

Deronectes latus (Stephens)

Cordulegaster boltonii (Donovan)

Potamonectes assimilis {Paykull)

Brachytron pratense (Muller)

Potamanectes depressus (Fabridus)

Aeshna sp.

Stictotarsus duodecimpastidatus (Fabridus)

Qrthetrum sp,

Qreadytes davidi (Curtis)

Sympetrum sp.

Oreodytes sanmarkii (Sahlberg)

Mesovelia furcata Mulsant & Rey

Oreodytes septentrionalis (Sahlberg)

Hydrometra stagnorum (L)

Scarodytes hatensls (Fabriclus)

Velia sp.

Platambus maculatus (L)

Gerris argentatus Schummed

Agabus bipustulatus (L)

Gerrls lacustls {L.)

Agabus chakonatus (Panzer)

Gerris odontogaster (Zetterstedt)

Agabus didymus {Olivier)

Gerris thoracicus Schummel

Agabus guttatus (Paylal)

Gerrls najas (Degeer)

Agabus palutdosus [Fabridus)

Kepa dnerea L

Agabus sturmii (Gyllenhal}

Tivocors clmikoldes (E-)

llybius sp.

Aphaetochairus aestivalis (Fabeicius)

Colymbetes fuscus (L.)

Notonecta glauca L.

Acillus sulcatus (L)

Notonecta macuata Fabricius

Dytiscus marginalis L

Nolpnecta obliqua Gallen

Dytiscus semisulcatus Muller

Micronecta sp.

Gyrinus aeratus Stephens .

Cymatia coleoptrata (Fabricius)

Gyrinus distinctus Aube

Callioorixa praeusta (Feber)

Gyrinus marinus Gyllenhal

Callicorixa waollastoni {Douglas & Scott)

Gyrinus natator group

Corixa affinis Leach

Gyrinus winator Niger

Corixa dentipes (Thomson)

Qrectochlus vikasus (Muler)

Corixa panzeri {Fieber)

Hydrochus angustatus Germar

Corixa punctata (llliger)

Helgphgrus aequalls Thomson

Hesperocorxa linnel {Feber)

Helophorus grandis Liliger

Hesperocorxa sahibengi {Febear)

Helopharus arvenicus Mulsant

Sigara (Sigara) sp.

Helaphorus brevipalpis Bedal

Slgara distincta (Reber)

Helophonss Aavipes Fabridus

Sigara fallen) (Feber)

Helophorus minutus Fabrigus

Sigara fossarum (Leach)

Helophorus obseurus Mulsant

Sigara scotii (Feber)

Helophorus strigifrons Thomson

Sigara lateralls {Leach)

Paracymus scutellarls (Rosenhauer)

Sigara nigrolineata (Fleber)

Hydroblus fusdpes (L)

Sigara semistriata (Feber)

Anacaena bipustulata (Marsham)

Sigara venusta {Douglas & Scott)

Anacaena globulus {Paykidl)

Brychius elevatus { Panzer)

Anacaena limbata (Fabricius)

Haliplus confinis Stepherns

Anacaena lutescens (Stephens)

Haliplus flavicollis Sturm

Laccobius biguttatus Gerhardt

Haliplus fiuviatiis Aube

Laccoblus minutus (L.)

Haliplus heydeni Wehncke

Laccoblus atratus Rottenburg

Haliplus immaculatus Gerhardt

Laccoblus atrocephalus Reitter

Haliplus laminatus Schalter

Laccobius sinuatus Motschudsky

Haliplus lineatoeallis (Marsham)

Laocoblus striatufus (Fabridus)

Haliplus lineolatus Mannerhaim

Enochrus testaceus { Fabridus)

Haliplus ruficallls (Degeer)

Ochthebius bicolon Germar

Haliplus wehnckel {Gerhardt)
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Ochtheblus dilatatus Stephens

Ochthebius exsculptus Germar
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Taxon

PSI Group

Cchthebius minimus (Fabricius)

D

Hydraena gracilis Germar

Hydraena nigrita Germar

Hydraena pulcr)ﬂ@‘(é_ermar

Hydraena riparia Kugelann

Hydraena rufipes Curtis

Hydraena testacea Curtis

Limnebius nitidus (Marsham)

Limnebius truncatellus (Thunberg)

Eloxfes sp.

Cyphon sp.

Prionocyphon serricomis {Muller)

Hydrocyphon deflexicollis (Muller)

Helichus substriatus (Muller)

Dryops sp.

Elmis aenea (Muller)

Esolus parallelepipedus (Muller}

Limnius volckmari (Panzer)

Macronychus quadrituberculatus Muller

Normandia nitens (Muller)

Qulimnius major (Rey)

Oulimnius rvularis {Rosenhauer)

Qulimnius troglodytes (Gyllenhal)

Qulimnius tuberculatus {Muller)

Riolus cupreus (Muller)

Riolus subviolaceus {Muller)

Sialis fufiginosa Pictg__ )

Sialis lutaria (L)

Sialls nigripes Pictet

. [Osmius fulvicephalus (Scopol)

Sisyra sp.

Rhyacophila dorsalis (CLrtis)

Rhyacophila munda Mdachlan

Rhyacophila obliterata Mclachlan

Rhyacophila septentricnis Mclachlan

Glossosoma p.

Agapetus sp.

Agraylea multipunctata Curtis

Agraylea sexmaculata Curtis

Allotrichia pallicornis (Eatom)

Hydroptila sp.

Oxyethira sp.

Ithytrichia sp.

Philopotamus montanus {Donovan)

wormaldia sp.

Chimarra marginala_(L.)

Lype sp.

Metalype fragilis ( Pictet)

Psychomyia pusilla (Fabricius)

|Tinodes dives (Pictet)

[Tinodes unicolor (Pictet)

Tinodes waeneni (L)

Ecnomus tenellus (Rambur)

Cymus flavidus Mclachlan

Cyrnus frimaculatus (Curtis)

Helocentropus picicornis {Stephens)

Neureclipsis bimaculata (L)

Plectrocnemia conspersa (Curtis)

Plectrocnemia geniculata Mclachlan

Polycentropus flavomaculatus (Fictet)

Polycentropus irroratus (Curtis)

Polycentropus kingi Mclachlan

Cheumatcpsyche lepida (Pictet)

Hydropsyche angustipennis (Curtis)
Hydropsyche contubernalis Mclachian

Hydropsyche fulvipes (Ey_r:ﬁs)

Hydropsyche instabilis {Curtis)

Hydropsyche pellucidula (Curtis)

Hydropsyche saxonica Mclachlan

Hydropsyche siltalai Dohter
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Taxon |PSI Group
Diplectrona felix Mclachlan A
Agrypnia obscleta group

Phryganea sp.

Brachycentrus subnubilus Curtis

Crunoecia irmorata {Curtis)

Lasiocephala basalis (Kolenati)

Lepidostoma hirtum (Fabricius)

Apatania muliebris Mclachlan

Drusus annulatus (Stephens)

Ecclisopteryx guttulata {Pictet)

Halesus sp.

Hydatophylax infumatus (Mclachlan)

Melampophylax mucoreus {Hagen)

Anabolia nervosa (Curtis)

Glyphotaelius pellucidus (Retzlus)

Limnephitus binotatus Curtis

Limnephilus blpunctatus Curtis

Limnephilus decipiens {Kelenati)

Limnephilus extricatus Mclachlan

Limnephilus flavicornis (Fabricius)

Limnephilus fuscicomis (Rambur)

Limnephilus lunatus Curtis

Limnephilus marmoratus Curtis

Limnephilus politus Mclachian

Limnephilus rhombicus {L.)

Limnephilus vittatus {Fabricius)

Micropterna group

Potamophylax group

Goera pilosa {Fabricius)

Silo nigricornis (Pictet)

Silo pattipes (Fabricius)

Beraea maurus (Curtis)

Beraea pullata {Curtis)

Beraeodes minutus (L.)

Notidohia ciliaris (L.)

Sericostoma personatum {Spence)

Odontocerum albicone (Scopoli)

Molanna angustata Curtis

Athripsodes albifrons (L.)

Athripsodes aterrimus (Stephens)

Athripsades bilineatus (L)

Athripsodes cinereus (Curtis)

Athripsodes commutatus (Rostock)

Ceraclea albimacula (Rambur)

Ceraclea annulicormnis {Stephens)

Ceraclea dissimilis (Stephens)

Ceraclea fulva {(Rambur}

Ceraclea nigronervosa (Retzius)

Ceraclea senilis (Burmeister)

Leptocerus lusitanicus (Mclachlan)

Mystacides azurea {L.)

Mystacides longicomis (L.)

Mystacides nigra (L.)

Adicella reducta (Mclachlan)

Trigenodes bicolor (Curtis)

Ylodes conspersus (Rambur)

tYlodes simulans (Tjeder)

QOecetis lacustris {Pictet)

Oecetis notata (Rambur)

QOecetis ochracea (Curtis)

QOecetis testacea (Curtis)

Dolichopeza albipes (Stroem)

iTipula rufina Meigen

Tipula signata group

Tipula unca Wiedemann

fTipula solstitialis Westhoff

Tipula oleracea L.

Tipula paludosa Meigen

Tipula maxima Poda

Tipula vittata Meigen
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Taxon psI Group
Limonia sp. E
Antocha vitripennis (Meigen)
Thaumnastoptera ¢alceata Mik
Helius sp.

Gonempeda group

Pedicia (Tricyphona) sp.

Pedicia (Pedicia} group

Dicrancta sp.

Austrolimnaophila ochracea (Meigen)
Pseudolimnophila sp.

Limnophita (Eloeophila) sp.
Limnophita (Phylidorea) sp.
Limnophila (Euphylidorea) sp.
Limnophila {Limnophila) sp.
Pilaria (Neolimnomyia) sp.

Pilaria (Pllaria) sp.

Hexatoma sp.

Lipsothrix sp.

Erioptera sp.

Qrnosia s5p.

Scleroprocta sp.

Matophilus sp.

Rhypholophus sp.

Peticoma blandula Eaton
Pericoma calcilega Feuerborn
Pericoma canescens (Meigen)
Pericoma cognata Eaton
Pericoma diversa Tonnoir
Pericoma exquisita Eaton
Pericoma fallax Eaton

Pericoma fuliginosa (Meigen)
Pericoma neglecta Eaton
Pericoma pseudoexquisita Tonnoir
Pericoma pulchra Eaton
Peticoma trifasciata (Meigen)
Pericoma trivialis group
Peripsychoda fusca (Macquart)
Psychoda alternata Say

Psychoda gemina Eaton
Psychoda phalaenocides (L)
Psychoda severini Tonnoir
Psycheda surcoufi Tonnoir
Ptychoptera sp.

Dixa dilatata Strobl

Dixa nebulosa Meigen

Dixa puberula Loew

Dixella filicornis Edwards
IThaumalea sp.

Prosimulium hirtipes {Fries)
Prosimulium latimucro (Enderlein)
Prosimulium tpmosvaryt (Enderlein}
Simulium latipes (Meigen)
Simulium costatum Friederichs
Simulium (Wilhaimia} sp.
Simulium erythrocephalum (de Geer)
Simulium rostratum Lundstrsm
Simylium morsitans Edwards
Simulium noelteri Friederichs
Simulium posticatum Meigen
Simulium reptans {L.)

Simulium argyreatumn group
Simulium tuberosum (Lundstrom)
Nemotelus sp.

Oxycera sp.

Qdontomyia sp.

Atherix ibis {Fabricius)

Atherix marginata (Fabricius)
Atrichops crassipes {Meigen)
Chrysops sp.
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Appendix X| (continued) - PSI (sp) (TL5)

Taxon

|PS1 Group

Planatia torva (Muller)

D

Polycelis felina (Dalyell)

Polycelis nigra group

Phagocata viu_a_(EEg_e_s)

Crenobia alpina (Dana)

Dugesia tigrina (Girard)

Dugesia polychroa group

Bdellocephala punctata (Pallas)

Dendrocoelum Jacteum (Muller)

Theodoxus fluviatilis (L)

Viviparus viviparus (L)

Valvata cristata Muller

Valvata macrostoma Morch

Valvata piscinalis {(Muller)

Potamopyrgus jenkinsi {Smith)

Bithynia leachii {Sheppard)

Bithynia tentaculata {L.)

Aptexa hypnorum (L.}

Physa fontinalis (L.)

Physa acuta group

Lymnaea auricularia (L)

Lymnaea palustris {(Mutler)

Lymnaea peregra {Muller)

Lymnaea stagnalis (L.}

Lymnaea fruncatula (Muller)

Planorbis carinatus Muller

Planorbis planorbis {L.)

Anisus leucostoma (Millet)

Anisus vortex (L.}

Bathyomphalus contortus (L.)

Gyraulus albus (Muller)

Gyraulus laevis (Alder)

Armiger crista (L)

Hippeutis complanatus (L.)

Segmentina nitida Muller

Planorbarius comeus (L.}

Ancylus fluviatilis Muller

Acroloxus lacustris {L.)

[Margaritifera margaritifera (L.)

Unio sp.

Sphaerium sp.

Pisidium sp.

Dreissena palymorpha (Pallas)

Piscicola geometra (L)

Theromyzon tessulatum (Muller)

Hemiclepsis marginata (Muller)

Glossiphonia complanata {L.)

Glossiphenia heteredita {L.)

Batracobdella paludosa (Carena)

Borechdella verrucata {Muller)

Helobdella stagnalis (L.}

Haemopis sanguisuga (L}

Frpobdella octoculata (L.}

Erpobdella testacea (Savigny)

Dina lineata (Muller)

[Trocheta bykowskii Gedroyc

Trocheta subviridis Dutrochet

Asellus aquaticus (L.)

Asellus meridianus Racovitza

Corophium sp.

Crangonyx pseudogracilis Bousfield

Gammarus dugbeni Liljeborg

Gammarus lacustris Sars

Gammarus pulex (L.)

Gammarus tigrinus Sexton

Gammarus zaddachi Sexton

Niphargus aquilex Schiodte

Siphlonurus lacustris Eaton
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Taxon

PSI

Group

IAmeletus inopinatus Eaton

Baetis atrebatinus Eaton

§Baeﬁs buceratus Eaton

Baetis digitatus Bengtsson

Baetis muticus (L.)

Baetis niger (L.)

Baetis rhodani (Pictet)

Baetis vernus Curtis

Baetis scambus group

Centreptilum luteolum (Muller)

Centroptilum pennulatum Faton

Cloeon dipterum (L.}

Cloeon simile Eaton

Proctoecn bifidum Bengtsson

Rhithrogena sp.

Heptagenia fuscogrisea (Retzius)

Heptagenia lateralis (Curtis)

Heptagenia sulphurea (Muller)

Ecdyonurus sp.

Leptophlebia marginata (L.)

Leptophlebia vespertina (L)

Paraleptophlebia cincta (Retzius)

Paraleptophlebia submarginata (Stephens)

Paraleptophiebia werneri Ulmer

Habrophlebia fusca (Curtis)

Potamanthus luteus (L.)

Ephemera danica Muller

{Ephemera lineata Eaton

{Ephemera wulgata L.

Ephemerella ignita {Poda)

Ephemerella notata Eaton

Brachycercus harrisella Curtis

Caenis horaria (L)

Caenis rivulorum Eaton

Caenis robusta Eaton

Caenis pusilla Navas

Caenis luctuosa group

Taeniopteryx nebulosa (L)

Brachyptera putata (Newman)

Brachyptera risi (Morton)

Protonemura meyeri {Pictet)

Protonremura montana Kimmins

Protonemura praecex ( Merton)

lAmphinemura standfussi Ris

Amphinemura sulcicollis (Stephens)

Nemurella picteti Klapalek

Nemoura avicularls Morten

Nemoura cinerea {Retzius)

Nemoura cambrica group

Leuctra fusca (L)

Leuctra geniculata (Stephens)

Leuctra hippopus (Kempny)

Leuctra inermis Kempny

Leuctra moselyl Morton

Leuctra nigra {Olivier)

Capnia atra Morton

Capnia bifrons {(Newman)

Perlodes microcephala (Pictet)

Diura bicaudata (L)

Lsoperla grammatica {Poda)

Dinocras cephalotes {Curtis)

Perla bipunctata Pictet

Chloroperla torrentium (Pictet)

Chloroperla tripunctata (Scopoli)

Platycnemis pennipes (Pallas)

Pyrrhosoma nymphula (Sulzer)

Ischnura elegans (Van der Linden)

Enallagma cyathigerurn (Charpentier)
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Taxon

PSI Group)

Coenagrion puella group

Erythromma najas {Hansemann)

Calopteryx splendens (Harris)

Calopteryx vrgo (L)

Gomphus vidgatissimus (L)

Cordulegaster boltonii {Donovan)

Brachytron pratense (Muller)

Agshna 5p.

Orthetrumn sp.

Sympetrum sp.

Mesovelia furcata Mulsant & Rey

Hydrometra siagnorum (L)

Velia sp.

Gerrls argentatus Schummel

Gerrls lacustris (L)

Gerrls odontogaster (Zetterstedt)

Gerrls thoradcus Schummel

Germls najas (Degeer)

Nepa cinerea L.

Nyocors dmicoides (L)

Aphelochelrus aestivalis (Fabridus)

Notonecta glauca L.

Notonecta maculata Fabricius

Notonecta obliqua Gallen

Micronecta sp.

Cymatia coleoptrata {Fabridus)

Callioprixa prazusta {Feber)

Callicorixa wollastoni (Douglas & Sooit)

Corxa affinls Leach

LCorxa dentipes {Thomson)

Corixa panzerl {Feber)

Corha punctata (lliger)

Hesperocor:a linnel (FReber)

Hesperocorixa sahlberg (Fieber)

Sigara (Sigara) sp.

Sigara distincta {Heber)

Sigara falleni (Fieber)

Slgara fossarum (Leach)

Sigara scotti (Feber)

Sigara lateralls {Leach)

Sigara nigrolineata {Feber)

Sigara semistiata (Fleber)

Sigara venusts (Douglas & Scott)

Brychius elevatus {Panzer)

Haliplus confinls Stephens

Haliplus flavicollis Sturm

Haliplus fluviatilis Aube

Hallplus heydenl Wehncke

Haliplus immaculatus Gerhardt

Hallplus laminatus Schaller

Haliplus lineatocollls (Marsham)

Haliplus lUineslatus Mannerheim

Haliplus ruficollis (Degeer)

Haliplus wehrekel (Gerhardt)

fNoterus davicornis (Degeer)

{Laccophilus hyalinus {Degeer)

Laccophilus minutus (L)

Hyphydrus ovatus (L.}

Hygrotus Inaequalis (Fabricius)

Hygrotus versicolor (Schaller)

Hydroporus angustatus Sturm

Hydroporus discretus Fairmalre & Brisout

Hydroporus fermugineus Stephens

Hydroporus memnanius Nicolai

Hydroporus nigrita (Fabriclus)

Hydroporus obscutus Sturm

Hydroporus palustrs (L)

Hydroporus planus { Fabriclus)

Hydroporus pubescens {Gyllenha)

Hydroporus tegsellatus Drapiez
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Taxon

PSI Group,

Stctonectes lepidus {Oivier)

Graptodytes plctus {Fabricius)

Portiydrus lineatus (Fabricius)

Deronectes latus {Stephens)

Potamonectes assimilis {Paykull)

Potamanectes depressus (Fabriclus)

Stictotarsus duodedmpustidatus (Fabricius)

Oreodytes davisil {Curtis)

Oreodytes sanmarkll {Sahibenrg)

Oresdytes septentrionalis {Sahiberg)

Scarodytas halensis {Fabriclus)

Platambus maculatus (L)

Agabus bipustulatus (L)

Agabus chalkonatus (Panzer)

Agabus didymus (Clivier)

Agabus guttatus (Paykull)

Agabus paludosus (Fabricius)

Agabus sturmil {Gyflenhal}

ybius 5p.

Colymbetes fuscus (L)

Adilius suicatus (L)

Dytiscus marginalis L.

Dytiscus semisulcatus Muller

Gyrinus aeratus Stephens

Gyrinus disinctus Aube

Gyrinus marinus Gyllenhal

Gyrinus natator group

Gyrinus urinator Bliger

QOrectochius villosus (Muller)

Hydrochus angustatus Germar

Helophorus sequalis Thomson

Helophorus grandgls Bilger

Helophorus arvernicus Mulsant

Hedophorus brevipalpis Begel

Helophorus flavipes Fabricius

Helophorus minutus Fabricius

Helophorus obscurus Mulsant

Helophorus strigifrons Thomson

Paracymas scutellads {Rosenhauer)

Hydrobius fusdpes (L.)

Anacaena bipustulata {Marsham)

Anacaena globuus (Paykull)

Anacaena limbata (Fabricius)

Anacaena lutescens (Stephens)

Laceobius biguttatus Gerhardt

Laccobius minutus (L.)

{accobius atratus Rottenburg

Laccobius atrocephalus Reltter

Laccobius snuatus Motschutsky

Lacoobius striatulus {Fabricius)

Enochrus testaceus {Fabriclus)

Ochthebius bicolon Germar

Ochthebius dilatatus Stephens

Ochthebius exsculptus Germar

Ochthebius minimus (Fabriclus)

Hydraena gracills Germar

Hydraena nigrita Gexmar

Hydragna puichells Gesmar

Hydraena ripara Kugelann

tHydraena rufipes Curtis

Hydraena testacea Curtis

Umnebius nitidus {Marsham)

Limnebius truncatedlus {Thunberg)

Elodes sp.

Cyphon sp.

Prignocyphon serricomis (Muller)

Hydrocyphon deflexioollis {Muter)

Helichus substriatus {Multer)

Dryops sp.

Elmis aenea (Mulfler)
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Taxon

PSI Group

Esolus parallelepipedus {Muller)

o

Limnius wolckmari (Panzer)

Macronychus quadrituberculatus Muiler

Normandia nitens (Muiler)

Oulimnius major (R_e_y)
Culimnius rivularis (Rosenhauer)

Oulimnius troglodytes (Gyllenhal)

Q_Lﬂjmnius tuberculatus (Muller)

Riolus cupreus (Muller)

Riolus subviolaceus {Muller)

Sialis fuliginosa Pictet

Sialis lutaria (L)

Sialis nigripes Pictet

Rhyacophila dorsalis {Curtis}

Rhyacophila munda Mdachlan

Rllyacuphila obliterata Mclachlan

ithyacophila septentrionis Mclachlan

Glogsosoma 5.

Agapetus sp.

[Agraylea multipunctata Curtis

Agraylea sexmaculata Curtis

Allptrichia pallicornis (Eaton)

Hydroptila sp.

Oxyethira sp.

Ithytrichia sp.

Philopotamus montanus (Donovan)

Wormaldia sp.

Chimarma marginata (L)

Lype sp.

Metalype fragilis {Pictet)

Psychomyia pusiila (Fabricius)

Tlnode_s dives (Fictet)

|Tinodes uricolor (Pictet)

Tinodes waeneri (L)

Ecnomus tenellus {Rambur)

Cyrmus flavidus Mclachlan

Cyrnus rimaculatus {Curtis)

Holocentropus picicomis (Stephens)

Neureclipsis bimaculata (L.)

Plectrocnemia conspersa {Curtis)

PMectrocnermia geniculata Mclachlan

Polycentropus flavomaculatus (Pictet)

Polycentropus iroratus (Curtis)

Polycentropus kingi Mctachlan

Cheumatopsyche lepida (Pictet)

Hydropsyche angustipennis (Curtis)

Hydropsyche contubernalis Mclachlan

Hydropsyche fulvipes (Curtis)

Hydropsyche instabilis {Curtis)

Hydropsyche pellucidula {Curtis)

Hydropsyche saxonica Mdachlan

Hydropsyche siltalai Dohler

Diplectrana felix Mclachlan

Agrypnia obsoleta group

Phryganea sp.

Brachycentrus subnubilus Curtis

Crunoecia irrorata (Curtis)

Lasiocephala basalis (Kolenati)

Lepidostoma hirtum (Fabricius)

Apatania muliebris Mclachian

Drusus annulatus {Stephens)

Ecclisopteryx guttulata {Pictet)

Halesus sp.

Hydatophylax infumatus (Mclachlan)

Melampophylax mucoreus (Hagen}

Anabolia nervosa (Curtis)

Glyphotaelius pellucidus {Retzius)

Limnephilus bingtatus Curtis

tmnephilus. biEl_JMnciams Curtis

Limnephilus decipiens (Kolenati}
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Taxon

Group

Limnephilus extricatus Mclachlan

Limnephilus flavicarnis (Fabricius)

Limnephilus fuscicornis (Rambur)

Limnephilus lunatus Curtis

Limnephilus marmoratus Curtis

Limnephilus palitus Mclachlan

Limnephilus rhombicus (L.)

Limnephilus vittatus (Fabricius)

Micrapterna group

Potamophylax group

Goera pilosa (Fabricius)

Silo nigricornis (Pictet)

Silo pallipes { Fabricius)

Beraea maurus (Curtis)

{Beraca pullata (Curtis)

Beraeodes minutus (L.)

Notidabia aliaris (L.)

Sericostoma persanatum (Spence)

{Odontocerum albicarne {Scopoli)

Malanna angustata Curtis

Athripsodes albifrons (L)

Athripsodes aterrimus (Stephens)

Athripsodes bilineatus (L.}

Athripsodes cinereus (Curtis)

Athripsodes commutatus (Rostock)

Ceraclea albimacula (Rambur)

Cereclea annulicomnis {Stephens)

Ceraclea dissimilis (Stephens)

Ceraclea fulva {Rambur)

Ceraclea nigronervosa (Retzius)

Ceraclea senilis (Burmeister)

Leptocerus lusimnicus (Mclachlan}

Mystacides azurea (L.)

Mystacides longicornis {L.)

Mystacides nigra (L.}

Adicella reducta (Mdachlan)

Ttiaenodes bicolor (Curtis)

Ylodes conspersus (Rambur)

Yindes simulans (Tieder)

Oecetis lacustris (Pictet)

Oecetis notata {Rambur)

Oecetis ochracea (Curtis)

Decetis testacea (Curtis)
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SNIFFER WFD100: Further Development of River Invertebrate Classification Tool September, 2010

Appendix Xl (continued) — PSI (sediment sensitivity scores)

Sensitivity Group Sensitivity Group Desu'ipﬁonllogm Adundance Category|Sediment Sensitivity Scores (ss)
A Highly Sensitive 1 2
B Moderately Sensitive 1 1
C Moderately Insensitive 1 \ 1
D Highly Insensitive 1 2
E Excluded 1
A Highly Sensitive 2 3
B Moderately Sensitive 2 2
C Moderately Insensitive 2 2
D Highly Insensitive 2 3
E Excluded 2
A JHighly Sensitive 3 4
ie Moderately Sensitive 3 3
ﬂc Moderately Insensitive 3 3
]]IJ Highly Insensitive 3 4
i€ Excluded 3
1a Highly Sensitive 4 5
Tn Moderately Sensitive 4 4
C Moderately Insensitive 4 4
D Highly Insensitive 4 5
i3 Excluded 4
A Highly Sensitive 5 5
B Moderately Sensitive 5 4
C Moderately Insensitive 5 4
D Highly Insensitive 5 5
{E Excluded 5
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