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Abstract: A large taxonomic diversification of saprobes eausdlifficulties in practical use of the saprobic
system for biomonitoring purpose. In such a cagertamic levels higher than species level becamesmor
popular. Methods based on biocenotic structurebeaalso used in bioindication. It is known that laggtion

of the Shannon biodiversity index based not onlyyombers and abundances of species but also onemsmb
and abundances of easily identified morphologioakfional groups gives the same information asaokapr
measurements. Moreover, the other structural isdicgether with the Shannon index can be used tairob
more complete characteristics of saprobe communitienables more precise interpretation of bicihaoing
results based on dominance structure of organismpgrsettled at the examined object. The obtaiesdlts

of the quantitatve nature can be compared withcsex accuracy, however they are difficult to begieed.
The aim of the present work is calculating a sintifaof dominance structures characterizing saprobe
communities as well as presenting modified metHodsisualisation of these structure changes.

Keywords: saprobes, activated sludge, biofilm, bioindicatismilarity coefficient, dominance structure,
dentrite, physical-chemical sewage parameters

Urban sewer systems are settled by saprobe comawmihich form biofilm on the
walls of the sewers and backbones alike to an atetivsludge. These organisms cause
decrease in pollutant load in sewage before thagtra wastewater treatment plant [1-4].
Species structure of mentioned communities is aimi activated sludge or biofilm in
the bioreactor of sewage treatment plant. It i® alisnilar to the structure of organism
communities of saprobic zones specified for watetibs. The sewage parameters can be
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established based on the presence of microorgarfiiemsthe saprobic system living in
the sewerage and using sewage as a source oftmoens[5-7].

A large taxonomic diversification of saprobes caudificulties in the practical use
of saprobic system. Thus, taxonomic levels highemtspecies level became more
popular for biomonitoring purposes. Methods basedimcenotic structure (organism
distribution among species) can be also used imdimation [8]. It has been shown that
application of the Shannon biodiversity index githe same information as saprobe
measurements. It is known that this information barobtained using index calculation
based not only on numbers and abundances of spbateslso on numbers and
abundances of easily identified morphological-fisv@l groups [5, 9].

The Shannon inded is calculated according to the equation [10]:

S
H ==Y log, M,
i=1

where:S - species (or morphological-functional group) riees, number of species (or
number of morphological-functional groups) afid - relative abundance of thé-th”
species (or thei“th” morphological-functional group).

Relative abundances, necessary for the calculatfothe Shannon index and derived
indices, are determined on the basis of the folgvequation [10]:

where: n; - number of individuals in thei-th” species or in i“th” morphological-
functional group; andy - total number of individuals in a sample.

Relative abundances take values in the range @€, multiplication by 100 they are
expressed as percentages.

Besides the Shannon index other structural indiees be used for bioindication
purposes. Among them species richness, maximalevalfi the Shannon index,
MacArthurs’ index and proportionality index are dsaost frequently.

Species richnesAs,, or taxon richnesS is determined by simply summing all taxa
belonging to a community [10]. Maximum value of tBbannon indeX o [11, 12] is
calculated using the following formula:

Hmax = IogZ S

whereS - number of species (or morphological-functionaups).

Evenness inde¥ [11, 12] is calculated as:

V=H

max

where:H - observed value of the Shannon index for theistudaprobe community and
Hmax - Value of the Shannon index when all taxa arealyjabundant in the community.
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MacArthur’s indexE [13] is calculated on the basis of the followirguetion:
E=2"
where 2 - the base of the logarithm.

The value of MacArthur’s index; is the taxon richness of a community for which the
observed value dfl equalsH,,. Proportionality indexP [14, 15] is calculated using the
formula:

P =E/S 100

where: E - value of MacArthur's index an® - species richness or morphological-
functional group richness for studied community.

The indexP can express “shortage in the taxa number” in thestigated community.
The studies may also be based on the other biaitiyéndices eg Simpson index [16]
determining the probability that two individualditated” in the single trial belong to the
same species. The estimator of this index is é@isl

D zl_ZS: ni(ni _1)
s e (nT _1)

The mentioned indices give more complete charatiesiof saprobe communities,
in so doing they permit for more precise interpiietaof biomonitoring results based on
dominance structure of organism groups settlednaéxamined object. The obtained
results of quantity nature can be compared witth@sen accuracy, however they are
difficult to be perceived. The graphical methods tmmparison of the dominance
structure for saprobe communities have been predantour previous publications as
suitable visualisation tools [7, 9]. However, thesethods have some inconveniences
which implicate the necessity of their modificaomhus, the aim of this paper is to
calculate a similarity of dominance structures abtarizing saprobe communities as well
as present modified method for visualisation oféhstructure changes.

Material and methods

The material used for our previous and presentystaime from Klimowicz's
elaboration [17]. The author presented species ositipn and individual abundances
for communities of activated sludge in specifiedsteavater classes (characterized by
biological oxygen demand ranges: 0+10, 11+20, 2130 > 30 g @m™). On the basis
of the Klimowicz's data set relative abundances didtinguished morphological-
functional groups were calculatet;). The relative abundances mentioned above were
multiplicated by 100 to obtain percent fractiondieTpercent fractions were used in
calculations of Renkonen’s similarity coefficienfisr the compared communities of
activated sludge [18]. The obtained values of Raek&s coefficients were sorted using
Czekanowski’'s diagram [19]. Both Czekanowski's &w®hkonen’s methods are used in
phytosociology to sort results of the floral inverytand to specify plant associations.

There are also possible, different than Renkonneasnres of studied communities
similarity. For example - the factor of similarity6, 18-21]:
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Jaccard and Steinhaus:

= 100
a+b+w
Marczewski and Steinhaus:
=— % noo
a+b-w
Kulczynski:
100 fw w
= [ —+—
2 la b
Sorensen:
pP= ﬂ 100
a+b
William and Mantford:
2w

P=——————100
2ab-(a+b)w

where:P - obtained species similarity [%)] of two comparemhenunities,a - number of
species in the first communityp - number of species in the second community,
w - number of common species appearing in both atldbmmunities.

The calculations may be also conducted in the rpogeise way - after calculation
of IT; = ni/ny, for every species in every community, wharandb are equal to 1 anais
a sum of lower values af; | i IT; 1l (eg species 1 in agglomeratiol} = 0.2, species 1
in community 1111, = 0.1, so the value of 0.1 is selected to the ¢aticuns).

The percent fractions of morphological-functionatogps were graphically
visualized using “radar” plots also called “AMOEBAsince the publication of the Ten
Brink’s paper [22]. During preparation of “AMOEBAgIots original fractions and their
natural logarithms were marked.

Results

The study results are presented in Figures 1 artcan be seen that changes in
pollution level influence dominance structure of tescribed communities (Fig. 1). The
changes in dominance structure are clearly visedliby radar plots with original
fractions (grey colour). In the community | (B@Bange: 010 g ©m™) attached
ciliates are dominants and rotifers are subdomiéFig. 1a). The community 1l (BQD
range: 11+20 g ©m ) is characterized by attached ciliates as dominand swimming
ciliates as subdominants (Fig. 1b). In the comnyuhit(BODs range: 21+30 g Om ™)
attached ciliates also play role of dominants aed subdominants as flagellates appear
(Fig. 1c). Finally, in the community IV (BODrange: >30 g @m™) the dominance of
flagellates is observed and amoebas become subdotwiriFig. 1d). The described
changes of dominance structure are not presentel@ady using logarithms of fractions.
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However, their application enables the extremelw lfvactions of morphological-
functional groups to be observed (Fig. 1a and ilack colour).

a IT, and InTT, for 0-10 go,m® b 11, and InIT; for 11-20 g0, m*

Fig. 1. Relative abundances of morphological-fusai groups in specified classes of purified
sewage. Explanation: 1 - swimming ciliates, 2 -aeted ciliates, 3 - crawling ciliates,
4 - rotifers, 5 - flagellates, 6 - amoebaes, 7 ma®des, 8 - oligochaetes, 9 - gastrotriches,
10 - arachnids, 11 - tardigrades, 12 - copepods.ci&locers, 14 - turbellarians
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Fig. 2. Coefficients of taxa similarity for speeifi classes of purified sewage
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In studied material two different groups of an ea&tied sludge communities can be
distinguished (Fig. 2a and 2b). They are presemiastewater classes with BQEange:
0+20 g Qm>2and > 21 g @m, respectively. Parallely, the community presentlass
with BODs range: 21+30 g om3is similar to those from classes characterizeB0yDs
range: 11+20 and >30 g,®° to the same degree (about 70%).

Beside Czekanowski's diagram, the other mannersvisnalization of studied
communities’ similarity are also possible [16, 2Mentioned manners (dendrite and
dendrogram) are presented in this paper with useesilts obtained with Renkonnen
method. A reason for this is that calculation of Remen’s coefficient is the most
convenient as compared with other methods for detation of taxon similarity
coefficient (Jaccard and Steinhaus’es coefficieMarczewski and Steinhaus’es
coefficient, Kulczyiski coefficient, Sorensen’s coefficient, William carMantford’s
coefficient [16, 19-21]).

A dendrite of mutual similarities is obtained bylestion of the highest similarity
coefficients from Table b (Fig. 2). The communityhds one high coefficient and is
similar to the community Il in 73.45%. The commynit has two high values of
similarity coefficients and is also in 69.14% similto community IlI, which is
characterised by the 70.90% similarity to the comityulV. The distances inside the
dendrite among the communities are: 26.55% betwsenmunity | and 1l (because
100 — 73.45 = 26.55, for the 100% similarity thstaince would be equal to 0), 30.86%
between community Il and Il and 29.10% between mamity Il and IV - Figure 3.

@ 26.55 @ 30.86 @ 29.10 @

Fig. 3. Distances between communities |, II, lldad¥ presented in a form of dendrite

Obviously, each of compared communities may haveentioan 2 high similarity
coefficients. In this case, a dendrite becomesdtreth It seems, that a dendrite does not
give a lot of information but in the case of higmemmber of the studied communities,
a dendrite construction makes easier on arrangenfi€@#ekanowski's diagram.

The highest available level of information may teained from a dendrogram. It is
created by the gradual connection of compared carities, but joining subsequent
communities requires the calculation of mean coieffit on all its values already existing
in a dendrogram. The dendrogram presented in Figurey be constructed basing on
data presented in Table b (Fig. 2). The sum ofispesimilarity coefficient's equals to:
73.45 + 70.90 + 57.085 = 201.435 (Fig. 4). At agstion of different dimensions
(Fig. 5) the sums are equal to: 73.45 + 65.035 +3%6= 194.875 and
70.90 + 60.64 + 60.17 = 191.71. In such casesuhs &ppear to be lower, thus array of
communities according to taxon similarity is worse.

The dendrogram helps to observe the dependenclarstmihe one visible in Figure
1 where communities a and b are more similar orentiher than to communities ¢ and
d. The latter show the mutual similarity especiallyen the values of IA; are presented.
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Fig. 4. Distances between communities presentedanm of dendrogram
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Fig. 5. Distances between communities presenteda ifiorm of dendrograms with different
construction
Conclusions
1. Changes in wastewater pollution level cause diffeeenin dominance structure of
saprobe communities.
2. Percent fractions of taxa calculated for biomomitgmpurposes can be also used for
determination of similarity coefficients betweemugmared communities.
3. Saprobe fractions below 1% are clearly visualizetbgarithm values.
4. Changes in dominance structure are the best obsersied radar plots called
“AMOEBAS".
5. Czekanowski’'s diagrams can be used for sorting afireonities considering their
taxa similarity.
6. The satisfactory diversification may be obtainedewtdendrogram is used to the

similarity visualization.
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Abstrakt: Zréznicowanie taksonomiczne systemu saprobdueevsk z trudndciami w jego zastosowaniu do
celéw biomonitoringu. Dlatego zevprowadzenie do bioindykacji jednostek taksonomych wyzszych rang
od gatunku oraz metod opartych na strukturze biotyemnej staje gi powszechne. Zastosowanie indeksu
bioréznorodndci Shannona, bazgego nie tylko na liczbie i ikziowosci gatunkéw, lecz réwniena liczbie

i liczebndci tatwo identyfikowalnych grup morfologiczno-funpoalnych, jest tak samo przydatnymddiem
informacji jak pomiary saprobowoi. W celu otrzymania petniejszej charakterystyadhnego obiektu obok
indeksu Shannona stosowang tkze inne indeksy struktury biocenotycznejzydie tych indekséw
umaliwia bardziej precyzyja interpretagi wynikéw biomonitoringu uwzglniajacego struktug dominaciji.
Ze wzgkdu na iléciowy charakter danych wyniki mady¢ poréwnywane z dowoindoktadndgcia, jednake
sa malo czytelne w odbiorze. Celem prezentowanejypjest wyznaczenie podoliistwa struktury dominacji
zbiorowisk saprobéw i przedstawienie metod wizwajzzmian badanych struktur.

Stowa kluczowe:system saprob6éw, osad czynny, bitona biologicznagintykacja, wspotczynniki
podobiéstwa, struktury dominacji, dendryty, paramesriekow



