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Abstract

Spatial and temporal algal diversity changes were studied in the major drinking water source of Israel - the
Upper Jordan River. During 2006-2009, we found 232 species and infraspecies of algae and cyanobacteria:
85 of which were new for the Upper Jordan River Basin including three new for Israel. During many years of
study of the Upper Jordan River, we collected information for the database of algal diversity. Historical
analysis from 1883 to 2009 shows fluctuation of the whole algal diversity. Environmental indicator species
show peaks in 1951, 1965, 1978, and 2009. Salinity impact was found in 1938 and 2000; acidification was
detected in 1938, 1996, and 2000, and organic pollution, in 1996. Therefore, we can conclude that 1938,
1996, and 2000 were critical periods for the Upper Jordan River ecosystem. Indication of the trophic status
shows stress of organic pollution since the 1970s, which was marked by dramatic increases in eutraphentic
and hypereutraphentic species. The present analysis shows three peaks in the fluctuation in diversity
throughout the river canal, which correlated with the organic pollution impact from the Masade village ef-
fluence in the middle reaches and near Lake Kinneret. Pollution was significant in rainy winters and stimu-
lated species diversity development. The different approaches in comparing diversity in each river of the
Upper Jordan Basin revealed that hydrology is a major regulating factor in species composition of the algal
communities, which were formed under the influence of regional climatic factors. Therefore, the river can be
highlighted as a natural system with high buffering and a self-purification capacity at the present time.
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mental influences on the algal communities.

Therefore, we decided to study spatial and temporal
algal diversity changes in Israel’s major drinking water
resource — the Upper Jordan River, in respect to the
fluctuation of water parameters affected by the anthro-
pogenic impact and seasonal climate changes.

The main characteristic of Israeli climate is a short

1. Introduction

Biodiversity of algal communities in the Upper Jordan
River formed according to natural climatic and anthro-
pogenic impacts on various aquatic ecosystems. In the
eastern Mediterranean region river algal diversity re-
search is not very developed, whereas algal monitoring

studies of aquatic systems on European coasts [1,2] have
advanced rather well. In Israel, our knowledge of re-
gional algal diversity is far from exhaustive, and algal
communities of the rivers were not regularly studied till
2000 [3].

For many years, we have collected data on algal diver-
sity for the Upper Jordan River. The data enables us to
analyze the changes in community structure from the
beginning of researches at the end of the 18" century till
the present time. Moreover, we can most likely track the
dynamics of species-indicators that can help us deter-
mine the time of impact and the direction of environ-
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winter rainy season, which lasts from December till April.
The Upper Jordan River water sources and their dynam-
ics are similar to some of the same dynamics as those
described from Southern Lebanon [4]. Algal communi-
ties as a basis for the trophic pyramid play a significant
role in the water-quality forming process. Periphytonic
communities show a strong potential for the recovery of
ecosystems in the Mediterranean region [5-9]. Recently,
we compared seasonal influences on Yarqon River com-
munities in Israel [10]. Under similar climatic conditions
and floristic realms, diatom algal communities were
studied according to the same seasonal environmental
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factors as in the rivers of Egypt [11], Lebanon [12], and
Turkey [13,14]. All of these mentioned rivers as well as
the Upper Jordan River do not have a strong anthropo-
genic impact. Possible methods used to reveal the many
influences of species indicators are: community structure
fluctuation analysis, bio-indication of major influencing
factors, calculations of integral density-diversity indices,
and statistical approaches, which can be combined with
community structure and environmental analyses as well.

2. Materials and Methods

2.1. Study Area Description

The Jordan River (320 km long) originates in the moun-
tains of eastern Lebanon. As the Jordan River flows
south through the entrance to the Great Syrian Rift Val-
ley, it is fed from underground sources and small streams
at various points in Jordan, Israel, Syria, and Lebanon
[15]. Its tributaries are the Snir (Hasbani), which flows
from Lebanon, Hermon (Banias), arising from a spring at
Banias at the base of Mount Hermon, and the Dan and
Saar, whose source is also at the base of Mount Hermon.
They merge to form the Jordan River in northern Israel,
near Kibbutz Sede Nehemya. The Jordan River used to
drop rapidly in a 75-kilometer run into the swampy Lake
Hula, which was slightly below sea level in the Rift Val-
ley. Exiting the lake, it dropped much more, about 25
kilometers to Lake Kinneret. The last section has a lower
gradient, and the river begins to meander before it enters
the Dead Sea, which is about 400 meters below sea level
and has no outlet. Two major tributaries enter from the
East during this last phase: the Yarmouk River and Jab-
bok River.

The Jordan River is not only the largest and longest
river that flows into Israel, but it is also the river that has a
permanent flow year-round. The other major rivers in
Israel are contaminated with agricultural and industrial
sewage, which makes the Jordan River the only natural
and clean river in the country.

It is important to emphasize that the Jordan River, in
spite of its relatively large size in Israel, is actually a small
river in international terms.

Data on the diversity of algal species in the Upper
Jordan River Basin (including rivers, streams, lakes,
wells, fishponds, and temporary water bodies) have been
collected since 1883 [3,16-36] and contain 337 species
and infraspecies. According to historical analyses (based
on data collected from 1883-2009), we selected 227 spe-
cies of algae and cyanobacteria that were found before
our research in the Upper Jordan River and their tribu-
taries from which we collected samples in 2006-2009.
Our current research included analyses of the community
structure dynamic and bio-indication.

Copyright © 2010 SciRes.

2.2. Methods

Our research is based on 101 samples of planktonic and
periphytonic algae that were collected at 21 sampling
stations in the Upper Jordan River area. Samples were
collected in March and May of 2006, April and August
0f 2007, July and April of 2008, and January, March, and
April of 2009.

In 2006-2008, stations were selected in adjustment to
water-quality monitoring stations used by “Mekorot”
(Israel National Water Co.), most of which were located
at the merging points of streams or at their outlets as fol-
lows: (1) Banias upstream; (2) Banias stream outlet; (3)
Dan upstream; (4) Dan stream outlet; (5) Snir stream
outlet; (6) Jordan River beginning at streams’ merger; (7)
Ayun stream outlet; (8) Agmon pond; (9) Under Yosef
bridge; (10) Jordan River outlet to Lake Kinneret; (11)
Meshushim stream outlet; (12) Yeudiyya stream outlet,
and (13) Daliyyot stream outlet.

Based upon research results obtained in 2006-2007, it
became apparent that more research needed to be done
on the chemical properties of the water flowing into the
Upper Jordan River.

In order to reveal the influence of the upper part of the
basin and to understand which parts of it are most critical,
the basin’s structure was studied in detail. The basin’s
structure was studied in the rainy winter period, since at
that time water-flow increases from both rainfall and
melting snow; the data collected in 2006-2007 made it
clear that the winter period was more critical. The struc-
tural study of the Upper Jordan River Basin in winter
20009 led to the creation of a more precise map (Figure 1).

Stations added in 2009 were: (14) upper Ayun stream;
(16) upper Saar stream; (17) Saar stream below station
16; (18) upper Meshushim stream pool; (20) Saar stream
below Masade; (21) Saar stream above the confluence
point with the Banias stream; (22) Saar stream near the
confluence with the Banias stream; (23) Birkat Ram
Lake, and (36, 37) two stations on the small wells placed
near station 2.

Samples were obtained by scooping up phytoplankton
and by scratching for periphyton, and then fixed in 3%
formaldehyde. Part of the macrophyte algac was stored
in the herbarium of the Institute of Evolution, University
of Haifa. The algae were studied with a dissecting Swift
microscope under magnifications of 740x—1850x and
were photographed with the digital camera Inspector 1.

The diatoms were prepared with a peroxide technique
[37] modified for glass slides [38]. In parallel with sam-
pling for algae, the temperature, conductivity, TDS, and
pH with the HANNA HI 9813 pH/EC/TDS Meter were
measured. In addition to the sampling, data obtained
from the chemical analyses regularly performed by the
“Mekorot Water” company were used.

Taxonomy of our research along with the data list pub-
lished for the last century was adopted under a modern
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Figure 1. Basins and sampling stations’ map of the Upper
Jordan River in 2006-2009.

classification system [39]. The ecological data analysis
of algal species diversity that was performed revealed the
grouping of freshwater algae in respect to variables that
were taken from the database compiled for freshwater
algae in Israel [40]. Each group was separately assessed
in respect to its bio-indication significance.

3. Results and Discussion

3.1. Chemical Analysis Data

Our results of chemical analysis data from field trips in
2006-2009 are shown in Tables 1, 2 [41] and 3.

Figure 2 is based on full screening data (Table 3) and
displays changes in the major chemical parameters dur-
ing the winter of 2009. The additional sampling stations
were positioned from the headspring of the Saar stream
under Mount Hermon peak (Figure 1, st. 16) all the way
to the previously investigated stations on the Upper Jor-
dan River (Figure 1, st. 2, 6, 9 and 10). Together, these
stations comprise a longer water-flow path from the
mountains into Lake Kinneret. Water temperature rises
upon its approach to Lake Kinneret. The pH remains
practically the same throughout the flow. Electrical con-
ductivity and TDS both change similarly and generally
increase upon their approach to the lake, yet have sig-
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Table 1. Chemical analysis data, saprobity index (S), and
number of species collected in December 2006.

No. of Station 1 6 10 11
N Kjeldahl, mg/l 0.10 0.13 0.27 0.26
T, C° 15.40 1480  14.00 14.00
Electrical Conductivity,

msm/cm 494.5 401.0 4550 451.0
N org., mgN/1 0.10 0.11 0.25 0.25
NH;, mg N/ 0.01 0.02 0.02 0.01
NO;, mgN/1 1.32 1.89 1.88 225
N tot., mgN/1 1.43 1.60 2.10 2.53
pH 7.95 7.90 727 7.84
PO, mgP/I 0.06 0.02 0.05 0.0295
P tot., mgP/l 0.07 0.04 0.12 0.041
Cl, mg/l 13.0 10.0 13.0 29.0
Index of Saprobity (S) 1.47 1.74 1.60  1.73-1.87
No. of Species 8.00 42.00 28.00 24-25

Table 2. Chemical substance analysis data, saprobity index,
and number of species collected in March 2006.

No. of
Station 1 2 4 5 6 9 10 11
T,C° 17 18 20 20 18 19 215 20
Elect.
Cond.,

msm/cm 349 389 336 391 371 413 406 452
Norg,mg 0.11 0.10 0.0l 0.09 0.08 0.15 020 0.08

NH;, mg

N/ 0.01 0.02 0.02 0.05 0.03 0.04 0.02 0.03
NO;, mg

N/l 1.04 127 1.08 155 129 1.61 154 196
N tot., mg

N/l 1.09 134 145 1.71 138 1.79 1.62 2.03
pH 744 8.07 7.81 8.12 829 8.13 83 8.38
PO,,

mg P/1 0.02 0.02 0.01 0.01 0.02 0.02 0.03 0.05
P tot., mg

P/l 0.03 0.04 0.01 0.03 0.03 0.04 0.07 0.06
Index

Saprobity 1.60 0.70 2.00 1.40 130 130 1.30 1.94
(S)

No. of

Species 9 8 13 11 17 20 15 17

nificant peaks at on stations 17 and 2. Station 17 is situ-
ated downstream from agricultural enterprises at the foot
of Mount Hermon.

Station 2 is located after the confluence of the Banias
stream. Stations 16-22 are of a mountainous-piedmont
nature of effluence, whereas stations 2-10 are more pla-
nar. This difference in the effluence types might be the
cause for the overall change in the quantity of ions (TDS,
Conductivity) and phosphates, as illustrated in Figure 2.

The high chloride concentration could be a result of
effluence from Masade before station 20. However, dur-
ing the highly polluted winter period, the self-purifi-
cation process in the river is also the highest as nitrate
levels drop.
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Table 3. Chemical substance analysis data, saprobity index, and number of species collected in February-April 2009.

Station no 1 | 2 | 3 4] 5] 6 ]9 10]11]12]13]14]16] 17] 18] 20 | 21 | 22 | 23 | 36 | 37
Eglffeldam‘ 717|717 2311 |oes | 2402|0214 1117170519 24|23 3 |17]17
T 14.8 | 153 | 14.8 | 14.2 | 17.5 | 14.4 | 17.4| 15 | 16.1 | 16.4 | 16.5 | 11.8 | 14.6 | 11.4 | 20.2 | 15.5 | 15.3 | 12.4 | 10.9 | 15.0 | 13.1
Electrical 1 15 | 042 | 0.31 | 034 | 041|034 |035 | 0.61| 04 | 044|053 | 054|030 042|037|031| 03 034|028 052|026
Conductivity
DS 204 | 207 | 217 | 244 | 287 | 240 | 248 | 431 | 281 | 310 | 374 | 378 | 216 | 185 | 264 | 215 | 215 | 209 | 162 | 366 | 188
Norg,mgl |17 | 17 | 1.7 | 17 | 23 | 1.1 | 05 | 24 | 02 | 02 | 1.4 | 1.1 | 1.7 | 1.7 | 05 | 1.9 | 24 | 23 | 3 | 17 | 1.7
NH3, mg/l 0o | 0o | o] oo oo |o]o]o oo o|o]o]o]| o] o] o] o]lo
N-NO3,mg/l | 23 | 29 | 1.8 | 22 | 21 | 19 | 25 | 13 | 1.7 | 1.7 | 1.2 | 1.7 | 40 | 42 | 27 | 37 | 3.8 | 23 | 08 | 65 | 1.8
N tot., mg/l 4 | 46 | 35 | 39 | 44| 3 | 3 |37 | 19| 10 | 26 | 28 | 57 | 59 | 32 | 56 | 62 | 46 | 3.5 | 82 | 3.5
pH 75 | 83 | 83 | 83 | 84 | 83 | 82 | 84 | 64 | 83 | 85 | 8.0 | 8.1 | 85 | 83 | 88 | 89 | 81 | 87 | 79 | 82
PO4, mg/l 0o | 0o | o] oo o]o | o]o]ol oo o]o]o]o]|o]a]o]| oo
P tot., me/l 01| 0 |0 | 0o 0o ]o|o]|ol]o 0 ] 0 [01]o0z]| 0 |01 o1r|oL]o03] 0 o1
Cl, mg/l 16.0 | 15.0 | 11.0 | 14.0 | 25.0 | 13.0 | 35.9 | 25.2 | 27 | 55 |50.8 | 41.0 | 19.0 | 20.0 | 31.2 | 38 | 37 | 37.0 | 22.0 | 20.0 | 10.7
Indexof 1,031 156|003 | 145 139|171 |1.56|1.32| 128|127 | 115 |1.17 | 1.00 | 1.54 | 131 | 1.12 | 1.48 | 1.65 | 1.75 | 1.28 | 1.30
Saprobity (S)
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Figure 2. Chemical and physical parameters as measured in winter of 2009 at monitoring stations in the Upper Jordan River

Basin.

Since the chemical monitoring by the Mekorot Com-
pany is performed only in sampling stations 1, 2, 6, and
10, samples had to be collected for a chemical analysis,
parallel to the algological samples in other older and
newer sampling stations.

3.2. The Last Century Dynamic of the
Taxonomic Structure and Bioindicators in
the Upper Jordan River Area, Historical
Overview (1883-2009)

The following analysis includes our data collected in
2006-2009 as well as data from known international lit-
erature regarding species diversity in the Upper Jordan
River [3,16-36]. Before our research in the Upper Jordan
River area (including the river itself, tributaries, tempo-
rary streams, pools, fishponds, temporary water bodies,
and lakes), there were 337 species and infraspecies of
algae and cyanobacteria found. Therefore, the full spe-
cies list now contains 467 taxa together with our findings
of 232 taxa (for a total of 466 taxa, which includes our
finding of 232 taxa) in 2006-2009. For our historical
analysis, we selected taxa that were found during 1883-

Copyright © 2010 SciRes.

2000 only in the river and in their tributaries where we
studied diversity, including 227 species and infraspecies.
The diagram of the species diversity dynamics cover
more than the past 100 years (Figure 3) and included our
2006-2009 findings.

As can be seen (Figure 3), species richness of the al-
gal communities in the Upper Jordan River that was pre-
sented in mentioned references by 227 species and in-
fraspecies fluctuated during the last century with peaks
in 1951, 1965, 1978, and the present time. We signifi-
cantly enriched the species list from 2006-2009 that was
represented by 232 taxa of algae and cyanobacteria (Ta-
ble 4) from which 85 taxa were new for the Upper Jor-
dan River Basin, and three of them were mentioned for
the first time in Israel. The revealed diversity belonged to
seven taxonomic divisions. Bacillariophyta (Diatoms)
were dominant but in order to clarify the change in algal
communities’ structure we constructed a percentage dia-
gram (Figure 4), which shows some major periods when
aquatic communities were impacted.

The first period showed a rather large increase in the
number of species, which occurred in the middle of the
last century. This was probably a result of mild organic
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Figure 3. Species diversity dynamics in algal communities of the Upper Jordan River during the last century.
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Figure 4. Historical overview (1883-2009) of the algal communities’ structural changes in the Upper Jordan River.

pollution introduced primarily to this environment from
1951 and ended in 1965, as a result of the drying up the
Hula Lake and the prevailing agriculture that replaced it
[49]. Another climax in the number of species occurred
during the period of 1973-1996; it seemed to reach its
peak in 1978, but then in 1996 a dramatic decrease in the
number of species occurred (about an 80% decrease),
and instead, new species, previously unknown to this
area, appeared in relatively high numbers. These newly
emerged species are known indicators of organically
polluted water with high temperatures and high salinity.
With time, as the pollution decreased, the system started
to return to its previous state (the state prior to pollution);
by 2009, species common to the divisions typical to this
area returned.

Figures 5-10 reveal the results of bioindication of
major environmental parameters’ fluctuation during the
last century. As can be seen by species indicators from
the figures, the algal community of the Upper Jordan
River was stressed by temperature at a time when the
taxonomic structure was changed in the middle of the
last century and in 1996 (Figure 5). Water salinity stress
was indicated in 1938 and 2000 (Figure 6). An impact of
acidification was indicated in 1938, 1996, and 2000
(Figure 7). A dramatic decrease in the high-quality cla-
sses’ indicators reflected an organic pollution impact in
1996 (Figure 8). The nitrogen uptake metabolism (pho-
tosynthetic) type indicators [48] changed in 1938 and
1996 with dominating facultatively nitrogen-heterotro-
phic taxa that needed periodically elevated concentra-

Copyright © 2010 SciRes.

tions of organically bound nitrogen (Figure 9). Their
presence usually correlates with an impact of pollution.

The eutraphentic species indicators constituted the
whole community in 1958 and 1996, whereas for 1995
and 2000 Figure 10 shows two peaks of eutrophication
marked by invasive high-trophic level indicators — hype-
reutraphentics [48].

It is interesting to note that the eutrophication trend
can be seen from the 1970s till now, as indicated by the
increase in eutraphentic and hypereutraphentic species.

3.3. Taxonomic Structure and Self-Purification
Dynamic in the Upper Jordan River
throughout the Sampling Stations in Winter
2009

As seen in Figure 11, the community of the Upper Jor-
dan River Channel is comprised today mostly of Bacil-
lariophyta (diatoms). There are three peaks in the fluc-
tuation of diversity. The first peak is located at the Saar
tributary above the Masade village (Stations 16-17), a
community of 33-34 species. In addition to the diatoms,
there are green algae and euglenoids, a result of the
presence of organic pollution. At stations 20 and 21, after
the Masade effluence, as a result of an anthropogenic
influence, there is a sharp decrease in the number of spe-
cies — to about 17-20 and an impoverishment of algal
complexes. Afterwards, at stations 21 and 22, the com-
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Figure 5. Historical overview (1883-2009) of the temperature indicator changes in the Upper Jordan River. Legend: warm —
warm water, eterm — eurythermic, temp — temperate, cool — cool water.
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Figure 6. Historical overview (1883-2009) of the salinity indicator changes in the Upper Jordan River. Legend: halobity de-
gree on Hustedt’s scale [43] (hb — oligohalobes-halophobes, i — oligohalobes-indifferents, mh — mesohalobes, hl — halophiles).
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Figure 7. Historical overview (1883-2009) of the acidity (pH) indicator changes in the Upper Jordan River. Legend: pH de-
gree on Hustedt’s scale [44] (alb-alkalibiontes; alf — alkaliphiles, ind — indifferents; acf — acidophiles; neu — neutrophiles,
which were mentioned in Table 4 affiliated with indifferents but have a narrower ecological specter).
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Figure 8. Historical overview (1883-2009) of the organic pollution indicator [45,46] changes in the Upper Jordan River. Leg-
end: 1 Class — saprobity index is 0.0-0.5; 2 Class — saprobity index is 0.5-1.5; 3 Class — saprobity index is 1.5-2.5; 4 Class —
saprobity index is 2.5-3.5; 5 Class — saprobity index is 3.5-4.0.
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Figure 9. Historical overview (1883-2009) of the nitrogen uptake metabolism (photosynthetic) type indicator changes in the
Upper Jordan River. Legend: Nitrogen uptake metabolism [48] (ats — nitrogen-autotrophic taxa, tolerating very small con-
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Figure 11. Algal species taxonomic structure changes in the sampling stations of the Upper Jordan River from upper reaches

of the longest Saar tributary till the river mouth (winter 2009).

munities restored the diversity by means of self-purifi-
cation and the addition of green algae and euglenoids. At
the point of confluence with the clean waters of the Ba-
nias River (Station 2), the communities’ composition
reaches maximal diversity with 45 species. At this point,
the red algae finally appear. At station 6, after the con-

Copyright © 2010 SciRes.

fluence with the three right-side tributaries (Figure 1), a
drop in diversity occurs, however, it is again restored at
station 9, where once again red algae enter the complex
as indicators of self-purification. At the lower flow, near
the entrance into Lake Kinneret, the community compo-
sition is less complex and includes diatoms, euglenoids,
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and cyanobacteria. Diversity is lowered to just 16 species
accompanied by an impoverishment of the complex and
the presence of euglenoids, which once more reflects the
presence of anthropogenic factors affecting the algal
community.

The fluctuations in diversity and the algal commu-
nities’ composition at the basin confirm that, periodically,
the presence of anthropogenic influences alters the forma-
tion of algal communities. However, these fluctuations are
also related to the activity level of the self-purification
process in the river. As can be seen in Figure 12, the flu-
ctuation in species richness correlates with the saprobity
index S value over the sampling stations in winter 2009. It
can reflect the initial stage of the self-purification process,
while the nutrient-enriched water gives a basis for diver-
sity development in the community. This type of correla-
tion can be related also with the oligotrophic status of the
Upper Jordan River because the initial stage of eutrophi-
cation offers the best start for community development.

3.4. Taxonomic Composition Analysis in the
Upper Jordan River Basin

Upon evidence of the species richness dynamic and its
relationship with the trophic status of this river, we can see
a highly significant role in algal diversity in the analysis
of the river state. Species diversity in communities of
each tributary reflects the state of their environments.
Therefore, we can use the algal community composition
structure in tributaries as an instrument for the clustering
of species diversity of the Upper Jordan Basin as a whole.
For this analysis, we divided all revealed species diversity
for the studied period (2006-2009) into 11 species lists
(Table 4) for each tributary, the river itself, and the two
lakes, Hula and Ram (a volcanic crater lake between Ma-
jdel Shams and Masade). The taxonomic structure of each
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object was analyzed on the infraspecies level by the clus-
tering methods in the “GRAPHS” program [50].

Clustering by the Serensen-Chekanovsky indices di-
vided algal diversity into five different groups based on
the similarity level, which was 40% (Figure 13). One
cluster included the Mount Hermon piedmont streams:
Saar, Banias, and Dan. The Upper Jordan (lower reaches)
and Meshushim, flowing into Lake Kinneret close to each
other, constitute the second cluster. More planer tributar-
ies, such as the Daliyyot, Yehudiyya, Snir, and Ayun,
located in the northern part of the river basin, formed the
third cluster. Two different clusters included the two
lakes, Hula and Ram volcanic crater lake with differences
in hydrology from all of the rivers’ tributaries. Therefore,
river diversity was divided into five clusters, according
to their hydrology.

The tree of taxonomic diversity clusters was con-
structed on the basis of revealed species diversity of the
Upper Jordan River; the tributaries and lakes show (Fig-
ure 14) four different branches. As can be seen, the most
similar (53%) diversity belonged to the Snir and Ayun
rivers, located close to the northwest part of the river
basin. This group also included the Yehudiyya River
with similar hydrology. The second branch is formed by
the mouth of the Upper Jordan River and the Meshushim
River (49% similarity), both flowing into Lake Kinneret
close to each other. The Saar, Banias, and Dan rivers
were in the third group comprising 45% similarity. This
group was located close to the northeastern part of the
basin and has similar hydrology. The last group included
the two lakes, Ram and Hula, as well as the Daliyyot
River. The sampling station on this river was located in
the lower pond of the river. Therefore, the hydrology of
each river influenced species diversity significantly, and
diversity can be used as a marker of hydrologically simi-
lar tributaries of the basin.
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Figure 12. Algal species richness in communities and saprobity index S changes in the sampling stations of the Upper Jordan

River in winter 2009.
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Figure 13. Clustermg of the taxonomic structure in the rivers of the Upper Jordan River basin on the basis of Serensen-
Chekanovsky indices.
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Figure 14. Tree of the taxonomic structure in the rivers of the Upper Jordan River basin on the basis of Serensen-Cheka-
novsky indices and brave calculation. The group of Banias, Dan, and Saar included cool piedmount streams; the group of
Snir, Ayun, and Yehudiyya included piedmount streams that partly flow into the river plane; the group of Upper Jordan and
Meshushim included plane streams; the group of Hula and Ram (lakes), and Daliyyot had ponded objects.

Copyright © 2010 SciRes. JWARP



516 S.S. BARINOVA ET AL.

Table 4. Diversity and ecology of species in the Upper Jordan River communities in 2006-2009.

Banias Jor- |Yehu- |Meshu- |Daliy-
Taxon Dan |Snir |Ayun | dan |diyya | shim | yot [Saar |[Ram |Hula| S |pH |Hal |Sap|Het | Tro

Cyanobacteria
Anabaena pseudoscillatoria
Bory de Saint-Vincent - 1 3 1 - - - - - - - 120 | - - b | - -

Anabaena sp. - 1 - - - - - - - - - - - - - - -

*Anabaena spiroides Klebahn - - - - - - - - - - 1 1.5 | - i |o-b| - -
Aphanothece clathrata W.
West & G.S. West - - - - 2 - - - - - - 123 ] - |hl |b | - -

Calothrix sp. - - - - 2 - 1 1 - - - - - - - -
Chamaesiphon incrustans
Grunow 1 4 - - - - 2 - - - - 1.0 | - - lo - -

Chamaesiphon sp. - - - 2 - - - - - - - - - N -
Chlorogloea microcystoides
Geitler 2 - - - - - - - - - - - - . -

Chroococcidiopsis sp. - - - - - - 5 - - - - - - . -

Chroococcus sp. - 2 - - - - 3 - - - - - - - - - -
*Chroococcus turgidus
(Kiitzing) Négeli 2 2 - 1 - - 1 - - - - 1.3 |alf [hl [0 | - -
Coelosphaerium
kuetzingianum Nageli - - - - 1 - - - - - - 1.6 | - i |b-o| - -

Coelosphaerium sp. - - - - 4 - - - - - - - - A - -
**Cyanostylon
microcystoides Geitler - - - - - - 6 - - - - - - - - - -
Gloeocapsopsis crepidinum
(Thuret) Geitler ex Komarek - 2-3 1 12 - - 1 - - - - - - | hl | - - -
*Heteroleibleinia

kossinskajae(Elenkin)
Anagnostidis & Komarek - - 6 - - - - - - - - - - I . - -
Heteroleibleinia kuetzingii
(Schmidle) Compére - 4 3 - - - - - - - 2 1.5 | - - lo-b| - -
Homoeothrix janthina
(Bornet & Flahault) Starmach - - - [ - 6 5-6 - - - - 08 | - - |x-b| - -
Homoeothrix juliana
(Meneghini) Kirchner - - 6 - - - - - - - - - - - - - -

Homoeothrix sp. - - 6 - - - 6 - - - - - - - - - -

Homoeothrix varians Geitler 6 - 4 6 1-6 - 4-5 - - - - 1.0 | - - |o - -
Komvophoron constrictum
(Szafer) Anagnostidis &

Komarek 1 - - - - - - - - - - 4.5 - - i - -
Leptochaete stagnalis Hans-
girg - - - - 3 - 6 - - - - 2.0 - i | b - -

Lyngbya sp. 1-2 2-3 - 123 (13 1 1-2 - - - - - - - - - -

*Merismopedia minima Beck - - - - - - 2 - - - - - - - - - -
*Merismopedia punctata
Meyen - - - - - - - 1 - - - 19 |ind | i |o-a| - -

Microcrocis sp. 1 - - - - - - - - - - - - - - - -
*Microcystis aeruginosa
(Kiitzing) Kiitzing - - - - 123 - - - - - - 1.8 | - | hl |oa| - -
Nostoc linckia (Roth)
Bornet ex Bornet & Flahault - - - 6 - - - - - - - 1.8 | - - |oa| - -
Oscillatoria amoena
(Kiitzing) Gomont 2-6 - - 1-3 5 - 1 - 5-6 | - - 0.2 - - | x - -

Oscillatoria sp. 1-3 3 - 34| - - 3-6 - 2 - - - - - - - -
**Phormidiochaete
fusca (Starmach)

Komarek et Anagnostidis - - 2 4 - - - - - - - - - - |- - -
*Phormidium ambiguum
Gomont - 5 - - 1 - 6 - 34| - - 20 |ind | i | b - -
Phormidium autumnale
(C. Agardh) Trevisan - 2 - 2 1-2 - - 3 1 - - 2.1 - - |b - -
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ex Gomont

Phormidium breve
(Kiitzing ex Gomont)
Anagnostidis et Komarek

1-2

2-4

2.8

b-p

Phormidium limosum
(Dillwyn) P.C. Silva

2.3

hl

Phormidium sp.

1-5

Phormidium subfuscum
Kiitzing ex Gomont

2.0

*Phormidium uncinatum

mont

(C. Agardh) Gomont ex Go-

2.1

*Planktothrix agardhii
(Gomont) Anagnostidis
et Komarek

1.6

hl

b-o

Rivularia haematites
(De Candolle) Bornet
et Flahault

1.9

Synechococcus elongates
(Nageli) Nageli

0.1

Synechococcus sp.

Euglenozoa

Colacium cyclopicola
(Gicklh.) Bourr.

2.7

*Euglena deses f.
Klebsii (Lemmermann)
T.G. Popova

Euglena limnophila
Lemmermann

1.5

Euglena sp.

Euglena spathirhyncha
H.L. Skuja

3.5

*Euglena tripteris
(Dujardin) Klebs

2.1

ind

Lepocinclis ovum
(Ehrenberg) Lemermann

2.7

ind

Phacus sp.

*Trachelomonas hispida
(Perty) F. Stein

2.0

Heterokontophyta

*Dinobryon divergens
O.E. Imhof

1.8

ind

0-a

*Ophiocytium majus Négeli

1.5

o-b

Bacillariophyta

Achnanthes inflata
(Kiitzing) Grunow

Achnanthes sp.

*Achnanthidium
minutissimum (Kiitzing)
Czarnecki

2-6

2.2

alf

ate

Amphora coffeaeformis
(C. Agardh) Kiitzing

alf

ate

*Amphora ovalis
(Kiitzing) Kiitzing

1-2

2.7

alf

ate

*Amphora pediculus
(Kiitzing) Grunow ex A.
Schmidt

1-3

1.8

alf

ate

Amphora sp.

*Amphora veneta Kiitzing

1-2

1.0

alf

ate

*Aneumastus tuscula
(Ehrenberg) D.G. Mann

& A.J. Stickle in Round et al.

0.7

alf

*Anomoeoneis
sphaerophora E. Pfitzer

0.8

alb

hl

x-b

ate

*Aulacoseira granulata

2.4

alf

b-a

ate
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(Ehrenberg) Simonsen

*Bacillaria paradoxa
J.F. Gmelin - - - - - - 2 - - - - - - - |- - -
Brachysira brebissonii
R. Ross - 1 - - 1 - - - - - - 1.0 |acf [oh |0 | - -
Campylodiscus
hibernicus Ehrenberg 1 - - - - - - - - - - 13 |ind | i |o - e
*Cocconeis neodiminuta
Krammer 3 - - - - - - - 2 - - 1.0 jalb | i | o | - -
*Cocconeis placentula Ehren-
berg 1-5 1-6 [4-5]1-5 |1-5 | 4-6 1-3 34 | 3 - |16 | 14 |alf | i |ob|ate | e
*Craticula cuspidata
(Kutzing) D.G.

Mann in Round, Crawford &
Mann - - - - - - - - - - 3 1.0 Jalf | i |o - -
Cyclotella antiqua
W. Smith - - - - - - - - 1 - - acf | hb | o |ats | ot
*Cyclotella meneghiniana
Kiitzing 2 1 - - 1-2 - - - 3434 - 1.8 |alf | hl |o-a|hne | e
*Cymatopleura elliptica
(Brébisson) W. Smith 1 - - - 1 - - 1 - - - 1.7 |alf | i |b-ojate | e
*Cymatopleura solea
(Brébisson) W. Smith 1 - - - 1 1 - - - - - 1.0 |alf | i |o |ate | e

*Cymbella affinis Kiitzing 3 - - - - - - - - - - 1.7 |alf | i |b-ojats | e
Cymbella lanceolata
(Ehrenberg) Kirchner - - - - 1 3 3 - - - - 1.3 |alf | i | o |ats | hy
Cymbella naviculiformis
(Auerswald) Cleve - 2 - - - - - - - - - 13 |ind | i |o |ate | e

Cymbella sp. - - - 112 ] 1 - 2 - - - - - - - |- - -
Cymbella tumida
(Brébisson in Kiitzing)

van Heurck - - - - 1-3 - - - - - - 102 Jalf | i | x |ats |m-e
Cymbella turgidula

Grunow in A. Schmidt et al. - 1-2 - 1-2 - 1 - - 2-5| - - - |ind | - - - -
*Diatoma hyemale

(Roth) Heiberg 2 - 5 123 |16 4 1 1-4 - - - 1.7 |ind | hb |b-o | ats -
*Diatoma vulgaris

Bory de Saint-Vincent 1-3 - - 126 12 - - - - - - |24 |ind | i |b-a|ate m-e
Diploneis oblongella

(Nageli in Kiitzing)
Cleve-Euler in

Cleve-Euler (& Osvald) - - - 1 - - - - - - - 19 |alf | i |o-a]ats -
*Discostella stelligera

(Cleve & Grunow) Houk &
Klee - - - - - - - - - 3 - 101 |ind | i | x | - -
*Ellerbeckia arenaria
(Moore) R.M. Crawford 2 1 - - - - - - - - - 1.8 |alf | i |o-a|ats | ot
Encyonema caespitosum
Kiitzing 3 - - - - - - - - - - - - i |b-a hy
*Encyonema minutum
(Hilse in Rabenhorst)
D.G. Mann in Round,
Crawford & Mann 1-2 - - - 1-2 2 2-3 - 1-3] - - 13 |ind | i |o | - -
*Encyonema silesiacum
(Bleisch) D.G. Mann in

Round, Crawford & Mann - - - - - - 2 - - - - |133|ind | i |x-0]| -
Entomoneis costata

(Hustedt) Reimer - - - - 1 - - - - - - - alf | - - - -
*Epithemia adnata

(Kiitzing) Brébisson 1 - - - - - - - - - - 25 |alb | i |b-a|ats | m-e
Epithemia argus

(Ehrenberg) Kiitzing - - - - - - - 1 - - - 1.8 |ind | i |o - m
*Epithemia sorex Kiitzing - - - - - - 1 1-3 - - - 19 |alf | i |oajats | e
Epithemia turgida

(Ehrenberg) Kiitzing - 3 - - 1-2 - - 1 - - - 1.1 Jalf | i |o |ats [m-e
Eucocconeis flexella

(Kiitzing) Meister - - - - - 1 - - - - - 1.5 |ind | mh |o-b| ats | ot
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*Fallacia pygmaea
(Kiitzing) A.J.
Stickle & D.G. Mann
in Round, Crawford & Mann 1 1 - - - - - 1 - - - 1.7 | alf |mh |b-o|hne | e
Fallacia subhamulata
(Grunow in van Heurck)
D.G. Mann in Round,
Crawford & Mann - - - 3 - - - - - - - - - - - - -
*Fragilaria capucina
var. vaucheriae
(Kiitzing) Lange-Bertalot - - - - - - - - 1 1 - 1.5 |alf | i |o-b]| - -
Fragilariforma virescens
(Ralfs) D.M.

Williams & Round - 1 - - - - - - 23| - - 13 |neu| i | o |ats |o-m
Frustulia rhomboides
(Ehrenberg) De Toni - - - - - - 1 - - - - 0.9 |acf | hb |x-b| ats | ot
*Frustulia vulgaris
(Thwaites) De Toni - 1 - - 2 - - - - - - 09 |alf | i |x-b| ate | m-e
*Gomphonema
affine Kiitzing - - - - 2 - 1-4 - - - - 1.5 | - - |o-b| - -
*Gomphonema
angustatum (Kiitzing)
Rabenhorst - - - - 3-4 - 5-6 - - - 2 |20 |alf | i |b - -
*Gomphonema insigne
Gregory 3 - - - - - - - - - - - - i - - -
Gomphonema intricatum
Kiitzing - 1 - - 1 - 3 - - - - 04 |ind | i |x-0| - -
*Gomphonema minutum
(C. Agardh) C. Agardh - - - - 1 - - - - - - - alf | oh |o-b| - e
*Gomphonema olivaceum
(Hornemann) Brébisson 3-6 - - - - - - - 2 1 - |25 Jalf [ i |bajate | e
*Gomphonema parvulum
(Kiitzing) Kiitzing 1-3 1-3 [24]1-6 |1-5] 4 1-5 - 1-6 | 1-3 [3-6 | 0.1 |ind | i | x |hne | e

Gomphonema sp. 3 - - - - - 2-3 - - - - - - - |- - -
*Gomphonema truncatum
Ehrenberg 2 1 - - - - 2 - 5 - - 107 Jalf | i Jo-x|ats | m-e
*Gomphonema vibrio

var. intricatum (Kiitzing)

Playfair 3-4 - - 2 1 4-5 4 - - - - 1.4 |ind | i |o-b| ats | ot
Gomphonemopsis exigua

(Kiitzing) Medlin - - - - - - 1 - - - - - - | hl | - - -
Gyrosigma acuminatum

(Kiitzing) Rabenhorst 1 1-4 - |13 |13 - 1-3 1 2 - 1 0.7 |alf | i |ox|ate | e

*Hantzschia amphioxys
(Ehrenberg) Grunow

in Cleve & Grunow - 1 - 1 - - - - 2 4 - 1.7 |neu | i |b-o| ate | hy
Luticola muticopsis

(Van Heurck) D.G. Mann - - - - 4 - - - - - - - - - - - -

*Melosira varians C. Agardh 2-4 1-5 1 5 |15 3 2-5 - 3-6 | 2 1 |27 |alf | hl |a-b|hne | e

*Meridion circulare

(Greville) C. Agardh 1 1-3 2 3 - - - - 1-6 | 1 - 1.5 |alf | i |o-b|ate | hy
*Navicula angusta Grunow - - - - 4 4 - - - - - - Jacf | hl | o |ats | ot
*Navicula cryptocephala

Kiitzing 3 - - - 1-2 - 1 - 2-3 | - - 27 |alf | i | a |ate | hy
Navicula exigua Gregory 1-2 12 |3 - 3 - 2 2 |26[34 | - |05 |alf | i |x-o|ats | e

Navicula gibbula Cleve 1 - - - - - - - - - - - |neu| i | - - -

Navicula pupula var.
rectangularis (W. Gregory)
Cleve & Grunov - - 4 - - - - - - - - - |ind | hl | - | ate | m-e

*Navicula radiosa Kiitzing 3 - - - - - - - - - - 1.1 |ind | i | o |ate |m-e
Navicula recens
(Lange-Bertalot)
Lange-Bertalot in

Krammer & Lange-Bertalot 3 1-4 [3-4]3-6 |2-6 4 1-4 2 3 5 - - alf | i |o-b| - e
*Navicula rhynchocephala
Kiitzing 3-4 2-6 - - [23] 4 1-6 - - - - |23 Jalf | hl | b |ate | hy
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Navicula sp. 2-3 2-6 |3-6 46 |16 1 1-4 2 [36] 5 |3 - -]
*Navicula tripunctata
(O.F. Miiller) Bory 3 - 2 |23 - - - - - - - 23 |ind | i |b |ate | e

*Navicula veneta Kiitzing - - - - 1 - - - - - - 1.1 |alf | hl |[x-0o|ate | e
*Navicula viridula
(Kiitzing) Kiitzing 3 - - - - - - - - - - 1.3 |alf | hl | o |ate | e
Neidium iridis (Ehrenberg)
Cleve - - 1 - - - - - 1 - - 0.6 |ind | hb |o-x | ats | m
*Nitzschia acicularis
(Kiitzing) W. Smith - 2 - - 1 - - - 4] 1 - 1.5 |alf | i |o-b|lhce | e
*Nitzschia amphibian
Grunow - - - - 1 - - - - - - 13 |alf | i | o |hne | e
*Nitzschia dissipata
(Kiitzing) Grunow 1 - 5 - - 2 - - 42| - - 02 |alf | i | x |ate | m-e
Nitzschia filiformis
(W. Smith) Hustedt 2 - 3 3 115 - 2-4 - 1-6 | - - 103 Jalf [ hl | x |[hne | ¢
Nitzschia fonticola
(Grunow) Grunow
in Van Heurck - - 2 - - - 1 - 1 - - 1.5 | alf | oh |o-b| ate | m-e
*Nitzschia linearis
(Agardh) W. Smith 3 1 - 2 112 - 1-3 - 2 - - 100 Jalf | i |x |ate | m-e
*Nitzschia palea
(Kiitzing) W. Smith 1-2 34 [1-2]2-3 |13 5 1-6 2 |26 1 - 107 |ind | i [o-x|hce | he
*Nitzschia sigmoidea
(Nitzsch) W. Smith - - - - 1 - 3 - - - - 1.1 Jalf | i | o |ate | e

Nitzschia solita Hustedt - - - - - - - 1 1-2 | - - - alf | mh |a-b| - e

Nitzschia sp. 1-4 1 3 /25|25 6 3 1-3 |25 1 - - - - - - -
*Nitzschia umbonata
(Ehrenberg)
Lange-Bertalot - - - - 3 - - - - - - 1.7 | - - |bo| - -
*Nitzschia vermicularis
(Kiitzing) Hantzsch

in Rabenhorst 1 1 - - 1-4 - 4 - - - - 1.3 Jalf | i |o | - | hy
*Planothidium lanceolatum

(Brébisson ex Kiitzing)

Lange-Bertalot 1 1 - - 2 - 1 - 1 - - 1075 Jalf | i |ox| - -
Pleurosira laevis

(Ehrenberg) Compeére - - - - 1-3 - 3 - - - - - Jalf [mh|o | - e
Reimeria sinuata

(Gregory)

Kociolek & Stoermer - - - - 1 - 1 - - - - - Jind | i - - -
*Rhoicosphenia abbreviate

(C. Agardh) Lange-Bertalot 1-4 1-6 [3-5] 13 |1-6 | 34 2-6 3 3 - - 05 |alf | i |[x-o]ate | e
*Rhopalodia gibba

(Ehrenberg) O.F. Miiller - - - - - - - 2-4 | - - - 104 Jalb| i [xo0f - -
Rhopalodia musculus

(Kiitzing) O.F. Miiller - - - 1 - - - - - - - - alb |mh | x - -
Sellaphora parapupula

Lange-Bertalot - - - - 1 - - - - - - - - - - - -
*Sellaphora pupula

(Kiitzing) Mereschkovsky 1 - 3 - 1 - 1 - 1 1 - 0.5 |ind | hl [x-0| ate | m-e
Stauroneis anceps Ehrenberg - - - - - - - - 1 - - 03 |ind | i | x | ate | m-e
*Staurosira construens

Ehrenberg 1 - - - - - - - - - - 1.3 Jalf [ i |[o | - -
Staurosirella pinnata

(Ehrenberg) D.M.

Williams & Round - - - - - - - - - 1 - - alf | hl |b-a| ate | o-e
*Stephanodiscus hantzschii

Grunow - - - - 1 - - - - - - 2.7 |alf | i |a-b|hne | he
*Surirella angusta Kiitzing 1 - - - 1 - - - 2 - - 1.1 Jalf | i |o |ate | e
Surirella linearis W. Smith 1 3 - 1-3 - - - - -3 ] - - 14 |ind | i |o-b| - |o-m
*Surirella minuta

Brébisson in Kiitzing 2-3 1 - - 1-2 1 - - 126 2 - | 1.85|ind | i |o-a| - ot
*Surirella ovalis Brébisson - - - 14 |1 - 1 - 1-3] - - - J|alf {/mh | o |ate | e
Surirella robusta Ehrenberg - - - - 1 - - 1 - - - 1.7 |ind | hb |b-0o| - hy
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*Surirella spiralis Kitzing 1 ) B ) B ) ) ) B R ) 10 Ineul i | o |ats | ot
*Surirella splendida

(Ehrenberg) Kiitzing - - - - - - 1 - - - - 1.5 |alf | i |o-b]| - |m-e
Surirella tenera W.

Gregory 2 - - 1 1 - 1 - - - - 1.0 Jalf [ i |[o | - e
*Tryblionella angustata

W. Smith - - - - 1 - - - - - - 108 |alf | i [x-bfats | m
*Tryblionella apiculata

Gregory 1 - - - - - - - - - - |22 |alf {/mh | b |ate | e
Tryblionella levidensis W.

Smith - - - - 2 - - - 1 - 1 |27 |alf | hl |a-b|ate | ¢
*Ulnaria ulna (Nitzsch) P.

Compeére in Jahn ef al. 1-5 1-4 1 |12 [1-4] 34 1-6 1-6 (46| 3 - 1.7 |ind | i |b-o| ate | hy
Chlorophyta

Acutodesmus acuminatus

(Lagerheim) Tsarenko - - - - 1 - - - - 123 - 22 |ind | i b - -
*Ankistrodesmus falcatus

(Corda) Ralfs - - - - 1 - - - - - - 2.1 - |hb | b - -
Chlamydomonas sp. - - - - - - - - 1 3 - 2.8 | - - |bp| - -

Chlamydopodium pluricoccum
(O.A. Korshikov)

H. Ettl et J. Komarek - - - 1 - - 1 - - - 3 - - - - - -
*Cladophora glomerata
(Linnaeus) Kiitzing 6 2-6 6 |26 |26 | 46 2 1-6 |34 6 [3-5]17 Jalf | i |b-o| - -
Closteriopsis acicularis
(Chodat) J.H.

Belcher & Swale - - - - - - - - 2 1 - 1.9 - i |o-a| - -
*Coelastrum astroideum
De Notaris - - - - - - - - 1 - (12120 | - - b - -
*Coelastrum microporum
Nageli - - - - 1 - - - - 1 1 21 |ind | i | b | - -
*Coelastrum sphaericu
Nageli - - - - 1 - - - - 3 - 1.0 | - i|o - -
*Crucigenia tetrapedia
(Kirchner) W.

West & G.S. West - - - - 1 - - - - - - 19 |ind | i |o-a| - -
*Desmodesmus abundans
(Kirchner) E. Hegewald - - - - 1 - - - - 1 - 1.8 - - |o-a| - -
*Desmodesmus armatus
(R. Chodat) E. Hegewald
var. armatus - - - - 2 - - - 1 - 12 119 - - |o-a| - -
*Desmodesmus armatus var.
bicaudatus (Guglielmetti) E.
Hegewald - - - - - - - - - - 2 |20 | - - | b - -
Desmodesmus armatus

var. spinosus (Fritsch & Rich)

E. Hegewald - - - - - - - - 1 - - - - - b | - -
*Desmodesmus intermedius
(R. Chodat) E. Hegewald - - - - - - - - - 1 - - - b | - -

*Desmodesmus maximus
(W. West & G. S. West)

E. Hegewald 1 - - - 11 - - - - - - 2.0 - - |b - -
*Desmodesmus opoliensis
(P. Richter) E. Hegewald 1 - - - 1 - - - - - - 122 - - lb | - -

*Desmodesmus perforatus
(Lemmermann) E.

Hegewald - - - - - - - - - - 1 - - - |- - -
*Dictyosphaerium
Pulchellum H.C. Wood - - - - 1 - - - - 12 - 23 |ind | i | b - -

Diplostauron sp. - - - - - - - - - 1 - - - - |- - -

Gloeocystis sp. 1 - - - - - - - - - - R B N
*Golenkinia radiata
Chodat - - - - 1 - - - - - - 19 | - i |o-a| - -
*Monoraphidium arcuatum

(Korshikov) Hindak - - - - - - - - - 1 - 2.1 - - |b - -
*Monoraphidium contortum
(Thuret) - - - - - - - - 1 - |1 J220-1-1b]|-]-
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Komarkova-Legnerova

*Monoraphidium griffithii
(Berkeley) Komark-
ova-Legnerova

22

*Monoraphidium irregulare
(G.M.Smith) Komark-
ova-Legnerova

Monoraphidium obtusum
(Korshikov)
Komarkova-Legnerova

1.2

Oedogonium sp.

*Qocystis submarina
Lagerheim

*Pandorina elegans
(Ehrenberg) Dujardin

2.2

*Pandorina mora
(O.F. Miiller) Bory de
Saint-Vincent

2.1

*Pediastrum duplex
Meyen

1.8

ind

*Pediastrum simplex
Meyen

1-2

1.5

Planctococcus
sphaerocystiformis
0. Korshikov

*Scenedesmus acuminatus
(Lagerheim) Chodat

34

Scenedesmus apiculatus
(W. West & G.S. West)
Chodat

Scenedesmus
caudato-aculeolatus Chodat

Scenedesmus obliquus
(Turpin) Kiitzing

2.0

Scenedesmus obtusus Meyen

2.0

Scenedesmus parvus
(G.M. Smith) Bourrelly
in Bourrelly et Manguin

Schroederia setigera
(Schroder) Lemmermann

1.7

b-o

Stigeoclonium carolinianum
Islam

*Stigeoclonium tenue
(C. Agardh) Kiitzing

2.8

b-p

*Tetraselmis cordiformis
(N. Carter) Stein

22

Tetrastrum elegans Playfair

1.5

0-b

*Tetrastrum
staurogeniaeforme (Schroder)
Lemmermann

2.2

*Uronema confervicola
Lagerheim

1.8

Charophyta

Chara vulgaris Linnaeus

1.1

*Closterium acerosum
Ehrenberg ex Ralfs

2.6

ind

a-b

Closterium ehrenbergii
Meneghini ex Ralfs

1.8

ind

0-a

Closterium pronum
Brébisson

*Closterium ruficeps
C.G. Ehrenberg

0.8

x-b

Closterium sp.

Coleochaete sp.

Cosmarium
punctulatum Brébisson

1.3

acf

hb

Copyright © 2010 SciRes.
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Debarya sp. - - - - 1 - - - - - - - - - - - -
*Koliella longiseta

(Vischer) Hindak - - - - - - - - - 2 - 2.1 - i |b - -
*Mougeotia sp. - 4-5 - - 1 - 1-2 56 | - - - 1.0 | - - o | - -

Nitella mucronata
(A. Braun) Miquel in
H.C. Hall - 6 - - - - - - - - - 1.3 | - - lo | - -
*Spirogyra sp. 2-6 6 - 6 3 - 2 5 - - - - - - - - -
Rhodophyta
Audouinella pygmaea
(Kiitzing) Weber-van Bosse 2-3 1-4 - - 126 - 1-3 - - - - 0.5 |alf | - |x0]| - -
**Batrachospermum
gelatinosum (Linnaeus)
De Candolle - - - - - - 6 - - - - 07 | - - lox| - -
*Hildenbrandia rivularis
(Liebmann) J. Agardh 6 6 - - - - - - - - - 04 | - - |xo0| - -
Total from our data
2006-2009 (232) 77 58 [32 ] 46 |[116 ] 25 74 29 |70 | 45 | 25
Prevoiously recorded
in references [3,16-36]
for the objects listed
in this Table (227) 8 53 12 6 |216 4 19 1 0 7 111
Totals for the

objects studied in
1887-2009 in the Upper
Jordan River Basin
(altogether 466) 81 101 [ 41 | 49 [289 | 29 90 29 170 | 49 121

Note: List of species found in the Upper Jordan River algal communities in 2006-2009 with abundance on the Korde scale [42] and autecological
preferences. Hal-halobity degree on the Hustedt’s [43] (hb—oligohalobes-halophobes, i—oligohalobes-indifferent, mh—mesohalobes, hl-halophiles;
oh—oligohalobes of whide specter with optimum as indifferent); pH-pH degree on the Hustedt’s [44] (alb-alkalibiontes; alf-alkaliphiles,
ind-indifferents; acf-acidophiles; neu—neutrophiles); S—degree of saprobity on the Pantle-Buck’s [45-47] (x—xenosaprobes, x-o—xeno-oligosaprobes,
o-x— oligo-xenosaprobes, x-f—xeno-betamesosaprobes, o—oligosaprobes, o-B—oligo-betamesosaprobes, -o—beta-oligosaprobes, f—betamesosaprobes,
B-a  —beta-alphamesosaprobes, B-p—beta-polysaprobes, o-o—oligo-alphasaprobes, o-f—alpha-betamesosaprobes, o—alphamesosaprobes,
i-i-eusaprobes); Nitrogen uptake metabolism [48] (ats—nitrogen-autotrophic taxa, tolerating very small concentrations of organically bound nitrogen;
ate—nitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen; hne—facultatively nitrogen-heterotrophic taxa, need-
ing periodically elevated concentrations of organically bound nitrogen; hce—obligately nitrogen-heterotrophic taxa, needing continuously elevated
concentrations of organically bound nitrogen); Trophic state [48] (ot—oligotraphentic; o-m-oligo-mesotraphentic; m-mesotraphentic; m-e—
meso-eutraphentic; e—eutraphentic; he—hypereutraphentic; hy—oligo-to eutraphentic (hypereutraphentic)); *—taxa, previously mentioned in references
for the Upper Jordan River and tributaries; **—first time finding taxa for Israel.

A dendrite (Figure 15), which was constructed by the Jordan River Basin communities, the species list of algae
paar-similarity calculating method, shows the closest and cyanobacteria were significantly enriched from 327
cross-sections of the algal communities’ diversity in the to 467 species and infraspecies belonging to seven divi-
studied rivers. The bold connection lines of the Upper sions. We found 232 taxa; 85 were mentioned for the
Jordan, Yehudiyya, and Meshushim rivers revealed the first time for the Upper Jordan River basin and three of
most similar communities. These rivers are very close to which were new for Israel. An historical analysis of the
each other and to Lake Kinneret. The Daliyyot River species richness dynamic in the Upper Jordan River algal
community was included in the Upper Jordan River communities shows that species richness has fluctuated
community, and the Banias was included in Yehudiyya. during the last century with peaks in 1951, 1965, 1978,

The Saar and Ayun rivers’ communities were included and 2009. Bio-indicators of major fluctuating environ-
in the Snir community. The Hula and Ram Lakes’ com- mental parameters revealed temperature stress at times
munities were not only the most different from the others, =~ when the taxonomic structure was changed — in the
but also different between themselves. Ram is a volcanic 1950s and in 1996. Salinity impacts occurred in 1938
crater lake and the Hula is a very different type of lake: and 2000; acidification in 1938, 1996, and 2000 and or-
see dramatic divergence in Figure 15. Therefore, the ganic pollution in 1996. Therefore, we can conclude that
dendrite revealed the internal relatedness of communities 1938, 1996, and 2000 were critical years for the Upper
of the rivers. This seems also connected with both hy- Jordan River ecosystem. As a result, indicators of the
drology and habitat height above sea level. Species-rich trophic status [48] showed the stress of organic pollution
communities from the lower part of the basin were the since the 1970s, marked by dramatic increases in eutra-
most similar, and communities of the lakes were most phentic and hypereutraphentic species.
different. Present data analyses of spatial distribution of algal

From the results of this investigation of the Upper =~ communities in the Upper Jordan River can be seen in

Copyright © 2010 SciRes. JWARP
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Figure 15. Dendrite of similar taxonomic structure on the rivers of the Upper Jordan basin constructed by the paar-similarity
calculating method on the basis of Serensen-Chekanovsky indices. The floristic core of the Upper Jordan River algal diversity

is marked by bold lines.

the three peaks of diversity fluctuation. This fluctuation
correlates with the impact of organic pollution (revealed
by the saprobity indices S) points on the river channel —
after the Masade village effluence, after the confluence
with three tributaries Snir, Banias and Ayun, and near the
entrance to Lake Kinneret (see Figure 1). A significant
amount of pollution was from the Masade village area in
winter, whereas in the dry summer, the Saar tributary
was desiccated. Organic pollution in the central and
lower sections of the Upper Jordan basin is found
year-round. It dose not damp, but rather stimulates the
species diversity. This difference can be reflected in the
orientation of each basin area: the Saar tributary is
east-west, but the Upper Jordan is north-south. It is im-
portant in the arid and semi-arid environments of the
Middle East [51].

4. Conclusions

The different approaches in comparing the diversity in
each river of the Upper Jordan Basin pointed to hydrol-
ogy as the most regulating factor in species composition
of the algal communities. Using comparative floristic
methods, we did not reveal any influence of the anthro-
pogenic pollution on the structure of algal communities
as a whole. However, it seems that streaming water,
which influenced the hydrology of the river, can be
marked as having a major impact, as was mentioned for
the rivers in the Mediterranean region [52,53]. Dramatic
seasonal changes in communities’ structure also pointed
to hydrology, which was different in dry and rainy sea-
sons, as we revealed for the central Israel riverine com-
munities [10]. On the other hand, the hydrology of the
river basin is a conservative factor, which correlates with

Copyright © 2010 SciRes.

the climate and topography of the region [4], rather than
with the effects of anthropogenic influence (especially
for the oligotrophic river, such as the Upper Jordan).
Statistical analysis shows indifferent relatedness of the
algal species diversity forming process and the anthro-
pogenic pollution influence in the Upper Jordan River
Basin as a whole. Our results also show the relatedness
to local climatic factors, which controlled species diver-
sity distribution on all diversity levels in the Mediterra-
nean climatic zone [54].

Therefore, since the algal species diversity of the Up-
per Jordan has been formed under the influence of re-
gional climatic factors, it can be currently recognized as
a natural system, with a high buffering and self-puri-
fication capacity.
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