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To investigate how habitat type influences species diversity and distribution of algae, 115
sampling sites across eight different habitats (stream, spring, lake, pool, wetland, ditch,
trough, hot-spring) were randomly sampled from Agr1 province, Turkey. A total of 392 al-
gal taxa (gamma diversity) were identified, of which 212 taxa (54.08%) belonged to Bacil-
lariophyta while the rest (180 taxa) belonged to seven other groups (Chlorophyta, Charo-
Keywords: phyta, Euglenophyta, Cyanobacteria, Miozoa, Ochrophyta, and Cryptophyta). 150 taxa were
Algae encountered only once. The highest alpha diversity was found in ditches (H' =4.57, 235
Distribution taxa) followed by streams (H' = 4.40, 238 taxa), and the lowest diversity was recovered
Diversity measures in troughs (H' = 2.62, 42 taxa). Relatively high Whittaker's beta diversity (Bw = 19) in-
Altitude dicated a low level of similarity among sampling sites suggesting that no common taxo-
Ecological factors nomic group was solely effective enough to change dominancy level of any species among
the habitats. The first two axes of Canonical Correspondence Analysis accounted for 58.1
% of the total variance in the occurrence of 152 algal taxa (all taxa recovered from more
than three samples) and described gradients across four environmental variables (habitat
type, pH, elevation and water temperature). Ditches significantly contribution to alpha and
gamma diversity in the province although they have relatively small surface area and shal-
low water compared to other habitat types. High alpha diversity in ditches may be related
to the positive effect of geographic and climatic factors in mountainous area. Future pos-
sibilities are discussed.

© 2021 European Regional Centre for Ecohydrology of the Polish Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction expressed by the number of species (or species richness)

in that ecosystem or habitat. Beta diversity measures the

Whittaker (1972) defined three measures of biodiver-
sity across spatial scales: alpha («), beta (8), and gamma
(y) diversity. Gamma diversity is the total diversity (all
species accounted) in a region while alpha diversity refers
to diversity within a given area or ecosystem, usually
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variation (differences or dissimilarities) of species diversity
between two or more different habitats (or ecosystems). In
other words, measures of beta diversity attempt to quan-
tify the number of different species between two or more
habitats. High beta diversity indices represent a high de-
gree of dissimilarity, while a low index value represents a
high level of similarity. Legendre et al. (2005) argued that
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beta diversity is a key concept for understanding ecosys-
tem function and for managing biodiversity.

Studies dealing with biodiversity estimation and dis-
tribution of aquatic organisms are generally carried out
in large and/or continuous water bodies like rivers and
lakes (Della Bella et al., 2007; Nabout et al., 2007; Passy
and Blanchet, 2007; Schuster et al., 2015; Bortolini et al.,
2017; Jamoneau et al.,, 2018; Marra et al., 2018; Dunck
et al., 2019; Pound et al, 2019). In contrast, shallow
and small temporary waters have been received less at-
tention. One of the extensive studies was conducted in
water-filled tree caves which were classified as microhab-
itat (Williams, 2006). Water-filled tree holes are one of
the phytotelma habitat (plant held waters) that host di-
verse aquatic flora and especially aquatic fauna (Lackey,
1940; Maguire, 1971; Frank and Lounibos, 1983; Yanoviak,
1999; Kitching, 2000).Temporary water bodies (e.g., wet-
lands, ditches) vary greatly in surface area and volume and
can dry out quickly with variable frequencies and variable
seasonality (Arle, 2002; Williams, 2006). However, such
habitats are well known as reproductive and developmen-
tal areas for semi-terrestrial and semi-aquatic organisms.
Some of previous studies have documented high faunal
(aquatic insects, amphibian etc.) biodiversity in temporary
water bodies (Williams, 2006). Therefore, temporary wa-
ter bodies are described as the “cinderellas of aquatic sci-
ence” because of being an important component of global
landscape (Williams, 2006). For example, Nicolet et al.
(2004) discussed the importance of temporary ponds as
habitat for rare plant species. Lukacs et al. (2013) illus-
trated the importance of temporary pools for the conser-
vation of high alpha and beta plant diversity. Kiilkdyliioglu
et al. (2013) found relatively high ostracod (Crustacea) di-
versity in troughs or so called “artificially natural habitats”.
Accordingly, temporary wetlands (natural or artificial) with
small surface size and shallow waters are considered as
important habitats for diversity of taxa (Armitage et al.,
2003; Williams 2006; De Bie et al., 2008; Kiilkdyliioglu et
al., 2013).

In recent years, the number of studies investigating
species diversity in temporary wetlands has increased, re-
flecting a growing interest and recognition of the impor-
tance of these habitats (e.g., Williams et al, 2003; De
Bie et al., 2008; Balian et al., 2010; Stendera et al., 2012;
Akdemir et al., 2016; Kiilkoyliioglu et al., 2019) but stud-
ies on the diversity of algae in different aquatic bodies
are quite limited (Yung et al., 1986, Cardoso et al., 2012,
Zarei-Darki, 2011; 2012). The first study in Eastern Anato-
lia conducted by Ehrenberg (1845) was focused on the di-
atoms of the Murat River (the biggest tributary of the Eu-
phrates) from the hillside of Tendiirek Mountain (Diyadin,
Agn province) in the border of Mus province (Turkey).
The second study in the region was conducted by Altuner
(2017). However, sampling sites in these studies are not lo-
cated within the boundaries of Agri1 province. Therefore,
the current research is the first extensive study on algal
flora in the region.

The present study provides an important contribution
to our understanding of algal species richness, biodiver-
sity and distribution in different aquatic bodies of Agri
province in Turkey. The aims of the study are i) to inves-

Table 1

Minimum (min), maximum (max), mean and standard deviation (SD) of
10 environmental variables measured from the 100 of 115 different sam-
pling sites in Agr1 province.

n min max mean +SD
Elevation masl. 99 1477 2499 1821.01 228.04
Atm. pressure mmHg 100 563.7 639 613.61 16.78
Atm. moisture % 100 206 923 44.94 13.09
Wind speed 100 0 17.7 5.28 4.19
Tatm °C 100 9.7 34.2 21.21 5.49
Twat °C 100 5.7 28.3 16.24 5.12
pH 100 6.38 9.99 8.39 0.55
DO mg/L 100 1.71 11.13 6.46 1.92
EC uS/cm 100 10.6 10983 529.81 1188.65
Salinity ppt 100 0.01 6.58 0.31 0.72

tigate the role of habitat types on algal community com-
position in the Agr1 province, ii) to determine correlation
between environmental factors and algal species distribu-
tion, and iii) to compare diversity levels (i.e., alpha, beta
and gamma species diversity of algae) among eight differ-
ent aquatic habitats in the province.

2. Materials and methods

One hundred and fifteen different aquatic sites repre-
senting 11 different habitat types in Agr1 province in East-
ern Anatolia were randomly sampled between 13-17 May
2015 by Kiilkoyliioglu et al. (2019) (Fig. 1). Fifteen sam-
pling sites did not include specimens and were excluded
from the analyses. Sampling sites were categorized as one
of eight different aquatic habitats as follows: lake (8), pond
(10), wetland (5), stream (47), spring (7), trough (4), ditch
(18) and thermal water (1).

During field work, 10 different environmental variables
(pH, dissolved oxygen (DO, mg/l), water and air temper-
ature (T, °C), electrical conductivity (EC, uS/cm), salinity
(ppt), atmospheric pressure (mmHg), moisture (%), wind
speed (m/s), elevation (m)) were measured in situ be-
fore sampling. A YSI Multi Professional Plus was used to
measure the first six variables, and a Testo 410-2 model
anemometer was used to measure the remaining vari-
ables (Table 1). Coordinates of each sampling site were
recorded with a GARMIN Etrex Vista H GPS (Table 1).
More detailed information about the study area can be
found in Kiilkoyliioglu et al. (2019). Algal samples were
collected in 250 ml plastic bottles and fixed with 4%
formaldehyde solution in-situ. Along with water samples,
filamentous algae and bottom sludge (a mixture of epilithic
and epipelic biofilms and well-conditioned detritus) sam-
ples were also collected according to the characteristics
of the sampling sites. Samples were kept in coolers and
brought to the Limnology Research Laboratory of Bursa
Uludag University. At least 300 individuals were counted
in each sample to derive a measure of relative abundance.
Species identification was done according to the taxonomic
keys provided in several studies (e.g., Huber-Pestalozzi,
1941, 1950, 1955, 1961, 1982, 1983; Huber-Pestalozzi and
Fott, 1972; Popovsky and Pfiester, 1990; Krammer and
Lange-Bertalot, 19914, b, 1997a, b; Komarek and Anagnos-
tidis, 1999, 2005; John et al., 2003; Coesel and Meesters,
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Fig. 1. Distribution of the 115 sampling sites in the border of Agr1 province (modified from Kiilkoyliioglu et al. (2019)).

2007, 2013; Komarek, 2013). Current names and system-
atic categories of taxa (species and higher taxonomic levels
including divisions) were arranged according to AlgaeBase
website (Guiry and Guiry 2019).

2.1. Statistical analyses

Multivariate statistical analyses were applied to de-
termine the relationship between environmental variables
and algal taxa. We used Canonical Correspondence Anal-
yses (CCA) to evaluated species environmental relation-
ships. Ten environmental variables were tested together
by using forward selection method (ter Braak and Ver-
donschot 1995). According to forward selection procedure,
only significant (p < 0.05) variables were used in the final
CCA analysis. Taxa with three or fewer occurrences were
excluded from the analyses (152 taxa were included) to
minimize the influence of rare taxa and/or habitats with
relatively low species numbers. Relative abundance of taxa
and environmental variables were log transformed to re-
duce the arch effect of variables on ordination scores.
However, prior to CCA, suitability of our data for CCA
was tested by Detrended Correspondence Analysis (DCA)
(Hill and Gauch, 1980) where, length of gradient three or
more suggests suitability of data for CCA. CANOCO 4.5 (ter
Braak and Smilauer, 2002) and SPSS 22.0 statistical pack-

ages were applied for multivariate statistical and compara-
tive analyses, respectively.

The Shannon-Wiener (H’) diversity index was utilized
to determine intra-habitat diversity. Whittaker’s beta di-
versity (Whittaker, 1972) was used to compare species di-
versity among different habitats. Henderson heterogeneity
test was applied to estimate species richness of resident
species and rate of migration to the habitat. Species Diver-
sity and Richness 4 software (Seaby and Henderson, 2006)
was used for the calculation of both diversity indexes and
heterogeneity test. Similarity Percentage (SIMPER) analysis
was applied to determine similarity and percent contribu-
tion of each taxa to the similarity by using the Community
Analysis Package (CAP 4.1.3.) (Seaby and Henderson, 2007).

3. Results

Table 1 shows some of the physicochemical vari-
ables measured at sampling sites. Unsurprisingly large
differences between the minimum and maximum values
of measured environmental variables were found among
sampling sites ranging from 1477 to 2499 m a.s.l. The high-
est electrical conductivity (EC) and salinity values and low-
est pH value (6.58) were reported from the thermal water
site. The lowest EC and salinity values were taken from a
ditch and a stream located at 2476 and 2499 m as.l., re-
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Fig. 2. Distribution of the algal divisions from Agr1 province.

Table 2
Summary table of CCA results.

CCA

Total inertia

Eigenvalues:

*Lengths of gradient:

Species-environment correlations:

Cumulative percentage variance of species data:

0.211 0.163  0.147  0.123 10.542
6.890 5923 3.650 5.214

0810 0.783 0.758  0.683

2.0 35 4.9 6.1

Cumulative percentage variance of species-environment relation: 32.8 58.1 80.9 100.0

Sum of all eigenvalues
Sum of all canonical eigenvalues

10.542
0.644

spectively. Both pH and DO concentrations were highest in
lentic water bodies (i.e., pond and lake).

A total of 392 algal taxa (gamma diversity) (212 of
Bacillariophyta, 69 of Chlorophyta, 40 of Charophyta, 31 of
Euglenophyta, 26 of Cyanobacteria, 6 of Miozoa (superclass
Dinoflagellata), 5 of Ochrophyta (3 of Chrysophyceae and
2 of Xanthophyceae), and 3 of Cryptophyta) were iden-
tified (Fig. 2, Appendix). The details of systematic cate-
gories of algal taxa were also given in Appendix. 150 taxa
(38.26%) were observed only once, 54 taxa (13.77%) were
found twice, and 37 taxa (9.44%) were encountered three
times from different sites (Appendix).

The gradient length of the first two axes of DCA was
5.923 (Table 2), suggesting the suitability of our data for
unimodal CCA (ter Braak and Prentice, 1988). The Monte
Carlo (499 permutations) test results were significant for
all canonical axes (p = 0.002), and the first two axes
(Aq: 0211 and A,: 0.163) explained 58.1% of variance in
taxa among sites. Forward selection retained four environ-
mental variables (habitat type (p = 0.002, F = 1.82), pH
(p = 0.010, F = 1.46), elevation (p = 0.022 F = 1.46), water
temperature (p = 0.038 F = 1.32)) that showed significant
effects on the ordination of algal taxa in Agr1 province (Fig.
3 and 4). Henderson'’s heterogeneity test showed a hetero-
geneous distribution of taxa among sampling sites where
actual numbers of species sampled corresponds to the es-
timated species numbers (Fig. 5).

When seven different habitats were compared (except
thermal water), ditches displayed the highest alpha diver-
sity (235 taxa, H' = 4.57, JSE = 0.159) followed by streams
(238 taxa) (H' = 4.40, JSE = 0.089) (Tables 3 and 4). The

lowest alpha diversity was detected in troughs (42 taxa,
(H'= 2.62, JSE = 0.264). Overall, Shannon-Wiener alpha
habitat diversity index was 4.946 (JSE =0.072), and Whit-
taker’s beta diversity was 19 (Table 3).

Minimum, maximum and mean species richness values
of the five algal divisions with the highest species rich-
ness values for different habitat types are given in Table 5.
Bacillariophyta diversity was highest in streams followed
by ditches (Table 5, Fig. 6). Chlorophyta, Charophyta and
Cyanobacteria diversity was highest in ditches followed by
streams. Euglenophyta diversity was highest in ditches and
wetlands.

SIMPER analyses revealed that 16 algal taxa (15 were
diatoms) accounted for 70% of the total similarity (Table
5) while 52 taxa accounted for 90% of the total similarity
(Appendix). Among the 16 algal most similar taxa, three di-
atom species (Nitzschia linearis, N. palea and Ulnaria ulna)
accounted for 34% of the total similarity. Six diatom species
(Nitzschia palea, N. frustulum, N. linearis, Hantzschia am-
phioxys, Surirella minuta, Ulnaria ulna) had Shannon-Wiener
alpha species diversity values above 3, and the index value
(H’) of all species was 4.444 with a Jackknife Standard Er-
ror of 0.02119 (Table 5).

4. Discussion

Finding 392 algal taxa (y-diversity) with relatively high
alpha (H= 4.444) and beta (19) diversity values suggested
high variation in the species composition at the local and
regional scale of the Agri province where diatoms ac-
counted 54% of the total number of taxa. This finding is
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Fig. 4. Ordination of 152 algal taxa on CCA diagram. Abbreviations for algal taxa are given in Appendix.

consistent with the earlier studies that show

ed the benthic

zones of the rivers and the lakes diatoms were indeed the

most dominant group with relatively high di

iversity, abun-

dance and occurrences compared to other algal groups
(Lowe and LaLiberte, 2017). Most researchers associate this

kind of dominancy and frequent occurrences

of diatoms for

193

the cosmopolitan characteristics of the group (Van Dam et

al., 1994; Vanormelingen et al., 2008; Solak et al.,

Solak and Wojtal, 2012). In the present study, 15 out of 16
species responsible for 70% of the total similarity among
habitats were the diatoms observed most commonly dur-
ing the present study (Table 5). Similar to our findings,
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Table 3

Mean, minimum (min) and maximum (max) total species richness and diversity values (« and S) of

different habitat types.

Total Species Richness o diversity B diversity

Nsamp Neaxa mean (min -max) H Jackknife SH Whittaker’s 8
Lake 8 90 14.50 (2-40) 3.526  0.321 5.207
Pond 10 85 12.50 (7-26) 3315  0.277 5.800
Wetland 5 93 24.20 (11-43) 3.679 0367 2.843
Stream 47 238 20.83 (1-61) 4400  0.089 10.760
Spring 7 94 19.14 (3-39) 3.660 0.185 3.910
Trough 4 42 13.50 (8-19) 2.622 0.264 2.111
Ditch 18 235 23.56 (2-66) 4570  0.159 8.722
Thermal 1 7
Total: 100 392
All sample index: 4.946  0.072 19

Table 4
The mean, minimum (min) and maximum (max) species richness of the five algal divisions with the highest species richness values among the habitat
types.
Bacillariophyta Chlorophyta Charophyta Euglenophyta Cyanobacteria
Nsamp Naxa Mean (Min -max) nNayxa  Mean (min -max) nNgya  Mean (min -max) Nuxa  Mean (min -max) nNayxa  Mean (min -max)
Lake 8 49 7.75 (0-16) 23 0.25 (0-15) 2 0.25 (0-2) 8 1.38 (0-3) 2 0.38 (0-1)
Pond 10 48 7.6 (0-18) 15 1.1 (0-3) 9 1.1 (0-4) 6 0.7 (0-5) 5 1.1 (0-2)
Wetland 5 56 14.8 (7-21) 11 1.2 (0-8) 5 1.2 (0-3) 15 3.4 (0-9) 4 1.8 (0-3)
Stream 47 161 17.55 (0-41) 31 1.04 (0-9) 23 1.04 (0-12) 12 0.45 (0-3) 10 0.68 (0-9)
Spring 7 73 15.86 (2-36) 4 0.86 (0-1) 6 0.86 (0-3) 4 0.57 (0-3) 6 1.14 (0-3)
Trough 4 31 10.5 (8-15) 6 0.5 (0-6) 2 0.5 (0-2) 1 0.25 (0-1) 2 0.5 (0-2)
Ditch 18 118  13.17 (1-47) 42 1.89 (0-19) 26 1.89 (0-12) 20 2.28 (0-9) 20 1.17 (0-5)
Thermal 1 6 0 0 0 1
Total: 100 212 69 40 31 26

different studies showed that these diatom species are in-
deed the most common species in Turkey (Aysel, 2005;
Solak et al., 2012; Solak and Wojtal, 2012). Such species are
also known as ecological generalists (Kociolek and Spauld-
ing, 2000). However, our results differ from those of some
other studies. For example, Zarei-Darki (2011) studied five
different water bodies in Iran and found highest species
richness in the Chloropyta (35% of the total taxa) followed
by Bacillariophyta (23.5%). The findings in our study sug-
gest that climatic factors (temperature), regional differ-

ences, altitudinal gradient and environmental factors are
important determinants in algal species diversity and the
predominance of algal divisions. Barinova (2011) revealed
that altitude is a major factor that influenced diatom di-
versity and distributions in ecoregions of Eastern Mediter-
ranean (Israel). Indeed, Barinova et al. (2013) stated that
increasing species rate of diatoms was corresponded to in-
creasing altitude at mountainous areas in Pakistan.

In the present study, alpha diversity (H’) was highest
in ditches, streams and wetlands, respectively (Table 3).
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Table 5

Results of SIMPER analysis and Shannon-Wiener (H’) diversity index values of 16 taxa. Occur. = Occurrence, Ave. Abund. = average abundance; Ave. Sim.:
Average Similarity, Contr. % = contribution, Cum. % = cumulative contribution in %, All Samp. Ind. = All Sample Index; Exp. H' = expected diversity values;
Var. H' = variance in diversity, Jackknife Std. Err. = Jackknife Standard Error.

SIMPER Analysis results

Diversity Index results

Taxa Occur. Ave. Abund. Ave. sim. Contr. % Cum. % H Var. H’ Exp. H'.
Nitzschia linearis 45 4.16 0.75357 13.3663 13.3663 3.177 0.00243 23.98
Ulnaria ulna 49 3.45 0.6188 10.9758 24.3421 3.059 0.00497 21.3
Nitzschia palea 52 2.46 0.55733 9.88552 34.2276 3.275 0.00641 26.44
Encyonema silesiacum 28 243 0.3102 5.50201 39.7296 2.861 0.00255 17.48
Fragilaria vaucheriae 31 1.91 0.25545 4.53088 44.2605 2.806 0.00684 16.55
Cocconeis placentula 32 2.37 0.24687 4.37877 48.6392 2.635 0.00664 13.95
Hantzschia amphioxys 34 0.67 0.16267 2.8853 51.5245 3.148 0.01849 233
Nitzschia frustulum 30 0.78 0.14985 2.65793 54,1825 3.177 0.00808 23.97
Melosira varians 21 1.99 0.13899 2.4653 56.6478 2.276 0.00744 9.739
Gomphonema parvulum 30 1.01 0.13273 2.35422 59.002 2.828 0.01357 16.9
Achnanthidium minutissimum 27 0.87 0.12496 2.21636 61.2183 2.854 0.01268 17.35
Navicula veneta 28 0.96 0.12358 2.19187 63.4102 2.489 0.02388 12.05
Romeria sp. 23 0.4 0.10432 1.85035 65.2606 2.976 0.01521 19.62
Planothidium lanceolatum 24 0.83 0.10134 1.79757 67.0581 2.774 0.01084 16.02
Surirella minuta 26 0.44 0.09821 1.7419 68.8 3.118 0.01291 22.61
Cymbella affinis 21 1.36 0.0738 1.309 70.109 1.9 0.0143 6.689
Ave. Sim.: 2.35858

All samp. Ind.: 4.444

Jackknife Std. Err.: 0.02119

Similarly, Kiilkéyliioglu et al. (2019) found the highest al-
pha diversity for freshwater ostracods collected during the
same sampling campaign in streams, ditches and ponds.
Ucak et al. (2014) reported the highest and lowest alpha
diversity values for non-marine ostracod species where in
natural habitats (e.g., ponds, streams, springs and creeks)
and artificial habitats (e.g., canals, troughs), respectively.
In contrast, De Bie et al. (2008) documented the highest
species richness of Cladocerans in lakes. However, Zarei-
Darki (2011) found the highest algal species richness in
reservoirs and rivers, the lowest diversity values from that
study were reported from lakes.

In total, 241 taxa (61.48%) occurred in three or fewer
samples. Low occurrence values of algal species con-
tributed to a high beta diversity value in Agri1 province,
indicating highly variable species composition across sites.
The highest beta diversity values were found in streams
and ditches. Pound et al. (2019) argued that beta diver-
sity was influenced by a combination of stress and hetero-
geneity. This corresponds to our findings since both habi-
tats (streams and ditches) are subjected to natural (e.g.,
changes in water flow regimes due to dryness) and artifi-
cial (e.g., anthropogenic activities) disturbances. High beta
diversity values from other habitats types in Agr1 province
may also be related to habitat heterogeneity. Passy and
Blanchet (2007) found that human impact (e.g., stream
restoration, water discharge etc.) caused a significant de-
crease in beta diversity values by causing geomorphic
degradation in streams. Similarly, Dunck et al. (2019) indi-
cated that cultural eutrophication increased functional ho-
mogeneity in urban wetlands, causing an increase of al-
gal species with similar ecological preferences. These stud-
ies suggest that sensitive species are replaced by tolerant
species (e.g., cosmopolitan species) causing a critical re-
duction in biodiversity as a response to habitat degrada-
tion.

We expected highest species richness in streams since
the majorities (47 samples) of samples were taken from
streams. Sampling effort in ditches (n = 18) was nearly
2.5 times smaller than in streams, but a similar number of
taxa were reported from each habitat (238 and 235 taxa,
respectively, Table 3). Similar species richness between
these two habitats may be related to the characteristics
of aquatic sites. For example, ditches are usually prone
to dryness that most species urged to adapt such condi-
tions. On the other hand, streams are always in movement
and such movement prevent occurrence of many species
in a certain site. Wetland habitats were one of the least
sampled in the current study. However, the highest mean
number of taxa per site was detected in wetland habi-
tats (24.20). Sampling effort must be considered when as-
sessing relationships between species and environmental
factors. We argue that all of our habitat types have been
sampled adequately to estimate species richness. Hender-
son’s heterogeneity test also suggested heterogeneous dis-
tribution of algal taxa among sampling sites where actual
numbers of species sampled correspond to the estimated
species numbers.

The maximum number of taxa in a sample (66) was
recovered from a ditch, followed by a stream (61) and
wetland (43). Another remarkable point here is that the
highest ranges of species richness (minimum-maximum)
values were also observed in these three habitat types
(Table 3). We interpret this as a response to higher lev-
els of disturbance in these habitat types. The fluvial geo-
morphology of streams (streambed structure, flow veloc-
ity, channel structure) is different from other habitats and
can cause high-intensity disturbance for algae. High flow
disturbance can have negative effects on the colonization
of algae and cause a reduction in taxa richness (Biggs and
Smith, 2002). Ditches are shallow habitats with depths less
than 30 cm and small surface areas. They have a short hy-
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Fig. 6. Pie charts showing distributions of the seven algal divisions according to habitat types.

droperiod, so they dry out rapidly during dry seasons, es-
pecially in low rainfall and at high atmospheric tempera-
tures. However, these habitats also present ideal reproduc-
tive conditions with high nutrient content for many organ-

isms. Williams (2006), however, illustrated that a decline
in hydroperiod length caused a decrease in invertebrate
species richness in three ditches. In such aquatic habitats,
water temperature increases with increasing atmospheric
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temperature during the daytime, and dissolved oxygen
may reach high concentrations as a result of increas-
ing algal photosynthetic activity. Algae can quickly colo-
nize when environmental conditions are suitable for algal
growth, since they are microscopic organisms. Addition-
ally, algae generally have short lifespans relative to other
aquatic organisms such as benthic macroinvertebrates and
macrophytes.

Wanormelingen et al. (2008) noted that diatom com-
munity structure and diversity are affected by geograph-
ical factors independent of environmental conditions. The
significant effects of water temperature and elevation in
the present study (Fig. 3) support this hypothesis. The
study area is located in south east Anatolia (Turkey) and
spans a substantial vertical gradient (> 1500 m). Large
fluctuations in temperature and humidity are not observed
in Agr1 province due to its terrestrial climatic conditions.
The mean air temperature for the last 30 years is about
12.1°C and the average annual temperature is 6.2°C in May
(MGM, 2019). Consequently, ditches may not have been
strongly affected by temperature fluctations, at least for
the past 30 years. Using data collected during the same
sampling campaign, Kiilkdyliioglu et al. (2019) also found
high non-marine ostracod species richness (referring to al-
pha diversity) in ditch habitats. Due to the regional cli-
matic conditions, ditch habitats may be less ephemeral
than elsewhere, positively influencing alpha diversity in
the province. A good understanding of the physiology and
ecology of temporary water bodies and modeling them to
larger ecosystems can help to answer many ecological and
evolutionary questions (De Meester et al., 2005).

Bacillariophyta was the dominant group in all habitat
types. However, the degree of dominance varies accord-
ing to habitat types. Highest Bacillariophyta taxa richness
was observed in streams (161 taxa), followed by ditches
(118 taxa) (Table 4). However, Bacillariophyta also made
up the smallest proportion of taxa in ditch habitats (50%)
(Fig. 6). The highest proportion of Bacillariophyta occurred
in spring habitats, followed by the troughs. Troughs are
examples of artificially transformed natural water bodies
(springs, ground-waters), (Kiilkoyliioglu et al., 2013) while
springs are natural habitats (in this study). Accordingly,
finding relatively similar abundance values for Bacillario-
phyta in both habitats (Fig. 6) can be associated with the
number of common species of the group where most (if
not all) algal species are tolerant to the environmental fluc-
tuations.

The high number of algal taxa (392 taxa) detected
across habitat types in Agr1 province shows the impor-
tance of large-scale geographical sampling. Stomp et al.
(2011) stated that microorganism diversity may show sig-
nificant geographical variation. The high level of Beta di-
versity in this study (Whittaker’s f3: 19) indicates a low
level of similarity between sampling sites, and there are
no common species among many sampling sites.

5. Conclusions

Total of 392 algal taxa (gamma diversity) belonging to
seven algal groups were identified from 100 sampling sites

along with relatively high alpha (H' = 4.946) and beta
diversity (Bw= 19) values. Diatoms were determined as
the dominant group, covering about 54.08 % of the total
species richness. Habitat type, elevation and some phsico-
chemical variables (water temperature and pH) were found
the most effective factors on algae species composition,
diversity and distribution in the province Agri. Results
showed that temporary water bodies were the most im-
portant habitats of algal species composition that high-
est species richness was determined from streams (238
taxa) and ditches (235 taxa). However, the highest alpha
diversity was found in ditches (H' =4.57, 235 taxa) and
streams (H' = 4.40, 238 taxa), even though the number of
samples was less than half that of streams. SIMPER anal-
yses indicated that 16 algal taxa (15 were diatoms) ac-
counted for 70% of the total similarity. Six diatom species
(Nitzschia palea, N. frustulum, N. linearis, Hantzschia am-
phioxys, Surirella minuta, Ulnaria ulna) known as ecolog-
ical generalists and cosmopolitan species, had Shannon-
Wiener alpha species diversity values above 3. One of the
most interesting findings in this study was the highest
alpha diversity values in ditch habitats, even though the
number of samples was less than half that of streams
(see Table 3). This indicated that ditches contribute sig-
nificantly to the alpha and gamma algal species diversity
in the province. For the conservation of biological diver-
sity, temporary water bodies need to be better studied
and protected. Gibbs (1993) pointed out the importance of
small wetlands for local populations of aquatic organisms.
Brock et al. (2003) stated that temporary water bodies are
rich gene beds for both plant seeds and zooplankton eggs.
These findings suggest that the conservation status of shal-
low, temporary and small-scale aquatic resources should
be re-emphasized and carefully considered in future stud-
ies.
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