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Abstract. Algal vegetative activity and intensity of self fimation processes were determined via a two
stage in vitro artificial substrates (glass slidestupation experiment, conducted during winter6200
2007 and summer 2007 in the streams of the UppetadoRiver Basin. Daily measurement of
temperature, conductivity, mineralization and pHrev@erformed. Once a week algal species where
identified, snd their Abundance (cells®mCell volumes §m¥cn?) and richness of species (taxa
encountered/600 algal cells) tabulated for eachrtaAlgal communities where richer in the summer in
all stations and contained mainly Diatoms or Diafgreen algae mix. Only the Banias station winter
community was dominated by the green algae. Higbaétpurification activity was observed during the
summer in the upper part of the basin (Banias mstatiSpecies richness grew with anthropogenic
influence and self-purification intensity. Self-ffimation proceeded faster in conditions of high
temperature and solar radiation. The Shannon imaesitively correlated with species richness in both
winter and summer experiments. The artificial catation of substrates by algae took 2-3 weeks;
formation of small celled green algae encouragedilgh temperatures and solar radiation conditions
increased colonization speed in the summer. Stailst significant factors influencing algal actiyi
were found to be pH and Total Dissolved Solids eotr@tion.
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Introduction

The Upper Jordan River is the major source of freaker feeding Lake Kinneret.
Therefore its water must be of sufficient quality.

The surface water quality is determined by loadsepating the water basin, as well
as the intensity in which self-purification processoccur. Algae serve as the first
element in the nutrients utilization process andsmall rivers they develop on
substrates.

The intensity of the self-purification process isedtly linked to the amount of
nutrients and the speed of their utilization. Witlihe water monitoring framework in
countries of the European Union, periphyton in thers is monitored (European
Parliament, 2000). For this purpose, the specieseot, presence of indicator species,
abundance, species biomass in the community asasetihlorophyll concentrations
were determined (Cardoso et al., 2005).

Observations of substrate occupation are recomnaeddeng the vegetation period
(Acs et al., 2005). In the Upper Jordan River basigae developed more actively
during the rainy season (December-March). In otdenake any conclusion regarding
to the intensity of these processes, it was esdewtidetermine the attributes of four
general classes: (1) taxonomic composition, (2)cisgerichness and diversity, (3)
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tolerance/intolerance, and (4) trophic structuren¢kand Richardson, 2003). Referring
to the first three classes we previously assesseadlgal diversity in the Upper Jordan
River basin on the basis of our data base (Bariebah, 2006).

A two stage experiment for the determination ofahlgegetative activity in the
streams of the Upper Jordan River Basin was coeduduring December-January
2006-2007 and September-October 2007. Via thisystuel determined the speed at
which colonization of substrates occurs and thevigctlevels of self purification
processes at different stations of the Upper JoRiaer Basin.

Materials and methods

Each stage of the experiment was conduatedtro on artificial substrates. Water
samples (each of 30 | volume) as well as substeaidsalgae samples where collected
from the habitats at the sampling stations in tippés Jordan River are&if. 1). For
each sampling station the collected water, sulestrand algae where mixed together in
a plastic container of 50 | volume. The pool shapaatainers where placed on the roof
of one of the buildings in Haifa University.

Daily measurement of temperature, conductivity, ematization and pH were
performed using the HANNA HI 9813 apparatus and harrhometer. Nitrates
concentration in each pool was determined via tAdNNA HI 93728 apparatus at
stage 1 and by a specialized walaboratory (The Neve Yaar field laboratory) at
stage 2. Glass slides served as the artificialtsaties. They where placed horizontally
in parallel to the water surface on buoys at 5 eptldl (Acs et al., 2005).

Each 7 days slides where collected from all thelptm determine the present algal
species, their abundance/number and algal biommasaah slide.

The identification of algal species on the sufratéhe glass slides was performed
using a dissecting Swift microscope under magrtifices of 800. Cell counting for each
species was performed via the direct counting ntetho

To simplify calculating periphyton algae we madeesthe encrustation grew on a
flat surface of a known area (PhycoTech, 2007).

Abundance (cells/cf), Cell volumes §m¥%cm?) and Species richness (taxa
encountered/600 algal cells) where tabulated foh @axon (Charles et al., 2002). For
each sampling slide cell counting was performedumerous view fields until at least
600 cells were enumerated. The counting of eadth (830x330 um) was repeated for
10-100 times for each species and the averageegaseared. Average cell volume was
estimated by measuring the dimensions of at léase@resentative cells and calculating
cell volume in accordance with the nearest geomethape (Charles et al., 2002;
Hillebrand et al., 1999). The obtained cell volumdgere multiplied by the previously
obtained cell numbers. Taxa without distinct cedlller and certain colonial algae (e.g.
Cyanobacteria) were counted as colony operatiam#s.u

Since in our experiment we have counted the nuraberdividuals of each species
in the present community we were able to calculaeShannon indeid’ which reflects
the degree of abundance equality among the spectee community and is correlated
to the entropy of the ecosystem (Good, 1953). Toweparametric Shannon index is
calculated as follows:

== D I

i=1
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ni— Number of individuals in each species;
S — The number of species: species richness;
N — Total number of all individuals;

n
N

Results and discussion

During the experimental periods water temperattarged between: 24.6-29.3°C (at

— Relative abundance of each species.

times reaching 32°C) in the summer and between9t8-1at times reaching 11°C) in
the winter Table .

Table 1. Summary of parameters for all sampling stationsrduthe four weeks of both
summer and winter experiments.

Banias
Day of TDS (mg/l) pH Temperature °C NQ (mg/l)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 295 234 7 7.6 15 28.8 0 1.2
14 333 211 8.1 7.35 19 29.1 0 0.9
21 224 214 8.2 8.1 13 24.7 0 0.7
28 123 246 6.4 7.9 13 26.1 0 0
Yosef
Day of TDS (mg/l) pH Temperature °C NQ (mg/l)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 213 158 7.45 7.7 15 28.6 0.2 1.6
14 246 178 7.8 7.5 19 28.9 0 0.9
21 197 193 8.1 7.85 13 24.7 0 0
28 132 200 6.6 7.8 13 26.4 0 0
Jordan
Day of TDS (mg/l) pH Temperature °C NQ (mg/l)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 213 193 7.45 7.8 15 26.5 0.2 0.2
14 246 166 7.8 7.65 19 28.8 0 0
21 197 217 8.1 7.8 13 24.6 0 0
28 132 186 6.6 7.8 13 26.2 0 0
Meshushim
Day of TDS (mg/l) pH Temperature °C NQ (mg/l)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 276 241 8 8.8 15 28.7 0 1.9
14 295 252 8.8 8.2 19 29.3 0 1.1
21 201 261 7.5 7.7 15 25.1 0 0.4
28 139 217 7 7.7 13 26.6 0 0
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As it can be seen in thEable 1 in both experiments at the beginning the highest
water acidity was observed in the Banias streaml|ewthe most alkali water was
observed in the Meshushim stream. Acidity of theséfobridge waters closely
resembled those of the Jordan River but, tendée tmore neutral.

At the end of the winter experiment the pH in abfs was<7.0. The summer final
pH values on the other hand where much more akalicame close to ~8.0.

There was no rain fall during the entire summer erpent period. Whereas during
the winter experiment there was rain fall each 8ays as common in the north of
Israel.

During the winter experiment in each of the expental pools we have observed a
tendency of TDS lowering towards th8 week, with final values being about half those
we have started withT@ble 1. This points to a demineralization process thaticcde
related to the activity of the algal communitiesiridg the summer experiment we have
observed a peak in the TDS values on the third weeke Jordan and Meshushim
stations and on the forth week in the Banias ande¥Y@tations. The dynamics of
Mineralization values is related to the self-pwafion processes. The overall TDS
values during the entire experiment remained lovckvindicates the general purity of
water in our experimental stations.

Nitrates can serve as indicators of both wateritguahd the activity level of the
algal community. Infable 1 we see that in the winter experiment very low ants of
nitrates where present at the Yosef and Jordaiorssat

However during the summer experiment nitrates vgeesent in all stations (with
maximal initial concentration observed at the Mestion station) but lowered with
time. This shows that in the winter water is cleaarad the algal communities are more
active.

Comparing winter and summer results in the Bartasos Fig. 2) the general range
of both abundance and biomass were similar durotg bxperimental periods. Yet in
the winter experiment the average cell volume (lass) was almost twice that of the
one found in the summer experiment. This pointsh® difference in stress factors
during the two periods being much higher duringgbexmer time. Cells were smaller
in the summer as a result of environmental strefisences. The trend lines are in
agreement with these conclusions.

Comparison of algal abundance and biomass in tresefYsiation fig. 3) shows that
while the abundance remains about the same in patiods, cell biomass was four
times higher during the summer period. Average welume during the first three
weeks of both experiments where somewhat simitandver, on the fourth week of the
summer experiment the average cell volume increasssdendously suggesting the
stress factor influence subsided. All trend linksvg opposite tendencies in each of the
factors during winter as opposed to summer.

At the Jordan station during both experimeifig)(4) both abundance and biomass
where somewhat higher during summer. Since avetatievolume fluctuated in the
winter experiment while, remaining constantly snthiting the summer period, we can
say that a higher level of stress factors influenite system during the summer period.
The trend lines confirm similar tendencies for alttbrs except abundance for which
they are opposite in the winter and the summer.
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Figure 2. Changes in abundance biomass pef amerage cell biomass during the summer and
winter experimental periods in the Banias statica winter; b: summer
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Figure 3. Changes in abundance biomass pef awerage cell biomass during the summer and
winter experimental periods at the Yosef stati@n winter; b: summer
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Figure 4. Changes in abundance biomass pef amerage cell biomass during the summer and
winter experimental periods at the Jordan statiom-winter; b: summer
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Figure 5. Changes in abundance biomass pef anerage cell biomass during the summer and
winter experimental periods at the Meshushim stati@: winter; b: summer
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At the Meshushim stationF{g. 5 abundance during the summer period was ten
times higher; however, the biomass remained in $hene range during both
experiments. The average cell volume in the sumnar ten times lower than in the
winter.

These results suggest that there are stress impaitts system during the summer.
The trend lines confirm similar changes during tkeegiment for all factors except for
the average cell volume for which they are opposite

At the Banias station the total number of specsnd both experimental periods
was about the same, under 20 species in tbigl 6). However, the diversity of the
community in the Banias station was the richestragmall stations. The Banias station
diversity peak was achieved on the third week efwinter experiment and was mostly
due to green algae species. At the same time tlk@mabdiversity during the summer
experiment was obtained already on the second weekwas mostly composed of
diatoms as well as green algae.
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Figure 6. Divisional and numeric changes in the communitypafcies during the summer and
winter experimental periods at the Banias statican winter; b: summer
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Figure 7. Divisional and numeric changes in the communitypafcies during the summer and
winter experimental periods at the Yosef stati@n winter; b: summer
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Maximal species richness at the Yosef station waghé range of 20-25 species
(Fig. 7). The winter community reached its peak on thelthieek mostly due to diatom
species, while in the summer community the diverfliictuated and had contained
equal amounts of both diatoms and green algae.
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Figure 8. Divisional and numeric changes in the communitypafcies during the summer and
winter experimental periods at the Jordan staticsx winter; b: summer

Maximal number of species at the Jordan station iwashed on the third week of
both experiments and ranged from 20-25 spedtes ). Yet, the winter community
was comprised mostly of diatoms while the summenmanity was dominated by
green algae.
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Figure 9. Divisional and numeric changes in community of ggseduring the summer and
winter experimental periods at the Meshushim stati@: winter; b: summer

The low diversity community of the Meshushim statieached its peak (21 species)
in the winter period only on the fourth week mostlye to diatom speciefig. 9). The
summer community was about equally comprised ofochia and green algae and
during the entire period was enriched with cyantdré. The total low diversity as well
as the presence of cyanobacteria during the sumperard indicate a reaction of the
Meshushim ecosystem to stress impacts.
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Table 2shows that the factors positively influencing spsaichness in general and
diatoms richness in particular, are pH and TDS. Tliasters have positive influence

on the biomass as well.

Table 2. Multivariate regression stepwise

experiment in the entire Jordan Basin

statistical arsady results for the winter

Winter basin Step 1 Step 2 Step 3 Step 4 Step 5
. pH TDS
No. of Species i 0. 57+ i i i
Abundance - - - - -
. TDS pH
Biomass ) ) 0.35+% ) )
Avg_per_cell_biomass - - - - -
I TDS pH
Bacillariophyta i i 0.34* ) i
Chlorophyta - - - - -

Multivariate regression analysis of

the summer camities in the entire upper

Jordan basin ifable 3shows that factors possessing very slight positiflaence on
the Chlorophyta species richness are TDS, temperahd Nitrate concentrations.

Table 3. Multivariate regression stepwise statistical an#édysesults for the summer
experiment in the entire Jordan Basin

Summer basin

Step 1

Step 2

Step 3 Step 4

Step 5

No. of Species
Abundance

Biomass
Avg_per_cell_biomass
Bacillariophyta
Chlorophyta

TDS Temp NQ
- 0.504*

Since the Meshushim station was found to be a muiffering from environmental
stress impacts we have performed a Multivariateressggon analysis on the data
collected for this station in both the winter amansner experiments.

Table 4. Multivariate regression Stepwise statistical anaysombined results for the
summer and winter experiment at the Meshushinostati

Meshuhsim
Summer-Winter Step 1 Step 2 Step 3 Step 4 Step 5
No. of Species - - - - -
NO;
Abundance 0.77% - - - -
. Temp

Biomass 0.52+ - - - -
Avg_per_cell_biomass - - - - -

I Temp Temp Temp ) _
Bacillariophyta 0.8+ 0.83%* 0.79*

Temp TDS Temp TDS Tem

Chlorophyta ) 0,05+ 0.0+ 003+ )
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Table 4shows that only the number of species in the conityjand the average cell
biomass where not influenced by the fluctuatingimmental factors.

However two very strong factors having positivduehce on species development
were: temperature — influencing the total commuhiggmass and the number of diatom
specie, and the concentration of nitrates whiclseawan increase in the total number of
cells. Another mildly influencing factor is the TD&hich increases the diversity of
green algae. The total influences of all the aboeatraned factors are caused by either
climate (temperature) or anthropogenic activity §/ING;).
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Figure 10. Changes of the Shannon index for all experimestéions during the summer and
winter experimental periods — a: winter; b: summer

During the summer experimental period the Shanmolex for each station was
registered. IrFig. 10it can be seen that the initial values of the xdee different and
are highest in the Jordan and Yosef stations. Vdbemparing the obtained index values
with the number of developing species for eachhefdtations, we find strong positive
correlations — high index values correlate with hhigpecies numbers. During the
experiment, index values in the stations with reddy low species numbers — Banias
and Meshushim — had a rising tendency. Howevethatspecies richer Yosef and
Jordan stations, we registered an index lowerimgléacy. Since the Shannon index
reflects the structural complexity of the presemtnmunity we can conclude that: the
break in the development of communities represeriigdthe highest structural
complexity was achieved on the second week forstdtions. The overall rising
tendency from the second week till the end of tkgeement for all stations, points to
rising complexity in the communities structures. sTlkeorrelates to the processes of
stabilization and self-purification.

Similarly during the winter experimental period tBhannon index for each station
was registered. IRig. 10initial Shannon index levels in the Banias wherd eemained
the lowest with only slight changes during the rengxperiment. In the Jordan and
Yosef stations we observed similar and high initidex levels However, communities’
development was quiet the opposite for these twamiBunity structure at the Yosef
station became more complex towards the end okxperiment while at the Jordan
station the index dropped till it reached the vabfel suggesting the community
became poor with overall low number of specieg.(8a). At the Meshushim station
the community significantly developed right untiet second week reaching highly
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complex community structureig. 10. Afterwards and till the end of the experiment the
Shannon index declined.

When comparing the changes of the Shannon index etianges in cell/biomass
values we find that the community’s high structuzaimplexity is achieved due to the
development of small cell species (as for instaincéhe Jordan statiokig. 4a and
Fig. 109. This type of change indicates that the commusitgfluenced by some stress
impacts.

Conclusion

As can be seen from the above listed data andlatitms, water temperature during
the experimental period was typical for the win{gt-19°C) and summer (24-32°C)
seasons. During the summer period the pH was atkahile in the winter it declined
below 7.0.

Nitrates concentration was higher during the sumesgrecially at the Meshushim
station; however it declined during the experimesnt result of the algal activity.

TDS values stabilized on the ™8™ weeks of both experiments. The
demineralization process reflects the water qualitg is related to the activity of the
algal communities. We can see that during the sunaxggeriment a peak in the TDS
values was reached on the third week at the JaddrMeshushim stations and on the
fourth week in the Banias and Yosef stations. Theeting of TDS values reflects the
self-purification processes. Stabilization of thergmeters in the ecosystem at each of
the stations confirms that the self-purificatiomqess came to an end. The peak points
to the self purification proccess which was morgasable in the winter.

Algal diversity found on glass slide accretionseiach of the experimental pools
contained about 15-25 species for each of the pdddgsl communities where richer in
the summer in all stations and contained mainlyt@ms during the winter and equal
proportions of diatoms and green algae during timanser. Only the Banias station
winter community was dominated by the green algae.

During the winter experiment at the Banias and dorstations maximal diversity
was reached by thé®aveek and in the Yosef and Meshushim stations eyfthweek.

During the summer experiment maximal diversity waached at the Banias and
Meshushim stations by thé%wveek, in the Jordan station by th& ®eek and at the
Yosef station there were two peaks on tffeadd the # weeks. This implies that in the
upper part of the basin (Banias station) duringsimamer the self-purification activity
is higher. The Yosef and Meshushim stations weresuatithropogenic influence so
their diversity had a constant growing tendency tlile end of the experiment.
Alternatively at the Jordan station diversity ski&pivas reached on thé®3veek. These
observations lead us to the conclusion that spembkeess grows in proportion to the
anthropogenic influence on one hand and the irtienéthe self-purification process on
the other. Moreover the self-purification processcpeds faster in conditions of high
temperature and high solar radiation — during timarser.

Algal abundance and biomass in all stations weréitees higher during the summer
experiment in comparison to the winter experimduog to the increased activity.

At the same time cell sizes were smaller in the )mem communities. When
comparing with species diversitli@l. 6b, 7b, 8b, 9pwe see that the high cell numbers
found in the summer communities are comprised ma$thew small celled green algal
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species. Therefore we can conclude that: the spaétdwhich algal encrustation is
formed is influenced by temperature and solar tauha

According to our calculations of the non paramestitictural index of Shannon we
can conclude that high Shannon index values coergldgh species rich communities in
both winter and summer experiments.

Overall, the experimental study showed that aréficolonization of substrates by
algae takes about 2-3 weeks. Colonization is motigeaduring the summer as a result
of the formation of small celled green algae whmgiowth is promoted by high
temperatures and high solar radiation conditions. fAund via the Multivariate
statistical analysis- the important factors infloeig algal activity are pH and Total
Dissolved Solids concentration (major factors irtevajuality assessment). A detailed
observation of the self-purification process cancbaducted by monitoring diversity
dynamics, cell counts, and biomass.
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