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1. Introduction
It is determined that crude oil which reaches the deepest 
marine water layers is being degraded by microbial 
populations very slowly due to a high pressure, and 
therefore the most resistant fractions of crude oil and 
its products survive for many years and even decades. 
A complete destruction without hydrocarbon-degrading 
microorganisms is impossible [1].

Biological degradation of hydrocarbons is actually due 
to the oxidation-reduction reaction where hydrocarbons 
release electrons and the acceptor of the electrons is 
reduced (joins electrons to itself). Aerobic microorganisms 
use only molecular oxygen (O2) as an acceptor of 
electrons, whereas anaerobic microorganisms use 
compounds, such as nitrates, iron oxide, sulphates and 
carbon dioxide, as acceptors of electrons. Hydrocarbons 
are more rapidly degraded by aerobic microorganisms; 
therefore, they are often applied to clean up hydrocarbon 
contaminants in the environment [2].

An anthropogenic effect on aquatic organisms 
as filters firstly manifests through the changes in the 
qualitative and quantitative composition of microbiota of 
the digestive tract: disturbance of the balance of bacterial 
communities, weakening of the ferment functions of 
bacterioflora, and the change in evolutionary ratios 
between macro- and microorganisms. Crude oil and its 
products getting into a water ecosystem have different 
effects on autochtonous bacteria: they can be toxic to 
some microorganisms while other microorganisms can 
use them as the only source of carbon and energy. In 
such a way the ecosystem of the digestive tract fills up 
with hydrocarbon-degrading bacteria [3-8].   

The formation of the microorganism populations 
in the digestive tract of fish was found to take place 
directly through the surrounding environment. 
Microorganisms compete for the feeding substrates, 
and with an occurrence of new substrate in the 
environment, quantitative and qualitative changes 
take place in the endo-system of the macroorganisms.  
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Abstract:  The abundance, composition and hydrocarbon-degrading bacteria, as possible biomarkers of contamination with oil hydrocarbons, 
of autochthonous and alochtonous microbiota of the digestive tract of rainbow trout have been estimated. The samples of the bottom 
sediments for microbiological tests have been collected and a response of natural bacterial communities  in the digestive tract of rainbow 
trout and nutritional changes has been investigated. Experimental fish have been fed with a mixture of three substances with the aim to 
assess the influence of hydrocarbon-degrading bacteria contained in the sediments on the microbiota of rainbow trout’s digestive tracts. 
The abundance values of rainbow trout intestinal heterotrophic bacteria were found to change depending on alochtonous microbiota of 
different bottom sediments given to the experimental fish with food in vitro. According to the results of our research, it is likely that the 
changes in the abundance values of the microbiota of the digestive tract of fish and in the proportions of functional groups of the bacteria 
allow us to determine changes in the functional activity of bacteria depending on food composition. Any relative increase or decrease of 
abundance or activity of alochtonous microbiota allows the prediction of  toxic effects of the contaminants on animals and the environment.
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Changes in microbiota of rainbow trout

Therefore, intensification of fermentation activity of 
bacteria of one or even several functional groups and at 
the same time inhibition or even elimination of other groups 
can take place. This causes changes in the metabolites 
excluded by the microorganisms, which affect the 
physiological status, productivity and the immune system 
of an animal. The narrower the spectrum of the qualitative 
composition and the abundance of microorganisms, 
the less are the possibilities for the microorganisms 
to adapt to the changing feeding substrates 
[9-11].  According to Nayak [9]  the common bacterial 
colonizers in the gastrointestinal tract of freshwater and 
marine fish include Vibrio, Aeromonas, Flavobacterium, 
Plesiomonas, Pseudomonas, Enterobacteriaceae, 
Micrococcus, Acinetobacter, Clostridium, Fusarium and 
Bacteroides, which may vary from species to species as 
well as the environmental conditions.

Earlier we established that in the intestinal tract 
of the fish from the Curonian Lagoon (the Baltic Sea 
basin) oil hydrocarbons are degraded by: Aeromonas 
allosacharophila, Aeromonas eucrenophila, Aeromonas 
media and Pseudomonas flavescens [12].   

Given the above we can state that crude 
oil hydrocarbon-degrading bacteria (HDB), as 
microbiological biomarkers of the contamination of the 
digestive endosystem of aquatic animals with crude 
oil and its products, allow evaluation  and prediction of 
a toxic effect of the contaminants on animals and the 
environment because  normal microbiota of the digestive 
tract of animals is a primary target for the substances 
to get into the animal’s organism from the environment. 
Therefore investigation of bacterial communities of the 
digestive endosystem of aquatic animals is of prime 
importance when settling ecotoxicological, physiological 
and other biological problems with the purpose of 
maintaining a normal microbiota in the animal’s 
organism [4-7]. 

A possible effect of water ecosystem sediments on the 
changes in the bacterial communities of the digestive tract 
of aquatic animals has not been sufficiently investigated. 
As most  biogenic substances and contaminants get into 
marine waters from rivers and occasionally from semi-
closed lagoons, the ecotoxic effect of the sediments 
should be estimated in the zones of river deltas. The 
Curonian Lagoon is a water basin linking the Nemunas 
River with the Baltic Sea and accepting and settling 
wastes from the Nemunas and other rivers. The Lagoon 
has two sources of the maximal concentration of crude 
oil hydrocarbons: the Nemunas River mouth reaches 
and the Klaipėda Port aquatic area. All wastes getting 
into small water bodies sooner or later accumulate in the 
ultimate wastewater basin, the Curonian Lagoon, and 
later get into the Baltic Sea [13,14].

The Curonian Lagoon is a shallow freshwater body 
which though separated from the Baltic Sea by a narrow 
spit, still belongs to the Sea basin. The Curonian Lagoon 
is a junction reservoir receiving the flow of the Nemunas 
River and acting as a sedimentation basin. Thus the aim 
of the work is to assess the effects of the ecological risk 
of the sediments of different habitats on the bacterioflora 
of the digestive tract of the fish in vitro. 

2. Experimental Procedures
Microbiological investigations have been carried out 
at the Laboratory of Genotoxicology of the Institute of 
Ecology of Nature Research Centre, Vilnius, Lithuania. 
Rainbow trout (Oncorhynchus Mykiss) adults were 
obtained from the Žeimena Fish Hatchery (Švenčionys 
District, Lithuania) and kept in  holding tanks of 
about 2,000 L capacity supplied with flow-through 
artesian aerated water at the Laboratory of Ecology 
and Physiology of Hydrobionts of the same Institute. 
Physical and chemical water characteristics were: 
8–10°C water temperature, pH 7.0–7.6, 9–10 mg L-1 

oxygen concentration and 250 mg/l (CaCO3) average 
total hardness.

The samples of the bottom sediments were 
collected using a dredge of a special construction, 
allowing selective collection at the surface (0–3 or 
0–5 cm) or at deeper (5–0 or 10–5 cm) layers. Water 
samples have been collected using samplers of various 
designs at selected sampling stations. The sediments 
and water samples have been placed in glass or plastic 
vessels, transported immediately to the laboratory and 
analyzed or prepared for the biotests during the same 
day.

The total body mass of fish ranged from 50.1±1.6 
to 52.8±1.5 g. Toxic effects of the bottom sediments 
on adult fish have been investigated according to the 
method suggested by Pereira [15], with negligible 
changes (concerning the amount of the sediments 
supplement) to this method. The amount of the tested 
sediments added to the usual fish food (i.e. sediments 
supplement) was lowered to 1/3 of the total fish food 
weight.  During the experiments (14 days) the collected 
samples of the bottom sediments were kept in a 
refrigerator at -20°C. The tested fish were fed daily 
until satiety with a mixture of three substances: bovine 
spleen (1/3), commercial DANA FEED fish food (1/3) 
and sediments supplement (1/3). Before fish feeding 
all the constituents have been attentively and carefully 
mixed. The control fish were fed with a mixture of 2 
substances: bovine spleen (1/2) and commercial 
DANA FEED fish food (1/2).    
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The samples of the bottom sediments for the 
microbiological tests have been collected according 
to NATO/CCMS Pilot Study Programme [16]. They 
were collected from the Avandelta near the Atmata 
River (northern branch of the Nemunas Delta), from 
the Atmata River after the inflow of the Minija River (at 
Nida), and from the Aklas Stream (artificial channel). 

For the assessment of the changes in the 
microbiota of the digestive tract of rainbow trout, we 
have examined 10 individuals per each separate 
habitat and control fish. All the fish were washed with 
distilled water, the surface having been cleaned with 
wool pads wetted with ethyl alcohol. That was done  
to prevent outside microbiota  from contaminating the 
digestive system of the fish; the digestive system was 
aseptically prepared. 

The populations of aerobic and facultative anaerobic 
heterotrophic bacteria in the digestive system of fish 
have been counted using a dilution plate technique 
[17]. The surface of the rainbow trout specimens was  
sterilised with 95℅ ethanol and then fish were  dissected 
to remove their digestive tract. The content of the 
digestive tract was removed onto sterile Petri dishes. 
Each experiment set involved ten specimens of the fish. 
All digestive tract samples were weighed and placed 
into a test tube, and then nine volumes of diluents were 
added. The tenfold dilution was  done serially. The least 
dilutions (0.1 ml), expected to give 30 to 300 colony-
forming units (CFU), were plated in triplicate on solid 
media. Incubation was carried out aerobically at 20ºC for 
seven days, except for MacConkey agar plates, which 
were incubated at 37ºC for 7 days. The number of CFU 
in the digestive tract of the trout has been established on 
five media: tryptone soya agar (OXOID) was chosen for 
isolation of the total heterotrophic bacteria (THB); milk 
agar for proteolytic bacteria (PB) as a separate group 
of THB, PB were identified according to the zones of 
protein (casein) hydrolysis on milk agar; MacConkey 
agar (OXOID) was used for total coliform bacteria 
(TCB); starch agar with 4% (soluble) starch for amilolytic 
bacteria (AB) as a separate group of heterotrophic 
bacteria were determined according to the zones of 
starch agar under the action of iodine solution; the 
Voroshilova-Dianova agar with crude oil for HDB as a 
separate group of THB and the same agar without crude 
oil was used as a control. Bacterial colonies appearing 
on each plate have been counted, and a CFU per 1 g 
(wet weight) of the digestive tract content was obtained 
[18,19]. All data were analysed using standard statistical 
methods. Mean values, standard deviations and 95% 
confidence intervals have been assessed. 

The average values and mean square deviations 
were calculated [20].

3. Results 
The data of the microbiological analysis carried out in 
this work show that abundance of heterotrophic bacteria 
in fish can vary within a wide range. Having examined 
the microbiota of the digestive tract of the control fish 
in vitro, we distinguished THB, PB, AB, coliform bacteria 
(CB) and HDB; however, the spectrum of abundance 
values of bacteria was wide and depended on the 
feeding of trout. The most abundant were THB and PB, 
the latter being characteristic of carnivorous fish [21,22]. 
Less abundant were AB, and the least abundant were 
TCB and HDB (Figure 1). The least abundance values 
of all examined functional groups of HB were found in 
the food of the investigated fish (spleen) (Figure 2) as 
compared with the control and experimental fish and the 
silt of different habitats (Figures 1, 3-8).  

Figure 1.  Abundance of bacteria in the digestive tract of the control 
fish having been fed a mixture of substances (bovine 
spleen (1/2) and commercial DANA FEED fish food (1/2)) 
for 14 days

Figure 2. Abundance of bacteria in the bovine spleen.
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Figure 4.  Abundance of bacteria in the digestive tract of trout whose 
food contained sediments from the Avandelta near the 
Atmata River.

Figure 5. Abundance of bacteria in the sediments from the Atmata. Figure 6.  Abundance of bacteria in the digestive tract of trout whose 
food contained sediments from the Atmata.

Figure 7. Abundance of bacteria in the sediments from the Aklas 
Stream. 

Figure 8.  Abundance of bacteria in the digestive tract of trout whose 
food contained sediments from the Aklas Stream.

Figure 3.  Abundance of bacteria in the sediments from the 
Avandelta near the Atmata River.
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The average densities of HDB in water samples of 
the Curonian Lagoon ranged from 0.68 to 9.70×103.

In our experiment we proved that the abundance 
of HDB in the sediments (2.68 log10 n g-1) (logarithm 
of number per gram of intestine weight) (Figure 3) 
and HDB (3.91 log10 n g-1) (Figure 4) in the microbiota 
of the digestive tract of trout which ate the food 
containing  sediments from the Avandelta near the 
Atmata River was not high; however, their proportion 
in THB was considerable compared with the control 
group (Figure 1). The abundance of HDB in the fish 
from the Avandelta near the Atmata River was the 
lowest compared with the fish from the Atmata River 
(Figures 5, 6) and the Aklas Stream (Figures 7, 8).

The data of our experiment revealed the following 
possible changes in the autochtonous microbiota of the 
digestive tract of the trout which ate the food  containing  
sediments from the Atmata River: a considerable 
decrease of THB and PB and abundance of HDB and 
TCB (Figures 5, 6). The conditions and the processes of 
an uncontrollable entry and settlement of alochtonous 
microbiota in the animal endosystem might contribute 
to the environmental contamination with different 
contaminants where xenobiotic-degrading bacteria 
start dominating in the microbiota thus ousting natural 
functional groups of the microorganisms formed in the 
course of evolution. This could considerably decrease 
the feeding activity of aquatic animals and lead to the 
weakening of one trophic chain at the biocenotic level 
or the disruption of the entire network of trophic links. 
The greatest changes were registered in the trout 
which ate the food containing sediments from the Aklas 
Stream (Figure 7). 

On the other hand it seems that associations of 
alochtonous bacteria formed in the endosystem of 
the investigated fish can help the animal’s organism 
neutralise the toxic effect of contaminants (Figure 8).     

Comparing the data percentages of HDB in the THB 
of bacterial communities in  the digestive tract of the 
trout from the groups whose  food contained sediments 
from the Avandelta (21.2%), the Atmata River (61.9%) 
and the Aklas Stream (83.64%) showed that the 
sediments from the Avandelta had the smallest effect 
on the changes in HDB compared with the sediments 
from the Atmata River and the Aklas Stream. The 
sediments from the Atmata River and the Aklas Stream 
most probably had more aromatic hydrocarbons which 
get accumulated through trophic chains. Besides, 
the concentration of organic substrate (crude oil and 
its hydrocarbons) regulates the intensity of bacteria 
growth. 

According to the microbiological investigations 
the greatest amount of HDB and THB was found in 

the digestive tract of the trout whose food contained 
sediments from the Aklas Stream (Figures 7, 8). 

4. Discussion
Bacteria get into the digestive tract of animals from the 
surrounding environment with food. The abundance 
of microorganisms in the digestive tract of aquatic 
animals evince that ferments synthesised by the 
organism are insufficient for a complete degradation of 
food substrates [9-11,21,22]. 

It is known that not all microorganisms that get into 
the animal’s digestive tract with food or from water 
settle in the digestive tract. Some of them get adapted 
in the digestive tract and others are consumed by the 
ferments isolated by microorganisms. The source 
of nutrition of the microflora of the digestive tract is 
the animal’s food which is digested with participation 
of the ferments secreted by the animal. As a result 
humus is forming, the composition whereof determines 
microorganism communities in the digestive tract. 
Bacteria compete for food in the digestive endosystem. 
The digestive endosystem contains micro-organisms 
which use for their nutrition the substances isolated by 
other microorganisms during metabolism [24-31].

Researchers have already proved that abundance 
of the HDB and their proportion in THB is rising when 
the concentration of crude oil and other hydrocarbon 
contaminants increases. Thus, in conclusion we can 
say that hydrocarbon-degrading microorganisms most 
probably reflect the degree of contamination of an 
ecosystem [32,33].

These microbiological changes in the digestive 
tract of fish are early indicators of the contamination 
with crude oil and its products [1,34,35].    

A comparison of the proportion of HDB in THB 
showed that sediments from the Avandelta (21.2% of 
HDB in THB) had the smallest effect on the changes 
of HDB in the microbiota of the digestive tract of the 
fish compared with the effect of the sediments from the 
Atmata River (61.9% of HDB in THB) and the Aklas 
Stream (83.64% of HDB in THB). The greatest amount 
of HDB and THB was found in the digestive tract of the 
rainbow trout which ate  food  containing  sediments 
from the Aklas Stream.  HDB usually do not exceed 
10% of THB in freshwater ecosystems (if the method of 
counting grown bacteria colonies is used). When this 
quantity exceeds 10%, it is suggested to consider it as 
an indication of permanent pollution with oil products 
[28].

The petroleum HDB most rapidly adapt to 
the environmental changes. By using petroleum 
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hydrocarbon as the only source of carbon, HDB 
perform biodegradation of  the pollutants, and when 
biodegradation products appear other functional 
groups of bacteria  utilize the newly appeared products 
[34-36].

The changes in the abundance values of the 
microbiota of the digestive tract of fish and in the 
proportions of functional groups of the bacteria allow us 
to determine changes in the functional activity of bacteria 
depending on food composition. Any relative increase 
or decrease of abundance or activity of alochtonous 
microbiota possibly allows  the prediction of toxic effects 
of the contaminants on animals and the environment.

Acknowledgements
The author would like to thank the reviewers for 
their helpful comments on this article.We express 
our sincere thanks from the Institute of Ecology of 
Nature Research Centre to Dr. Liongina Mickėnienė 
for the assistance in carrying out the experiment and 
Dr. Aleksandras Rybakovas for the presentation of 
the investigated material. Also grateful thanks are 
due to Dr. Zita Milda Vosylienė and Professor Anolda 
Četkauskaitė (Vilnius University) for the assistance 
in organising and carrying out the experiment and for 
their valuable comments.

References

[1] Leahy J.G., Colwell R.R., Microbial degradation of 
hydrocarbons in the environment, Microbiol Rev, 
1990, 54, 3, 305-315

[2] Čipinytė V., Environmental contaminated with 
petroleum hydrocarbons, biological treatment 
[Aplinkos, užterštos naftos angliavandeniliais, 
biologinis valymas], PhD thesis, Kaunas University 
of Technology, Kaunas, Lithuania, 2000 (in 
Lithuanian).

[3] Šyvokienė J., Mickėnienė L., Microorganisms in 
the digestive tract of fish as indicators of feeding 
condition and pollution, ICESS J. Marine Science, 
1999, 56, 147-149 

[4] Šyvokienė J., Mickėnienė L., Bubinas A., Repečka 
R., Characteristics of microflora of the digestive 
tract of commercial fish depending on fish feeding, 
Ekologija, 1999, 4, 46-54 

[5] Šyvokienė J., Mickėnienė L.,  Bioindication of the 
ecotoxicity of the Nemunas River according to 
the functional changes in bacteriocenoses of the 
sediments and the digestive tract of molluscs, Acta 
Zoologica Lituanica, 2002, 12, 110-118 

[6] Šyvokienė J., Mickėnienė L. Voverienė G., 
Hydrocarbon-degrading bacteria in the digestive 
tract of hydrobionts, JEMMM, 2004, 1, 48-60

[7] Šyvokienė J., Mickėnienė L., Hydrocarbon-
degrading bacteria associated witch intestinal tract 
of fish from the Baltic Sea, J. Environm. Engineer. 
Landscape Management, 2011, 19, 244-250 

[8] Mironov О.G., Microbiological characteristic 
coastals sediments Sevastopol region 
[Mиробиологическая характеристика 
прибрежных наносов региона Севастополя], J. 
Marine Environment, 2005, 5, 67-72 (in Russian)

[9] Nayak S.K., Role of gastrointestinal microbiota in 
fish, Aquaculture Research, 2010, 41, 1553–1573

[10] Navarete P., Magne F., Mardones P., Riveros M., 
Opazo R., Suau A., et al. Molecular analysis of 
intestinal microbiota of rainbow trout (Oncorhynchus 
mykiss), FEMS Microbiol. Ecol, 2010, 71, 148-
156. Retrieved from http://www.ncbi.nlm.nih.gov/
pubmed/19780831

[11] Navarete P., Magne F., Araneda C., Fuentes P., Barros 
L., Opazo R., et al. PCR–TTGE Analysis of 16S rRNA 
from Rainbow Trout (Oncorhynchus mykiss) Gut 
Microbiota Reveals Host-Specific Communities of 
Active Bacteria, PLoS ONE, 2012, 7, e31335

[12] Voverienė G., Mickėnienė L., Šyvokienė J., 
Hydrocarbon-degrading bacteria in the digestive 
tract of fish, their abundance, species composition 
and activity, Acta Zoologica Lituanica, 2002, 12, 
333-340 

[13] Pustelnikovas O., Geochemistry of sediments of 
the Curonian Lagoon (the Baltic Sea), Institute of 
Geography: Vilnius, 1998 

[14] Pustelnikovas O., Sedimentation and geochemical 
anomalies in the Klaipėda Strait: natural origin or 
human impact, Geologija, 2002, 40, 3-14 

[15] Pereira L., Countinho CV., Vaman C., Toxic effects 
sludges on freshwater edible fish Cirhina mrigala, 
Environmen. Contaminat. Toxicol., 1996, 56,  
467-474 

[16] Četkauskaitė A., Baršienė J., Vosylienė M-Z., 
Svecevičius G., Šyvokienė J., Lekevičius R. et al., 
Toxicity of sediments and water of the Curonian 
Lagoon and the lower reaches of the Nemunas 
River. Modeling nutrient loads and response in 
river and estuary systems: NATO/CCMS pilot study 
final report. Report No. 271, Brussels, 2005, 12-25

[17] Hansen G. H., Olafsen J. A., Bacterial Interactions 
in Early Life Stages of Marine Cold Water Fish, 
Microb. Ecol., 1999, 38, 1-26 

1270



J. Šyvokienė

[18] Sakata T., Microflora of healthy animals. In 
Austin B.D.A. (Ed.) Methods for microbiological 
examination of fish and shellfish, Elsevier 
Amsterdam: New York, London, 1989

[19] Кuznetsov S.I., Dubinina G.A., Methods for 
investigation of aquatic microorganisms [Методы 
изучения водных микроорганизмов], Moscow: 
Nauka, 1989 (in Russian)  

[20] Sakalauskas V., Data analysis with statistics 
[Duomenų analizė su STATISTIKA], Margi raštai: 
Vilnius, 2003, 83-148 (in Lithuanian)

[21] Šyvokienė J. Symbiotic digestion in hydrobionts 
and insects [Симбионтное пищеварение у 
гидробионтов и насекомых], Vilnius: Mokslas, 
1989 (in Russian)

[22] Lubianskienė V., Virbickas J., Jankevičius K., 
Lesauskienė L., Grybauskienė V., Trepšienė O., 
et al., Obligate symbiosis of the organism and its 
digestive tract micfoflora [Oблигaтный симбиoз 
микрофлоры пищеварительного тракта и 
организм], Vilnius: Mokslas, 1989, 191 (in Russian)

[23] Ringø E., Strøm E., Tabachek J.A., Intestinal 
microflora of salmonides: a review, Aquaculture 
Research, 1995, 773-789

[24] Cahil M.M., Bacterial flora of fishes: a review, 
Microb. Ecol., 1990, 19, 21-41

[25] Sugita H., Miyajima C., Deguchi Y., The vitamin 
B12 producing ability of the intestinal bacteria 
isolated from tilapia and channel catfish, Nippon 
Suisan Gakk., 1990, 56, 701

[26] Sugita H., Matsuo N., Hirose Y., Iwato M., Deguchi 
Y., Vibrio sp. Strain NM with an inhibitory effect 
against Pasteurella piscicida from the intestine of 
Japenese coastal fish, Appl. Environ. Microbiol., 
1997, 63, 4986-4989

[27] Mickėnienė L., Bacterial flora in the digestive tract 
of native and alien species of crayfish in Lithuania, 
Frechwater Crayfish, 1999, 12, 279-287

[28] Vestal R., Conney J. J., Crow S., Berger 
J., The effect of hydrocarbons on aquatic 
microorganisms, In: Atlas R.M. (Ed.). Petroleum 
microbiology, New York, Macmillan Publishing 
Co, 1984, 475-501

[29] Skrodenytė-Arbačiauskienė V.,  Proteolytic activity 
of the roach (Rutilus rutilus L.) intestinal microflora, 
Acta Zoologica Lituanica, 2000, 10, 69-77

[30] Skrodenytė-ArbačiauskienėV., Sruoga A., 
Butkauskas D., Assessment of microbial 
diversity in the river trout Salmo truta fario L. 
Intestinal tract identified by partial 16S rRNA 
gene sequence analysis, Fisheries Science, 
2006, 72, 597-602

[31] Delille D., Delille B., Field observations on the 
variability of crude oil impact on indigenous 
hydrocarbon-degrading bacteria from sub-Antarctic 
intertidal sediments, Mar. Environ. Res., 2000, 49, 
403-417

[32] Brock T.D., Madigan M.T., Martinko J.M., Parker J., 
Biology of Microorganism, 8th  Edn. Prentice Hall., 
Englewood Chiff, NY, USA, 1997

[33] Šyvokienė J., Mickėnienė L., Jankauskienė 
R., Hydrocarbon-degrading bacteria in the 
bacteriocenosis of crustaceans and fish, JEMMM, 
2005, 2, 101-111

[34] Youssef M., El-Taweel G.E., El-Naggar A.Y., 
Hydrocarbon degrading bacteria as indicator 
of petroleum pollution in Ismailia Canal, Egypt. 
WASJ, 2010, 8, 1226-1233

[35] Mironov O.G., Flows oil hydrocarbon through marine 
organisms [Пoтoки нефтяных  углeвoдoрoдoв 
чeрeз мopcкиe opгaнизмы], J. Marine Ecological, 
2006, 2, 5-14 (in Russian) 

[36] ngersoll C.G., Dillon T., Biddinger G.R., Ecological 
Risk Assessment of Contaminated Sediments, 
Pensacola, FL: Society of Environmental 
Toxicology and CXhemistry Press, 1997

1271


	1. Introduction 
	2. Experimental Procedures 
	3. Results  
	4. Discussion 
	Acknowledgements
	References



