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Abstract

Stream types determined according to altitude, slope and alkalinity in six different
hydrobiogeographic regions of Tiirkiye were taken as the basis of the study. In line with the European
Water Framework Directive, a macroinvertebrate-based multimetric method was tested for Turkish
rivers as a potential assessment. In this study, benthic macroinvertebrate data (1875 taxa obtained
from 1925 stations with reference points) were used to create a multimetric index for all river types
in the hydrobiogeographic regions of Tiirkiye. Nine biological metrics were evaluated and index
development criteria were chosen to capture meaningful results at the ecosystem, community, and
individual levels. The metric combinations were chosen to show the best distinction between areas
with no or only very minor anthropogenic disturbances and stressed areas (with discrimination
efficiency values). The multimetric index including three different metrics from three different metric
categories distinguishes reference or slightly distorted areas from stressed areas with an efficiency
close to 100%. Index values were divided at a five-scale system between one (High) and zero (Bad)
for biological evaluation. Further testing and research can be done so that the index will provide a
more useful result as a bioassessment tool for decision-makers in hydrobiogeographic regions. Also,
the index can provide a basis for methods by which river status is assessed based on stress factors.

Keywords: Tiirkive, EU Water Framework Directive, benthic macroinvertebrates,
multimetric index, streams

Oz

Tiirkiye'nin alt1 farkli hidrobiyocografik bolgesinde rakim, egim ve alkaliniteye gore belirlenen
akarsu tipleri ¢alismada temel alinmistir. Avrupa Su Cergeve Direktifi ile uyumlu potansiyel bir
degerlendirme olarak Tiirkiye nehirleri i¢cin makroomurgasiz tabanli bir multimetrik yontem test
edilmistir. Bu ¢alismada, Tirkiye'nin hidrobiyocografik bodlgelerindeki tiim nehir tipleri i¢in bir
multimetrik indeks olusturmak amaciyla 1925 istasyondan, referans noktalari dahil, 1875 takson
igeren bentik makroomurgasiz verileri kullanilmigtir. Ekosistem, komunite ve bireysel diizeylerde
anlamli sonuglar elde etmek i¢in dokuz biyolojik metrik degerlendirilmis ve indeks gelistirme
kriterleri se¢ilmistir. Metrik kombinasyonlari, antropojenik etkilerin hi¢ olmadigt veya ¢ok kiigiik
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oldugu alanlar ile stresli alanlar arasindaki en iyi ayrimi (ayrisma degerleriyle) gosterecek sekilde
belirlenmistir. Ug farkli metrik kategorisinden ii¢ farkli metrigi iceren multimetrik indeks, %100'e
yakin bir verimlilikle referans veya hafif stresli alanlari stresli alanlardan ayirir. Indeks degerleri
biyolojik degerlendirme igin bir (Cok iyi) ve sifir (Kotii) arasinda bes 6lgekli bir sisteme boliindii.
Indeksin hidrobiyocografik bolgelerdeki karar vericiler igin bir biyo-degerlendirme araci olarak daha
faydali bir sonu¢ saglamasi i¢in daha fazla test ve aragtirma yapilabilir. Ayrica indeks, stres
faktorlerine dayali olarak nehir durumunun degerlendirildigi yontemler i¢in bir temel saglayabilir.

Anahtar sozciikler: Tiirkiye, su cerceve direktifi, bentik makroomurgasizlar, multimetrik
indeks, akarsular

Introduction

The EU Water Framework Directive (WFD) (The EU Water Framework
Directive [WFD], 2000/60/EC) demands member states and other participating
countries to prevent further degradation, conserve and advance the condition of
surface waters and recover all categories of water bodies that are not in good
ecological status. For sustaining the aquatic ecosystems which harbour biodiversity
and provide the services and products that humans rely on, good ecological status is
essential (Munné et al., 2015; Everard, 2012). Introducing reference conditions as a
unifying concept for not heavily modified water bodies enables the determination of
ecological status. In the WFD assessment, the relationships between the biota and
the hydromorphological and chemical components are used to determine the
ecological status of water bodies. The WFD requires that bioassessments to be stated
as a proportion (Ecological Quality Ratio, EQR) at a five-grade framework ranging
between 0 (Bad) and 1 (High). The EQR is the ratio of the observed value for a given
water body type to the expected value for the same types under reference conditions.
Benthic macroinvertebrates, macrophytes, diatoms, phytoplankton, and fish are used
in the biological assessment to determine the ecological quality status of surface
water bodies according to the WFD. Benthic invertebrates have long been employed
to evaluate the impacts of human-based activities in coastal, transitional and
freshwater habitats and are known to be susceptible to varying degrees of local
disturbance (Zeybek, 2017; Birk et al., 2012; Hellawell, 2012; Medeiros et al., 2012;
Borja et al., 2011; Chainho et al., 2008; Chaves et al., 2005). In the implementation
of the WFD the parameters (i) taxonomic composition and abundance, (ii) diversity,
and (iii) ratio of disturbance sensitive to insensitive species for benthic
macroinvertebrate quality element should be addressed.

Biological indices, which are aimed to be developed based on three basic
approaches, are used to evaluate biological integrity: the first step is regionalization
(Omernik, 1987, 1995), the second step is a multimetric approach (Barbour et al.,
1996, Davis & Simon, 1995; Karr et al., 1986; Karr & Dudley, 1981) and third, the
determination of reference conditions (Hughes, 1995; Hughes et al., 1986).
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Regionalization is the categorization of ecologically separate units based on
physiography, soil type, climate, vegetation, geology, and land wuse. The
presupposition that geophysical settings together with biogeographic processes are
ecologically beneficial classification, is one of the pillars of regionalization (Karr &
Chu, 1999). The geographical distinction of homogeneity within region and
heterogeneity between regions has become a fundamental aspect of bioassessment
(Hawkins et al., 2010; Hawkins & Norris, 2000). To establish a similar basis in
ecological assessment, the final classification level must meet sufficient classes and
provide a means of demonstrating the biological status of an area. Measurements
must incorporate a variety of factors due to complex biological systems and major
anthropogenic impacts on aquatic populations. The individual, community, and
landscape-scale metrics are some of these numerous aspects. Individual
measurements, or metrics, may be generated from functional traits like feeding
patterns and life histories, structural components of communities like species
composition and abundance, and measures of condition (e.g. presence or absence of
tolerant organisms and individual health). Multimetric indices are made up of
ecologically based measurements with recognized reactions to disturbances brought
on by human (Sorrano et al., 2011; Butcher et al., 2003). The ratio of the observed
assessment value to the expected value is utilized as the reference condition for
determining the degree of anthropogenic effect. Reference conditions are defined as
basic measurements of ecological variables that represent an ecosystem where there
is no anthropogenic impact or at a level of concern (Stoddard et al., 2006; Miller et
al., 1988). Land use, the physicochemical features of water bodies, habitat quality,
monitoring data on water quality, and expert opinion can be used to quantify
reference conditions in determining ecological status (Pardo et al., 2012; Herlihy et
al., 2008; Whittier et al., 2007).

There is a need for the establishment of stream typology and the creation of
an evaluation system based on a multimetric index emerges with the implementation
ofthe WFD. As a EU candidate country, Tiirkiye requires an assessment method that
reveals the quality status of aquatic ecosystems concerning benthic
macroinvertebrates. In light of the WFD’s implementation, the creation of a new
multimetric index has been planned. When determining the state of an ecosystem, a
multimetric index uses more than one variable (metric). These metrics, which
evaluate ecosystem quality from different aspects, are combined into a single index
value. The advantages of multimetric indices are that they are adaptable, convenient
to add and eliminate metrics, and that the metric scoring system can be easily
changed (Gabriels et al., 2010). Many countries have established multimetric indices
that use different organisms, including macroinvertebrates, to assess natural and
unnatural effects on water quality, and there are some studies in this direction in
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Tiirkiye as well (Odabasi et al., 2022; Akay & Dalkiran, 2020; Diigel, 2016; Allan,
2004; Barbour et al. 1996). Therefore, the development of a type-specific
multimetric index based on macroinvertebrates for Turkish rivers is a potential mean
to meet WFD requirements. The new index, known as the Benthic Macroinvertebrate
Multimetric Index for River (BMIR), enables the score criteria to be modified for
each river type in all hydrobiogeographic regions to reflect the relative distance to
the reference conditions. This document provides an overview of the BMIR and its
development process for all river types in Tiirkiye.

The objectives of this study include: (1) to determine reference conditions for
the river types in hydrobiogeographic regions based on the benthic
macroinvertebrate community and (2) to develop a multimetric index for benthic
macroinvertebrate communities using metrics.

Methods
Hydrobiogeographic Regions and Typology

The hydrobiogeographic regions and typologies of streams of Tiirkiye were
determined with the project named Digitizing Water Resources, Preparation of
Monitoring Programs by Performing Typology, Water Body, and Risk Assessment
(Digitizing Project, 2022). This project was carried out by the General Directorate
of Water Management between 2017-2021. Within the scope of the project, water
bodies and water body typologies were determined using the water resources base
created in the project, and the basin monitoring programs were updated by
determining the risk situation based on pressure for each water body. According to
the Digitizing Project (2022), in the regionalization study carried out in Tiirkiye,
meaningful abiotic factors determining the habitat conditions of aquatic organisms
were determined and used to reflect the structure and functioning of the aquatic
ecosystems more accurately. As a result of the regionalization studies carried out
with the determined five significant abiotic factors (average temperature, relative
humidity, sunshine intensity, closure, and altitude), six hydrobiogeographic regions
were obtained (Fig. 1). In this study, these six hydrobiogeographic regions
determined for Tiirkiye were used.
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Figure 1

Map of Tiirkiye

Hydrobiogeographic regions of
Tiirkiye

% 0 125 250
————]
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Note. Adapted from “Digitizing Project, 2022.”

Type criteria (altitude, slope, and alkalinity) by selecting benthic
macroinvertebrates distributed in the rivers of each hydrobiogeographic region and
their associated, significant abiotic environmental parameters, were determined in
the Digitizing Project (2022). Class boundary values of the types were determined
for each hydrobiogeographic region, taking into account the environmental
parameter ranges preferred by benthic macroinvertebrates, as well as the groupings
(aggregations) that occur while dispersing within these ranges and the breaking
points of these aggregations (Digitizing Project, 2022). The BMIR is a
hydrobiogeographic region-based type-specific index, which means that index
calculation depends on the type of river a sampling site belongs to. The river
typology system in Tiirkiye (Fig. 2) developed by the project named Digitizing
Project (2022) was used in this study.
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Figure 2.
Map of River Types of Tiirkiye’s Hydrobiogeographic Regions

KARADENIZ

Typemap of Tiirkiye

Note. Adapted from “Digitizing Project, (2022)”.

An overview of the types used in BMIR, class limits, features and
abbreviations are presented in Table 1.

Table 1

The Types of Rivers in The Hydrobiogeographic Regions as Used Within The BMIR,

and Class Boundaries

76

Hydrobiogeographic
Region-1

Hydrobiogeographic
Region-2

Hydrobiogeographic
Region-3

ABX, BAB, BAX, BBA,

AAA, AAB, AAX, ABA,
ABB, ABX, BAA, BAB,

BAA, BAB, BAX, BBA,

Types BBB, BB)C(ig()I(BA, CBB.  BAX BBA BBB. BBX. BB](3:,B iB)é,B CBA](S:,B (}I(AX
CBA, CBB, CBX P,

Class A B c A B c A B c

boundaries

altitude (m) <800  800- >2500 <400  400- >1300 <800 800- >2000
2500 1300 2000

slope (%) <6 >6 <9 >9 <6 >6

alkalinity (mg <60  >60 <200  >200 <170 >170

CaCO?/L)
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Table 1
(Continued)
Hydrobiogeographic Hydrobiogeographic Hydrobiogeographic
Region-4 Region-5 Region-6
AAA, AAB, AAX, ABA,
AAB, AAX, ABA, ABB,  ABB, ABX, BAA, BAB, ﬁ‘gg’ igg’ g:i(’ QEBA’
Types ABX, BAA, BAB,BAX, BAX, BBA, BBB, BBX, BAX. BBA. BBB. BBX.
BBA, BBB, BBX CAA, CAB, CAX, CBA, CBA CBB.CBX
CBB, CBX ’ ’
Class 4 B c 4 B c 4 B c
boundaries
altitude (m) <600  600- >2500 <500 500- >1300 <400 400- >1500
2500 1300 1500
slope (%) <8 >8 <8 >8 <10 >10
alkalinity (mg <130 >130 <150 >150 <120 >120
CaCO/L)

Note. Adapted from “Digitizing Project, (2022)”.

In triple-type notation, the first letter represents altitude, the second is slope,
and the last is alkalinity parameter. X was used for the parameters whose class values
could not be determined.

Sampling, Sorting, Identification and Counting

Data were handed from the Tiirkiye National Monitoring Program of surface
water quality, supplied by the General Directorate of Water Management, Republic
of Tiirkiye the Ministry of Agriculture and Forestry. The data on benthic
macroinvertebrates between the years 2014-2020 for analyses were used. The
collected data are at family, genus and species level. Altogether, 1875 taxa from 1925
monitoring sites were analyzed.

Sampling is done in spring and late summer or early autumn. To provide a
reliable water quality assessment, it is recommended to avoid macroinvertebrate
sampling during the winter months to avoid extreme conditions such as both the
hydrological regime and temperature. Per-site samples are taken in different seasons
using a multi-habitat approach (Biological Monitoring Communiqué, 2019; Hering
et al., 2004). A multihabitat method is used as the sampling method, in which the
main habitats covering more than 5% area in the sampling area are proportionally
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sampled. Benthic macroinvertebrates are systematically gathered from all in-river
habitats in the sample area. A total of 20 samples are taken from the microhabitats
detected in the sampling area and an area of approximately 1.25 m? is sampled. For
example, if 50% of the in-river microhabitats are gravel, 10 sampling samples are
taken from that microhabitat. It is ensured that all living individuals obtained are
identified at the species level as much as possible. A list of all taxa taken into
consideration for the BMIR is consisting of 1875 taxa. For each identified taxon, the
number of individuals sampled and the number of individuals per square meter in
that sample are recorded. The database contained taxa lists of the macroinvertebrate
fauna with the number of individuals per square meter and data on
hydrobiogeographic region and river types of each site. The measurements in the
database are divided by hydrobiogeographic regions and river types in
hydrobiogeographic regions respectively.

Metric Selection and Calculation of Metrics

ASTERICS (AQEM/STAR Ecological River Classification System)
program with a large number of metrics such as richness/diversity metrics,
composition/abundance metrics, and sensitivity/tolerance metrics (Furse et al. 2006;
The Development and Testing of an Integrated Assessment System for the
Ecological Quality of Streams and Rivers throughout Europe using Benthic
Macroinvertebrates [AQEM], 2002) were reviewed.

Various monitoring studies have been carring out in accordance with the EU
Water Framework Directive in order to determine both reference and degraded areas
(e.g Project on Establishment of Reference Monitoring Network in Tiirkiye
[Reference Project], 2020) and appropriate metrics in Tiirkiye, and multimetric
indices containing different metrics have been developed for eight of twenty five
river basins (Diigel 2016; Akay & Dalkiran, 2020). In the multimetric index
development process, metrics in ASTERICS, which were assigned by Diigel (2016)
for the eight basins were used. These evaluated and analyzed candidate metrics were
given in Table 2. The requirements for these metrics to be able to make calculations
(e.g. ecological trait scores of taxon, tolerance scores, etc.) were examined.
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Table 2

The List of the Metrics Evaluated and Analyzed Firstly

Candidate metrics Metric type
Biological Monitoring Working Party, BMWP (1978) Tolerance / intolerance
Spanish version (BMWP-S) measures
Shannon-Wiener (H’) (1949) Diversity measures
Margalef (1951) Diversity measures
%EPT Composition measures
%Type Aka Lit Psa Substratum type measures
%Epirithral Zonation measures
%Littoral Zonation measures
%Hyporithral Zonation measures
%Grazers-scrapers Functional/Trophic
measures

Using the biological data (taxa lists, abundance) nine candidate biological
metrics were calculated in all hydrobiogeographic regions. The software package
Excel Data Analysis ToolPak was used for metric calculation, statistical analysis,
and graphical visualization. For metrics operating at the species level, taxa identified
at the genus level in the calculations were entered as genus sp.

Removal of Redundant Metrics

Some metrics were eliminated due to lack of data, such as having not
available (NA) or operating within a very narrow range of values. For the metrics to
be potentially useful, their ability to make a clear distinction between quality classes
was taken into account (Barbour, 1999). Descriptive statistics such as central
tendency, range, distribution, and outliers were used to reveal the metric
performances in determining the quality of observed areas versus reference areas.

Those with highly correlated and linear gradients between metrics generally
provide the same information (Barbour et al., 1996; Karr, 1991; Karr et al., 1986).
Among the candidate metrics, pairwise correlation analysis (Pearson product-
moment correlation) was used in order not to increase the effect in the same direction
and to eliminate them. The upper limit of the correlation coefficient was defined as
r = 0.75. As stated earlier, highly correlated metrics were eliminated because they
contributed in the same direction.

The nine metrics (Table 2) were tested to determine the degree to which they
discriminate between reference points and disturbing points in stream types located
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in hydrobiogeographic regions. By visualizing the distribution of the metrics within
the quality classes, the discrimination capacities of the metrics were assessed. We
used box plots to visualize the distinct values of the metrics between the reference
points and the degraded points. The metrics with the highest degree of divergence
were evaluated as the most appropriate metrics. Metrics with insufficient separation
degrees between the reference and disturbed areas were eliminated.

To aggregate the final metrics into the multimetric index, special attention
was paid to selecting metrics to include at least three primary metric types and to
show the ability to distinguish between degraded fields and undisturbed or slightly
degraded fields (Karr & Chu, 1999).

Standardization of Final Metrics and Calculation of BMIR Index

Multimetric indices are used in order to obtain an integrated and common
meaning from the information obtained through biological metrics. To integrate,
scores from the final metrics need to be normalized by converting them to scores in
the same range of values. It is ensured through standardization that each metric has
the same value and importance. The method followed in this study United States -
Environmental Protection Agency's Rapid Bioassessment Protocols (Barbour,
1999): The score obtained at all sampling points (including reference points) of each
metric is based on the distribution of values. The 95" percentile of the distribution
of score values for each metric was used to eliminate discrete values. Standardization
was performed by calculating the metric scores as a percentage of the 95" percentile.
As a result, metric scores near the 95" percentile were valued higher, while metric
scores deviating from this percentile by a greater percentage were lower. Metric
scores exceeding the 95" percentile were scored as 1. The resulting index value is
calculated using the average of the metric values obtained.

The Discrimination Efficiency of Index

Discrimination efficiency (DE) (Karr & Chu, 1999) values were estimated to
see the strength of the index.
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Figure 3

Discrimination Efficiency
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The DE was calculated as the percentage of stressed samples with metric
values lower than the 25" percentile of reference values for decreasing metrics, and
higher than the 75" percentile for increasing metrics, respectively (Fig. 3).

As part of the WFD, data from reference areas according to the index were
combined and tested against degraded areas, as this would help us decide whether
action is needed to improve the quality of a river area (Directive, 2000/60/EC). Due
to insufficient data on interactions between quality changes and hydromorphological
features, final reference conditions based on macroinvertebrate data were used to
develop a multimetric index (Buffagni et al., 2004).

Class Boundary Values
Class boundary values have been created based on index ranges, thus

allowing for differentiation between different stress conditions. Many different
methods have been developed in the literature to determine class limit values
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(Barbour, 1999). In this study, a four-class boundaries of five quality grades was
used to meet the requirements of the WFD;

- 95™ percentile High and Good quality class,

- 60" percentile Good and Moderate quality class,
- 30™ percentile Moderate and Poor quality class,
- 5" percentile Poor and Bad quality class.

Class boundary values suggested in the BMIR index were defined using
unequal intervals. The fit of the thresholds was verified using index performance
(DE) and precision estimates.

Results
Benthic Macroinvertebrate Fauna

Of the 1875 taxa analyzed, 1373 were at the species level, 410 at the genus
level, and 92 at the family level. For metrics operating at the species level, taxa
identified at the genus level in the calculations were entered as genus sp.

Elimination and Selection of Metrics

By visualizing the distribution of the metrics within the quality classes, the
discrimination capacities of the metrics were assessed (Fig. 4). Metrics with
insufficient separation degrees between the reference and disturbed areas were
eliminated.

The metrics with the highest degree of discrimination are %Epirithral,
BMWP-S, Shannon-Wiener, %EPT and Margalef. Among the candidate metrics,
pairwise correlation analysis (Pearson product-moment correlation) was used (Table
3) in order not to increase the effect in the same direction and to eliminate them.
Highly correlated metrics were eliminated because they contributed in the same
direction.
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Figure 4

The Discrimination Efficiency Degrees of the Metrics Between the Reference and
Stressed Areas
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Table 3

The Correlation Degrees of the Metrics

D
BMWP-  Shannon- %Grazers- %Type

. Y POT o7 o . .
Metrics S Wiener Margalef  %EPT  %Epirithral ~ %lLittoral — %Hyporithral scrapers Al;; szt
BMWP-S 1
Shannon- 0,6679 1
Wiener
Margalef 0,7936 0,8675 1
%EPT 0,3993 0,2585 0,2522 1
%Epirithral 0,4088 0,2164 0,2368 0,5032 1
%Littoral -0,288 -0,1182 -0,1628 - -0,4751 1
0,4003
%Hyporithral ~ 0,1559 0,0458 0,0547 0,3346  0,2850 -0,3809 1
%Grazers- 0,2122 0,1365 0,1458 0,3803  0,4268 -0,1871 0,2829 1
scrapers
%Type Aka 0,3106 0,1652 0,1681 0,4603  0,6070 -0,4335 0,5192 0,2054 1

Lit Psa

The Margalef metric was eliminated as it showed high correlation with both
BMWP-S and Shannon-Wiener. Lastly, among these metrics, the %Epirithral metric
was eliminated on the assumption that the %Epirithral score values of the species in
Tiirkiye were insufficient.

Final Metrics

Finally, the metrics that can reach the score values of species in Tiirkiye, that
is, enable the calculations, and the metrics with the highest discriminant values were
selected. The metrics that could be used in the final index after the metric
eliminations were called final metrics. The discrimination efficiency values of the
final metrics are shown in Fig. 5.

For the composition measures %EPT taxa were selected, which have high
discriminatory  power in  all  hydrobiogeographic  regions. = Within
tolerance/intolerance measures the BMWP-S showed very useful results in all
hydrobiogeographic regions. Among the diversity indices tested, the Shannon-
Wiener diversity index gave the best results in all hydrobiogeographic region
types.This resulted in a final list of three metrics. The final metrics comprised in the
BMIR are, the Percentage of Ephemeroptera, Plecoptera and Trichoptera Taxa
(%EPT), the Shannon-Wiener Diversity Index and the BMWP-S (Table 4).




Serdar KOYUNCUOGLU, Sena CETINKAYA, Serhat Fatih KILINC
Turkish Journal of Water Science & Management 7 (1) (2023) /72 - 104

Table 4
The List of Final Metrics Comprised in the BMIR

Metrics Metric type

BMWP-S Biological monitoring working party- Tolerance / intolerance
Spanish version measures

Shannon- Shannon-Wiener diversity index Diversity measures

Wiener

%EPT Percentage of Ephemeroptera, Composition measures

Plecoptera and Trichoptera taxa

Figure 5
The Discrimination Efficiency Values of Final Metrics in All Hydrobiogeographic
Regions
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Figure 5

(Continued)
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Reference Values of BMIR and Index Calculation

Reference values of three metrics were created for all types in each
hydrobiogeographic region. These values were derived from the 95" percentile of
the metric scores at the sampling points belonging to each type of
hydrobiogeographic region. However, there was insufficient data on some types
within hydrobiogeographic regions. For these types, a single reference value was
produced from the data set created by combining the data of all types in the
hydrobiogeographic regions they belong to. The reference values of three metrics for
all types are summarized in Table 5.
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Table 5
Metric Reference Values of Types in Hydrobiogeographic Regions

Reference Values of Hydrobiogeographic Region-1 Types

Metrics BB4 BBB BAB, BBX, ABX, BAX, CBA, CBB, CBX
BMWP-S 98,95 98,49 98

Shannon-Wiener 2,69 2,52 2,62

%EPT 90,72 97,75 95,39

Reference Values of Hydrobiogeographic Region-2 Types

BAA, AAX, BAB, BBX, ABX, CBA, BAX,

Metrics AAA  AAB ABA ABB BBA  BBB CBB. CBX
BMWP-S 61,01 5530 75,76 98 85 76,03 78,41
Shannon-

Wiener 2,47 2,19 2,53 2,27 2,62 2,45 2,48
%EPT 85,24 81,01 81,10 86,92 94,83 9445 90,08

Reference Values of Hydrobiogeographic Region-3 Types

Metrics BBA BBB CBB, CBA, BAB, BAA, BAX, BBX, CAB, CAX, CBX
BMWP-S 85 88,81 87

Shannon-Wiener 2,37 2,44 2,37

%EPT 93,16 72,15 92,39

Reference Values of Hydrobiogeographic Region-4 Types

Metrics BBA BBB BAB BAA ABB, BBX, BAX, AAB, AAX, ABA, ABX
BMWP-S 115,69 104,41 76,5 61 104

Shannon-Wiener 2,67 2,67 2,31 2,28 2,65

%EPT 92,12 93,49 66,16 41,84 92,31
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Table 5
(Continued)
Reference Values of Hydrobiogeographic Region-5 Types
AAB, AAA, BAX, CBX,
Metrics CBA BBB BBA CBB BAA BAB ABA ABB  CAB, ABX, CAX, BBX,
CAA, AAX
BMWP-S 93,71 67,81 91 83 67,52 47,88 67,94 79,38 83
Shannon-
Wiener 2,52 2,31 2,39 241 229 205 225 231 2,39
%EPT 96,68 94,69 8596 95,76 59,99 80,37 77,81 100 91,86
Reference Values of Hydrobiogeographic Region-6 Types
AAX, ABX, CBB,
Metrics BBA AAB BBB CBA ABB  ABA  AAA  BAB BBX, BAA, BAX,
CBX
BMWP-S 116,64 63,42 123,09 108,02 71,12 95,72 85 80,05 105,56
Shannon-
Wiener 2,62 2,43 2,77 2,73 225 2,62 220 220 2,66
%EPT 100 72,58 97,36 100 85,12 9343 86,40 84,27 95,73

The multimetric index calculation of a sampling point is explained below:

- Three metrics (BMWP-S, Shannon-Wiener, %EPT) are -calculated
separately.

- The metric scores obtained are divided by the reference value of those metrics
determined for that type.

- The score values (between 0 and 1) obtained from each metric are summed
up and averaged.

- The result of the multimetric index is obtained (BMIR value).
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DE Values of BMIR

The final index that discriminated best between the different stages of
disturbance is summarized in Figure 6 including calculated DE’s.

The resulting index comprises three metrics from three metric categories
(composition, tolerance/intolerance, and diversity measures) and distinguishes
reference/slightly disturbed sites from stressed sites with probabilities between
95.3% and 97.5%.

Figure 6
Discrimination Efficiency Values of BMIR (final index) in Hydrobiogeographic
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Quality Class Boundary Values of BMIR

BMIR, as mentioned above, produces a score ranging from 0 to 1 by
averaging the three metric scores. This means that for the BMIR value to be 1, all
metric values must be close to the type-specific reference values for these metrics.
Therefore, the BMIR index result can be used as an EQR.

The quality class boundaries were derived from the percentile of index scores
in the sampling sites belonging to each type in all hydrobiogeographic regions.
Variable class ranges were defined for proposed class boundary values in the BMIR
indices. Quality class thresholds were obtained by dividing BMIR index scores into
five classes based on percentiles. These percentiles are 95" (High-Good), 60™
(Good-Moderate), 30" (Moderate-Poor) and 5" (Poor-Bad) percentile. Proposed
class boundary values are summarized in Table 6.

As mentioned in the methodology section, there was insufficient data on
some types in hydrobiogeographic regions. For these types, common class boundary
ranges were produced from the data set created by combining the data of all types in
the hydrobiogeographic regions they belong to.

Table 6
BMIR’s Class Boundary Values for the Types in All Hydrobiogeographic Regions

Class Boundaries of Hydrobiogeographic Region-1 Types

Quality classes BBA BBB BAB, BBX, ABX, BAX, CBA, CBB, CBX
High 0,89-1,00 0,91-1,00 0,88-1,00
Good 0,72-0,89 0,67-0,91 0,68-0,88
Moderate 0,53-0,72 0,50-0,67 0,50-0,68
Poor 0,19-0,53 0,15-0,50 0,15-0,50
Bad 0,00-0,19 0,00-0,15 0,00-0,15
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Table 6
(Continued)
Class Boundaries of Hydrobiogeographic Region-2 Types
Quality BAA, AAX, BAB, BBX, ABX,
classes AAA AAB ABA ABB BBA BBB CBA, BAX, CBB, CBX
0,79- 0,86- 0,78- 0,74- 0,83- 0,86-
High 1,00 1,00 1,00 1,00 1,00 1,00 0,83-1,00
0,46~ 0,41- 0,46- 0,50- 0,54- 0,63-
Good 0,79 0,86 0,78 0,74 0,83 0,86 0,53-0,83
0,28- 0,21- 0,29- 0,30- 0,36- 0,46-
Moderate 0,46 0,41 0,46 0,50 0,54 0,63 0,33-0,53
0,12- 0,05- 0,03- 0,05- 0,07- 0,19-
Poor 0,28 0,21 0,29 0,30 0,36 0,46 0,08-0,33
0,00- 0,00- 0,00- 0,00- 0,00- 0,00-
Bad ,012 0,05 0,03 0,05 0,07 0,19 0,00-0,08
Class Boundaries of Hydrobiogeographic Region-3 Types
Quality classes BBA BBB CBB, CBA, BAB, BAA, BAX, BBX, CAB, CAX, CBX
High 0,88-1,00 0,81-1,00 0,88-1,00
Good 0,64-0,88 0,56-0,81 0,62-0,88
Moderate 0,42-0,64 0,29-0,56 0,39-0,62
Poor 0,14-0,42 0,14-0,29 0,13-0,39
Bad 0,00-0,14 0,00-0,14 0,00-0,13
Class Boundaries of Hydrobiogeographic Region-4 Types
Quality classes BBA BBB BAB BAA ABB, BBX, BAX, AAB, AAX, ABA, ABX
High 0,88-1,00  0,85-1,00  0,82-1,00  0,77-1,00 0,85-1,00
Good 0,63-0,88  0,54-0,85  0,39-0,82  0,44-0,77 0,49-0,85
Moderate 0,36-0,63  0,35-0,54  0,21-0,39  0,24-0,44 0,27-0,49
Poor 0,16-0,36  0,13-0,35  0,04-0,21  0,09-0,24 0,08-0,27
Bad 0,00-0,16  0,00-0,13  0,00-0,04  0,00-0,09 0,00-0,08
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Table 6
(Continued)
Class Boundaries of Hydrobiogeographic Region-5 Types
Quality AAB, AAA, BAX, CBX,
classes CBA BBB BBA CBB  BAA BAB  ABA ABB  CAB, ABX, CAX, BBX,
CAA, AAX
0,85- 0,84- 0,82- 0,86- 0,91- 0,79- 0,88- 0,79-
High 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 0,84-1,00
0,62- 0,59- 0,52- 0,66- 0,48- 0,48- 0,60- 0,61-
Good 0,85 0,84 0,82 0,86 0,91 0,79 0,88 0,79 0,59-0,84
0,44- 0,45- 0,33- 0,55- 0,31- 0,24- 0,35- 0,48-
Moderate 0,62 0,59 0,52 0,66 0,48 0,48 0,60 0,61 0,39-0,59
0,21- 0,09- 0,12- 0,29- 0,13- 0,06- 0,16- 0,29-
Poor 0,44 0,45 0,33 0,55 0,31 0,24 0,35 0,48 0,12-0,39
0,00- 0,00- 0,00- 0,00- 0,00- 0,00- 0,00- 0,00-
Bad 0,21 0,09 0,12 0,29 0,13 0,06 0,16 0,29 0,00-0,12
Class Boundaries of Hydrobiogeographic Region-6 Types
Quality AAX, ABX, CBB,
BBA AAB BBB CBA ABB ABA AAA BAB BBX, BAA, BAX,
classes
CBX
0,87- 0,76~ 0,85- 0,90- 0,76- 0,79- 0,77- 0,88-
High 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 0,86-1,00
0,59- 0,42- 0,62- 0,77- 0,44- 0,63- 0,50- 0,46-
Good 0,87 0,76 0,85 0,90 0,76 0,79 0,77 0,88 0,53-0,86
0,40- 0,18- 0,41- 0,68- 0,27- 0,47- 0,30- 0,25-
Moderate 0,59 0,42 0,62 0,77 0,44 0,63 0,50 0,46 0,30-0,53
0,11- 0,01- 0,12- 0,42- 0,05- 0,20- 0,07- 0,13-
Poor 0,40 0,18 0,41 0,68 0,27 0,47 0,30 0,25 0,06-0,30
0,00- 0,00- 0,00- 0,00- 0,00- 0,00- 0,00- 0,00-
Bad 0,11 0,01 0,12 0,42 0,05 0,20 0,07 0,13 0,00-0,06
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Discussion and Conclusion

In the assessment of the ecological status of a water body under the EU Water
Framework Directive, biological quality element indices, which show changes such
as the composition and abundance of type-specific taxa, are of central importance
and imply that biota rather than abiotic conditions are prioritized. When there is no
alteration in quality over the sampling period, an efficient index should not vary
much and show only minor differences between comparable sites of the same type
(Karr et al., 1987). The choice of final metrics depended on several factors; it should
be suitable for use for all water body types, contain metrics from more than one
metric category, be effective in evaluating water quality, and meet WFD criteria. The
fact that the metrics to be selected are also data that can be used effectively and that
are easy to select and measure can provide convenience in practice. In order to shed
light on future studies, it is necessary to produce the ecological traits score values of
the species (specific to Tiirkiye), so that aquatic ecosystem assessments can be made
more soundly.

All hydrobiogeographic region types utilized the same set of metrics,
however scoring thresholds varied by type-specific. This allowed for typological
differences to be considered in an index's calculation while maintaining clarity and
simplicity. Butcher et al. (2003) took a similar technique by altering the threshold
values of some measures linearly with the natural logarithm of stream width to
differentiate the Benthic Community Index.

In this study, nine metrics representing diversity, composition, and tolerance,
including functional metrics, were included in the evaluation of benthic
macroinvertebrate based ecological status (Odabasi et al., 2022; Diigel, 2016) for the
Tiirkiye's hydrobiogeographic regions. The BMIR was developed with three key
metrics selected from metric groups. According to the Diigel (2016), for eight river
basins of Tiirkiye, several metrics such as BMWP-S, EPT [%], Margalef, Shannon-
Wiener, Gra+Scr [%], epirhithral [%], littoral [%], hyporhithral [%], and Type
Akal+Lithal+Psammal were found as appropriate. Among these metrics, BMWP-S,
Shannon-Wiener and EPT [%] took part in the metric development process for
Tiirkiye. Multimetric indices integrate different metrics into a single evaluation. In
this manner, multiple dimensions of ecosystem functioning or diverse measures of
ecological integrity are expected to be integrated into a more comprehensive
assessment. At least one metric related to the metric group (composition/abundance,
richness/diversity, sensitivity/tolerance, and functions) should be utilised for
estimating the functionality of the freshwater groups (Hering et al., 2004). In
addition, it is commonly assumed that combining several metrics improves the
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reliability and efficiency of an index because accidental outliers of one metric can be
smoothed out by the other metrics (Gabriels et al., 2010). Compared to the individual
metrics, the multimetric index provides more reliable and consistent findings,
showing higher discrimination efficiency. There are three different metric types in
three different metric categories in the multimetric index, thus increasing the
capacity of the index to discriminate against different stress intensities. The
calculation of the chosen metrics was based on the number of taxa and the number
of taxa per square meter within taxonomic groups.

Richness or diversity metrics are generally implemented as indicators of
ecological integrity. Diversity metrics are based on the assumption that disruption of
the aquatic ecosystem or stress on communities reduces biodiversity (Gabriels et al.,
2010). Moreover, richness metrics indicate the diversity of an aquatic community
and are recognized as the most useful indicator of deterioration (Resh et al., 1995).
Detection of the elimination of taxa from a naturally diversified system can be done
easily (Barbour et al., 1996). In particular, species belonging to the insect orders
Ephemeroptera, Plecoptera, and Trichoptera (EPT) are widely considered to be
susceptible to perturbation, and the loss of taxonomic richness within this group
implies impairment (Wallace et al., 1996). According to Guerold (2000), Shannon-
Wiener index, one of the diversity indexes, can be used to illustrate the changes of
the ecosystem condition. In this study, we used the Shannon-Wiener index as a
measure of diversity and provided accurate results in all stream types. This metric
contributes to the index of all stream types. The use of sensitivity metrics in
macroinvertebrate-based water quality studies is widespread. Metrics based on
sensitivity have the benefit over richness and diversity metrics, in that taxon-specific
features can be included. The principle that varied taxa respond to disturbance in
different ways, is base for these metrics (Gabriels et al., 2010). The majority of
macroinvertebrate-based assessment systems incorporate this principle (Gabriels et
al., 2010; Armitage et al., 1983). Measurements of composition give information on
the relative contribution of taxonomic groups to the total fauna. A healthy and stable
assemblage will have reasonably consistent proportional representation, according
to the premise (Barbour et al., 1996). According to Ode et al. (2005), %EPT is
sensitive to anthropogenic stress in aquatic ecosystems, measures the response of
Ephemeroptera, Plecoptera, and Trichoptera taxa to pressures. This study, %EPT
taxa composition measures promoted to the index: High discriminatory power was
found for %EPT taxonomic composition measurements across all stream types and
hydrobiogeographic regions. Pollution-tolerant and intolerant taxa or percent
composition are included in the content of Tolerance/Intolerance measures (Barbour,
1999). In this study, BMWP-S was used for that measure. In many countries around
the globe, the BMWP metric or a modification thereof has been widely used, and in
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many published reports, its efficiency for water quality studies has been
demonstrated (Arslan et al., 2016; Wyzga et al., 2013; Yu et al., 2004; Mustow, 2002;
Junqueira & Campos, 1998). Also, Diigel (2016) suggested that the BMWP-S index
is one of the most appropriate tolerance metric for Tiirkiye. This was confirmed by
our results, where the BMWP-S results were responsive in all hydrobiogeographic
regions.

On benthic macroinvertebrates of Turkish rivers, many metric-based studies
are done for some river basins to date (Arslan & Mercan, 2020; Akay & Dalkiran,
2020; Zeybek, 2017; Arslan et al., 2016; Diigel, 2016; Kalyoncu & Zeybek, 2011;
Kazanc1 & Tiirkmen, 2010; Kazanci et al., 2010; Duran, 2006). However, most of
them assess biological quality on the basis of a single metric rather than a multimetric
approach. To our knowledge, this article is the first in the literature to evaluate
multimetric-based benthic macroinvertebrates covering the whole of Tiirkiye. For
this reason, the BMIR index is expected to be valuable for international researchers
as well as helping in the ecological status assessment of Turkish rivers.

In conclusion, the tested multimetric approach was found to be useful and
effective for assessing the ecological status of Tiirkiye's running rivers. The index
developed in this study was quite specialized, for a unique combination of
hydrobiogeographic regions and stream types; furthermore, the data size of some
stream types in each hydrobiogeographic region was necessarily smaller than the
data size of hydrobiogeographic regions. Index development for full implementation
in Turkiye, it will be necessary to build stressor-specific indices or to generalize to
multiple stressor types. Combining measurements considered suitable for individual
stressors or developing hydrobiogeographic-specific indices can facilitate
generalization. For nationwide index use, it is not necessary to develop a separate
index for each river water body type. Separate indices or separate class boundaries
may only be used for regions with great faunal variation, such as ecoregions. This
study aimed to create a general index for all hydrobiogeographic regions based on a
certain metric group, as well as to derive the reference and class boundary ranges of
the index specific to the types within the regions. Here, a general index was
developed containing the same metrics for all ecoregions, in addition, changes were
made to the reference values of the metrics and class boundary ranges for each
ecoregion. For each stream type, the final threshold values and reference values can
be calibrated. It is thought that the developed BMIR index will help decision makers
in determining the ecological quality of Turkish rivers.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Tiirkiye'deki Nehirler icin Bentik Makroomurgasizlara Dayali Bir Multimetrik indeks
Gelistirilmesi (BMIR)

AB Su Cergeve Direktifi (SCD) (Directive, 2000/60/EC), liye devletlerden ve diger katilime1
iilkelerden yiizey sularinin daha fazla bozulmasini 6nlemelerini, mevecut durumlarini korumalarini ve
iyl durumda olmayan tiim su kiitlelerini iyilestirmelerini talep etmektedir. SCD, su kiitlelerinin
ekolojik durumunu belirlemek icin biyota ile hidromorfolojik ve kimyasal bilesenler arasindaki
iliskileri kullanmakta ve biyolojik degerlendirmenin 0 (Kotii) ile 1 (Cok lyi) arasinda degisen bes
siifl bir gosterimle oransal (Ekolojik Kalite Orani, EKO) olarak belirtilmesini istemektedir. EKO,
bir su kiitlesi tipi i¢in gézlemlenen degerin, referans kosullar altinda ayni tip icin beklenen degere
oranidir. SCD'de yiizey suyu Kkiitlelerinin ekolojik kalite durumunu belirlemek icin biyolojik
degerlendirmede bentik makroomurgasizlar, makrofitler, diatomlar, fitoplanktonlar ve baliklar
kullanilmaktadir. Bentik makroomurgasizlar, kiyi, gecis ve tatli su habitatlarinda insan temelli
faaliyetlerin etkilerini degerlendirmek igin uzun siiredir kullanilmakta ve cesitli derecelerdeki
bozulmalara duyarli olduklar1 bilinmektedir (Zeybek, 2017; Birk ve digerleri, 2012; Hellawell, 2012;
Medeiros ve digerleri, 2012; Borja ve digerleri, 201 1; Chainho ve digerleri, 2008; Chaves ve digerleri,
2005).

SCD’nin uygulanmastyla birlikte nehir tipolojisinin belirlenmesi ve multimetrik indekse
dayali bir degerlendirme sisteminin olusturulmasi ihtiyact ortaya ¢ikmaktadir. Tiirkiye nehirleri igin
makroomurgasizlara dayali tipe 6zgii bir multimetrik indeksin gelistirilmesinin, SCD gerekliliklerini
karsilamak i¢in potansiyel bir ara¢ olacagi disiiniilmektedir. Nehir Bentik Makroomurgasiz
Multimetrik indeksi (BMIR) olarak bilinen bu yeni indeks, tiim hidrobiyocografik bolgelerdeki her
nehir tipi i¢in belirlenen simif sinir araliklarini referans kosullara goreli mesafeyi yansitacak sekilde
degistirilmesine olanak saglamaktadir.

Biyolojik degerlendirmede kullanilmak igin gelistirilen biyolojik indeksler ii¢ temel
yaklasima dayanmaktadir. (i)Bolgesellesme (Omernik, 1987, 1995), (ii)multimetrik yaklasim
(Barbour ve digerleri, 1996; Davis ve Simon, 1995; Karr ve digerleri, 1986; Karr ve Dudley, 1981)
ve (iii)referans kosullarinin belirlenmesidir (Hughes, 1995; Hughes ve digerleri, 1986). Calisma bu
ii¢ temel tizerine kurulmustur.

Bu c¢alismada kullanilan veriler, Su Yonetimi Genel Midiirligii tarafindan yiiriitilen Su
Kalitesi izleme Programi'ndan elde edilmistir. Ayrica, Su Kaynaklarmin Sayisallastirilmasi, Tipoloji,
Su Kiitlesi ve Risk Degerlendirmesi Yapilarak Izleme Programlarmin Hazirlanmasi Projesi
(Digitizing Project, 2022) kapsaminda Tiirkiye icin belirlenen 6 hidrobiyocografik bolge ve nehir
tipoloji sistemi kullanilmistir. Elde edilen veritabani, metrekare basina diisen birey sayist ile birlikte
makroomurgasiz faunanin takson listelerini ve hidrobiyocografik bolge ve her bdlgenin nehir tipleri
hakkindaki verileri icermektedir.

Metrik secimlerinde g:.esitlilik, bolluk, tolerans gibi ¢ok sayida metrik igeren ASTERICS
programi gézden gegirilmistir. Ik olarak dokuz aday metrik degerlendirilmis ve analiz edilmistir. Bu
metriklerin hesaplama yapabilmesi i¢in gereksinimler (6rn. tiirlerin ekolojik 6zellik skorlari, tolerans
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degerleri vb.) incelenmistir. Biyolojik veriler kullanilarak tiim hidrobiyocografik bolgelerde dokuz
aday metrik hesaplanmistir. Metrik hesaplama, istatistiksel analiz ve grafik gorsellestirme i¢in Excel
Data Analysis ToolPak kullanilmistir.

Gozlemlenen alanlarin kalitesini referans alanlara gore belirlemede metrik performanslarini
ortaya koymak i¢in merkezi egilim, aralik, dagilim ve aykir1 degerler gibi tanimlayici istatistikler
kullanilmistir. Aday metriklerden etkiyi ayni yonde artirmamak ve ortadan kaldirmak igin ikili
korelasyon analizi (Pearson ¢arpim-moment korelasyonu) kullanilmistir. Korelasyon katsayisinin iist
sinir1 r = 0.75 olarak tanimlanmugtir. Referans noktalar1 ve bozulmus noktalar arasindaki metriklerin
ayrim degerlerini gorsellestirmek i¢in kutu grafikleri (box-plot) kullanilmistir.

Tiirlerin ekolojik isterleri agisindan degeri belirlenememis veya ¢ok dar bir deger araliginda
calisan bazi metrikler elenmistir. Ayn1 yonde katki sagladiklari i¢in yiiksek korelasyonlu metrikler ve
referans ve bozulmus alanlar arasinda yetersiz ayrigsma derecesine sahip metrikler elimine edilmistir.
Yiiksek ayrisma derecesine sahip metrikler, uygun metrikler olarak degerlendirilmistir. Son olarak,
Tiirkiye'deki tiirlerin ekolojik skor degerlerine ulasabilen yani hesaplamalart miimkiin kilan metrikler
ve ayrigma degerleri en yiiksek olan metrikler nihai metrikler olarak secilmistir. Nihai metriklerin
seciminde ayrica farkli metrik kategorilerinden metrik se¢imine de 6zen gosterilmistir (Karr ve Chu,
1999).

Her bir metrik tiim 6rnekleme noktalarinda (referans noktalart dahil) hesaplanmistir. Elde
edilen skor degerler yiizdelik dilimlere bolinmiistiir. Ayrik degerleri elimine etmek i¢in her bir metrik
icin skor degerleri dagiliminin 95. yiizdelik dilimi kullanilmistir. Standardizasyon, metrik skorlarinin
95. yiizdelik diliminin yiizdesi olarak hesaplanmasiyla gergeklestirilmistir. 95. yiizdelik dilimi agsan
metrik skorlari 1 olarak hesaplanmistir. Nihai metrik (3) degerlerin ortalamasi alinarak indeks degeri
hesaplanmustir.

Indeks araliklarma dayali olarak smif sinir degerleri olusturulmustur, bdylece farklr stres
kosullar1 arasinda ayrim yapilmasina olanak saglanmustir. Literatiirde smif smir degerlerini
belirlemek i¢in bircok farkli yontem gelistirilmistir (Barbour, 1999). Bu ¢alismada, SCD'in
gereksinimlerini karsilamak i¢in bes siiflt bir kalite sinift araligi kullanilmistir;

- 95. persentil Cok Iyi ve lyi kalite sinif sinir,
- 60. persentil yi ve Orta kalite sinif siniri,

- 30. persentil Orta ve Zayif kalite siif siniri,
- 5. persentil Zayif ve Kotii kalite sinif siniri.

Indeksi olusturan metriklerden, kompozisyon metrigi icin yiiksek ayrim giiciine sahip %EPT
metrigi secilmigstir. Tolerans/hassas metrikleri igin segilen BMWP-S tiim hidrobiyocografik
bolgelerde ¢ok faydali sonuclar gdstermistir. Test edilen gesitlilik indeksleri arasinda Shannon-
Wiener ¢esitlilik indeksi tiim hidrobiyocografik bolge tiplerinde en iyi sonuglar1 vermistir. BMIR'de
nihai olarak 3 metrik secilmistir, bunlar, Ephemeroptera, Plecoptera ve Trichoptera Takson Yiizdesi
(%EPT), Shannon-Wiener Cesitlilik indeksi ve BMWP-S'dir.

Her bir hidrobiyocografik bolgede tiim tipler ig¢in 3 metrigin referans degerleri, her bir
hidrobiyocografik bdolge tipine ait Ornekleme noktalarindaki metrik skorlarinin 95. yiizdelik
diliminden tiiretilmistir. Ancak, hidrobiyocografik bolgelerdeki bazi tipler hakkinda yeterli veri
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bulunmamaktadir. Bu tipler i¢in ait olduklar1 hidrobiyocografik bdlgelerdeki tiim tiplerin verilerinin
birlestirilmesiyle olusturulan veri setinden tek bir referans deger tiretilmistir.

Bir 6rnekleme noktasinin BMIR indeks hesaplamasi asagida agiklanmistir:

- 3 metrik (BMWP-S, Shannon-Wiener, %EPT) ayr1 ayr1 hesaplanir.

- Elde edilen metrik skorlar, o tip i¢in belirlenen metriklerin referans degerine bdliiniir.

- Her bir metrikten elde edilen skor degerleri (0 ile 1 arasinda) toplanir ve ortalamasi alinir.
- Multimetrik indeksin sonucu elde edilir (BMIR degeri).

BMIR, yukarida bahsedildigi gibi, 3 metrik skorunun ortalamasini alarak 0 ile 1 arasinda bir
deger iiretir. Bu nedenle, BMIR indeks sonucu EKO olarak kullanilmaya uygundur.

Sonu¢ olarak, test edilen multimetrik yaklasimm Tirkiye'nin akarsularinin ekolojik
durumunu degerlendirmede faydali ve etkili olacagi tahmin edilmektedir. Gelistirilen indeks,
hidrobiyocografik bdlgelerin ve akarsu tiplerinin bentik makroomurgasizlar agisindan kalite
durumunu ortaya koymada hassastir. Tiirkiye'de ileri seviye bir uygulama igin, stres faktoriine 6zel
indeksler olugturmak veya birden fazla stres faktoriinii genelleyerek indeks gelistirmek bir sonraki
calisma olabilecegi diisiiniilmektedir. Bu ¢aligmanin amaci, belirli bir metrik grup bazinda tim
hidrobiyocografik bdlgeler i¢cin genel bir indeks olusturmak ve ayrica bolgeler icindeki tiplere 6zel
indeksin referans ve simif sinir araliklarini tiiretmektir. Burada, tiim hidrobiyocografik bolgeler igin
ayn1 metrikleri igeren genel bir indeks gelistirilmis, hidrobiyocografik bolgelerdeki nehir tiplerine ait
farkli referans degerler ve sinif sinir araliklar tiretilmistir. Her nehir tipi i¢in nihai sinif sinir degerleri
ve referans degerleri kalibre edilebilir 6zelliktedir. Gelistirilen BMIR indeksinin Tiirkiye nehirlerinin
ekolojik kalitesinin belirlenmesinde karar vericilere yardimer olacagi diistiniilmektedir.






