
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

186,000 200M

TOP 1%154

6,900



Chapter 4

Algae as an Indicator of Water Quality

Didem Gökçe

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/62916

Abstract

The formation of plankton/algae under natural conditions is related to tolerance class
(ecological optimum) due to abiotic limiting factors of ecosystem, as well as the biotic
interactions  among algae.  In  the  ecological  niche,  the  appearance  of  organisms is
affected  by  anthropogenic  and  non-anthropogenic  environmental  factors.  Algae
composition and temporal variation in abundances are important in determining the
trophic level of lakes. Algal communities are sensitive to changes in their habitat, and
thus, total biomass of algae and many algae species are used as indicators of water
quality. Algae communities give more knowledge on variations in water quality than
nutrient  or  chlorophyll-a  values.  Water  quality  is  a  canonical  group  of  physical,
chemical, and biological properties of the given water. Consequently, eutrophication of
freshwater is regarded as a water quality which results in the degeneration of the aquatic
ecosystem and affects water utilisation. Cyanobacteria has been accepted as a major
indicator of eutrophication in freshwater as their blooms are common in waters affected
by nutrient concentration. The purpose of this chapter is to assess physical and chemical
variables  and  the  role  of  algal  abundance  to  determine  the  water  quality  in  the
freshwater ecosystems.

Keywords: algae, biomonitoring, indicator, nutrients, spatial-temporal variation, wa‐
ter quality

1. Introduction

Algae are a significant component of biological monitoring programs for assessing water quality.
They are eligible to water quality assessment because of their nutrient requirements, rapid
reproduction rate and very short life cycle. Algae are important indicators of environment
situation since they respond immediately to both qualitative and quantitative composition of
species in a wide range of water situations due to alters in water chemistry such as increases in
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water pollution based on domestic/industrial wastes and affect the composition of genera that
are able to tolerate these situations.

From an ecological and public health perspective; the abundance of nutrients-containing
nitrogen (N) and phosphorus (P) that flow into lakes, reservoirs, and the other aquatic
ecosystems resulting in eutrophication is of great importance. The N:P ratio identifies which
alga genera are dominant, present or absent in these nutrient impacted aquatic ecosystems [1].
Sources of inorganic compounds that contain these elements involve domestic detergents,
commercial fertilizers used for agriculture, and runoff along with organic pollution from
sewage and livestock waste.

Biological analyses can define possible changes in water quality, as well as the tendencies with
times that are reflected in environment variations and the composition of aquatic organisms.
Phytoplankton consists of a large diversity of algae with different forms and life history
strategies to increase productivity; planktonic genera such as Microcystis, Anabaena, Nodular‐
ia, Planktothrix, Aphanizomenon, Cylindrospermopsis, Trichodesmium, which have gas vacuoles
that help to float, or benthic species (Lyngbya, Phormidium, Oscillatoria, Schizothrix) that tend to
locate at the sediment [2], and neutrally buoyant algae having a similar density to water such
as Oocystis and Chlorella and species of Dinoflagellates and Euglenophyta migrating freely in
the water column [3].

When reservoirs and lakes become more eutrophicated, the diversity of phytoplankton species
gradually declines, which leads eventually to Cyanobacteria dominance and toxin production
[4].

Phytoplankton communities are sensitive to alterations in their habitats, and thereby, phyto‐
plankton total biomass and many phytoplankton species are utilized as indicators of aquatic
habitat qualifications [3, 4]. Phytoplankton/algal communities give more evidences concerning
alterations in water quality than nutrient or chlorophyll-a concentration. Water quality is a
whole of physical, chemical, and biological properties of the water [5].

It is important to consider that the phytoplankton community changes quickly as a response
to changes in water quality. The first reaction on such changes in the water environment is a
quantitative change of the phytoplankton community. The amount of algae increases or
decreases depending on the type of impacts on the water mass, which is followed by qualitative
changes of the phytoplankton community. New species colonize in the lakes and some of the
original species may decrease in importance based on local extinction in some cases.

2. Bioindicator systems

According to in Ref. [6], the Baas–Becking hypothesis [7], which explains that ‘everything is
everywhere—the environment selects’, has dominated the view on microbial distribution for
decades and has definitely conduced to the prevailing concept that algae are cosmopolitan
organisms. While physical and chemical water quality measurements can indicate the level of
water degradation, these methods represent only a “snapshot” of the current conditions in
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aquatic systems by giving only a transient picture of prevailing environmental conditions. The
abundance and community patterns of organisms “in-situ” reflect precisely the water quality
at any point. Organisms can be used to compare relative variations in water quality in terms
habitat variability or time [8–12].

Water quality parameters (particular and dissolved nutrients concentrations, suspended solids
and/or turbidity, and chlorophyll-a as phytoplankton biomass) are usually detected directly,
either by traditional periodical water sample collection and following analysis, or with
continuously logging instruments (available for turbidity and chlorophyll) [8]. However, the
dilemma is that periodical measurements of parameters that vary significantly with time
frames less than the sampling interval will require long time series to detect any change;
whereas, continuously logging instruments are expensive to purchase and require regular field
working for maintenance. Moreover, as our understanding of relationships between habitat
situations and biological communities remains poor, it can be difficult to explain the ecological
relevance of detected variability in water quality. For these reasons, numerous studies have
proposed to use bioindicators for evaluating changes in water quality, testing various meas‐
ures of lakes and rivers, and assessing biological organisms [13].

It is important that bioindicators amalgamate ecological conditions over time. The changes in
any environmental condition cause variation of bioindicator groups. Theoretically, a bioindi‐
cator system should combine a number of specific measures that vary in their effect ranges
and response times to altering water quality [14] and which can be quantified during inter‐
mittent visits once reference point levels are established. The Ref. [15] defines the term
bioindicators as characteristic species or communities, which, by their presence, give infor‐
mation about the surrounding physicochemical properties of ecosystem (water quality) at a
specific site.

2.1. Why are bioindicators better than the other methods?

Bioindicators comprise biological processes, species, and communities and are used to assess
water quality of the ecosystem and how the water quality alters with time. Variations in the
ecosystem are often related to anthropogenic effects or natural stressors. Finally, the use of
bioindicators caused a drastic change in classic measure of their ecosystem quality and offers
great benefits:

1. Bioindicators add a periodical component corresponding to the life span or residence time
of an organism in a specific system by allowing the integration of current, past or future
habitat situations. Unfortunately, many physicochemical analyses describe only situa‐
tions at the time of sampling but have an increasing probability of missing inadvertently
pulses of pollutants. Furthermore, contaminants can occur at very low concentrations. On
the other hand, the tolerance range of bioindicators obtains a frame of biologically
significant pollutant values, no matter how small.

2. Bioindicator indicates indirect biological impacts of pollutants when physicochemical
analysis cannot indicate (phosphorus concentration effects on phytoplankton popula‐
tion). Therewith, chemical measurements may not precisely demonstrate a declining in

Algae as an Indicator of Water Quality
http://dx.doi.org/10.5772/62916

83



species diversity or how the growth and reproduction of other species may decline depend
on competitive exception.

3. Indirect contaminant effects are complex to explain from chemical and physical analysis
in case of bioaccumulation. Other contaminants such as metal accumulate in organisms
are found at concentrations to amplify through food webs. Therefore, contaminant values
at higher trophic levels may be insufficient to describe physical and chemical analysis.

4. While the use of whole communities (all species’ responses within them) can be informa‐
tive, problems can arise in especially speciose habitats. Moreover, a bioindication signal
can be unclear by an excessive number of divergent species’ responses (some species may
increase while others decrease). This narrowed approach makes monitoring more
biologically relevant and cost-effective.

Also, a general dilemma about physicochemical analysis is that they simplify a complicated
indigenous response in these species-rich habitats. Due to complexities of environments
bioindicators use a representative or collected response to transmit a dynamic condition of the
environments.

Communities of algae living in the water bodies provide evidences of the environmental
history of the water in two ways: firstly, by differential sensitivities and recovery rates of
species to substances in the water; and secondly, by concentration and accumulation of
substances in their cells [16].

Algae are known to have very specific requirements for growth and reproduction, and the
presence of a characteristic species in a habitat remarks that the given determinant is within
the tolerance limits of that species. It is in the sense that the term ‘bioindicator’ is used.

On the other hand, not all biotic processes, species or communities can serve as successful
bioindicators. Physicochemical and biological factors such as substrate, light, temperature,
competition vary among habitats. With time, populations develop strategies to maximize
growth and reproduction within a specific range of habitat conditions [17]. Bioindicator species
indicate effectively the environmental situation cause of their moderate tolerance to fluctuation
of ecosystem properties [18–20].

In contrast, rare species (or species assemblages) with narrow tolerances are often too sensitive
to habitat alterations, or too sporadically encountered, to demonstrate the general biological
response. Bioindicators possess a moderate tolerance to ecosystem variability compared to
rare and cosmopolite species. This tolerance affords them sensitivity to indicate ecosystem
alterations, yet endurance to withstand some variabilities and show the general biological
response.

Bioindicator species differ from key indicator species, while both are useful in revealing
information about their habitats. Bioindicators explain the characteristic of habitat through
their population abundance of particular responses to the ecosystem. Key indicator species are
those species that are essential to an environment. If such species were to disappear, an
important of the food web will disappear or undergo shifts in dominant species.
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On the other side, the utilization of bioindicators is not just restricted to a single species with
a limited ecological tolerance. Entire communities, involving a wide range of ecological
tolerances, can serve as bioindicators and represent multiple sources of data to assess ecosys‐
tem situation in a “biotic index” or “multimetric” approach.

3. Water quality monitoring

The studies using phytoplankton and algae for water quality monitoring have revealed that
alteration in composition demonstrates not only variations in water quality, but also alterations
in physical parameters and biotic relationships. The Ref. [21] asserts that differences in water
chemistry may change relative proportions of a few dominant taxa but often have a little effect
on general species composition. and growth rates of species taxonomically change under
influence of factors regulating composition of algae and population structure, which is closely
regulated with water quality.

Algae were indicated as a beneficial tool for evaluating long-term alters in ecosystem such as
those related to eutrophication, water management, alters in land use at the scale of watershed,
and climate changes. In this sense, algae appear a useful biological indicator because they
respond rapidly to alterations in ecosystem situations, thus enabling a quick assessment of
water quality [21].

In general utilization, the terms “biomonitoring” and “bioindication” are substitutable; on the
other hand, in the scientific sense, these terms have more specific meanings. Bioindicators
qualitatively evaluate biological responses to ecological stress (abundance of algal species),
while biomonitors quantitatively define a response (reductions in algal chlorophyll content or
diversity indicates the presence and severity of water pollution). The term “bioindicator” is
used as a unique term to refer to all terms related to the detection of biotic responses to
ecological limiting factors. There are some major monitor roles of bioindicators:

1. The ecosystem qualification (physical and/or chemical fluctuations).

2. Ecological processes.

3. Biodiversity [22].

Chemical analysis of water quality such as inorganic nutrients, organic/inorganic pollutants
and salinity is descriptive. However, conducting continuous analysis is not useful due to the
associated time and particularly cost limitations. Nevertheless, biological measures can show
all aspects of water quality with time and give a direct measure of the ecological impact of
ecosystem variables. Biomonitoring allows a reliable relatively low-cost way to record
conditions over a number of sites [15].

The following properties of the algae make it better suited to biomonitoring than the other
biota [16, 23]:

• The algae are autotrophic and placed at the interface between the habitat and biotic
components of the food web.
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• The algae are mainly sessile; they cannot migrate to avoid pollution so must tolerate or
disappear.

• Algal communities are species-rich and each species has its own tolerances.

• All algae have short life cycles and so have a rapid response to change, while the community
lives long enough to integrate impacts with time.

• The algae are spatially dense and easy to sample and store.

• The algae are smaller in size than other biota and so are potentially more sensitive to
pollution at lower concentrations.

4. Phytoplankton/algal ecology in lake and reservoir management

A vital key to the management of water bodies has been the development of models linking
nutrient loading to the reduction of algal biomass to levels acceptable for a particular usage
[24]. While phosphorus is described as limiting in most temperate lakes, nitrogen plays a
crucial role in forming phytoplankton communities in tropical aquatic ecosystems [25].

Assessments related to phytoplankton are required to involve taxonomic composition,
abundance, biomass, and plankton blooms for the ecological classification of waters [26, 27].
Phytoplankton succession and community composition demonstrate habitat situations of the
ecosystem and nutrient availability acts an important role [28–30] in structuring that com‐
munity. Given suitable habitat situations, the main biotic response to nutrient enrichment in
aquatic ecosystems is the growth of phytoplankton and aquatic macrophyte.

Algae, in particular phytoplankton, play a fundamental role in lake and reservoir ecosystems,
where nutrients are known to limit primary productivity rates. Populations in water bodies
reflect the quality of water and affect community structure, biomass and productivity rates [31,
32]. Studies conducted on the relationships between algae and its fluctuating environment
have resulted in an understanding of the main driving forces behind temporal and spatial
patterns of its existence.

Desmids, Chrysophyceae and diatoms of the genera Tabellaria and Cyclotella peculiarize the
infrequent but diverse plankton of the oligotrophic Caledonian-type lakes; Cyanobacteria
(Anabaena, Aphanizomenon, Microcystis) and the diatoms Asterionella, Aulacoseira, Fragilaria and
Stephanodiscus are demonstrative for more eutrophic levels [33]. Diatoms, Chlorophytes and
Cyanobacteria occur right across the width of the spectrum by embracing from ultra-oligo‐
trophy to hyper-eutrophy. Desmids, centric diatoms, even the Chrysophyceae, occupy
substantial horizontal blocks. As in single orders, such as, the Oscillatoriales, and the same
ostensive genera such as Planktothrix, P. rubescens has dominance in deep, mesotrophic alpine
lakes; and, to P. agardhii has dominance in shallow basins in case of increasing nutrient
content. Generally, Chlorella, Scenedesmus, Ankistrodesmus and Euglenoids are found in the
nutrient-rich and eutrophic lakes. While Ceratium, Microcystis, Aulacoseira granulate in summer
in the eutrophic lakes, Cyclotella spp. and Aulacoseira subarcticain the mesotrophic temperate
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lakes in spring or Dinobryon, Uroglena, Gemellicystis and Sphaerocystis in the oligotrophic lakes
have high abundance.

The abiding challenge is to explain why the algae should be distributed in this way. The trophic
status of a habitat is dependent on community succession of some species. Phytoplankton
succession follows R-C-S strategies both in natural and experimental situations [34]. Experi‐
ments completed in mesocosms revealed that the initial community primarily represented by
R- and S-strategists (Planktothrix, Cylindrospermopsis and Microcystis) was gradually substituted
by C-strategists Cryptomonas spp. Chlorococcales in general [35]. The Ref. [4] indicated that the
Cyanobacteria, Planktothrix overwhelmingly dominated during the dry period and was
succeeded by the colonial Cyanobacteria, Microcystis aeruginosa in the wet period and the
members of Chlorococcales simply co-existed along with these dominant species of Cyano‐
bacteria.

The potential ecological complications of nutrient fortification and disturbance also comprise
modifications of the natural phytoplankton community composition, which may in turn alter
ecosystem food web and nutrient cycling [17, 36]. If the growth of more readily grazed
phytoplankton groups such as diatoms is favored, trophic transfer and nutrient cycling will
occur widely in aquatic ecosystem, with enlarged export of the assimilated algae to lake
ecosystems. On the other hand, if the nutrient loading favors the phytoplankton functional
groups, which may not be readily grazed, such as Dinoflagellates, trophic transfer will be poor
and relatively large amounts of unconsumed algal biomass will eventually be found in the
sediment.

The Refs. [37, 38] reported that the collected seasonal epipelic diatom samples were correlated
with a combination of environmental variables such as temperature, the concentrations of
nitrite, and percentage of total organic carbon in the sediment.

The growth rate of phytoplankton hinges on bioavailable phosphorus and nitrogen values in
water, light intensity and half saturation constants of nutrients, and light in compliance with
the Michaelis–Menten function [39].

On the other hand, in the growth rate, the limitations of each nutrient and light are multiplied
instead of the usual way to take the minimum of the three limiting factors. Thus, the growth
rate hinges on availability of both nutrients and light at the same time, not just on the minimum
factor. Expressed in this way the growth rate is not as sensitive to the limiting factor and
inexactness in nutrient relations (Figure 1). The nutrient level that can be utilized by algae is
calculated by subtracting the nutrients in algae and detritus from the total nutrient value [39].

Before beginning a discussion on plankton indicators, it may be preferable to indicate that
some clutters have resulted from two different approaches. On the one side, attempts have
been made to characterize plankton by the number of species, regardless of whether these
species are presented by few or many individuals. On the other side, we have the search for
ecological dominants and concurrent attempts to classify and name communities or associa‐
tions by their dominant species. Therefore, the plankton of an oligotrophic lake is represented
by desmids, which means that it includes many species of desmids but the plankton sample
may be dominated by diatoms. This is a very general condition in oligotrophic lakes.
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Figure 1. Diagram of the phytoplankton responses to changing nutrient and environmental conditions (according to
[36]).

Multivariate methods such as classification and ordination have been used to explore coop‐
eration among ecological factors or sites and to reveal the significance of hierarchy of their
variability. These methods aid in making ecological clarification of field data and in creating
new hypotheses [31, 40].

5. Indicator values of the algal groups

In general, the water quality is recognized and detected by several physical, chemical, and
biotic procedures. The biotic analysis (qualitative and quantitative analyses of phytoplankton
communities) is performed in support of the interpretation of the results gained from physical
and chemical analysis of the water. The monitoring of phytoplankton and algae is of great
significance because the monitoring based solely on physical and chemical analysis is some‐
times insufficient. The phytoplankton composition not only demonstrates the certain situation
of the waters but also the previous situations of aquatic ecosystem. Phytoplankton demon‐
strates water quality through changes in its community composition, and distribution, and
proportion of sensitive species [41].

Species rarity is of specific significance in total structure of species diversity. Rare species
constitute an important component of species richness and are a focus of many ecological
theories and disputations [41, 42]. If rare species constitute the largest component of species
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richness, they may act an important role as a ‘safety net’ for community conservation and
diversity [42]. Species diversity diminishes to minimum levels when one or a few species are
dominant.

The Ref. [36] showed that a number of indicators of nutrient improvement are briefed below.
These indicators related to indicators of direct effects:

• Too much growth of phytoplankton in the aquatic ecosystem.

• Perturbation in specific plankton community.

• Too much growth of opportunistic macroalgae on intertidal sediments and rock.

• Too much growth of epiphytic algae, particularly on macrophyte.

Indicators of undirected effects include:

• Oxygen depletion in the water gradually increases. After this effect, phytoplankton blooms
start to disappear. This could have lethal and sub-lethal effects on fish and invertebrates.

• Increased turbidity in the water bodies causing to decrease photic zone and shading out
macrophytes.

• Reduction of oxygen in surface sediment causing to anoxia. This could have lethal influences
on invertebrates which would also effect birds feeding on them.

Chlorophyll-a values characterize a very simple and integrative determinant of the phyto‐
plankton community response to nutrient improvement. An increase in the phytoplankton
biomass can be detected as an increase in the chlorophyll-a values (Table 1). Chlorophyll-a is
a profit parameter of phytoplankton and algae biomass and is arguably the single most re‐
sponsive indicator of N and P enrichment in the freshwater ecosystem [36].

Variables (indicators) Threshold Units Trophic status

[24]

TP <7.9 µg/L Oligotrophic

8.0–11.0 µg/L Oligotrophic to mesotrophic

12.0–27.0 µg/L Mesotrophic

28.0–39.0 µg/L Mesotrophic to eutrophic

>40 µg/L Eutrophic

Chl-a <2.0 µg/L Oligotrophic

2.1–2.9 µg/L Oligotrophic to mesotrophic

3.0–6.9 µg/L Mesotrophic

7.0–9.9 µg/L Mesotrophic to eutrophic

>10 µg/L Eutrophic
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Variables (indicators) Threshold Units Trophic status

SD >4.5 m Oligotrophic

4.5–3.8 m Oligotrophic to mesotrophic

3.7–2.4 m Mesotrophic

2.3–1.8 m Mesotrophic to eutrophic

<1.7 m Eutrophic

[27]

TP <10 µg/L Oligotrophic

10–35 µg/L Mesotrophic

Chl-a 35–100 µg/L Eutrophic

<2.5 µg/L Oligotrophic

2.5–8.0 µg/L Mesotrophic

8.0–25 µg/L Eutrophic

[5]

DIN <6.5 µM (Good) Oligotrophic

6.5–9.0 µM (Fair) Mesotrophic

9.0–16.0 µM (Poor) Mesotrophic to eutrophic

>16.0 µM (Bad) Eutrophic

<0.5 µM (Good) Oligotrophic

DIP 0.5–0.7 µM (Fair) Mesotrophic

0.7–1.1 µM (Poor) Mesotrophic to eutrophic

>1.1 µM (Bad) Eutrophic

TP: total phosphorus; Chl-a: chlorophyll-a; SD: Secchi disk; DIN: dissolved inorganic nitrogen; DIP: dissolved
inorganic phosphorus.

Table 1. Some indicators for evaluating trophic status based on physical, chemical, and biological parameters.

Generally, two kinds of indices can be recognized. Indices are based on trophic levels of each
species. To construct them, the abundance of each species in lakes with different nutrient levels
is estimated by taking a trophic score, and in some cases, an indicator value into account [43].
These indices are based on the consideration that along with a gradient in nutrient concentra‐
tion, each status can be identified by a specific structure of algal community [44].

All these indices are based on data from a number of lakes belonging to a relatively homo‐
genized habitat in order to minimize the effects of biogeographic and climatic properties. These
data are used to evaluate the trophic levels and the indicator values of the species, either by
weighted averages [45] or using the lake score in a constrained ordination, considering the
gradient in nutrient concentrations as the interpretive variable [43].
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Diversity and similarity indices are an approach to estimate biological quality through the
structure of the community. Diversity indices estimate the data on abundance within species
in a population. The frequency of each species present in the fixed samples is determined
according to relative units: (1) occasional, (2) rare, (3) frequent and (4) dominancy. Different
indices are used to estimate the community structure:

1. Hurlbert’s probability of interspecific encounters (PIE) [46]:

1

21
1 =

æ öæ ö= -ç ÷ç ÷-è øè ø
å
s

i
i

NPIE p
N

N = the number of individuals in a community,

pi = the fraction of a sample of individuals belonging to species I;

2. Margalef’s species richness [47]:

1-
=
SD
lnN

S = the number of species in a sample,

N = the number of individuals in a community;

3. Menhinick’s diversity [48]:

=
SD
N

S = the number of species in a sample,

N = the number of individuals in a community;

4. Shannon–Wiener diversity index [49, 50]:
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N = the number of individuals in a sample from a population,

ni = the number of individuals in species i from a population;

As shown in Table 2, three classes of water quality were defined for the Shannon–Weaver
diversity index by [51], who implied that a high H′ value suggested a rich diversity and
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therefore a healthier ecosystem (less pollution), whereas a low H′ value suggested poor
diversity and thus a less healthy ecosystem (more pollution).

Shannon–Weaver Class Condition

>3 I Clean water quality

1–3 II Moderate pollution

<1 II High pollution

Table 2. The water quality classes determined for the Shannon–Weaver diversity index.

5. Pielou’s evenness index: The evenness of a community can be represented by Pielou’s
evenness index [52]:

''  
'max

HJ
H

=

H′ is the number derived from the Shannon diversity index and

H′max is the maximum value of H′

J′ is constrained between 0 and 1. The less variation in communities between the species, J′ is
higher.

6. Simpson’s diversity index [53]:

1

( 1)
( 1)=

-
=

-å
s

i i

i
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n = the number of individuals in a sample from a population,

ni = the number of individuals in species i from a population

7. McNaughton’s dominance index [54]:

1 2 100+
=
n nI x
N

N = the number of individuals in a community,

n1, n2 = the number of individuals of the two most dominant species in the sample;

8. Algal genus/species pollution index [55], as shown in Table 3. The index factors of the algae
present are then summed. The top 20 algal species are rated on a scale from 1 to 6 (intolerant
to tolerant), and the index is simply calculated by summing up the scores of all related species
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present within the sample. Pollution scores of >20 means high organic pollution, scores
between 15 and 19 mean probable evidence of organic pollution, and scores of <15 mean no or
very low organic pollution and lack of nutrient enrichment.

Algal pollution index Condition

≤14 Low organic pollution

15–19 Moderate organic pollution

≥20 High organic pollution

Table 3. Algal pollution index assesses the tolerance of algal species to organic pollution and for rating water quality.

9. Jaccard’s similarity index is a measure of the similarity between two samples [56]:

=
+ +
AJ

A B C

A = the number of data points shared between the two samples and

B and C = the data points found only in the first and second samples, respectively.

10. Saprobic index (S) [9]:

( )
( )

=å
å
rh

S
h

r = the taxon saprobic rating (1 = oligosaprobic organism, 2 = β-mesosaprobic organism, and 3
= α-mesosaprobic organism),

h = the taxon occurrence rating (1 = occurring incidentally with <100 cells ml−1, 2 = occurring
frequently with 100–200 cells ml−1, and 3 = occurring abundantly with >200 cells ml−1; Table 4).

Saprobic index Class Condition

1–1.5 I Very slightly contamination

1.5–2.5 II Moderate contamination

2.5–3.5 II High contamination

3.5–4 IV Very high contamination

Table 4. Water quality classes according to saprobic index.
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11. Carlson’s Trophic State index (TSI) [57]:

Eutrophication is the situation by which lakes are enriched with N, P, and organic compounds,
increasing the production of rooted aquatic plants and algae. This is a condition demonstrating
a lake’s trophic level. This is a measure of the trophic classification of a lake by using several
analysis of water quality including: transparency or turbidity (Secchi disk depth), chlorophyll-
a values (algal biomass), and total phosphorus concentrations. The TSI ranges from 0 to 100.
Oligotrophy is between 0 and 30 TSI, where water is very clear, phosphorus is low, and algae
are sparse. Thirty to fifty is a level showing increased in algae due to more available phos‐
phorus (Table 5). If the TSI is more than 50, it describes a hypereutrophic habitat. In the Ref.
[58] was detected water quality of Akgöl Lagoon was detected as mesotrophic level due to
Trophic State index.

TSI Chl-a

(µgL−1)

(surface)

SD TP

(µgL−1)

Trophic class/water quality

<30 <0.95  >26.2 <6 Oligotrophy, clean water, oxygen throughout the year at the bottom of the lake

30–40 0.95–2.6 13.1–26.2  6–12 Bottom of shallower lakes may become anoxic

40–50 2.6–7.3 6.6–13.1 12–24 Mesotrophy, water moderately clear most of the summer

50–60 7.3–20 3.3–6.1 24–48 Eutrophy, algae and aquatic plant problems possible

60–70 20–56 1.6–3.3 48–96 Cyanobacteria dominate, algal scums and aquatic plant problems

70–80 56–155 0.8–1.6 96–192 Hypereutrophy, dense algae and macrophytes, light limited

>80 >155 <0.8 192–384 Algal scums, few aquatic plants

TP: total phosphorus; Chl-a: chlorophyll-a; SD: Secchi disk.

Table 5. Water quality classes according to Trophic State index (TSI).

12. Species number; species number as a simple measure of species richness, in spite of its
simplicity, was reported to be a good tool for eutrophication appraisement in the freshwater
ecosystem.

13. A similarity index was calculated by using the Euclidean distance algorithm. Two kinds of
matrices were used: one considering only species presence–absence data and the other
considering both presence–absence and abundance data.

6. Case studies on relationship between algae composition and water
quality

The objectives of these studies were: (1) to recognize freshwater properties (physiological,
population and community structure) that consistently change along with water quality
gradients, and to quantify their direction and size of responses; (2) to recognize the water
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quality variables that best prognosticate alters in these prospects; (3) to isolate and calibrate a
final set of bioindicators, based on their consistency of response across regions and with due
consideration of the practicality of their measurement, which can be monitored as a proxy of
water quality in places where direct water quality analyses are not available.

According to the Ref. [59], blooms of Anabaena circinalis, A. spiroides, and Aphanizomenon flos-
aquae of filamentous Cyanobacteria were coincided with a decrease of the zooplankton abundance
in the Yeniçağa Lake. It may be assumed that the appearance of inedible filamentous cyano‐
bacteria results from the eutrophication of the lake, and so there is evidence concerning the
eutrophication steps.

Lake trophic condition is typically evaluated by monthly sampling of some kinds of physical
and chemical indicators. If changes in species diversity and population abundance occur from
either direct or indirect ecological stressors, then changes in biota may be used to assess
descriptive alters in the ecosystem. The altitude of lakes will affect the algal diversity depend‐
ing on oxygen saturation changes. Increases in growth rate and the algal diversity at high
altitude lakes will indicate that they can be safe and productive water sources for the future
time. The Ref. [60] investigated that the physicochemical properties and planktonic composi‐
tion of the lakes showed that there was a fast tendency towards ‘eutrophism’ especially Mogan
and Abant lakes. The temporal and spatial variables of situations affecting structure of the
plankton composition appeared in the two lakes which were mainly resulting from pre-
eutrophication. The Ref. [61] pointed out clearly that water quality monitoring was based on
algal community structure. Especially, the improvement of diatom-based pollution indices has
become a significant part of water quality monitoring in Turkey.

Furthermore, Refs. [62–64] have indicated that certain indices for the appraisement of eutro‐
phication states in aquatic habitats are not as highly developed as in freshwater ecosystems
and are not clearly defined. Plankton size structure can be used as a common taxon-inde‐
pendent tool for the study of community and ecosystem structure in aquatic habitats, in order
to evaluate energy flows, biomass and abundance appropriation among different size fractions
or different size classes in continuous size range. It is widely indicated that morphometric size
has significant implications for the physiology and ecology of species through underlying
dynamics that identify specific body size due to metabolic rates and ecological regulation of
organism density, which in turn affect coexistence mechanisms.

Due to multiple species forming communities, certain adaptations are shown to limiting
environmental factors and biochemical tolerance limitation of individuals of different species
in the community constitute such type adaptation. At the other side, there might be species
that are each limited by different nutrients (homogenized habitat) [65]. Thus, limitation at the
community level is probably dependent upon a combination of mechanisms, from those that
cause species to be similarly limited by the same nutrients, and to niche specialization
mechanisms that cause species to be differently limited by different nutrients. Due to the effect
of ecological factors, these species are considered as indicator species in the habitat according
to their tolerance limits. According to Ref. [22], managing an aquatic ecosystem consistent with
the ecological requirements of a specific bioindicator may fail to protect rare species with
different necessities.
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7. Conclusion

Algal communities react rapidly to disturbance of water, for example physicochemical
conditions of water or to pollution-affected catchment area. They frequently change their
species composition or diversity, which can vary from species-rich to monotonous commun‐
ities. Because of this characteristic, benthic diatom communities are useful tools in detecting
anthropogenic impacts.

The qualitative samples and community measurements of algae are beneficial in order to
monitor the aquatic ecosystems. Majority of the interannual differences in temporal dynamics
of algae, from oligotrophic to hyper-eutrophic lakes, can be caused by ecological factors,
morphometry and climate. There are modest interannual variations that may affect the
numbers, relative abundance and occasional dominance variation of the algae in consecutive
years. In conclusion, algae are increasingly used to monitor the ecological quality and health
of the aquatic ecosystem and also to define the effectiveness of management or restoration
programs, or regulatory actions.

Consequently, the total objective of bioindicators is to use a single species, or a specific
community to evaluate the quality of an ecosystem and how it alters with time, but this can
represent a gross more vulgarization of a complex system. As is in all water management
implementation, we must be conscious of its defects. On the other side, the limits of bioindi‐
cators are apparently minimized by their advantages. Bioindicators can be employed at a range
of scales, from the microhabitat to the ecosystem level, to assess the health of a characteristic
ecosystem. They bring together information from the biological and physicochemical structure
of all aquatic ecosystems as is in changes of population density, community structure and
ecosystem processes. Bioindicator is valuable to reflect biological sustainable concept for water
management.

Author details

Didem Gökçe

Address all correspondence to: didem.gokce@inonu.edu.tr

Inonu University Arts and Science Faculty, Department of Biology, Campus, Malatya, Turkey

References

[1] Bergström AK. The use of TN:TP and DIN:TP ratios as indicators for phytoplankton
nutrient limitation in oligotrophic lakes affected by N deposition. Aquatic Sciences.
2010;72:277–281

Algae - Organisms for Imminent Biotechnology96



[2] Cood GA. Harmful cyanobacteria: from mass mortalities to management measures.
Aquatic Ecology. 2005;3:1–23.

[3] Reynolds CS. The Ecology of Freshwater Phytoplankton. Cambridge: Cambridge
University Press; 1984. 384 p.

[4] Chellappa NT, Câmara FRA, Rocha O. Phytoplankton community: indicator of water
quality in the Armando Ribeiro Gonçalves Reservoir and Pataxó Channel, Rio Grande
do Norte, Brazil. Brazilian Journal of Biology. 2009;69(2):241–251.

[5] European Environmental Agency. Nutrients in European Ecosystems. Environmental
Assessment Report No. 4. Copenhagen: European Environmental Agency; 1999. 155 p.

[6] Padisa´k J, Ga´bor V, Ga´bor B. Phycogeography of freshwater phytoplankton:
traditional knowledge and new molecular tools. Hydrobiologia. 2016;764:3–27.

[7] Baas-Becking LGM. Geobiologie of inleiding tot de milieukunde. van Stockum and
Zoon, The Hague. 1934. 234 p.

[8] Karacaoğlu D, Dalkiran N, Dere Ş. Factors affecting the phytoplankton diversity and
richness in a shallow eutrophic lake in Turkey. Journal of Freshwater Ecology.
2006;21(4):575–581.

[9] Demir N. Changes in the phytoplankton community of a coastal, hyposaline lake in
western Anatolia, Turkey. Limnology. 2007;8:337–342.

[10] Baykal T, Akbulut A, Acikgoz I, Udoh AU, Yıldız K, Şen B. New records for the
freshwater algae of Turkey. Turkish Journal of Botany.2002;141–152.

[11] Gokce D, Ozhan D. Limno-ecological properties of deep reservoir, Karakaya HEPP,
Turkey. Gazi University Journal of Science. 2011;24(4):663–669.

[12] Panglima DS, Anton A. The Versatile Algae an Organism of the Future. Penerbit
University Press; 2011. 26 p.

[13] McQuatters-Gollop A, Gilbert AJ, Mee LD, Vermaat JE, Artioli Y, Humborg C, Wulff
F. How well do ecosystem indicators communicate the effects of anthropogenic
eutrophication? Estuarine Coastal Shelf Science. 2009;82:583–596.

[14] Cooper TF, Gilmour, JP, Fabricius, KE. Coral-based bioindicators of changes in water
quality on coastal coral reefs: a review and recommendations for monitoring programs.
Coral Reefs. 2009;28:589–606.

[15] Bellinger EG, Sigee DC. Freshwater Algae: Identification and Use as Bioindicators. West
Sussex, UK: Wiley-Blackwell; 2010. 284 p.

[16] Law RJ. A review of the function and uses of, and factors affecting, stream phytoben‐
thos. Freshwater Reviews. 2011;4(2):135–166.

[17] Devlin M, Bricker S, Painting S. Comparison of five methods for assessing impacts of
nutrient enrichment using estuarine case studies. Biogeochemistry. 2011;106:177–205.

Algae as an Indicator of Water Quality
http://dx.doi.org/10.5772/62916

97



[18] Akbulut A. The relationship between phytoplanktonic organisms and chlorophyll-a in
Sultan Sazlığı. Turkish Journal of Botany. 2003;27:421–425.

[19] Çelekli A, Külköylüoğlu O. On the relationship between ecology and phytoplankton
composition in a karstic spring (Cepni, Bolu). Ecological Indicators. 2007;7:497–503.

[20] Demir AN, Fakioğlu Ö, Dural B. Phytoplankton functional groups provide a quality
assessment method by the Q assemblage index in Lake Mogan (Turkey). Turkish
Journal of Botany. 2014;38:169–179.

[21] O’Farrell I, Lombardo RJ, Pinto PT, Loez C. The assessment of water quality in the
Lower Luja´n River (Buenos Aires, Argentina): phytoplankton and algal bioassays.
Environmental Pollution. 2002;120:207–218.

[22] Holt EA, Miller SW. Bioindicators: using organisms to measure environmental impacts.
Nature Education Knowledge. 2010;3(10):8.

[23] Fabricius KE, Cooper TF, Humphrey C, Uthicke S, De’ath G, Davidson J, LeGrand H,
Thompson A, Britta Schaffelke B. A bioindicator system for water quality on inshore
coral reefs of the Great Barrier Reef. Marine Pollution Bulletin. 2012;65:320–332.

[24] Smith VH, Tilman GD, Nekola JC. Eutrophication: impacts of excess nutrient inputs on
freshwater, marine, and terrestrial ecosystems. Environmental Pollution. 1999;100:179–
196.

[25] Melack, JM. Recent development in tropical limnology. Verhandlungen des Interna‐
tionalen Verein Limnologie. 1996;26:211–217.

[26] European Environmental Agency. Eutrophication in Europe’s Coastal Waters. Topic
Report No. 7. Copenhagen: European Environmental Agency; 2001. 86 p.

[27] Vollenweider RA, Kerekes, J, editors. Eutrophication of Waters: Monitoring, Assess‐
ment and Control. Report of the OECD Cooperative Programme on Eutrophication.
Paris: OECD; 1982.

[28] Tett P, Carreira C, Mills D K, van Leeuwen S, Foden J, Bresnan E, Gowen, RJ. Use of a
phytoplankton community index to assess the health of coastal waters. Journal of
Marine Science. 2008;65:1475–1482.

[29] Beman JM, Arrigo KR, Matson PA. Agricultural runoff fuels large phytoplankton
blooms in vulnerable areas of the ocean. Nature. 2005;434:211–214.

[30] Devlin M, Barry J, Painting S, Best M. Extending the phytoplankton tool kit for the UK
Water Framework Directive: indicators of phytoplankton community structure.
Hydrobiologia. 2009;633:151–168.

[31] A´lvarez-Go´ngora C, Herrera-SilveiraJA. Variations of phytoplankton community
structure related to water quality trends in a tropical karstic coastal zone. Marine
Pollution Bulletin. 2006;52:48–60.

Algae - Organisms for Imminent Biotechnology98



[32] Çelik K. Spatial and seasonal variatıons in chlorophyll-nutrient relationships in the
shallow hypertrophic Lake Manyas, Turkey. Environmental Monitoring and Assess‐
ment. 2006;117:261–269.

[33] Reynolds CS. What factors influence the species composition of phytoplankton in lakes
of different trophic status? Hydrobiologia. 1998;369:11–26.

[34] Chellappa NT, Chellappa T, Lima A, Borba JLM, Souza PV, Chellappa S. Ecology of
the freshwater phytoplankton assemblages from a tropical reservoir of northeastern
Brazil. International Journal of Lakes and Rivers. 2006;1:61–73.

[35] Crossetti LO, Bicudo CEM. Structural and functional phytoplankton responses to
nutrient impoverishment in mesocosms placed in a shallow eutrophic reservoir (Garças
Pond), São Paulo, Brazil. Hydrobiology. 2005;541(1):71–85.

[36] Devlin M, Best M, Bresnan E, Scanlan C, Baptie M. Water Framework Directive: the
development and status of phytoplankton tools for ecological assessment of coastal and
transitional waters. United Kingdom Water Framework Directive: United Kingdom
Technical Advisory Group; 2012. 94 p.

[37] Sivaci ER, Kilinc S, Dere Ş. Relationships between epipelic diatom taxa (Bacillariophy‐
ceae) and nutrients in two karstic lakes in Central Anatolia, Turkey. Journal of Fresh‐
water Ecology. 2007;22(3):515–520.

[38] Sabanci FÇ, Sapanci M, Koray T, Büyükişik B. A qualitative study of the microphyto‐
benthic communities of Homa Lagoon (Izmir-Turkey). Fresenius Environmental
Bulletin. 2011;20(2):346–353.

[39] Kuusisto M, Koponen J, Sarkkula J. Modelled phytoplankton dynamics in the Gulf of
Finland. Environmental Modelling and Software. 1998;13:461–470.

[40] Gokce D. Variations of phytoplankton community structure related to water quality in
the deep dam lake. Fresenius Environmental Bulletin. 2014;23(6):1407–1417.

[41] Gharib SM, El-Sherif AZM, Abdel-Halim M, Radwan AA. Phytoplankton and envi‐
ronmental variables as a water quality indicator for the beaches at Matrouh, south-
eastern Mediterranean Sea, Egypt: an assessment. Oceanologia. 2011;53(3):819–836.

[42] Lyons KG, Brigham CA, Traut BH. Rare species and ecosystem functioning. Conser‐
vative Biology. 2005;19(4):1019–1024.

[43] Marchetto A, Padedda BM, Mariani MA, Lugliè A, Nicola SN. A numerical index for
evaluating phytoplankton response to changes in nutrient levels in deep Mediterra‐
nean reservoirs. Journal of Limnology. 68;1:106–121.

[44] Reynolds CS, Huszar V, Kruk C, Naselli-Flores L, Melo S. Towards a functional
classification of the freshwater phytoplankton. Journal of Plankton Research.
2002;24(5):417–428.

Algae as an Indicator of Water Quality
http://dx.doi.org/10.5772/62916

99



[45] Braak CJF, Jongman RH, Tongeren OFR. Data Analysis in Community and Landscape
Ecology. Wageningen: Pudoc; 1987

[46] Hulbert SH. The nonconcept of species diversity: a critique and alternative parameters.
Ecology. 1971;52:577–585.

[47] Margalef R. Information theory in ecology. General Systems. 1958;3:36–71.

[48] Menhinick EF. A comparison of some species-individuals diversity indices applied to
samples of field insects. Ecology. 1964;45(4):859–861.

[49] Wiener N. Cybernetics. New York: Wiley; 1948.

[50] Shannon CE, Weaver W. The Mathematical Theory of Communication. Urbana:
University of Illinois Press; 1949.

[51] Wilhm JL. Biological indicators of pollution. In: Whitton BA, editor. River Ecology,
Studies in Ecology, Vol. 2. London: Blackwell Science Publ; 1975. pp. 375–402.

[52] Mulder CHP, Bazeley-White E, Dimitrakopoulos PG, Hector A, Scherer-Lorenzen M,
Schmid B. Species evenness and productivity in experimental plant communities.
Oikos. 2004;107:50–63.

[53] Simpson EH. Measurement of diversity. Nature. 1949;163:688.

[54] McNaughton SJ. Relationships among functional properties of Califomian grassland.
Nature. 1967;216:168–169.

[55] Palmer CM, Adams S. Algae and Water Pollution. Ohio: Office of Research and
Development; 1977.

[56] Jaccard P. The distribution of the flora in the alpine zone. New Phytologist. 1912;11:37–
50.

[57] Carlson RE. A trophic state index for lakes. Limnology and Oceanography. 1977;22(2):
361–369.

[58] Alp TM, Fakioğlu YE, Özgur Ö, Koçer MAT. A Study on water quality and trophic state
of Akgöl Lagoon (Mersin, Turkey). Aquatic Ecosystem Health & Management.
Forthcoming. doi:10.1080/14634988.2015.1132057

[59] Saygı YB. Seasonal succession and distribution of zooplankton in Yeniçağa Lake in
northwestern Turkey. Zoology in the Middle East. 2005;34(1):93–100.

[60] Atıcı T, Tokatli C. Algal diversity and water quality assessment with cluster analysis
of four freshwater lakes (Mogan, Abant, Karagöl and Poyrazlar) of Turkey. Wulfenia.
2014;21(4):155–169.

[61] Solak CN, Àcs É. Water quality monitoring in European and Turkish rivers using
diatoms. Turkish Journal of Fisheries and Aquatic Sciences. 2011;11:329–337.

Algae - Organisms for Imminent Biotechnology100



[62] Aktan Y, Gürevin C, Dorak Z. The effect of environmental factors on the growth and
size structure of two dominant phytoplankton species in Büyükçekmece Reservoir
(İstanbul, Turkey). Turkish Journal of Biology. 2009;33(1):335–340.

[63] Varol M. External morphological variations and temporal distribution of the dinofla‐
gellate Ceratium hirundinella in two dam reservoirs in the Tigris River basin (Turkey).
Turkish Journal of Botany. 2016;40:112–119.

[64] Akcaalan R, Albay M, Gurevin C, Cevik F. The influence of environmental conditions
on the morphological variability of phytoplankton in an oligo-mesotrophic Turkish
lake. International Journal of Limnology. 2007;43(1):21–28.

[65] Katip A, Ileri S, Karaer F, Onur S. Determination of the trophic state of Lake Uluabat
(Bursa-Turkey). Ekoloji. 2015;24(97):24–35.

Algae as an Indicator of Water Quality
http://dx.doi.org/10.5772/62916

101




