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Abstract

The main objective of the present study was to investigate the water quality of the Selendi Stream and to compare the perfor-
mance of the indices. Biotic and diversity indices based on benthic macroinvertebrates have been applied using Asterics software
programme. Klee’s method, cluster analysis (CLUS) and principal component (PCA) analysis were applied to the physicochem-
ical dataset. Seven sites were determined and samplings were carried out monthly. By using UPGMA analysis, similarities
between the sites were clustered based on both benthic macroinvertebrates and physicochemical parameters. Pearson’s based
correlations were applied to the indices in order to determine the proper biotic indices. The results indicate that the BMWP Polish,
BMWP Spanish, BMWP Hungarian, BMWP Greek versions and all versions of ASPT indices are more proper than FBI and BBI

indices to determine the water quality of Selendi Stream.
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Introduction

In parallel with the increasing world population, the utilization
of water resources has increased, and aquatic ecosystems have
been seriously degraded or destroyed. Aiming to prevent the
deterioration of the ecological and chemical status of all bod-
ies of surface waters and having the goal of achieving of good
ecological quality of surface water status, the European Union
(EU) declared a Water Framework Directive (WFD 2000).
According to the directive, all member states are obliged to
establish national monitoring systems determining the ecolog-
ical status of water quality and referring to the biological ele-
ments of the ecosystem. They are also required to give a great-
er role to biological monitoring (WFD 2000).

Assessing the impacts of pollutants on rivers and streams
involves researching and using a wide range of physical,

P4 Biilent Yorulmaz
yorulmaz@mu.edu.tr

Faculty of Science, Department of Biology, Mugla Sitki Kogman
University, Kotekli 48000, Mugla, Turkey

Faculty of Science, Department of Biology, Ege University,
Bornova 35100, Izmir, Turkey

chemical, and biological indicators (Wang et al. 2012).
There are several alternations for indicators of biomonitor-
ing in streams and rivers, however, benthic macroinverte-
brates, periphytons and fishes are the mostly utilized organ-
isms (Rosenberg and Resh 1993). For over a century, the
quality of riverine ecosystems has been evaluated through
biomonitoring, the systematic use of living organisms or
their responses to assess the condition or changes in the
environment (Li et al. 2010). Benthic macroinvertebrates
are differentially sensitive to many biotic and abiotic factors
in their environment (Mandaville 2002). The community
structure of benthic macroinvertebrates has commonly been
used as an indicator of the condition of an aquatic system
(Armitage et al. 1983; Rosenberg and Resh 1993; Kagalou
etal. 2002).

In order to provide holistic management on a basin basis, it
is of great importance to investigate, analyse and determine
the contaminants in the physical, chemical and biological pro-
cesses in aquatic environment and to develop mathematical
models. Water quality models are very useful in describing the
ecological quality of a river system and to predict the change
in this state when certain boundary or initial conditions are
altered (Lindenschmidt 2006). This study aims to assess the
water quality of the Selendi Stream and to determine the com-
parative performance of the indices.
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Materials and methods
Study area

Gediz River Basin is located between 38°04” —39°13° N and
26°42> —29°45” E. Selendi Stream is an important stream of
the Gediz River Basin with a total length of 46 km. The stream
emerges from the southern slopes of the Salhane and Derbent
Mountains, located in south-east of Simav. The catchment
area of Selendi Stream is about 702 km? in size. The stream
drains the Selendi plateau and discharges into the Gediz River
around Tahtaci village (Fig. 1). This study was carried out
between December 2018 and December 2019. Seven sites
were chosen and samplings were carried out monthly. Sites
were chosen according to criteria for selecting operational
monitoring sites given in WFD Annex V 1.3.2. (WFD
2000). Benthic macroinvertebrates were sampled monthly,
using a classic bottom kick net with 50 X 30 c¢cm in size and

250 wm mesh size according to the literature (AQEM
Consortium 2002). Collected organisms were immediately
fixed in formaldehyde (4 %) in the field and then transferred
to 70 % ethyl alcohol. The benthic macroinvertebrates were
first sorted out then identified to the lowest possible taxonom-
ic level (species, genus or family) and counted under a
stereomicroscope.

Analytical procedures

Simultaneously with macroinvertebrate samplings, water
samples were taken and analysed for PO,4-P, NH4-N, NO,-
N, NOs-N, CI" and BODs, using spectrophotometer and prop-
er kits. All analyses were done by following the standard
methods (APHA 1998). Water temperature (°C), pH, electrical
conductivity (EC), total dissolved solids (TDS), dissolved
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Fig. 1 Sampling area and sites
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oxygen (DO), oxygen saturation (Sat. O,) were measured in
the field by portable equipment.

Data analysis

Saprobe Index (SI), modifications of Biological Monitoring
Working Party (BMWP) and Average Score Per Taxon
(ASPT); BMWP Original (BMWP-O), BMWP Spanish
(BMWP-S), BMWP Hungarian (BMWP-H), BMWP Polish
(BMWP-P), BMWP Czech (BMWP-C), BMWP Greek
(BMWP-G), ASPT Original (ASPT-O), ASPT Hungarian
(ASPT-H), ASPT Czech (ASPT-C), Belgian Biotic Index
(BBI), Family Biotic Index (FBI), Shannon-Wiener (SWDI),
Simpson’s (SDI) and Margalef (MDI) diversity indices were
applied on benthic macroinvertebrate data set by using
ASTERICS Software Programme. Also multivariate statisti-
cal analysis was performed. Similarities between the sites,
based on benthic macroinvertebrates and physicochemical pa-
rameters were assessed by using Bray-Curtis similarity index
(Somerfield 2008; Yoshioka 2008). On the other hand, the
UPGMA algorithm was used to illustrate existent clustering
relationships between the sites. Shannon and Wiener (1963),
Simpson (1949) and Margalef (1958) diversity indices were
used to determine the species diversity. Pearson’s based cor-
relation analysis was undertaken by using SPSS version 20.0.
Biological water quality indices were analysed using
ASTERICS 4.04 software program (AQEM Consortium
2002). Water quality assessment by physicochemical param-
eters was done according to Klee (1991). Principal component
analysis (PCA) was applied (Kazi et al. 2009; Najar and Khan
2012). CLUS was carried out and typically illustrated by a
dendrogram (tree diagram) (Shrestha and Kazama 2007).

Results

A total of 7,911 individuals were collected and 46 taxa were
identified. The maximum number of individuals was collected
at site 3, while the minimum number of individuals was col-
lected at site 5. The lowest percentage and numbers of indi-
viduals were determined in summer while the highest percent-
age and numbers of individuals were determined in spring,
respectively (Fig. 2).

Baetis sp., Baetis rhodani (Pictet, 1843) and Hydropsyche
sp. were dominant at site 1 while B. rhodani, Simulium sp. and
Gammarus sp. were dominant at site 2. Gammarus sp., Baetis
sp. and Simulium sp. were dominant at site 3. Simulium sp.,
Hydropsyche sp. and Baetis sp. were dominant at site 4 and
site 5. Simulium sp., Hydropsyche sp. and Nais elinguis
Muller, 1774, were dominant at site 6. Simulium sp.,
Hydropsyche sp. and Gammarus sp. were dominant at site 7
(Fig. 3).
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Fig. 2 The total numbers and seasonal percentages of benthic
macroinvertebrates in Selendi Stream

The oligochaetes, Eiseniella tetraedra (Savigny, 1826),
Glossiphonia complanata (Linnaeus, 1758), Nais elinguis
and Nais barbata Muller, 1774 tolerant to pollution, were
found only in sites 6 and 7.

As aresult of the UPGMA analysis, according to physico-
chemical variables, sites 1 and 2 were the most similar (97 %)
and were followed by sites 6 and 7 (96 %). On the basis of
benthic macroinvertebrates composition, sites 2 and 3 were
the most similar (99 %), followed by sites 4 and 5 (93 %)
(Fig. 4).

Dissolved oxygen varied between 6.12 mg L™ ' and
10.4 mg L™ '. The mean value of BODs varied between
1.12mg L™ "and 3.30 mg L™ '. The range, mean and standard
deviations of physicochemical variables are summarized in
Table 1.

According to PCA, 95.9 % variance was accounted for by
the first two axes (Fig. 5). In the current study, the eigenvalues
are greater than 1 at the component 1 and 2. The PCA 1 has
positive loading on temperature, EC, BODs, NH4-N, NO,-N,
NO;-N, CI', TDS, and PO,4-P and negative loading on DO,
Sat. Oxygen and pH positive loading on NH4-N, NO,-N,
NO;3-N and PO4-P have been considered to be related to or-
ganic pollution. Thus, components are representing effects of
agricultural and domestic wastewaters.

In addition to Klee’s method which determines physico-
chemical water quality, biotic indices were applied on the
benthic macroinvertebrate data sets. The average biological
quality scores and water quality classes are given in Table 2.

According to Spanish, Hungarian, Polish, Czech, Greek
and original BMWP, the water qualities of site 2 and 3 were
found to be class I. Moreover, all types of ASPT indicated
very good ecological water quality class at site 1. However,
all types of ASPT indicated moderate pollution at site 7.
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According to all versions of ASPT and BBI indices, the water
quality of all sampling sites was class I. Water quality of
sampling sites 1, 2, 3, 4, 5 were found in very good classes,
but sampling sites 6 and 7 were found in good classes when
FBI was applied. According to the SI, water quality classes
were oligosaprobic/betamesosaprobic at sampling sites 1, 2, 3,
4 and 5, betamesosaprobic at the sampling sites 6 and 7.
According to the SDI and SWDI, the lowest diversity values
were observed at sampling site 7. According to MDI, the
lowest diversity value was found at sampling site 4 (4.545)
and the highest diversity value was found at sampling site 6
(5.656).

The random sample cases (10 % select case) was carried
out on the physicochemical parameters, biotic and diversity
indices. Table 3 clearly shows the correlations of indices.
Significant correlation was observed between SI and FBI
(r=0.877, p < 0.01). As expected, significant correlations

Fig. 4 The similarities of the a
sites in Selendi Stream.
a Physicochemical parameters,

Site 5
Site 6
Site 3
Site 4

Site 7

were identified between BMWP-O and BMWP-S (r=
0.938, p < 0.01); BMWP-Original and BMWP-H and
BMWP-G (r=0.978, p < 0.01); BMWP-O and BMWP-C
(r=0.883, p < 0.01); BMWP-S and BMWP-H (r=0.968, p
< 0.01); BMWP-S and BMWP-P (»r=0.965, p < 0.01);
BMWP-S and BMWP-C (»r=0.985, p < 0.01); BMWP-S
and BMWP-G (r=0.982, p < 0.01); BMWP-H and BMWP-
P (r=0.880,p< 0.01); BMWP-H and BMWP-C (r=0.912,p
< 0.01); BMWP-H and BMWP-G (r=0.997, p < 0.01);
BMWP-P and BMWP-G (r=0.908, p < 0.01); BMWP-P
and BMWP-C (r=0.992, p < 0.01); BMWP-C and BMWP-
G (r=0.938, p < 0.01). Also significant correlations were
identified between ASPT-O and ASPT-H (»=0.985, p <
0.01); ASPT-O and ASPT-C (r=0.999, p < 0.01). On the
other hand, the significant correlations were observed between
BMWP-S and MDI (»=0.755, p < 0.05); BMWP-P and MDI
(r=0.818, p < 0.05); BMWP-C and MDI (r=0.808, p <
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Table 1  Range, mean and standard deviations of physicochemical parameters in Selendi Stream
Parameters / Sampling Sites Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
T R 8-12 8-13 10-13 10-14 13-16 1720 1721
(°C) M=SD 10.2+2.06 10.5+2.38 11.2£1.50 12.2+2.06 14.74£1.50 18.5+1.29 19.2£1.70
pH R 7.0-7.1 7.0-7.0 7.0-7.0 6.9-7.0 6.9-6.9 6.8-6.9 6.8-6.9
M=+SD 7.05+0.05 7.0+0.0 7.0£0.0 6.95+0.05 6.9+0.0 6.87+0.05 6.87+0.05
EC R 275-299 284-328 298-342 309-359 321-375 357-391 386409
(uScem™ ) M=SD 290+10.6 306+18.4 320+18.2 333+21.0 350+22.7 373+14.1 392+10.8
TDS R 104-132 115-139 120-157 147-175 175-237 196-289 206-329
(ppt) M=SD 119+11.6 128+10.0 140+£15.5 162£11.5 216+£27.9 261+44.1 292+58.3
DO R 9.68-10.4 9.45-10.2 9.21-10.1 8.47-10 8.11-9.12 6.92-8.06 6.12-8.02
(mgL™h M+SD 9.99+0.32 9.79+0.35 9.67+0.39 9.16+0.67 8.51+0.43 7.57+£0.54 7.08+0.79
Sat. O, R 121-138 113-122 102-112 92-98 90-92 83-88 79-82
(%) M=SD 128+7.80 117+4.20 106+4.79 95+2.58 91+0.81 85+2.38 80+1.29
BODs R 1.05-1.19 1.11-1.25 1.19-1.47 1.28-1.55 1.41-1.79 2.76-3.10 2.93-3.89
(mgL™h M=SD 1.12+0.05 1.18+0.05 1.30+0.11 1.38+0.11 1.55+0.16 2.92+0.13 3.30+041
NH4-N R 0.09-0.11 0.10-0.18 0.11-0.22 0.15-0.28 0.20-0.45 0.38-0.67 0.41-0.70
(mg LY M=£SD 0.10+0.008 0.15+0.03 0.17+0.04 0.21+0.05 0.30+0.10 0.49+0.12 0.55+0.11
NO,-N R 0.004-0.01 0.01-0.02 0.01-0.02 0.01-0.03 0.02-0.04 0.05-0.07 0.05-0.09
(mgL™h M=£SD 0.007+0.005 0.01£0.005 0.01+0.005 0.02+0.009 0.03+0.008 0.06+0.008 0.07+0.01
NOs-N R 0.09-1.33 1.17-1.55 1.21-1.78 1.45-1.90 1.57-2.20 1.89-2.56 2.18-2.84
(mgL™h M+SD 0.98+0.59 1.38+0.16 1.50+0.25 1.65+0.23 1.91+0.28 2.32+0.31 2.64+0.31
PO,-P R 0.004-0.01 0.01-0.02 0.01-0.03 0.02-0.03 0.02-0.07 0.03-0.07 0.04-0.09
(mgPL ™ M=SD 0.007+0.005 0.01£0.005 0.02+0.009 0.02+0.005 0.04+0.02 0.05+0.01 0.07+0.02
Cl R 6.0-8.0 7.0-9.0 7.0-9.0 8.0-11 9.0-13 11-14 13-19
(mgL™h M=+SD 7.0+0.81 8.0+0.81 8.0+0.81 9.5+1.29 10.74+2.06 12.5+1.29 16+£2.94

R: Range; M: Mean; SD: Standard deviation

0.05); BMWP- H and SWDI (»=10.803, p < 0.05); ASPT-O
and SDI (»=0.875, p <0.01); ASPT-H and SDI (»= 0.826, p
< 0.01); ASPT-C and SDI (»=0.855, p < 0.01).

In this study, all versions of ASPT and BMWP score sys-
tems showed good biological quality and they are significant-
ly correlated with each other. BMWP and ASPT indices have
similar evaluation systems. Any deterioration in the quality of
the water affects the SI and FBI indices in the same way.

Fig. 5 Biplots for PCA analysis
of physicochemical variables in

Selendi Stream »
Site 1

PCA 2

-2.0 -1.5 -1.0

ite 2

Significant correlation was not found between BBI and other
indices.

Discussion
The results show that the water quality status of Selendi

Stream was degraded from very good to moderately good
while flowing from upstream to downstream. Temperature

%ite 7
%ite 6
%3 1.0 1.5 2,0
1.0
.Si(&% .Slte 5
2.0
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Table 2 Average score values of indices and water quality classes in
Selendi Stream

Metric Site 1 Site2 Site3 Site4 Site5 Site6 Site7
Klee (1991) 1 | I-11 I-11 1T II-IIT II-100
SI 1.632 1599 1.603 1.625 1.628 1.897 1.856

I-1I I-1I I-11 I-11 I-1T 1I 11
BMWP-O 163 187 187 147 147 146 147

I I 1 1I 1I 1I 11
BMWP-S 161 181 181 145 145 160 151

1 1 | 1T 1T 1 1
BMWP-H 168 188 188 152 152 159 148

1 1 I I I 1 I
BMWP-P 138 157 157 131 131 145 140

I 1 I I I I I
BMWP-C 176 200 200 160 160 181 173

1 1 I I I 1 1
BMWP-G 1632 1806 1806 1491 1485 1564 1486

1 1 I I-1T I-1I I-1T I-1T
ASPT-O 7762 7.192 7.192 7737 7.737 6.500 6.125

1 1 1 1 1 1 1
ASPT-H 7.636  6.963 6963 7.600 7.600 6.625 6.167

I I | 1 1 1 1
ASPT-C 8.000 7.407 7.407 8.000 8.000 6.704 6.407

1 1 1 1 1 1 1
BBI 10 10 10 10 10 10 10

1 1 | 1 1 1 1
FBI 363 34 34 369 3,69 393 41

1 1 I I I I-1T I-IT
SDI 0.965 0.961 0.959 0.959 0.956 0.948 0.936
SWDI 3412 3440 3425 3325 3296 3.355 3.135
MDI 5383 5.656 5367 4.863 4.766 4.610 4.545

increased from the springs down to the mouth of the river (8—
21 °C). Dissolved oxygen concentration in streams are impor-
tant components that influence the composition of benthic
macroinvertebrate communities (Nikolsky 1963; Tanyolag
2004). In the present study, the concentrations of DO were
relatively higher in the upstream sites and lower in down-
stream sites, between (10.4-6.12 mg L™ ). Biological
Oxygen Demand (BOD) is of great importance as it is a mea-
sure of organic pollution in aquatic ecosystems (Park and Lee
2002). The need for biological oxygen is defined as the
amount of oxygen required for organic substances to decom-
pose organic matter by microorganisms under aerobic condi-
tions (WHO 2004). Parallel to our findings, Park and Lee
(2002), Adakole and Anunne (2003), and Patang et al.
(2018) reported that the highest BOD5 values were measured
at organically polluted sites particularly effected by fish farms.
In our study, the highest BODs value was found at site 7.
Tanyolag (2004) indicated that in aquatic systems, organisms

@ Springer

have tolerance to a certain pH range and most organisms can
develop in the range of 6.4-8.6. The average pH values varied
between 6.88 and 7.08 in present study. The nutrients, limiting
the productivity in aquatic environments, are mostly phospho-
rus and nitrogen (Moss et al. 1987). In the present study,
ammonium, nitrate and nitrite nitrogen levels increased while
moving from upstream to downstream. The amount of ortho-
phosphate is a suitable indicator for wastewater pollution and
the amount of orthophosphate in uncontaminated water does
not exceed 0.1 mg L™ ! and is usually 0.03 mg L™ . When the
value of orthophosphate exceeds 0.1 mg L™ ', pollution can be
mentioned (Hill 1979) and sampling site 7 had exceeded this
limit.

In the present study, relatively lower benthic macroin-
vertebrate numbers were found at sites 4, 5 and 6, prob-
ably due to slightly increase of organic pollution and
change in bottom structure from gravels to muddy.
Dominant taxa at sampling sites 6 and 7 were Diptera
and Oligochaeta. According to Moisan and Pelletier
(2008), these groups of organisms are tolerant. Existent
abundance of the organic matter is favourable for benthic
macroinvertebrates such as Oligochaeta (Rashid and
Pandit 2014). Nais elinguis and N. barbata were found
abundant at sites 6 and 7. These species are indicators
of polysaprobic aquatic systems (Kalyoncu and Giilboy
2009; Zeybek and Kalyoncu 2012; Arslan et al. 2016;
Zeybek 2017; Kosalsahin and Zeybek 2019).

The diversity indices are useful for indicating physical dis-
turbances and toxic pollution which cause stress in benthic
macroinvertebrate communities. The species composition of
aquatic organisms belonging to Insecta was negatively influ-
enced on lower basins of stream (Kazanci and Dugel
2000; Kalyoncu and Zeybek 2011). Habit et al. (1998)
pinpointed the lowest invertebrate diversity at the sampling
site of a muddy floor. Sites 6 and 7, assessed in this study,
had lower water qualities and lower diversity values, similar to
the results of similar studies (Plafkin et al. 1989; Kalyoncu
et al. 2008; Kalyoncu and Giilboy 2009; Arslan et al. 2016).

Principal component analysis (PCA) was applied to reduce
the dimensionality of a data set consisting of a large number of
interrelated variables (Kazi et al. 2009; Najar and Khan 2012).
Duran (2006) obtained two principal components that collec-
tively explained 78.2 % of the variance, influenced by hard-
ness, DO, NH4-N, NOs-N, PO4-P, NO,-N and COD concen-
trations. In the study on Stileymanli Lake, the pH and the
temperature were positively correlated while the EC, DO,
TDS and orthophosphate were negatively correlated (41.8 %
of the total variability) (Duran and Akyildiz 2011). In the
present study, the PCA analysis showed a clear spatial and
temporal division, and the sampled stations were subdivided
into two groups. PCA separated slightly downstream from
unpolluted upstream and pH, DO, NH4-N, NO2-N, NO3-N,
TDS and TN accounted for 95.9 % of total variance. The last
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Table 3  Pearson’s correlation assessment between indices

SI BMWP- BMWP- BMWP- BMWP- BMWP- BMWP- ASPT- ASPT- ASPT- BBI FBI SDI SWDI MDI

O S H P C G (¢} H C

SI 1 -0.577 -0289 -0.514 -0.091 -0.136 -0460 -0.849* -0.747 -0.845* b  0.877**¢ -0.851* -0.593 0.275
BMWP-O 1 0.938** (0.978** 0.854* 0.883** 0.978** 0.150 0.001 0.123 b  -0.836* 0.518 0.700 0.494
BMWP-S 1 0.968** 0.965%* 0.985** 0.982** -0.102 -0.226 -0.137 b -0.673 0350 0.688  0.755*
BMWP-H 1 0.880** (0.912%*% 0.997** (.148 0.018 0.114 b  -0.836* 0.560  0.803* 0.628
BMWP-P 1 0.992%* 0.908** -0.332 -0450 -0364 b -0507 0.113 0518 0.818*
BMWP-C 1 0.938** -0.270 -0.387 -0303 b -0.545 0.189 0576 0.807*
BMWP-G 1 0.078 -0.054 0.044 b -0.795* 0.501  0.766* 0.652
ASPT-O 1 0.985%* 0.999** b  -0.635 0.875%* 0.528  -0.436
ASPT-H 1 0.986** b  -0.514 0.826% 0.469 -0465
ASPT-C 1 b -0.610 0.855*% 0490 -0.476
BBI 1 b b b b
FBI 1 -0.855% -0.849* -0.220
SDI 1 0.860* 0.003
SWDI 1 0.512
MDI 1

*Correlation is significant at p < 0.05 (2-tailed). ** Correlation is significant at p < 0.01 (2-tailed). “.b” Cannot be computed because at least one of the

variables is constant.

two sites (6 and 7) were separated from the others with rela-
tively lower pH and DO levels and higher nutrient levels
which could be explained by organic pollution, originating
from agricultural activities, aquaculture and urban waste
waters.

Many researchers have used biotic indices, based on ben-
thic macroinvertebrates, dealing with the water quality of
streams and rivers (Kalyoncu and Zeybek 2009; Kazanci
et al. 2010; Barman and Gupta 2015; El Husseiny et al.
2015; Maneechan and Prommi 2015; Arslan et al. 2016;
Dalal and Gupta 2016; Kubendran and Ramesh 2016;
Hamid and Rawi 2017; Adu and Oyeniyi 2019; Cesar et al.
2019; Smith et al. 2019; Slimani et al. 2019). In Turkey, the
Turkish-BMWP biotic index (TR-BMWP), the first assess-
ment method using benthic invertebrates, has recently been
developed (Kazanci et al. 2016). However, comparisons of
these methods is relatively limited (Lydy et al. 2000; Blanco
et al. 2007; Gremare et al. 2009; Feio et al. 2009; Kalyoncu
and Zeybek 2011; Yorulmaz et al. 2015; Zeybek et al. 2014;
Zeybek 2017; Giiltekin et al. 2019).

Kantzaris et al. (2002) recorded that the BMWP, ASPT and
Land Quality Indicators (LQI) were insufficient in evaluating
water quality while BBI and IBE were proper. Oz and
Sengoriir (2004) reported that BBI was in accordance with
the other indices. Kalyoncu et al. (2008) stated that the BBI
and physicochemical data were more proper to evaluate the
water quality. Ogleni and Topal (2011) mentioned that the
BMWP and ASPT were sufficient to evaluate water quality.
Kalyoncu and Zeybek (2011) found that SWDI and BBI seem

to be the most reliable to determine the water quality.
Yorulmaz et al. (2015) applied five biotic indices and noted
that the FBI was insufficient in evaluating water quality while
ASPT, BMWP, SI, and BBI were appropriate. Zeybek et al.
(2014) found deviations between BMWP versions. Zeybek
(2017) found that the most appropriate indices for the physical
and chemical indices were BMWP (original version) and
ASPT (original and Czech versions).

Conclusions

A good ecological water quality, ranging from moderately-
good to very good based on benthic macroinvertebrates and
physicochemical parameters, was observed in Selendi Stream.
As a result, BMWP-P, BMWP-S, BMWP-H, BMWP-G ver-
sions and all versions of ASPT indices were found to be more
proper than FBI and BBI indices to determine the ecological
quality of this stream. There is still a need to determine the
proper biotic indices to use in streams of Turkey and develop a
specific biotic index for Turkey.
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