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Applicability of Diatom-Based Water Quality
Assessment Indices 1in Dari Stream, Isparta-
Turkey
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Abstract—Diatoms are an important group of aquatic ecosystems
and diatom-based indices are increasingly becoming important tools
for the assessment of ecological conditions in lotic systems. Although
the studies are very limited about Turkish rivers, diatom indices were
used for monitoring rivers in different basins. In the present study, we
used OMNIDIA program for estimation of stream quality. Some
indices have less sensitive (IDP, WAT, LOBO, GENRE, TID, CEE,
PT), intermediate sensitivities (IDSE, DESCY, IPS, DI-CH, SLA,
IDAP), the others higher sensitivities (SID, IBD, SHE, EPI-D).
Among the investigated diatom communities, only a few taxa
indicated alfa-mesosaprobity and polysaprobity. Most of the sites
were characterized by a great relative contribution of eutraphent and
tolerant ones as well as oligosaprobic and betamesosaprobic diatoms.
In general, SID and IBD indices gave the best results. This study
suggests that the structure of benthic diatom communities and diatom
indices, especially SID, can be applied for monitoring rivers in
Southern Turkey.

Keywords—Diatom, Dar1 stream, OMNIDIA, Turkey, Water
quality.

I. INTRODUCTION

LASSICALLY, physical and chemical monitoring reflects
instantaneous measurements while biotic parameters
provide better evaluation of environmental changes. Because
community development integrates a period of time reflecting
conditions that might not be any longer present at the time of
sampling and analysis [1]. Diatoms have been used for the
assessment of short- and long-term environmental change [2].
Diatoms are widely used in bioassessments, and a substantial
number of diatom indices have been developed for estimation
of water quality in various geographic areas. The first studies
of diatoms and river pollution were carried out 60 years ago,
and the suitability of these micro-algae as bioassessment
indicators for monitoring river quality was quickly
demonstrated. These studies demonstrated the potential and
robustness of diatoms that could enable their use to monitor
river quality. After these first approaches, benthic diatoms in
rivers became an obligatory bioindicator for use in several
European and American countries in the late 90s.
The overall objective of this report is to describe the studies
performed in the first ten years of the twenty-first century [3].
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Numerous studies focusing on the application of standardized
methods based on diatom assemblages for water quality
assessment have been carried out, especially in the northern
hemisphere and in particular in European countries [4]-[6].

Several diatom-based indices have been developed most of
which are based on the weighted average equation of Zelinka
& Marvan [7] and are general pollution indices. There are as
many indices as the number of researchers working in the field
[8]-[11].

In Turkey, the first studies on the use of epilithic diatom for
monitoring of the pollution levels of lotic systems were carried
out in Isparta stream [12], [13]. First used index was Saprobi
index for Turkey and the index gave good results, but this
topic is still new in Turkey [14], [15]; Isparta [16] and Aksu
[17] streams were investigated by using Saprobity Index [7].
Giirbiiz and Kivrak [18] practised firstly three different indices
[TDI, SI and IDG] on Karasu River [Erzurum] while,
OMNIDIA software program was firstly used for Akgay
stream [Mugla] in Turkey [19]. Kalyoncu et al. [20] used
saprobi index in Dariéren stream in Isparta and compared
saprobi index with diversity and species richness. Also,
Kalyoncu et al. [21] compared the performance of three types
of benthic diatom indices: (Swiss Diatom Index (DI-CH),
Trophic Index (TI) and Saprobic Index (SI)) in Isparta stream
and they concluded that in these rivers, DI-CH and TI could be
more useful than SI. On Aksu river catchment area was used
several indices and compared macrozoobenthic index and
diversity [17]. Also, the diversity and ecology of diatoms from
Felent Creek was investigated by Omnidia software [22].

The aims of this study are to test the use of epilithic diatoms
as indicators and the use of diatom indices as a tool for
estimating the creek water quality. This study presents the
relationship between measured water quality variables in the
Dar stream and diatom index scores. Diatom index scores
were calculated and correlated to concurrent physical and
chemical water quality data. The results of these correlation
analyses were compared to results obtained in similar studies.

II. MATERIAL AND METHODS

Six sites were monthly established between June 2009 and
May 2010 along the Dar1 stream and its tributaries: four sites
(1%, 2™, 3 and 4™) in the relatively less impacted agricultural
and forested headwaters to act as reference sites; site 5 in the
relatively moderately polluted urban area; and site 6 in highly
polluted downstream area after the urban area (Fig. 1).
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Sampling points 1, 2 and 3 were chosen on the springs on
southern side of Akdag Mountain, Dar1 village (1200 m. alt.)
where there was no urban waste water connection. Sampling
point 4 is in the halfway of the stream, sampling point 5 is
before the meeting point of the Dariren stream and Isparta

0 Darideresi #*

(GorintusTarihleri

stream. Sample point 6 is after the meeting point of Isparta
stream and Dar1 stream (Fig. 1). When choosing the sampling
points on the stream, we took into consideration all kinds of
effected the stream water quality, such as tributaries and
mixing points of waste-water discharge.

Fig. 1 Location of sampling sites in the study area

A. Environmental Variables

At the same time of sampling diatoms, water samples were
seasonally taken and analyzed for the following parameters:
NH;-N mgL—-1, NO, -N mgL—-1, NO; -N mglL—-1, PO,-P
mgL—1, biological oxygen demand (BODs mgL—1), chemical
oxygen demand (COD mgL—1) and chloride (Cl- mgL—1). All
analyses were done in accordance to national standards [23].
Water temperature (CO), pH, dissolved oxygen (DO mgL—1)
and electrical conductivity (EC pScm—1) were measured in the
field by portable equipments.

B. Biological Elements

The samples were monthly collected between June, 2009
and May 2010. During the study period, samples were taken
on the middle of months except rainy days to avoid transient
effects of the flood. The diatoms were sampled by scraping the
25¢m? upper surface of the epilithon, with a stiff toothbrush
and collected in 250ml sample bottle. The collected samples
were transferred to the laboratory in an icebox. The
composition and relative abundance of diatoms was estimated
at 1000x magnification from acid-cleaned sub-samples,
counted separately.

Cleaned frustules were mounted on permanent slides using
Naphrax resin. Sampling was done during the dry season to
avoid variable effects of rainy season such as great variations
in water level and velocity, floods and inundations. These
factors affect diatom development, especially growth rates and
relative abundance of different species [24].

Identification and nomenclature were based on Krammer
and Lange-Bertalot [25]-[28], Round et al. [29], Hartley et al.
[30]. Three slides were prepared from each side and
approximately 250-600 valves were enumerated in each slide
to determine the relative abundance of each taxon.

The diatom species counts were entered into the diatom
database and index calculation tool OMNIDIA version 5.3
[31] and the following indices were calculated and tested: the
Artois-Picardie Diatom Index (IDAP); the
Eutrophication/Pollution Index (EPI-D); the Biological
Diatom Index (BDI); Schiefele and Schreiner’s index (SHE);
the Saprobic Index (SID); the Trophic Index (TID); the
Watanabe index (WAT); the Specific Pollution Sensitivity
Index (SPI); the Sla'dec”ek’s Index (SLA); Descy’s Pollution
Index (DESCY); Leclerq (IDSE); the Generic Diatom Index
(GENRE); the Commission of Economical Community Index
(CEC); the Trophic Diatom Index (TDI) and the Pampean
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Diatom Index (IDP); LOBO index (LOBO). All these indices,
except CEC, SHE, TDI and WAT, are based on the formula of
Zelinka & Marvan [7]. The percentage of species used in
calculation of the indices, as indicated by the OMNIDIA, was
also recorded. The correlation analysis was done according to
Pearson and statistical analyses were carried out on Statistical
Package for the Social Sciences [32].

III. RESULTS
A. Physico-Chemical Variables

The values of physical and chemical variables measured in
the study area during the study period were shown in Table I.
The pH increased slightly down acidic at site 4 and alkaline at
1, 2, 3 and 5 sites, and slightly neutral site 6. On the other
hand, the values of conductivity, NO,-N, NOs-N, NH,-N, PO,-
P, Cl and BODjs increased significantly downstream, while DO
decreased significantly downstream (site 6).

TABLEI
THE MEAN (N = 66) VALUES OF PHYSICAL AND CHEMICAL VARIABLES MEASURED AT 6 SITES DURING 11 SAMPLING PERIODS AND WATER QUALITY LEVELS
DO Temp. pH E.C NO3-N NH4-N NO2-N  PO4-P Cl BOI  Klee
1 725 1058 7,96 5735 133 0,12 0 0 2,05 2,74 I
2 7 1237 775 49521 133 0,09 0 0,17 1,92 248 I
3 632 1556 795 587,11 1,6 0,18 0 0,47 321 1,48 I
4 597 122 662 3736 1,1 0,09 0 0,09 23 0,13 I
5 606 1641 7,88 310,10 1,75 0,10 0,02 0,30 2,17 1,64 I
6 511 1853 74 106937 1,8 29,15 0,13 2,66 11647 187,95 I

B.Community Composition

A total of 70 diatom species belonging to 27 genera were
identified and also, species richness, diversity and evenness
differed significantly (P<0.05) among sampling sites, tending
to be higher in upstream, relatively unpolluted were compared
to downstream polluted mainly urban site 6. Site 6 was subject

to some form of pollution (urban); hence, species distribution
was strongly different from other stations. The highest number
of species was determined at site 3 (34), while the lowest at
site 6 (24). In addition, the highest values of diversity and
evennes were determined at site 5 and the lowest values at site
6 (Fig. 2).

0 Diversity
B Evennes

0 Num.Spec.

Fig. 2 Diversity, Evennnes and Number of species in Dari stream

Sites 1, 2, 3, 4 and 5 with mean good water quality were
associated with such species as Achnanthidium minutissimum,
Fragilaria capucina var amphicephala, Diatoma mesedon,
Navicula radiosa, Meridion circulare, Melosiria varians,
Gomphonema olivaceum, Cocconeis pediculus and C.
placentula. At sites 1, 2, 3 and 4 was dominant taxa F
capucina var amphicephala while D. mesedon at site 5.

Downstream site [6], with very bad water quality, was
associated with such species as Craticula accomoda, Nitzschia
palea, Mayamae atomus, Gomphonema parvulum. These

species have been reported to be pollution tolerant. The most
dominant taxon was Caraticula accomoda in this site.
According to Pearsen correlation, positive significant
correlation was determined between EC, NH4-N, NO,-N, PO,-
P, Cl, BODs (p<0,01), negative pH (p<0,05) and Navicula
spp., positive significant correlation between NH4-N, NO,-N,
PO4sP, Cl, BODs (p<0,01), temperature, conductivity
(p<0,05), negative DO (p<0,05) and Nitzschia spp. Cymbella
spp. and Achnanthidium minitissimum showed positive
significant correlation with DO, negative teperature and
Fragilaria spp. showed significant correlation (p<0,05) with
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pH. No considerable correlation was determined neither
between these taxa and other parameters nor between other

species and ecological parameters (Table II).

TABLE I
PEARSON CORRELATION COEFFICIENTS BETWEEN MEASURED ENVIRONMENTAL VARIABLES AND DIATOM GENUS GENERATED FOR SITES IN THE DARI STREAM

Genus DO T pH

EC NO03-N NH4-N NO2-N PO4-P Cl

BODS5

Caraticula ,601 =725 270 -400
Achnanthidium 867 -827" 665 -248

* ok

Cocconeis 915 -940 611 -343

Cymbella 158 -211 308 -,673
Diatoma =221 201,062 -,550
Gomphonema  -324 349 -012 -,198
Melosira -328 268 -,103 -448
Meridion 629  -558 663 -,300
Navicula -795 749 -912° 9527
Nitzschia -820" 8247 -798 891
Pinnularia -,035 -062 -022 -517
Rhopalodia  ,036 200 ,409 -,003
Surirella 236 -200 545 -792

Fragilaria 784 -649 853* -388

-700  -403  -403 -418 -406 -398
-659  -464  -464  -474  -465 -462
-819"  -510  -510 -524 -513 -507
-100  -511 =511 511 -511 =510
732 -344  -343 -338 -345 -345
179 062 -062  -051 -059 -064
J73 0 -202 -200  -198 -203 -202
-405  -429  -429 434 -430 -430
344 999" 999 999” 999" 999"
493 933" 933 937" 934™ 931"
528 =336 -334 =339 -339 -334
036 -199 =200 -179 -193 -204
297  -689  -688 -684 -689 -691
-780 4620 621 -617 -617 -621

C. Indices

SLA, DESCY, IDSE, SHE, IPS, IBD, EPI-D, DICH and
SID diatom index scores showed significant correlations
(P<0.05, P<0,01) to DO, Temperature, Conductivity, NHy-N,
NO,-N, PO4-P, Cl and BODs. There was no correlation
between all indices and pH and NO;-N. %PT was not
significantly correlated with DO, temperature, NO,-N,
GENRE, IDP, LOBO, TID and IDAP with NO,-N, CEE with
DO and NO,-N (Table III). Correlation coefficients between
the calculated index scores and the measured water quality
variables differed significantly (P<0.05) among different
indices.

Based on forward stepwise multiple regression analysis
performed to determine the SID, IBD, SHE, EPI-D, IDSE,
DESCY, IPS, DI-CH, SLA, IDAP and TDI indices that gave
best reflection of water quality, measured water quality
variables significantly (P<0.05) account for the variation in
SID, IBD, SHE, EPI-D, IDSE, DESCY, IPS, DI-CH, SLA,
IDAP and TDI scores (Table III).

IDP, WAT, LOBO, GENRE, TID, CEE and %PT didn’t
have significant correlation with environmental variables.
Physico-chemical parameters were determined with the lowest
correlation between %PT while the highest correlation with
SID index (R2 0,815). In general, indices have been in a
highly significant relationship between each other. However, a
significant correlation between the CEE and GENRE, IDSE
and DESCY, EPI-D and IBD, DI-CH and CEE, LOBO and
CEE, DESCY, SID and IBD, WAT and GENRE, TDI, PT and
TDI and EPI-D, TID were not determined. TID show
significant correlation with GENRE, LOBO (p< 0.01), IDP
(p<0.05) while not significant correlation other indices. PT
shows significant correlation with DESCY, IDSE, SHE, CEE,

IDAP, TID, IDP and LOBO while significant correlation with
other indices (Table IV). This situation has been clearly
established by multivaryet regression analysis. Adjusted R2
values ranged from 1% (PT%) to 81% (SID) and SID, IBD,
SHE, EPI-D, IDSE, DESCY, IPS, DI-CH, SLA and IDAP
more than 50% (Fig. 3).
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Fig. 3 Adjusted R2 values obtained from forward stepwise multiple regression analysis performed on index scores and measured water quality

variables
TABLE 111
PEARSON CORRELATION COEFFICIENTS BETWEEN MEASURED ENVIRONMENTAL VARIABLES AND DIATOM INDEX SCORES GENERATED FOR SITES IN THE DARI

STREAM
DO T pH EC NO3-N NH4-N NO2-N PO4-P Cl BOD5
SLA -,400™ 4737 121 7707 -053 ,788™ 319" 770 720" 776
DESCY 488" .529" 027 -7547 116 -798" 23317 -786" -,7057 7817
IDSE ,503" -,537" 030 -766™  ,196 -793" 23200 -769T -7247 -780”
SHE ,349" -486 040 -7557  -030  -7847  -318  -768 -7097 -770"
WAT 4207 -487" -020 -,599” 115 -,6197 -264  -614" -5597 - 614"
TDI -310° 333° o111 ,6907  -203 7027 ,282 6717 6437 6907
PT -,186 167 -,089 4327 064 3917 ,156 408 438" 406
GENRE 393 -330" 174 -543"  -060  -499"  -192  -4827 -5727 -518”
CEE 222 488" -135 -365" 068 -,349" S154 352" -329" -356"
IPS 450™ -476 114 -780" 155 -810™  -328"  -785T -749™ 802"
IBD 469 -536™ 089 -805" 245 -850 -348" -829" -7577 -834”
IDAP 4517 -,550" -,069 -,708" 173 706" -277  -6947  -6747 -702"
EPI-D 463" 4847 096,793 -246 ,829™ 336" ,803" 754" 815™
DI-CH 4117 4077 <082 7317 249 769" 309" 750 709 7617
IDP 4617 4677 -048 6597 -121 658" ,262 6497 6217 653
LOBO 348" 209 -217 488" 062 4557 ,243 ,500 494 479"
SID 423" 529" 127 816"  -,188 857" 358" 840 759 8417
TID 343" AT17 024 5027 -251 487" ,203 490" 486" 500"
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TABLE IV
PEARSON CORRELATION COEFFICIENTS BETWEEN DIATOM INDEX SCORES GENERATED FOR SITES IN THE DARI STREAM

SLA DESCY IDSE SHE GENRE CEE IPS IBD IDAP EPI-D DI-CH IDP LOBO SID TID PT WAT
SLA 1
DESCY -976" 1
IDSE -984" 9947 1
SHE -9417 962" 972 1
GENRE -894° 832" 867 823 1
CEE -922" 892" 919" 917 752 1
IPS  -9757 9777 985" 960 924 861" 1
IBD -9567 982" 9677 9437 836" 818" 974 1
IDAP -973" 9617 984™ 952" 883" 951" 962" ,909" 1
EPI-D ,959" -983" -972" -939" _863" -813" -984"™ -997" -921" 1
DI-CH 894" -945" -912° -872" -763  -706 -925" -981" -828" 978" 1
IDP 9747 -934™ -964 -935 -950 -9177 -970" -904" -982" 918" 816 1
LOBO 874" -787 -828" -845" -937" -811 -876  -796 -850° 802  ,685 927" 1
SID 963" -974™ -968" -956" -872° -833" -984™ -994" -919™ 992" 960" 928" 852" 1
TID 83 670 -717 =708  -9437  -664 -797 -697 -746 715 597 858" 967" 760 1
PT 834" =790 =776 -707  -864  -569 -850" -865 -716 871" 869" 791 797 876" 817" 1
WAT 943" 973 972" 923" 757 918" 921" 915" 963" -9217 -870" -903° -696 -897" -560 -660 1
TDI 9897 -993™ -993™ -954™ -889" -884" -991" -982" -967" 988" 939" 961" 840" 983" 748 ,842" -953"

IV.DiscussioN

Nutrient concentration, particularly phosphorus, increases
with urban development, associated with storm water run-off
and is caused by other catchment activities such as agriculture
[33]. Studies of streams draining urban centers with mixed
storm water and sewage impacts have shown declines in
diatom species richness associated with high loads of organic
pollution [34].

In this study, both taxa richness and diversity in the site 6
declined due to a mixture of waste water to stream. All of the
taxa determined in this site are tolerant of pollution. These
taxa are N. palea (Kiitzing) W. Smith, G parvulum (Kiitzing)
H.F. Van Heurck, Mayamaea atomus (Kiitzing) Lange-
Bertalot, Navicula cryptocephala Kiitzing, Craticula
accomoda Hustedt and C. halophila (Grunow) D.G.Mann.
[35]-[41]. Lobo et al. [42] described N. palea as a medium
pollution-tolerant species. In this study, however, this species
had high relative abundance (around 90%) at
alfamesosaprobic site 6 with critically polluted water quality,
an indication that it is tolerant of high pollution. According to
Lobo et al. [43], G parvulum is a relatively abundant species
at downstream eutrophic sites with high organic pollution as
alfamesosaprobic. This taxon represented quality class III-IV
[16]. Kobayasi & Mayama [44] and Lobo et al. [45] classified
G parvulum as highly tolerant to organic pollution in
agreement with the results of the current study. Similarly,
Kelly & Whitton [5], working in rivers of UK described this
species as highly tolerant to eutrophication in their calculation
of the Trophic Diatom index (TDI). G parvulum is known to
be tolerant to several forms of pollution and indicates
disturbed conditions [11], then it was added to list of pollution
tolerant species by Cholnoky [46]. To Cox [37] it is a taxon
tolerant to pollution in general and sometimes can be seen in
polisaprobic and alfamesosaprobic conditions. It is also
reported to be seen in oligosaprobic conditions Navicula
radiosa Kiitzing, Achnanthidium minutissimum Kiitzing,

Meridion circulare (Greville) C. Agardh, Cocconeis pediculus
Ehrenberg, F capucina var. amphicephala (Kiitzing) Lange-
Bertalot ex Bukhtiyarova were dominant taxa in station 1, and
Navicula lanceolata C. Agardh Ehrenberg, N. radiosa Kiitzing
and Diatoma mesodon (Ehrenberg) Kiitzing, A. minutissimum,
F. capucina var. amphicephala in station 2, Gomphonema
olivaceum (Hornemann) Brébisson, Cymbella affinis Kiitzing,
Rhopalodia gibba (Ehrenberg) Otto Miler, 4. minutissimum
F. capucina var. amphicephala in station 3, N. lanceolata, C.
affinis, G. olivaceum, N. radiosa, —Gomphonema
lateripunctatum Reichardt, F capucina var. amphicephala in
satation 4, C. affinis, G olivaceum, Ulnaria ulna, Diatoma
mesodon in station 5. A. minutissimum, M. circulare, C.
pediculus F. capucina var. amphicephala, R. gibba, Navicula
lanceolata, C. affinis, G lateripunctatum, M. circulare, D.
mesodon were not found in station 6. However, these taxa
were especially found in oligosaprob regions.

According to European Guidance Standard D. mesodon, M.
circulare, G olivaceum represents excellent quality class, F
capucina var. amphicephala, A. minutissimum, G. olivaceum,
N. lanceolata, C. affinis good quality class, C. pediculus, G.
parvulum moderate quality class, N. palea poor quality class.
N. accommoda, N. atomus bad quality class [11]. Lange-
Bertalot [35], Klee [47] and Kalyoncu [12] classified that C.
pediculus is betamesosaprobic organism. To Cox [37] it is
present in waters of high electroit. Lange-Bertalot [35], [36]
states that G olivaceum 1is the characteristic organism of
quality classes II and III and that it develops parallel to the
recovery of water quality. Steinberg ve Schiefele [48] points
out that this species develops in rich food conditions. Also, to
Klee [47] and Kalyoncu [12], it is of quality classes II-III. Cox
thinks it is a wide species and is widest in oligotrophic waters
and eutrophic rivers. M. circulare, to Barlas [49], Klee [47]
and Kalyoncu [12], is one of the diatoms representing the
quality class I. Cox [37] says that it is present in sources of
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abundant calcerous and in streams, especially in cold source
waters.

F capucina is widely found in oligotrophic waters. N.
lanceolata is wide from source waters to salty waters in
oligotrophic, beta-alfa mesosaprophic conditions, but often in
low temperatures. R. gibb is wide in waters running slowly,
especially source waters [37]. Bertalot [35], [36] and Barlas
[49] say that A. minutissimum is an organism of quality I.
However, most of these species are known to be tolerant of
eutrophication and organic pollution [50]. In this study,
F capucina var. amphicephala was dominant takson in
stations 1, 2, 3 and 4, D. mesedon in station 5, C. accomoda in
station 6.

SID was determined to be in harmony with physico-
chemical parameters. It was followed by IBD, SHE and EPI-D
and Adjusted R2 values were higher than 0.7. These indices
were followed by DESCY, IPS (over p>0.6), DI-CH, SLA,
IDAP (p<0.5). Adjusted R2 values of the other indices were
below 0.5. The lowest relation with ecological parameters was
with %PT and it was followed by CEE and TID (Fig. 3). Trofi-
based indices didn’t give good results in Dar1 Stream, and
saprobe-based indices gave better results. All of the indices
showed the change of water quality in station 6. However,
differences were determined in quality levels. In unpolluted
areas, too, there were differences by classification of indices.
All through the study, SLA, DESCY, SHE, TDI, CEE, CEE,
IBD, EPI-D, DI-CH, SID and TID used more than 90% of the
species in index calculations. GENRE and IPS used 100% of
the species in calculations. IDSE and PT used 80.95%, IDAP
and IDP 42.67%, and LOBO 28.57%. However, while, in 6th
station, the rates were LOBO 50%, WAT 33%, IDAP and IDP
66.67%, CEE and DESCY 83.33%, the other indices used
100%. For this reason, the presence of taxa whose ecological
characteristics are well-known and that are tolerated to
pollution in this station. Of the indices of high correlation
values with ecological variables, only IDP used 42% of the
species, and the all the others used more than 90%. Although
CEE (90%) and %PT (80%) used a big majority of the species
in index calculations, they were in lowest relation with the
ecological parameters.

The diatom indices gave similar responses to those obtained
for both slow-flowing rivers in France [51] and faster-flowing
ones in England [52]. In Poland streams IPS [53] and in
southern Poland IPS and GDI gave the best results [54]. All
OMNIDIA indices were applicable to the study area in streams
around Sa~o Carlos-SP, Brazil [55]. EPI-D, TDI, %PT, IPS and
IDG were significantly correlated to nutrient contents in
wetlands in central Italy [56]. Diatom indices responded
differently to the selected criteria of the studied typologies.
The size of the watercourse and flow velocity did not affect
significantly any of the studied indices, while bedrock type
and water temperature sometimes played a noteworthy role.
Although stream size is an important factor in the formation of
benthic diatom assemblages, the diatom indices were not
notably dependent on it. Some indices (SLA, L-M, CEC) were
quite sensitive to the character of the riverbed; however, at the
same time, they did not respond to the concentration of

organic matter in the water [57]. In our study, SID, IBD, SHE
and EPI-D seemed to give the best results. Diatom indicator
methods can be successfully used as criteria for rivers
classification system. These methods can indicate many kinds
of human impacts and permit estimations from different types
of water and, different geographical regions to be compared
(9], [58].

According to all these results, the indices in OMNIDIA
program yield results applicable for Turkey. However, due to
the fact that geo-geographic characteristics are different,
saprobity and trophy values of organisms must be modified for
Turkey conditions and their indication weights must be
accounted again.

V. CONCLUSIONS

There is a need for better water quality indicator for rivers
and streams for Turkey. Simple metrics are often used but
commonly do not work well over wide geographic scales and
types of side. Understanding ecological characteristics of the
diatom taxa is very important for Turkey because there are
different geographic conditions and ecological variables. One
of the best approaches for obtaining ecological information is
the development of calibration sets, for indices are fixed and
modified worldwide according to geographic and ecological
conditions or a different index is developed (e.g. [59]-[62].
Geo-geographic scales and habitat types should be
determined, ecological variables should be measured and a
common system with Europe should be established in
extraction, assessment and counting. No common
understanding of method is present in Turkey. For the
integration with Europe, extraction and counting methods in
Europe should be used in Turkey, too.
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