BIOLOGY

MICROBIOLOGY

ABUNDANCE AND ACTIVITY OF HETEROTROPHIC BACTERIAL COMMUNITY
IN THE WATER COLUMN AND SEDIMENTS OF TEKIRGHIOL LAKE

FLORIN AONOFRIESEI

Ovidius University, Faculty of Natural Sciences, Blvd. Mamaia 124, 900527 Constanta
Email: microbiologie universitate f a@yahoo.com

Received January 3, 2007

The aim of the paper is to evaluate the bacterial abundance and microbial dehydrogenase activity in
hypersaline region of the Techirghiol Lake. Samples were taken during August—October 2006 from
two horizontal transects and one vertical profile. Water temperature ranged between 20.3°C and
20.8°C while salinity showed slight fluctuation from 57.27 g L™ to 70.3 g L. Organic matter
concentration was significant high during our observations and its distribution varied significantly
both horizontally and vertically. Total number of culturable bacteria ranged in the surface water from
18x10° CFU ml™ to 98x10°> CFU ml™ while vertically it had a peak of approximately 29x10° CFU ml”
"at 2.0 m depth. Abundance of bacteria estimated by direct microscopic count was 5 times higher
than the number of culturable bacteria but the vertical pattern of both parameters was more or less
similar. In the sediments, actual dehydrogenase activity was almost uniform ranging from 110 ng TPF
g wet mud day” to 135 pg TPF g’ wet mud day’. Potential dehydrogenase activity was more
patchiness depending on the organic substrata and site sampling and had values between 157 pg TPF
¢ wet mud day™ in the presence of glycerol at St. 7 and 810 ug TPF g wet mud day™ at St. 7 when
lactate was used as hydrogen donating substratum.
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INTRODUCTION

Hypersaline lakes defined as bodies of water
with a salinity range above the salinity of seawater
are characterized by shorter trophic chains and
high productivity due to the absence of predators'
Mass mortality of organisms allows the accumulation
of large amount of dead organisms in the water
column and sediments. Organic matter undergoes a
slower and sometimes incomplete degradation®”’.
Therefore, large quantities of organic matter
participate by means of both living and nonliving
processes in bottom regions to genesis of mud with
therapeutic properties. Slower breakdown of
organic matter is believed to be the particularity of
microbial community inhabiting the hypersaline
ecosystems. These microorganisms belonging
physiologically to halophilic group of bacteria are
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relatively well studied® . During the last decades
Tekirghiol Lake has experienced changes of its
natural saline regime. In some regions its waters
have progresively changed to brackish or even
freshwater salinity range. It is believed that the
main factor responsible for salinity changes is the
freshwater input with origin in the underground
water. At present, Tekirghiol Lake have three
distinct regions as salinity separated by artificial
dams, one hypersaline region, one with brackish
waters and one region with freshwater (Fig. 1). The
organism community has completely changed in
region of freshwater concomitantly with absence of
therapeutic mud production. Tekirghiol Lake is
relatively well known in regard of its biological
community and its changes of productivity and saline
regime have been well studied and documented
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over time'*"’. Since the salinity seems to be the
critical factor regulating the biological productivity
and most important the production of therapeutic
mud, it is important to assess the extent to which
living organisms has changed in consequence of
salinity modifications. The present paper has the
aim to evaluate some aspects of microbial
abundance and activity in hypersaline region of the
lake as first step to a comparative study with other
two regions and to address the question how the
microbial community could change not only in
terms of abundance but also as activity.

MATERIAL AND METHODS

Sampling site. Samples were taken from eight stations
(Table 1), located on two horizontal transects (Fig. 1).

Table 1
Spatial coordonates of stations
GPS
St. 1 44°03°33 N 28°36’46 E
St. 2 44°03°31 N 28°36°28 E
St. 3 44°03°26 N 28°36’35 E
St. 4 44°03°21 N 28°36’42 E
St. 5 44°03°12 N 28°36’58 E
St. 6 44°02°38 N 28°37°23 E
St. 7 44°02°55 N 28°38°60 E
St. 8 44°02°59 N 28°38’10 E

Vertical profile of water column consisted of six vertical
points at the level of station 6. Additionally, we sampled
sediments at depth ranging from 6 to 9 m at stations 6, 7 and
8. At each stations we sampled five to eight sediment cores.
Water samples were taken with a Nansen bottle while mud
was sampled with a Petersen grab instrument.

Fig. 1. Distribution of stations.

Bacterial abundance was recorded both by direct
microscopic count and cultivation technique. For direct counts
cells were harvested from water samples by centrifugation at
10 000 rpm/min, 5 min. Subsequently, a small aliquote of
concentrated sample (0.1 ml) was placed on a clean sterile
microscopic slide, covered with coverslip and cells were
counted in phase contrast at 1000x magnification with a
Novex microscope equiped with a high resolution digital
camera (Euromex). For each sample it has been counted ten
microscopic fields, the average count was expressed as
number cells/ml by using an appropriate conversion factor.

Total heterotrophic culturable bacteria. The total
number of culturable bacteria was counted on Nutrient Agar:
bactopeptone Difco, 5.0 g; beef extract Difco, 5.0 g; agar-agar,
15.0 g; NaCl 55.0, 1000 ml; pH=7.6-7.8.

Dehydrogenase activity was assayed as described by
Cassida®® with slight modifications. Sediment samples were
taken from three different stations (St. 6, St. 7 and St. 8) with a
Petersen grab instrument at depths ranging from 6 to 8§ m. A
sterile glass tube was used to subsample in laboratory a central
core of mud which was subsequently weighted and placed in
sterile test tubes. Potential dehydrogenase activity was assayed
by using glucose, sodium lactate and glycerol as hydrogen-
donating substrata. Each gram of mud received 1 mL of 0.5 M
substratum, 1 ml phosphate buffer (pH=7.4) and 1 ml of 2,3,5
— triphenytetrazolium chloride (TTC) (3% wi/vol). Actual
dehydrogenase activity has been determined by adding to one
gram of mud 1 ml TTC (3% w/vol), 1 mL of sterile water and
1 ml of phosphate buffer (7.4). Mud blank received 2 ml of
water and 1 ml of phosphate buffer (7.4) per gram. All
experimental variantes were prepared in triplicate. Samples
were shaken and incubated at 28°C for 24 h. Subsequently,
triphenylformazan (TPF) was extracted by using a mixture of
96° ethyl alkohol and acetic acid (20:1). Extracted solutions
were read at 485 nm by using a Spektronic 20D
spectrophotometer. The values obtained were compared
against a standard curve and they are recorded as pg/gram wet
mud. Statistical analysis was done with Statistica 5.5.A
software package (StatSoft, Inc., Tulsa, USA).

RESULTS AND DISCUSSIONS
Physicochemical parameters

Horizontal distribution of inorganic nutrients
has proved significant fluctuation. Salinity exhibited
moderate variability ranging from 61.46 g L™ to
68.8 g L' while organic matter concentration
varied strongly on small distance between 25.5 g L™
and 109.1 g L (Fig. 2a). Nitrates and phosphates
progresively decreased from St. 1 to St. 8 (Fig. 2b, c).
We did not find a significant correlation between
these parameters suggesting that the water
dynamics would be the main responsible factor of
horizontal distribution of nutrients. On vertical
profile, salinity and organic matter demonstrated a
tendency to decrease from surface to bottom.
Decreasing was sharply between 1.0 and 3.5 m
after that these parameters were more or less
constant with depth.
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No significant correlations were found between
depth on the one hand and organic matter and
salinity on the other hand but vertical distribution
of salinity and organic matter correlated strongly
positive each other ( 1=0.93).
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Fig. 2. Horizontal distribution of salinity, organic and
inorganic nutrients: a — salinity and organic matter;
b — phosphates and nitrates; ¢ — ammonium.

Salinity and organic matter pattern seemed a
little unsual at first sight, but probably higher
salinity from surface water layer was compensated
by increased volume due to the higher temperature
in comparison with bottom water. This layer has
been exposed to strong sunlight and to intense

evaporation during the day. A little more dense
than the water below, this layer accumulated
organic matter by preventing the settling of
particles from to bottom layer. Inorganic nutrients
had an opposing trend with depth. Nitrates
decreased with depth suggesting that their
production was more intense in the surface water
with high organic load.
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Fig. 3. Vertical profile of salinity, organic and inorganic
nutrients: a — organic matter and salinity; b — nitrates,
phosphates and NH,,".

As opposed, phosphates had the tendency to
increase with depth indicating an increased uptake
in the surface layer by bacteria and phytoplankton
as a result of their intense metabolic activity.

Bacterial abundance

Abundance of culturable bacteria showed
significant fluctuations as horizontal distribution,
ranging from 18x10° cell mL™ to 98x10° cell mL"
(Fig. 4). Presence of living and nonliving
particulate matter, and water movements itself
support a very dynamic environment and the
abundance of bacteria cannot often correlate
apparently with most physicochemical parameters.
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We recorded indeed horizontal variations of
inorganic nutrients, salinity and organic matter, but
without a clear connection with bacterial
abundance. Most probable, in the absence of a
sharp physical gradient the horizontal distribution
of bacteria and nutrients was mainly regulated by
small scale water dynamics.
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Fig. 4. Horizontal profile of abundance of culturable bacteria.

We have recorded simultaneously the vertical
abundance of bacteria by both direct microscopic
count and cultivation methods on a vertical profile
from 0.5 to 9.0 m depth.
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Fig. 5. Abundance of culturable bacteria in the water column.

Culturable bacteria increased in number slightly
from 0.5 to 2.0 m after that their abundance
lowered slowly with depth (Fig. 5). In general,
abundance as revealed by direct microscopic count
had more or less similar trend with vertical profile
of culturable bacteria (Fig. 6). Lower numbers in
superficial layer were followed by two peaks at 2,0
and 6.0 m (about 1,7x10° cell mL™") that decreased
afterwards to about 0.79x10° cell mL™" in bottom
water (Fig. 6). Vertical profile of direct count and
culturable bacteria correlate weak positively each
other (r=0.87). It should be noted the obvious

discrepancy between direct count measurements
and cultivations determinations, first showing a
value of 5x higher than the plate count abundance.
Culturability of bacteria in aquatic environments
has been extensively disscussed®'.
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Fig. 6. Abundance of total count in the water column.

It has been reported that direct microscopic
count can reveal a number of bacteria of 10 to
100x higher than cultivation techniques™. This
wide range of percent of culturable bacteria
demonstrate that their ability to grow on rich
nutrient laboratory media might vary for different
habitats™>**. We have observed a differential ability
of bacteria from Tekirghiol to grow on nutrient
agar. One group of bacteria was fast growing
giving countable colonies only after 24—48 h while
a second group was slow growing with visible
colonies after 67 days of incubation.

Dehydrogenase activity

Actual activity in mud samples proved a
reduced variability at the three stations, ranging
from 110 pg TPF g day™ to 135 pg TPF g day™
(Fig. 7). This pattern suggested that in situ organic
loading and available hydrogen-donating substrata
were quantitatively less or more similar in space.
Enrichment of sample mud with organic substrata
enhanced dehydrogenase activity and it has been
found a heterogenous response that varied
significantly not only with chemical structure of
donors but also as level of spatial intensity of
dehydrogenase activity. High activity of
dehydrogenase was recorded in the presence of
glucose, ranging from 394 TPF g day™ (St. 6) to
680 TPF g day™' (St. 8) while glycerol supported
less intense activity (Fig. 7). Lactate significantly
increased dehydrogenase activity at St. 7 (520 TPF
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g day™) exceeding the level recorded for glucose
(Fig. 7). Since potential activity is 3 to 5 times
higher than actual activity, it can be assumed that
in situ available organic substrata could quantitatively
limit the microbial activity in sediments.
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Fig. 7. Actual and potential dehydrogenase activity
(ug TPF g mud day™) in sediment samples collected from
St. 6 (a), St. 7(b) and St. 8 (¢).

On average, potential dehydrogenase activity
significantly increased in mud samples collected at
St. 8 in comparison with activity recorded at two

another stations (Fig. 7). This fact in connection
with a more uniform actual activity suggested that
the three stations might be similar in respect of
their organic loading. At the same time, the
differential need for different hydrogen donors
indicated a diverse microbial community as
composition and activity. In general, dehydrogenase
assay reflects the intensity of in situ microbial
metabolism although there are reports showing that
some microorganisms existing in a natural sample
lack the ability to reduce in vitro TTC?. A series
of environmental factors may affect dehydrogenase
activity’®*® and there is no a clear relationship
until present between TTC reduction and
abundance of total microbial community®>'.
Supplementary data are needed to estimate
accurately the microbial activity in Techirghiol
Lake by using dehydrogenase as a main assay in
the ecologically oriented studies. In this sense,
there are necessary further researches regarding the
particularities ~ of  dehydrogenases  activity
associated with different conditions in sediments
such as aerobiosis/anaerobiosis, its relation with
specific kind of organic matter (high molecular
weight/low  molecular weight compounds),
influence of salinity and its interference with
content of organic matter.

Microbial mat composition

We have also made some preliminary observations
regarding the diversity of microbial community
existing in shallow sediments rich in organic
matter and exposed to sunlight. In hypersaline
environments mat-like acumulation of microorganisms
forms complex ecosystems®>>® at milimeter scale,
including a wide variety of photosynthetic,
chemoautotrophic and chemoorganotrophic
organisms. Within the mat microorganisms are
highly ordered in space and connected each other
by their metabolic activities®”**. Microbial mats are
commonly found at the sediment/water interface in
more or less extended areas of sublittoral zone of
the Tekirghiol Lake. Microscopic investigation
revealed that microbial mat covering the upper
region of sediments consisted mainly of three
groups of organisms: cyanobacteria, purple sulfur
bacteria and sulfur nonphotosynthetic bacteria.
During our investigation the microbial mat was
predominantly pink-redish in colour due to the
massive growth of purple phototrophic bacteria.
The most abundant community belonged of
Chromatium sp. (Fig. 8 a,b,c).
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The community was located in the deeper
anaerobic region of the mat. Chromatium
organisms are phototrophic sulfur bacteria and they
are commonly described in hypersaline waters **.
They inhabit the anaerobic region of the mat and
can grow at weak intensity of light of only 1% of
total direct sunlight due to their specific
assimilatory pigments”. Cells are highly motile
and can move vertically to horizons optimal as
light intensity and  hydrogen sulfide
concentration®'. H,S is supplied from underlying
black layer rich in sulfate reducing bacteria and it
is oxidized by Chromatium organisms to another
sulfur intermediates. Their abundance and position
within the mat reflect a balance between light
intensity and hydrogen sulfide concentration®”. The
upper region of the mat is colonized by
cyanobacteria that need sunlight and provide the
community with oxygen and organic substrate. In
Tekirghiol Lake at the interface sediment/water we
found a relatively abundant community of
filamentous cyanobacteria belonging to Phormidium
(Fig. 9 a, b) and Oscillatoria genera (Fig. 9 c).
They support the growth of a rich aerobic
heterotrophic bacteria community living within the
top oxic region. The position of cyanobacteria may
be variable within the mat since they can move
vertically depending the light intensity**. At higher
intensity of light they usually reach a deeper
horizon to avoid UV damage®. At the boundary
where oxygen and H,S overlap abundant
populations of Beggiatoa (Fig. 10 a, b, ¢) formed a
third layer. Beggiatoa requires simultaneously H,S
and O, for metabolism and their position within
mat is regulated by the redox conditions. During
the day these organisms may be found close to the
black region rich in sulfide while at night they can
reach the surface layer of the mat. Well developed
mats may be found often in aquatic oligotrophic
habitats* since they are very productive
ecosystems due to the efficient nutrient cycling. A
careful analysis of conditions in which microbial
mats develop in Tekirghiol Lake may reveal some
distinct particularities of primary source of organic
carbon. Here the microbial mats flourish on the
massive accumulation of dead bodies of brine
shrimps and macrophites. Enhanced degradation of
organic matter generates anaerobiosis and high
amounts of hydrogen sulfide which in turn
stimulates a rich sulfur bacterial community. At the
same time anaerobiosis limits the growth of
aerobic heterotrophic bacteria only in the upper
region of the mat where they can find oxygen

enough. Thus we suppose that microbial mat might
have a critical role in genesis of therapeutic mud
on the sediments of Tekirghiol Lake. Microbial
mat functioning prevents the complete degradation
of organic matter by maintaining the anaerobiosis
and favours the accumulation of organic substrata
that gives therapeutic properties to the mud. The
high salinity is the key factor for optimal activity
of microbial mats from Tekirghiol Lake. It favour
not only the high productivity of the lake but also
particular decomposition processes. It has been
observed in other aquatic habitats that salinity
changes as result of fresh water input might alter
and eliminate the microbial mats**® changes
clearly observed in brakish and freshwater regions
of the Tekirghiol Lake. In the absence of these
microbial systems therapeutic mud cannot
accumulate. Therefore, among other topic of
research, investigation of microbial mats
biochemistry and activity from Tekirghiol Lake
might contribute to a better understanding of
therapeutic mud production.

CONCLUSIONS

During our observations the bacterial abundance
as revealed by direct microscopic count and
cultivation techniques was relatively high in the
water column. This rich bacterial community was
supported by high organic load consisting mainly
of brine shrimp and macrophites bodies.
Dehydrogenase activity suggested an intense
microbial metabolism in the sediments. The high
discrepancy between actual and potential
dehydrogenase could indicate that microbial
activity would be limited by the availability of
suitable organic substrata. Since the organic load
was significant high during our observations the in
situ limited dehydrogenase activity could be
explained most probably by competition of
microorganisms for low molecular weight organic
substrata in sediments. Probably, macromolecules
were the major part of organic matter that should
be first converted to simple compounds before
feeding the metabolism of most bacterial groups in
the sediments. Microbial mats covering the
sediments consisted mainly of sulfur purple
bacteria, cyanobacteria and sulfur non-photosynthetic
bacteria. Their activity is essential for accumulation
of important quantities of intermediate products of
anaerobic metabolism and play a critical role in
therapeutic mud genesis.



Abundance and activity of heterotrophic bacterial community

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Javor B. Hypersaline environments: microbiology and
biogeochemistry, Springer-Verlag KG, Berlin, 1989,
220.

Franzmann P.D., The microbiota of saline lakes of the
Vestfold Hills, Antarctica, 1991, 9-14 p. In
F. Rodriguez-Valera (ed.), General and applied aspects
of halophilic microorganisms. Plenum Press, New York,
NY.

Galinski E.A. and Truper H.G., Microbial behaviour in
saltstressed ecosystems, FEMS Microbiol. Rev., 1994,
15:95-108.

Ventosa A., Nieta J.J., Oren A., Biology of Moderately
Halophilic Aerobic Bacteria, Microbiol Mol Biol Rev,
1998, 62: 504-544.

Oren A., Diversity of halophilic microorganisms:
Environments, phylogeny, physiology and application,
Journal of Industrial Microbiology and Biotechnology,
2002, 28: 56-63.

Ollivier B., Caumette, P., Garcia J.P., Robert A., Mah R.A.,
Anaerobic Bacteria from Hypersaline Environments,
Microbiol Rev. 1994, 27: 38-58.

Bennloch S., Acinas S.G., Martinez-Murcia A.J.,
Rodriguez-Valera F., Description of prokaryotic
biodiversity along the salinity gradient of a multipond
solar saltern by direct PCR amplification of 16S rDNA,
Hydrobiol, 1996, 329:19-31.

Canovas D., Vargas, C., Csonka L.N., Ventosa A. and
Nieto J.J., Osmoprotectants in Halomonas elongata:
high-affinity betaine transport system and choline-
betaine pathway, J. Bacteriol, 1996, 178:7221-7226.
Canovas D., Vargas, C., Iglesias-Guerra, F., Csonka, L.,
Rhodes, D., Ventosa, A., J.J. Nieto, Isolation and
characterization of salt-sensitive mutants of the
moderate halophile Halomonas elongata and cloning of
the ectoine synthesis genes, J. Biol. Chem. 1997,
272:25794-25801.

Coronado M.J., Vargas, C., Kunte, H.J., Galinski, E.A.,
Ventosa, A., Nieto J.J., Influence of salt concentration on
the susceptibility of moderately halophilic bacteria to
antimicrobials and its potential use for genetic transfer
studies, Curr. Microbiol. 1995, 37:365-371.

Cummings S.P., Gilmour D.J., The effect of NaCl on the
growth of Halomonas species: accumulation and
utilization of compatible solutes, Microbiology, 1995,
141:1413-1418.

Doronina N.V., and Trotsenko Y.A., Aerobic methylotrophic
bacterial communities of hypersaline ecosystems,
Microbiology, 1997, 66:130—136.

Fernandez-Castillo R., Vargas C., Nieto J.J., Ventosa A.,
and Ruiz-Berraquero F., Characterization of a plasmid
from moderately halophilic eubacteria, J. Gen.
Microbiol. 1992, /38:1133-1137.

Tuculescu 1., Biodinamica lacului  Techirghiol.
Biocenozele si geneza namolului, Ed. Acad. Rom.,
Bucuresti, 1965, 400 p.

Aonofriesei F. Raspunsul fiziologic global al
comunitatilor  microbiene  heterotrofe din  Lacul
Techirghiol fata de fluctuatia salinitatii, Ann. Univ.
"Ovidius" Constanta, Romania, Ser. Biol.-Ecol., 1999,
1I: 49-62.

Aonofriesei F., Diaconu P., Modificarea unor parametri
microbiologici ai namolului din Lacul Techirghiol ca
urmare a prelevarii si utilizarii in tratament, 1999, Ann.
Univ. "Ovidius" Constanta, Ser. Biol.-Ecol., II: 63—74.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dumitru L., Faghi, A-M., Zarea G., Distributia
cantitativa a unor microorganisme moderat halofile, in
apa §i sedimentele lacului Techirghiol, St. Cerc. Biol.,
Biol Veget., Bucuresti, 1996, 48 (2), 155-159.

Pasca D., Muntean V., Crisan R., Pintea H., Zborovschi
E., lliescu M., Iliescu C., Dragan-Bularda M., Kiss S.
Evolution of the enzymatic potential of mud in the
Techirghiol salt lake, Evol. Adap., Cluj Napoca, 1991, 4,
119-123.

Muntean V., Crisan R., Pagsca D., Kiss S., Dragan-
Bularda M., Enzymological classification of salt lakes in
Romania, Int. J. Salt Lakes Res., 1996, 5, 35-44.

Casida L.E. Microbial metabolic activity in soil as
measured by dehydrogenase determinations, Appl Env.
Microbiol, 1977, 34, 6: 630-636.

Cottrell T.M., Kirchman D., Community composition of
marine bacterioplankton determined by 16S rRNA gene
clone libraries and fluorescence in situ hybridizatio,.
Appl. Env. Microbiol., 2000, 66: 5116-5122.

Eilers H., Pernthaler J., Glockner F.O., Amann R.,
Culturability and in situ abundance of pelagic bacteria

from the North Sea, Appl. Env. Microbiol., 2000, 66:

3044-3051.

Rehnstam A. S., Backman S., Smith D.C., Azam F.,
Hagstrom A., Blooms of sequence-specific culturable
bacteria in the sea, FEMS Microbiol. Ecol., 1993, 702:
161-166.

Pinhassi J., Zweifel U.L., Hagstrom A., Dominant
marine bacterioplankton species found among colony-

forming bacteria, Appl. Env. Microbiol, 1997, 63:

3359-3366.

Praaven-Kumar J.C.T., 2,3,5 — Triphenyltetrazolium
chloride (TTC) as electon acceptor of culturable soil
bacteria, fungi and actinomycetes, Biol Fertil Soil, 2002,
38: 186-189.

Mahmoud N.S., Ghaly A.E., Influence of Temperature
and pH on the Nonenzymatic Reduction of
triphenyltetra-zolium chloride, Biotechnol Prog. 2004,
20: 346-353.

Nweke C.O., Okolo J.C., Nwanyanwu C.E., C.S., Alisi
Response of planktonic bacteria of New Calabar River to
zine stress, Afr. ] Biotechnol, 2006, 5 (8): 653—658.
Menezes Bento F., Anastacio de Oliveira Camargo F.,
Okeke B., Frankenberger W.Th., Biorremediation of soil
contaminated by diesel oil, Braz J. Microbiol, 2003, 4:
5-68.

Zelles L., Adrian P., Bai Q.T., Stepper K., Adrian M.V.,
Fischer K., Maier A., Ziegler A. Microbial activity
measured in soils stored under different temperature and
humidity conditions, Soil Biol. Biochem, 1991, 23:
955-962.

Guerra R. JTacondini A., Abbondanzi F., Matteucci C.,
Bruzzi L., 4 new microbial assay for the toxicity
detection of contaminated soils, Ann Chim. 2002,
92(9):847-54.

H. Li H., Zhang Y., Zhang C.G. and Chen G.X., Effect
on Bacterial Diversities and Enzymatic Activities in a
Paddy Soil Irrigation Area, of Petroleum-Containing
Wastewater Irrigation 2005, J Environ Qual 34:
1073-1080.

Guerrero M.C. De Wit, R. Microbial mats in the inland
saline lakes of Spain. Limnetica, 1992, 8: 197-204.
Caumette P., Matheron R., Raymond N. Relexans J.-C.
Microbial mats in hypersaline ponds of Mediterranean
salterns  (Salin-de-Giraud, France), 1994, FEMS
Microbiol Ecol 13, 273-286.



10

Florin Aonofriesei

34.

35.

36.

37.

38.

39.

40.

Jonkers H.M., R. Ludwig R. de Wit O. Pringault G.
Muyzer H. Niemann N. Finke D. de Beer, Structural and
functional analysis of a microbial mat ecosystem from a
unique permanent hypersaline inland lake: “La Salada
de Chiprana” (NE Spain), 2005, FEMS Microbiol Ecol,
44:175-189.

Canfield D.E., Serensen K.B., Oren A., Biogeochemistry
of a gypsum-encrusted microbial ecosystem, 2004,
Geobiology, 2:133-150.

Sorensen K.B., Canfield D.E., Teske A.P., Oren A.,
Community composition of a hypersaline endoevaporitic
microbial mat, 2005, Appl Env Microbiol, 71, 1I:
7352-7365.

Stal L.J.,, Caumette P., Microbial Mats; Structure,
Development and Environmental Significance, 1994,
Ecological Sciences,Springer-Verlag, Berlin.

Van Gemerden H., Microbial mats: a joint venture,
1993, Mar. Geology /13: 3-25.

Des Marais D.J.,, Biogeochemistry of Hypersaline
Microbial Mats Illustrates the Dynamics of Modern
Microbial Ecosystems and the Early Evolution of the
Biosphere, 2003, Biol. Bull. 204: 160-167.

Caumette P., Ecology and physiology of phototrophic
bacteria and sulphate-reducing bacteria in marine
salterns, 1993, Experientia, 49:473—-481.

41.

42.

43.

44.

45.

46.

Jorgensen B.B., Cohen Y., Des Marais D.J,
Photosynthetic action spectra and adaptation to spectral
light distribution in a benthic cyanobacterial mat, 1987,
Appl. Environ. Microbiol. 53: 879-886.

Jorgensen B.B., Des Marais D.J., Optical properties of
benthic photosynthetic communities. fiber optic studies
of cyanobacterial mats, Limnol. Oceanogr., 1988, 33:
99-113.

Garcia-Pichel F., Cyanobacteria. In: Encyclopedia of
Microbiology, 2nd ed., Vol. 1. J. Lederberg, ed.
Academic Press, San Diego, 2000, 907-929.

Javor B., Nutrients and ecology of the Western Salt and
Exportadora de Sal Saltern brines. In: Sixth
International Symposium on Salt, B.C. Schreiber and H.
L. Harner, eds., 1983, Salt Institute, Alexandria, VA,
195-205.

Valero-Garces B.L., Navas A., Machin J., Stevenson T.,
Davis B., Responses of a saline lake ecosystem in a
semiarid region to irrigation and climate variability. The
history of Salada Chiprana, central Ebro basin, Spain.
Ambio, 2000, 29: 344-350.

Diaz P., Guerrero M.C., Alcorlo P., Baltanas A., Florin M.,
Montes C., Anthropogenic perturbations to the trophic
structure in a permanent hypersaline shallow lake: La
Salada de Chiprana (north-eastern Spain), Int. J. Salt
Lake Res., 1998, 7: 187-210.



