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USE OF ALGAE FOR MONITORING RIVERS IN HUNGARY

JUDIT PADISAK, EVA ACS, MIKLOS RAJCZY & KEVE T. KISS

SUMMARY

Algological monitoring In Hungary started in the 1960s - 1970s and Rts technlcal guidelines were
elaborated by 1984. Streams and rivers are monltored at 155 sampling stations by a sampling
frequency of 4-52/year. Based on trophic scales (chlorophyll-a, algal numbers) trophic states are
established. A saproblc classification Is made according to the list of saprobic Indicator specles. The
paper summarizes the oplnions of many Hungarlan algologists Involved In monitoring about the
advantages and pltfalls of the existing monltoring system.

Since the authors’ conviction Is that computer problems and methods for handling large
databases and the exploration of thelr Information content will become one of the major difficultles in
connection with algological monitoring, a pliot study was made on an already existing databank. The
outcome of this study was that, however much the origlnal single data-sets were different, large
databanks can be useful In searching for varlables that can be used for monitoring water quality.
Simple varlables (e.g. the ratio of dlatoms to non-dlatoms) and mutltivariate methods can be appiled
with a good measure of success.

MONITORING SYSTEM, SAMPLING SITES, SAMPLING FREQUENCY

As a result of the increasing recognition of the fact that environmental efiects endanger the water
quality of lakes and rivers, Water Quality Laboratorles were established In the centres of the Reglonal
Water Authoritles (Fig. 1) during the 1960s - 1970s. This can be consldered as the beginning of
environmental monitoring. Thelr activity was restricted to monltoring only the large rivers and lakes.
Since algologists were not employed by every authority and the concepts of blological monitoring
were (and from many respects still are) obscure, these early records are rather Inconsequential
concerning sampling frequency, sampling sites, variables measured, etc. By 1984 technlcal
guldellnes were elaborated for water quality monltoring with fixed sampling stations and sampling
frequency (Flg. 2), and then modification Is currently underway.

However, the number of algologically
analyzed samples does not always cover
the number of samples calculated from Fig
2., because on average only a dozen
algologists are employed by the
Environmental Protection Authorities where
the Water Quality Labs at present belong.
Flg 3. shows the sampling stations where
algae are studied regularly. In several
reglons (for example Gy6r) the two maps
completely cover each other concerning
both sampling sites and frequency, while In
others (eastern Hungary) the sampling
frequency Is the same for large rivers but Fig. 1. Terrttoritles and centres of the
only 4/year for thelr tributaries. Environmental Protection Authorities in Hungary.

reglonal
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Fig. 2. Harmonlzing monhorlng'program for rivers and water Fig. 3. Sampling sHes where algological samples are
courses In Hungary. Based on technical guldelines N° Ml - regularly taken. Symbols: @ samples are both qualitatively

10,172/2-84, After the map prepared by KGI, Institute for  and quantitatively anatyzed; O samples are only quaiitatively
Environmental Protection, Section Water Quality, analyzed.

Sampling frequency: @ 52/year; e 26/year.

VARIABLES MONITORED

Varlables that are to be measured at the stations are water and alr temperature, conductivity,
alkallty, total hardness, pH, seston, seston dry welght, dissolved oxygen, oxygen saturation, chemical
and blologlcal oxygen demand, ortho-phosphate, TP, nitrate, nitrite, ammonla, TN, maln anions and
cations, chlorophyll-a and algal denslty.

Chlorophyll-a content (at several reglions,

, . for example Szeged, Fig. 1, chlorophyll-forms
wophicstates .| chiorophyll-a | aigal numbersind | 444 5 regularly measured. Based on the data
ma/m 104 trophic states (see Table 1) are estimated
. according to Felféldy (1987).
atrophic . 0 0 Algal samples are analyzed quallitatively,
uftra-oligotrophic < <0.01 and specles composition is compared to the list
oligotrophic 1-3 0.01-0.05 t dicat | i in Gulvé
oligo-mesotrophic 3-10 0.05- 0.1 of saproblc Indicator specles glven In Gulyas
mesotrophic 10-20 0.1-05 (1983). The Pantie-Buck Index Is one of ef the
meso-eutrophic 20-50 0.5-1 earllest blologlcal varlable that Is calculated. In
eutrophic 50-100 1-10 many cases not only specles lists are obtained,
eu-polytrophic 100 - 200 10 - 100 but algae are counted by inverted microscope
polytrophic 200 - 800 100 - 500 or, If this not avallable, by the agar-plate
hypertrophic >800 >500 method (Németh & V6rés 1986). Algal density Is
compared to Felféldy’s (1987) trophic scale
Table 1. Trophic classes by chiorophyll-a and algal numbers (Table 1).

according to Felfldy (1887)

OPINIONS ABOUT THE EXISTING MONITORING SYSTEM

As a result of the activity outlined above long-term, relatively frequent quantitative algal data are
avallable for the larger Hungarlan rlvers, and at least scattered Information has been obtalned for the
algae of smaller water courses. Athough many efforts were taken to organize and to standardize the
algologlcal monltoring system, the real value and the rellabllity of the data obtalned are questionable.

It Is a general opinion that it Is not enough to measure the chiorophyll-a contént. The phaeophytin
content Is also Important because, for example, it can reflect heat-shock. Trophic states that are
estimated by both chlorophyll-a and algal numbers (Table 1) are often different; therefore, the
blomass-estimation by volumes should also be Introduced as a standard method. According to
several oplnlons, different scales ought to be applied for different water types, and it has heen an
urgent task to develop them.




Day-to-day studles on the rivers Maros and Tisza (south-eastern Hungary) showed that, as in
shallow lakes, both chlorophyll and algal denslity can change even an order of magnitude from one
day to the other; consequently, sampling frequency has also been a very Important question In
monttoring and to Increase it In rivers Is recommended. In running waters the frequency of sampling
should always be fitted to the actual hydrometeoroclogica! conditions.

Oplnions are more diverse concerning the estimates of waters by saprobic Indicator algae . Several
algologists rely on these results because, the presence of many a- and b-mesosaproblc specles by
algae (and this Is mostly the case) carry the Information that no serlous problem arises with water
quality. Others say that the routine use of saproblc Indicator lists provides controversal results, If any
at all, and that instead, the Information content of specles lists (proportion of different groups,
diversity, simllarity between years) should be utilized. It is also agreed that more attention should be
paid to the algae In the small water courses, not only because they are important themselves, but also
because they have a considerable Influence on the water quality of large rivers.

Another serlous problem Is the use of the huge amount of records provided by the recent
monltoring system. Records exist mostly In orlginal protocols. Sometimes reports are compiied in
which the records are summarized, but are not sclentlifically analyzed, and it Is only a minor amount
which appears as sclentific publication. In several reglons of the country records Inciuding the former
ones are being computerized, but In others this has yet to be done. Therefore, we cannot expect any
summary In the near future.

The authors’ oplnlon Is that the computer problems, handling large databases and the exploration
of thelr Information content will become one of the major difficulties In connection with algological
monitoring. For this reason a pilot study was made on an already exlsting databank.

USE OF DATABANKS

In 1979 the computerlzing of all the published Hungarian algological records started In the
Botanical Department of the Hungarlan Natural History Museum, Budapest. Currently the datebase
comprises the data published before 1975.

To assess the Information that can be obtalned by use of such a databank from the point of vlew
of monhtoring and water quality In general, data of streams and rivulets were chosen. Among the
72,883 computerized records 1555 for streams and rivulets were published In 65 publications
between 1870 and 1975. For analyzing databank records no preconceptions were made; the only
restriction was to keep as high a level of comparativity as possible based only on the number of
records published for the glven localities. After excluding the scattered floristic records and Including
some other results which appeared after 1975, we selected the records of 14 Hems
(streams/areas/localitles with fast flowing water). Two unpublished data-sets were also added to the
above database. For 6 of the above 16 only dlatom data are avallable. Information is given In Table 2.

stream/locality record N°® references note

1 | Aszdidi séd 189 Ko! (1957), Tamas (1957) unpoliuted

2 | Pécsely patak 110 Kol &Tamas (19855) unpoliuted

3 | Gaja patak 115 Yida (1974) only diatoms, unpoliuted

4 | Hegyadd arok 63 Cholnoky & Hofier (1849) only diatoms, unpolluted

5 | Bakk L. 59 Padisak unpublished unpolluted

6 | Sz6l6hegyaljai patak 60 Szabados (1952) unpoliuted

7 | Rigée patak 221 Uherkovich (1976) fishponds

8 | Bukkl. a7 Hevesi (1871), Hortobagyi (19665) unpoliuted

8 | Laské patak (Egerezaidk) 47 Estok & Milinki (1888) below a goose farm, at dam
10 | Laské patak (UjlSrincfalva) 40 Estok & Milinki (1889) well below damned
11 | Rékos patak 20 Acs unpublished - polliuted (industrial, househeld)
12 | Margitsziget 60 lstvantty (18982) thermal, unpoliuted
13 } Rackeve 22 Cholnoky (1822) only diatoms, unpolluted
14 | Zagyva 17 Szemes (1848) only diatoms, unpoliuted
15 | Papa 43 Galik (1886) only diatoms, unpoliuted
18 | Pilin 22 Cholnoky (1922) only diatoms, unpolluted

Table 2: List of the tested 16 Hungarian streams.
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652 taxa belonging to 143 genera were
found In these 16 data-sets. Most of the taxa
occurred only at one locallty. The distribution of
the above number of taxa In frequency classes
Is glven on Fig. 4. Specles which were quite
frequently found, but occurred only In
unpolluted waters are Indicated by a single,
those which occurred In at least 50 % of cases
In polluted waters are Indicated by a double
asterisk. There I8 a clear difference between
the frequency distributlon of diatoms and non-
dlatoms. Non-dlatoms appear to be less
constant elements; only two (Osclliatorla
lmosa ** Ag, and Scenedesmus
quadricauda** /[Turp./ Bréb.) occurred at a
maximum of four localitles. Dlatoms are more
widespread: Navicula cryptocephala Ktz
occurred at 11 localitles, the further more
common specles are (number of occurrences
In brackets): Surirella ovalls Bréb. (10),
Synedra ulna /Nitzsch./ Ehr. (10), Achnanthes
minutlssima Ktz (9), Navicula hungarica var.
capitata /Ehr./ Cleve (9), Amphora ovalls Katz
(8), Cymatopleura solea /Bréb./ W. Smith (8),
Navicula gracills * Ktz (8), Rholcosphenia
curvata /Kitz./ Grun. (8), Cocconels placentula
Ehr. (7), Gomphonema olivaceum /Lyngb./
Kiatz. (7), G. parvulum /Katz/ Grun. (7),
Meridlon clrculare Ag. (7), Achnanthes
lanceolata * Bréb. (6), Amphora ovalls var.
pediculus Kitz. (6), Cymatopleura elliptica

/Bréb./ W. Smith (6), Cymbella affinis
Katz.  (6), C. ventricosa Kitz. (6),
Diplonels puella* /Schum./ Cleve (6},

Frustulla vulgaris* /Thwait/ De Tonl (6),
Gyrosigma acuminatum /Kitz./ Rabh. (6),
Hantzschl amphloxys /Ehr./ Grun. (6), Melosira

number of species

/ nor-diatoms {max: 255)

number of occurrences

Fig. 4. Number of specles (logarithmic scale) In different
frequency classes (sum of 10 Hungarlan streams).
Frequency numbers correspond to the number of
occurrences.
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Flg. 5. Proportion (%) of dlatoms (below) to non-diatoms
(above) in 10 Hungarlan streams. See Table 2. for locality
numbers.

varlans ** Ag. (6), Navicula lanceolata
Kitz. (6), Nitzschia dissipata * /Kotz/
Grun. (6), N. linearis /W. Smith/ Hust. (6),
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Fig 6. Results of the cluster anatyses of the tested 16/10 Hungarian streams. See Tabls 2. for locallty numbers. a: only dlatoms;

b: only non-diatoms; ¢: dlatoms + non-diatoms.
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Surlrella angustata Katz. (6), Synedra acus ** Ktz (6), Calonels amphisbaena ** /Bory/ Cleve (5),
Fragllaria crotonensis Kltton (5), Gomphonema angustatum /Kitz./ Rabh. (5), G. angustatum var.
producta Grun. (5), Gyrosigma spenceril ** /W, Smith/ Cleve (5), Navicula dicephala /Ehr./ W.
Smith (5), N. viridula Ktz (5), Nitzschla aclcularls /Ktz./ W. Smith (5), N. palea ** W, Smith (5), N.
vermlicularls /Kitz./ Grun. (5), Stauronels
[ smithll ** Grun. (5), Amphora veneta ** Kitz.
(4), Cocconels pediculus** Ehr. (4), C.
placentula var. euglypta ** /Ehr./ Cleve (4),
Cyclotella meneghinlana Ktz. (4), Diplonels
oculata ** /Bréb./ Cleve (4), D. ovalls ** /Hllse/
Cleve (4), Navicula radlosa**  Kitz. (4),
Nitzschla amphibla Grun. (4), N. dubla** W.
Smith (4), N. sublinearis** Hust. (4) and
Stauronels anceps Ehr. (4).
A plot of the percentage proportion
T 203 4 5 & 7 ) of diatoms to non-diatoms at different
8 & 10 11 12 13 14 15 16
locaitics localities (where both  groups were
studied) I8 glven In Fig. 5. The proportion
Fig. 7. Generic diversities (left) and diversity maxima of diatoms was higher than 50 % except
(= logy genus number; right) of algae In 16 Hungarian for localitles 7, 10 and 12 (compare toTable
streams. See Table 2. for locality numbers. 2), which are polluted or thermal waters. In
cluster analyses (Jaccard similarlty Index
[Jaccard 1908/, WPGMA fusion  algorithm
/Sneath & Sokal 1973/) polluted/thermal
localltles were mostly separated or were only loosely connected to the main groups (Fig. 6).
Based on the number of subspecific taxa belonging to the same genera, generic diversities were
calculated (Flg. 7). The plot first of all reflects that how much the given study analytic was (H" and
H'max are the highest for localities 1, 2 and 7; compare to Table 2.), on the other hand
poliuted/thermal (except for loc. 11) waters had slightly higher diversities than the unpoliuted ones.
The outcome of the above pliot study Is that, however much the original single data-sets differ
(more than a century passed between the first and the last, taxonomic concepts changed In the
Interval, both spatlially and temporally the studies were not simllarly analytlc etc.), large databanks can
be useful In searching for parameters that can be used for testing water quality on monltoring level.
Simple variables (in this case, for example, the ratio of dlatoms to non-dlatoms) and multivariate
methods can be applied with a good measure of success.
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