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ABSTRACT: Erzeni River flows in central Albania. The geographical position and geologic composition of the River
basin have a specific study importance. In this study macro invertebrate fauna composition and the water quality
assessment have been carried out for the monitoring period 2011 — 2013, in three sampling stations. The study presents
the aquatic ecosystems situation based on data gathered on invertebrate fauna. Invertebrate fauna distribution into the
River basin has been statistically analysed and seasonal distribution of benthic macro invertebrate taxa has been
assessed. For the data interpretation has been considered as well the tolerance of macro invertebrate groups toward
water pollution; they are good indicators of biodiversity and habitat quality and their presence is closely connected with
the general ecological status of the river ecosystem. [34]. Benthic macro invertebrates are determined as crucial
elements and have a great importance in the biological assessment of water quality (Water Framework Directive -
WEFD). Statistical evaluation of invertebrate population distribution has been carried out using the non parametric Mann
— Whitney Test.

KEYWORDS: Sensitive species, Mann-Whitney Test/U Test, seasonal distribution, statistical data.

I. INTRODUCTION

Image Erzeni River flows in an area with sandy — clay deposits and this occurrence shows a close connection between
habitat and benthic indicators and widely between hydrology and biodiversity [56]. Benthic invertebrates have a double
role of a direct consume (respiratory and alimentary) and fragmentation of particles into simple substances, taking in
consideration the transferring process and elaboration of organic material present in running waters. Macro
invertebrates are good indicators of water quality in particular and of environmental conditions in general. Their life
cycle is closely connected to the aquatic ecosystem changes, which are reflected in variations of individual density
level, species abundance or different values of quality indexes. The importance of invertebrates as biological indicators
of water quality has been one of the reasons for studying their seasonal distribution in the defined monitoring stations.
The study provides data on benthic invertebrates’ distribution in River Erzeni. Benthic invertebrates’ communities’
distribution in different seasons has been assessed using Mann-Whitney Test/U Test. Samples are taken at the
monitoring stations, during 2011 — 2013. Furthermore, the study helped in understanding that sensitive taxa toward
water pollution are as well sensitive toward climate changes.
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Il. RELATED WORK
Sampling
The sampling method of aquatic macro invertebrates is based on the methods according to [10], [17], [36], [3], [4], [5],
[6], [7]. Benthic invertebrates were taken from the river bottom (40 — 60 cm) with a kick - net in order to gain sufficient
samples from larger depths of water. The net is held upright on the stream bed by one individual, while the stream
bottom upstream of the net is physically disrupted by a second individual. Kicking and turning over rocks and logs with
the feet and hands dislodges organisms which are washed into the net by the current. The samples were collected from
areas of differing current speed. In very small streams or in sandy areas lacking riffles, kicks are taken from root mats,
snags or bank areas. All types of benthic macro invertebrates were collected by this sampling device, but method
emphasizes species that live in fast flowing water. This technique gives consistent results [26], [2] and it was used to
gather good results during the investigations in three monitoring stations at Erzeni River, Albania: Mullet — station one,
Damjan - Fortuzaj — station two and Shijak — station three. The monitoring stations are selected based on geographic
expansion of the River flow and the relations between the river stations and surrounding urban areas. Also the villages
have a considerable number of inhabitants. The kick - net method takes the quantitative aspect into account, if the
necessary experience is present [49]. In addition sampling plots were taken to be representative whereas within a
station were taken three randomly samples, according a seasonal calendar during the period 2011 - 2013. The field
work is organized in daily expeditions, one for each season. To take one sampling plot are needed 30 sec and per each
field trip are taken 3 of them in different stations. All benthic macro invertebrates are kept in 95% ETOH. Before
mailing the jars are completely filled with alcohol to reduce damage to the specimen. They then are carefully packed
with enough packing material to prevent breakage. Lab sheets and all the associated material is conserved in the
laboratory. For the identification of benthic invertebrates are used different publications as [67], [19], [24], [38], [29],
[62], [11], [48].
Statistical analyses
Mann-Whitney Test is used to assess the difference between distributions of two populations; in cases the samples are
taken randomly and independently and there is at list an order level. Mann-Whitney Test is the alternative of Student
Test (used widely in many literatures). Student Test is used in cases of normal distribution of samples and equal
samples variance. In cases of comparison of two samples with a very small number of elements and their distribution is
unknown, the use of Mann-Whitney Test is fully justified.
Preliminary or zero Hypothesis: Populations from which are taken the samples are identical.
Alternative Hypothesis: The populations are not identical.
Hereinafter we emphasize that this method is not carried out through the means of the populations respectively, as both
distributions might have the same mean, but might be in completely different forms. So theoretically it is possible to
obtain a statistical significant result through U Test even when the two population means are the same.
Calculation:
Na — number of first group values
Nb - number of second group values

1. The values are ranked from the smallest to the biggest (taking in consideration that in this order the value
corresponds to the groups named A and B)

2. The ranked values positions are summed; e.g. A —the sum is named Ta.

3. The statistic Uobs Mann-Whitney is calculated

Uobs = Na.Nb + Na (Na+1)/2-Ta
The calculated value U,ps is compared to the table value of Mann — Whitney for the values couple Na and Nb.

I1l. EXPERIMENTAL RESULTS

Through the non parametric U Test/ Mann-Whitney is shown the difference between the distributions of the identified
macro-invertebrate families according to different seasons. The comparison of families is done in pair basis —
comparing the same benthic macro invertebrate family distribution in two different seasons.
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The following tables present the population distribution of invertebrate families in different seasons in Erzeni River,
Albania. Table 1 shows the difference of macro invertebrate families’ distribution from spring to summer for the
monitoring period 2011-2013 at three monitoring stations of Erzeni River, Albania.

Invertebrate taxa which appear to have significant differences in their seasonal (Spring/Summer) distribution are
mainly the families of Ephemeroptera Order (Oligoneuridae, Ephemerillidae); Close to the significant difference
appears to be Heptagenidae taxa/Ephemeroptera order. Ephemeroptera Order is included into the benthos sensitive
group toward water pollution [20], [21], which means that this taxa shows sensitiveness even towards climate
conditions, in the present case towards temperature, precipitation and solar radiation [50]. Significant differences for
the seasonal distribution show as well population of Trichoptera Order/ Hydropsychidae Family; the taxa is classified
as medium tolerant taxa toward pollution [20], [21] and the optimal period for its growth is summer season [50];
anyhow Trichoptera taxa reflects very well climate changes through its population distribution from spring to summer.

Table 1: Calculation of the distribution difference of benthic macro invertebrate populations during spring and summer through U Test at
Erzeni River, Albania

Test: 0-9 |
1 2| 3| 4| 5| 6[Ta|TestU:Na*Nb+Na(Na+1)/2-Ta
Close to
Spring Heptagenidae 33| 51 significance
24 24 33| 51 6.5 15| 8.5|difference
Summer [Heptagenidae 51/108| 54 51| 54| 108| 15 0.5
Spring Oligoneuridae 18 19 21 18| 19| 21| 15| 15 0 i:?g:;izt
Summer [Oligoneuridae 0] 0 0 0 0] 0
Spring Ephemerillidae 24 27 24 27l 30 S?gnificant
6] 15 9|difference
Summer |Ephemerillidae 195|255| 306 195| 255 306( 15 0
Spring Baetidae 24| 57| 213 24| 57213 13[ 15| 25
Summer |Baetidae 0| 15| 213] o 15 213( 85 6.5
Spring Chironomidae 45( 15| 18| 15 18 45 8| 15 7
Summer | Chironomidae 19{ 28| 125 19| 28 125
Spring Ceratopogonidae 18| 21| 27 18| 21| 27 12| 15| 3
Summer |Ceratopogonidae 81 9| 9 o9 9 81
Spring Physidae of 0 0 o of o 12 15| 3
Summer |Physidae 0] 1 0 ol o 1
Spring Gomphidae 0 31 of o 0 3| 11| 15| 45
Summer |Gomphidae 3 of o of of 3
Spring Hydropsy chidae 0 ol 66 ) o o o sl S:?p;rf;i':
Summer |Hydropsychidae | 159| 75| 144 75| 144 159 15
Spring Haplotaxidae 0] 0 0 15| 15
Summer |Haplotaxidae 0] 0 0 Nﬁg 3:?3:5/
Spring Tabanidae 0] 0 0 0 ol o 75| 15/ 75
Summer |Tabanidae 0] 5| 15 0l 5[ 15
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Seasonal distribution of identified taxa during the monitoring period in Erzeni River, Albania shows the individual
number variation due to climate conditions changes along the aquatic ecosystem. Climate theories pay particular
attention to climate conditions and their favourable or inhibitory action into the invertebrate population dynamics [46].
It is known the direct influence of solar radiation, temperature, humidity, precipitation, etc. at different seasons on the
invertebrates’ growth, vitality and reproduction. Generally it is accepted the influence of the climate factors complex on
the invertebrates’ biology [46], [66]. Seasonal type of individual number dynamic is characteristic for species with
significant population density growth during a determinate season; the individual quantity of this type can increase too
much during the vegetation period corresponding spring or autumn, reproducing the species each year [50], [46]. It is
important that for the invertebrates, especially insects, which link a part of their life to the aquatic ecosystem, factors
such as temperature, chemical parameters and dissolved oxygen into the water are considered as vital factors.

Table 2: Calculation of the distribution difference of benthic macro invertebrate populations during summer and autumn through U Test at
Erzeni River, Albania

Test: 0-9 |
1 2 3 4 5 6|Ta [TestU:Na*Nb+Na(Na+1)/2-Ta

Summer |Heptagenidae 51| 108 54 51 54 108 10 15 5
Autumn Heptagenidae 72 48[ 153 48 72 153 11 4
Summer |Oligoneuridae 0 0 0 Non sesne/

no values 15 15
Autumn  [Oligoneuridae 0 0 0
Summer Ephemerillidae 195 255|306 S?gnificant

195 255| 306 15 15 0|difference
Autumn  [Ephemerillidae 0 0 0 0 0 0 6 9
Summer |Baetidae 0| 15| 213 0 15 213| 105 15| 45
Autumn  |Baetidae 0 34| 63 0 34| 63 10.5 45
Summer |Chironomidae 191 28 125| 19 28 125 8 15 7
Autumn  |Chironomidae 45 58| 175 45| 58 175
Summer |Ceratopogonidae 81 9 9 9 9 81 11 15 4
Autumn  |Ceratopogonidae 16 6| 42 16| 42
Summer |Physidae 0 1 0 0 1 10 15 5
Autumn Physidae 15 0 0 0 15
Summer |Gomphidae 3 0 0 0 0 7 15 8
Autumn  |Gomphidae 4 3 3 3 3 4
Hydr hi 1

ST i Pl o] 1 75 144| 159 13| 15| 2
Autumn  [Hydropsychidae 42 81| 100 42 81| 100
Summer [Haplotaxidae 0 0 0 Non sesnef

no values 15 15
Autumn Hap lotaxidae 0 0 0
Summer |Tabanidae 0 5[ 15 0 5 151 13 15 2
Autumn  |Tabanidae 0 2 0 0 0 2
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From summer to autumn the only taxa showing significant differences on the seasonal distribution is Ephemerillidae
Family / Order Ephemeroptera, which is classified as a very sensitive taxa toward pollution [20], [21] and according U
Test appears to be sensitive toward abiotic changes as well.

The significant difference of seasonal distribution for sensitive benthic taxa occurs also due to the pollution
concentration into the water during the elevated temperatures and missing precipitations (warm seasons — spring,
summer, autumn), which cause water vaporisation, decrease of water quantity into the river basin and as consequence
eutrofication of the aquatic ecosystem.

The following table shows the distribution of invertebrate taxa during autumn and winter.

Table 3: Calculation of the distribution difference of benthic macro invertebrate populations during autumn and winter through U Test at
Erzeni River, Albania

|Test: 0-9 |
1 2 3 4 5 6|Ta |Testi U:Na*Nb+Na(Na+1)/2-Ta

. Significant
Autumn  |Heptagenidae 72 48| 153 | 72| 153 15| 15 o|difference
Winter Heptagenidae 0] 13 O 0 0 13 15
Autumn  |Oligoneuridae of o o Nggjzls::sl sl 15
Winter Oligoneuridae 0 0] O
Autumn  |Ephemerillidae 0 0 0 0 0 9] 15 6
Winter Ephemerillidae 0 of 11 ol of 111 12 3
Autumn  |Baetidae O 34| 63 o0 34| 63 105 15| 45
Winter Baetidae 0] 33| 123 o] 33 123 15
Autumn  |Chironomidae 45| 5[ 175 45| 58 175| 13| 15 2
Winter Chironomidae 21| 25| 75| 21 25 75
Autumn |Ceratopogonidae 16 6| 42 6 16 42| 12| 15 3
Winter Ceratopogonidae 0 7| 26 0 7 26
Autumn  [Physidae 5 0 0 15 10 15| 5
Winter Physidae 16 0 0 0 16
Autumn | SRS IR 3| 3| 4] 15[ 150 o i:?pelrf;i?
Winter Gomphidae 0] of o 0 0 0

Hydropsy chidae 42 Close to the
Autumn 81( 100 significant
42 81| 100( 14| 15 1|difference
Winter Hydropsy chidae 0] 16| 69 0 15 69
Autumn Haplotaxidae 0 0] O 15| 15
Winter Haplotaxidae 0 0] © Non sesne/
no values

Autumn | Tabanidae of 21 0 of ol 6 12 15/ 3
Winter Tabanidae 0 0] O 0 0 0

From autumn to winter are noticed significant differences of taxa distribution for three invertebrate families; beside
Ephemeroptera Order (Heptagenidae Family which has significant distribution difference and Hydropsychidae
Family/Trichoptera Order which appears to be close to the significant distribution difference), there is another
significant difference of taxa seasonal distribution for Gomphidae/Odonata. Odonata taxa is considered as benthos
tolerant group [20], [21] and has shown differences toward significant climate conditions, mainly temperature decrease
from autumn to winter season. The distribution differences of Odonata taxa appear to be due to significant decrease of
temperature from autumn which has been pretty warm directly to low values in winter season for the monitoring period;
significant differences has been also at precipitation level, solar radiation from autumn to winter.
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Based on the U Test results, it is concluded that the decrease of temperature and variations of climate conditions in

general (from autumn — winter) influence the distribution of populations with medium tolerance toward pollution [20],
[21], which decrease mainly due to the temperature decrease (Table 3) and other climate factors significant variation.

Table 4: Calculation of the distribution difference of benthic macro invertebrate populations during summer and winter through U Test at
Erzeni River, Albania

Test: 0-9 |
1 2 3 4 5 6[Ta Test U :Na*Nb+Na(Na+1)/2-Ta
. Significant
Summer [Heptagenidae 51 108 54 51| 54l 108 15 15 ol difference
Winter Heptagenidae 0 13 0 0 0| 13 15
Summer |Oligoneuridae of of o Non sesne/
no values 15 15
Winter Oligoneuridae 0 0 0
Summer | EPhemerillidae 195 | a0 ool a5l s0sl 18l s . S:??elrf;i?
Winter Ep hemerillidae 0 0 11 0 of 11 15
Summer |Baetidae 0 15| 213 0 15 213| 105 15| 45
Winter Baetidae 0] 33| 123 0 33| 123 15
Summer | Chironomidae 19 28] 125 19 28 125| 11| 15 4
Winter Chironomidae 21l 25 75 21| 25 75
Summer | Ceratopogonidae 81 9 9 9 9 81 13| 15 2
Winter Ceratopogonidae 0 7 26 7 26
Summer |Physidae 0 1 0 0 1 10 15 5
Winter Physidae 16 0 0 0 16
Summer |Gomphidae 3 0 0 0 3 12| 15 3
Winter  |Gomphidae 0 0 0 0 o o
- Significant
Summer Hydropsychidae 159 75| 144 I I . . . di?ference
Winter Hydropsychidae 0] 16 69 0 16 69
. Non sesne/
Summer |Haplotaxidae 0 0 0 no values 15 15
Winter Haplotaxidae 0 0 0
Tabanidae 0 5 15 Close to the
Summer Significant
0 5 15| 135 15 1.5|difference
Winter Tabanidae 0 0 0 0 0 0 7.5 75

Winter 2011 — 2013 is characterized from temperature and solar radiation intensity decrease, increase of precipitation
and humidity. Precipitations, especially the strong ones, cause the decrease of macro invertebrate population density;
strong precipitations influence as well the aquatic vegetation coverage and river benthos due to the differences at the
flow rate. However many invertebrate/insects are adapted to the climate factors through the diapauses [46]. During
diapauses substances exchange process is decreased, as well the physiologic processes are carried out slowly.
Differences of temperatures, solar radiations and precipitations during summer and winter, are reflected at taxa
distribution (Table 4). Ephemeroptera Order (Families Heptagenidae, Ephemerillidae), Trichoptera Order
(Hydropsychidae) and Diptera Order (Tabanidae) show significant population distribution differences in both seasons.
It is important to underline that Ephemeroptera Order (benthos sensitive taxa — [21]) shows significant distribution
differences at each season; the same significant differences from one season to another shows
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Hydropsychidae/Trichoptera taxa (medium tolerant taxa — [21]). Based on Mann — Whitney assessment it is noticed

that sensitive and medium tolerant taxa toward water pollution show the same tolerance/sensitivity toward
environmental abiotic conditions.

Table 5: Calculation of the distribution difference of benthic macro invertebrate populations during winter and spring through U Test at
Erzeni River, Albania

Test: 0-9 |
1 2 3] 4 5 6|Ta |Test U:Na*Nb+Na(Nat+1)/2-Ta
Significant
Winter Heptagenidae 0 13] 0 0 ol 13 6l 15 o|difference
Spring Heptagenidae 24] 33| 51 24] 33| 51 15
Winter Oligoneuridae 0 0 O S?gwificant
0 0 0 6 15 9|difference
Spring Oligoneuridae 18] 19| 21 18| 19 21
Winter Ephemerillidae 0 ol 11 . | A . j:?elrf;ir:
Spring Ephemerillidae 241 27| 30 24] 271 30 15
Winter Baetidae 0] 33(123] o 33 123 9| 15 6
Spring Baetidae 24] 57| 213 24 57 213 15
Winter Chironomidae 21 25| 75 21| 25 75 13| 15 2
Spring Chironomidae 45 15| 18| 15 18 45
Winter  |Ceratopogonidae of 7/ 26| o 7 26 8| 15| 7
Spring Ceratopogonidae 18 21| 27 18| 21 27
Winter  [Physidae 6] 0o 0 o] o| 16| 12| 15 3
Spring Physidae 0 0] O
Winter Gomp hidae 0 of O 9 15 6
Spring Gomp hidae of 3 o of o 3
Hydropsychidae 0
Winter Y 16| 69 0| 16 69| 12| 15| 3
Spring Hy dropsy chidae 0l of 66| o 0 66
Winter Hap lotaxidae 0 0 O Non sesne/
no values 151 15
Spring Hap lotaxidae
Tabanidae
Winter Non sesne/
no values 151 15
Spring Tabanidae 0] o o0 15

From winter to spring the temperature changes during the monitoring period, have been scarce due to the climate
changes and prolongation of winter and summer, merging the intermediate seasons (spring, autumn); so the distribution
differences has appeared for benthos sensitive taxa (Order Ephemeroptera- Families: Heptagenidae, Oligoneuridae,
Ephemerillidae). The results obtained from the U Test (Table 5) shows the taxa sensitivity correlation between
sensitivity towards water pollution and abiotic environmental conditions.
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IV. CONCLUSIONS

1. Based on the population distribution assessment for macro invertebrate taxa at Erzeni River, Albania, it is
concluded that sensitive taxa toward water pollution show the same sensitiveness toward climate and
environmental conditions.

2. Invertebrate taxa which appear to have significant differences in their seasonal (Spring/Summer)
distribution are mainly the families of Ephemeroptera Order (Oligoneuridae, Ephemerillidae) (Tab. 1)

3. From summer to autumn the only taxa showing significant differences on the seasonal distribution is
Ephemerillidae Family / Order Ephemeroptera, which his classified as a very sensitive taxa toward
pollution [20], [21], (Tab. 2).

4. Based on the U Test results, it is concluded that the decrease of temperature (from autumn — winter)
influences the distribution of populations with medium tolerance toward pollution [20], [21], which
decrease due to the temperature decrease and significant variations of other climate condition (Tab. 3).

5. Significant differences of temperatures, solar radiations and precipitations from summer to winter, are
reflected at taxa distribution (Tab. 4). Ephemeroptera Order (Families Heptagenidae, Ephemerillidae),
Trichoptera Order (Hydropsychidae) and Diptera Order (Tabanidae) show significant population
distribution differences in both seasons.

6. From winter to spring the temperature variation during the monitoring period, have been scarce due to the
climate changes and prolongation of the main seasons (winter and summer) while the intermediate
seasons (spring, autumn) tends to disappear; so the distribution differences has appeared for benthos
sensitive taxa (Order Ephemeroptera- Families: Heptagenidae, Oligoneuridae, Ephemerillidae).

7. Ephemeroptera Order (benthos sensitive taxa — [21]) shows significant distribution differences in each
season; the same significant differences from one season to another shows Hydropsychidae/Trichoptera
taxa (medium tolerant taxa — [21]) (Tabs. 1-5).

8. Based on Mann — Whitney assessment it is noticed that sensitive and medium tolerant taxa toward water
pollution show the same tolerance/sensitivity toward environmental abiotic conditions.

REFERENCES

[1]  Annonimous, “European Environmental NGO Technical Review of the Water Framework Directive intercalibration process”, pp.42-48, 2006.

[2] Armitage P D. “Downstream changes in the composition , numbers and biomass of botton fauna in the Tees below Cow Green
Reservoir and in unregulated Maize Beck , inthe first yearsafter impoundment”, Hydrobiologjia 58, pp. 145-146, 1978.

[3] Bailey R. C. Norris R. H. Reynoldson T. B. “Taxonomic resolution of benthic macro invertebrate communities in bio assessments”. Journal of
the North American Benthological Society 20. (2), pp. 280-286, 2001.

[4]  Barbour, M. T., J. B. Stribling, and J. R. Carr. “The multimetric approach for establishing bio criteria and measuring biological condition”. pp.
63-80; in W. S. Davisand T. P. Simon (eds.). “Biological Assessment and Criteria: Tools for Water Resource Planning and Decision Making.”,
Lewis Publishers, Boca Raton, FL. 415 p., 1995.

[5] Barbour, M. T., J. Gerritsen, B. D. Snyder, and J. B. Stribling. “Rapid Bio-assessment Protocols for Use in Streams and Rivers: Periphyton,
Benthic Macro invertebrates, and Fish”. Second Edition. EPA 841-B-99-002. Office of Water, US Environmental Protection Agency,
Washington, DC. 151 p. + appendices, 1999.

[6] Bode R. W. Novak M., A., Abele L., A. “Biological stream testing. NYS Department of Environmental Protection” , Division of Water ;
Bureau of Monitoring and Assessment ; Stream monitoring unit; USA, 1997.

[71 Bode R.W., M. A. Novak, L. A. Abele. “Quality assurance Work plan for biological stream monitoring in New York State”. Department of
Environmental protection; Division of water; Bureau of Monitoring and assessment ; Stream Bio-monitoring Unit ; Albany, NY, 1995.

[8] Bratli L.J. “ Classification of the Environmental quality of Freshwater in Norway; Hydrological and limnological aspects of lake monitoring”
— Heinonen et al (Ed), John Willey & Sons Ltd, 2000.

[9] Brusca, R.C.,and G. J. Brusca. “Invertebrates”. Sinauer Associates, Sunderland, MA, 1990.

[10] Campaioli S., Gheti P. F., Minelli A., Ruffo S. “Manuale per riconoscimento dei Macroinvertebrati delle acque dolci italiane”. Vol.1.
Provincia Autonoma di Trento ; pp. 9-14. 27—190, 1994.

[11] CaoY.,Barl A. W., Williams P. “A comparison of clustering methods for benthic community analysis; Hydrobiologia”, 347, pp.25-40, 1997.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0503121 3383



[12]
[13]
[14]
[15]

[16]

[17]
[18]
[19]
[20]

[21]
[22]

[23]

[24]
[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]

[40]
[41]

[42]

[43]

[44]
[45]

[46]

- ISSN(Online) : 2319-8753
IJIRSET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 5, Issue 3, March 2016

Cardoso C. A., Solimini G .A. Premazzi G. “Report on Harmonization of Freshwaters biological methods”. pp. 61-95, 2005.

Carla W. Montgomery (1992); "Physical geology", Third edition

Clarce R. “Using science to create a better place; Uncertainity to WFD assessments for rivers based on macroinvertebrates and RIVPACS;
Integrated catchment science programme”; Science report: SC060044/SR4; Environment Agency, Rio House, Waterside Drive, Aztec West,
Almondsbury, Bristol, BS32 4UD; ISBN: 978-1-84911-038-9, 2009.

Davis, W .S. and T .P .Simon (editors). “Biological Assessment and Criteria: Tools for Water Resources Planning and Decision Making”.
Lewis Publishers, Boca Raton. Pp: 79-94, 1995.

Directive 2006/44/EC of the European Parliament and of the Council of 6 September 2006 on the quality of fresh waters needing protection or
improvement in order to support fish life. Official Journal of the European Union. 264/20—264/31: 2006/44/EC Fish Directive
http://rod.eionet.europa.eu/show.jsv?id=626&mode=S

Downing J.A., Rigler F .H. “A manual on methods for the Assessment of secondary productivity in fresh waters”, 2ndedn. IBP Handbook
No.17, Blackwell scientific Publications, Oxford. Pp. 19-58, 1984.

Eaton, L. E. and D. R. Lenat. “Comparison of a rapid bio assessment method with North Carolina's qualitative macro invertebrate collection
method”. Journal of the North American Benthological Society 10: 335-338, 1991.

Edington, J .M. Hildrew, a. G. “A revised key to the caseless caddis larvae of the British Isles. Freshwater Biological Association”. The Ferry
House.pp.133, 2005.

EEA, 200696 - 107. “European Environment Agency”. Technical report No. 11/2007, Halting The Loss of Biodiversity by 2010; Proposal
for the first set of indicators to monitor progress in Europepp/ 17-22, 33-48, pp. 130-136, 2007.

Environmental Protection Agency - USA.

Gerhardt, A. (Ed). “Biomonitoring of Polluted Water - Reviews on Actual Topics”. Environmental Research Forum, Vol. 9. Trans Tech
Publications - Scitech Publications. Uetikon-Zuerich, Switzerland, pp. 1-13, 1999.

Giuseppe Sansoni. “Atlante per il riconoscimento dei macroinvertebrati dei corsi d’acqua Italiani”. Agenzia Provinciale per la Protezione
dell’ Ambiente-Provincia Autonoma di Trento; 3° edizione, Italy, 1998.

Hickin, N. E. “Caddis larvae of the British Trichoptera”. Hutchinson of London. Pp 499, 1967.

Hilsenhoff, W.L. “Rapid field assessment of organic pollution with a family-level biotic index”. Journal of the North American Benthological
Society 7: 65-68, 1988.

Horning C.E., Pollard J. E. “Macro invertebrate sampling techniques for streams in semi — arid areas; Comparison of the Surber method
with a unit effort travelling kick method”. U.S. Environmental Protection Agency-EPA-600 / 4-78—040, 1978.

Hutchinson, G.E. “A treatise on limnology”. Vol. 1Geography, physics and chemistry. Wiley, New York, 1957.

Hutchinson, G.E. “A treatise on limnology”. Vol. 2, Introduction to lake biology and the limnoplankton. Wiley New York, 1967.

Hynes H.B.N. “The ecology of running waters”. The Blackburn Press: pp.112-27, 1993.

John D. HEM. “Study and Interpretation of the Chemical Characteristics of Natural Water”, second edition, 1970.

Karr, J. R. “Assessment of biotic integrity using fish communities”. Fisheries 6:21-27, 1981.

Kenney et al. TAR. “Benthic macro invertebrates as indicators of water quality the intersection of science and policy (2)”. Terrestrial
Arthropod Reviews 2, pp: 99-128, 2009.

Lampert W and Sommer U. “Limno-ecology; the ecology of Lakes and Streams”. 2" edition, Oxford University Press. ISBN 0195095928,
1997.

Lee N. Rudd H. “Conserving Biodiversity in Greater VVancouver; Indicator Species and Habitat Quality”. Douglas College, Institute of urban
ecology, 2" Edition, 2003.

Lathrop, J.E and A. Markowitz. “Monitoring water resource quality using volunteers”, pp. 304-305. Jn W.S DaWis and T.P.Simons (Eds).
“Biological assessment and criteria; Tools for Water resource planning and decision making”; Lewis publishers, 1995.

Lenat D. R. “Water quality assessment of streams using Qualitative collection methods for benthic macro invertebrates”. Journ of the North
American Benthological Society 7, pp.222-233, 1998.

Lenat. D.R. “A biotic index for the south-eastern United States: derivation and list of tolerance values, with criteria for assigning water quality
ratings”. Journal of the North American Benthological Society 12: 279-290, 1993.

Macan, T.T “A key to the British fresh — and brackish- water gastropods”. Freshwater Biological Association. The Ferry house. Scientific
Publication No 11:pp.46, 1994.

Mandaville S.M. “Benthic Macro invertebrates in Freshwaters - Taxa Tolerance Values, Metrics, and Protocols”. (Professional Lake Manage.)
(Project H-1); Soil & Water Conservation Society of Metro Halifax, 2002. http://chebucto.ca/Science/SWCS/SWCS.html

Magurran, A.E. “Measuring Biological Diversity. Blackwell”. 2004.

Markert, B., Wappelhorst, O., Weckert, V., Herpin, U., Siewers, U. and Friese, K. “The use of bio indicators for monitoring the heavy-metal
status of the environment”. Journal of Radio analytical Nuclear Chemistry, 240(2): 425-429, 1999.

Miho A ., Cullaj A., Hasko A., Lazo P., Kupe L., Brandl H., Schanz F ., Baraj B. “Environmental State of some rivers of Albanian Adriatic
Lowland”. Evaluation report. Pp.215, 2005.

Miho A., Cullaj A., Hasko A., Lazo P., Kupe L., Schanz F., Brandl H., Bachofen R., Baraj B. “Gjendja mjedisore e disa lumenjve té Ultésirés
Adriatike Shgqiptare / Environmental state of some rivers of Albanian Adriatic Lowland”. SCOPES program (Swiss National Science
Foundation - SNSF), Tirana (In Albanian with a summary in English): 1-267, 2005. http://www.unitir.edu.al/doc/fshn

Miho A., Hysko M., Duka S. “First report on environmental assessment in Tirana River (place Bregu i Lumit)”. Titulli i Projektit: Constructed
Wetland for Nutrient Reductions in the Waters of Tirana River, Tirana, Albania, 2010.

Minnesota Pollution Control Agency; “Lake Data assessment workbook; a citizen guide to analyse data to better understand lake conditions”.
2005.

Misja K. “Entomologjia”. Tirané. Fg.180-229, 2003.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0503121 3384


http://rod.eionet.europa.eu/show.jsv?id=626&mode=S
http://chebucto.ca/Science/SWCS/SWCS.html
http://www.unitir.edu.al/doc/fshn

[47]

[48]
[49]

[50]
[51]

[52]

[53]

[54]
[55]

[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]

[68]

ISSN(Online) : 2319-8753
IJIRSET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 5, Issue 3, March 2016

Oertel, N. and Salénki, J. “Bio monitoring and Bio indicators in Aquatic Ecosystems” In: Ambasht RS, Ambasht NK (Eds.) “Modern trends in
applied aquatic ecology”. Kluwer Academic/Plenum Publishers, New York, pp. 219-246, 2003.

Parker R. Ch, Salansky K .G. “Benthic Macroinvertebrate Protocol Manual”. pp: 16, 1998.

Pollard J.E. “Investigator differences Associated with a kicking method for sampling macro invertebrates”. Journal of Freshwater Ecology 1.
pp: 215-224, 1981.

Rada B. and Puljas S. “Do Karst Rivers “deserve” their own biotic index? A ten years study on macro zoobenthos in Croatia”. International
Journal of Speleology, 39(2), Bologna (Italy). Pp: 137-147, 2010. www.ijs.speleo.it.

Resh, V.H. “Freshwater benthic macro invertebrates and rapid assessment procedures for water quality monitoring in developing and newly
industrialized countries”. pp: 167-177, 1995.

Rosenberg, D. M., H. V. Danks, and D. M. Lehmkuhl. “Importance of insects in environmental impact assessment. Environmental
Management”. 10: 773-783. USEPA. (2000). Stressor ldentification Guidance Document. Office of Water and Office of Research and
Development. EPA/822/B 00/025, 1986.

Rosenberg, D.M. “A National Aquatic Ecosystem Health Program for Canada: We should go against the flow”. Bull. Entomol. Soc. Can., 30
(4):144-152, 1998.

Rosenberg, D.M. and V.H. Resh. “Freshwater bio monitoring and benthic macro invertebrates”. Chapman and Hall, New York, 1993.

Rundle, S S. D., Robertson, A.L., A. L., Schmid-araya, J. M. “Freshwater meiofauna. Biology and ecology”. Blackhuys Publishers. Leiden: pp:
217-32, 2002.

Saraci R. “Erosion in river watersheds and erosion mapping of Albania”. International Conference, Beograd, Serbia and Montenegro, 2002.
Schmiedt K., Jones R. L., Brill I., Pikalw. “EPT Family richness modified biotic index”. 1998.

Simboura N., Zenetos A. “Benthic indicators to use in ecological quality classification of Mediterranean soft bottom marine ecosystems,
including a new biotic index”. Medit. Mar. Sci. 3/2, 77 — 111, 2002.

Simboura, N. & Reizopoulou S. “An intercalibration of classification metrics of benthic macroinvertebrates in coastal and transitional
ecosystems of the Eastern Mediterranean ecoregion (Greece)”. Marine Pollution Bulletin, 56:116, 2008.

SGI Studio Galli Ingegneria SpA, Qendra per Kerkim dhe Zhvillim, MM. “Monitoring of Water Resources in the Erzeni River Basin”. Final
Comprehensive Feasibility Study Report, 2010.

Somers K., M., Reid R., A., Davis S., M. “Rapid Biomass assessments, how many animals are enough?” Journal of North American
Benthological Society 17 (3), pp: 348-358, 1998.

Tachet, H., Bournaud, M., Richoux, P. “Introduction & I’étude des macro invertebres des eaux douces”. C. R.D.P. Lion. pp: 130-150, 1980.
UNECE - The United Nations Economic Commission for Europe.

Voeiz N.J., Shieh S., Ward J.V. “Long-term monitoring of benthic macro invertebrate community structure. Aquatic ecology”. V.34, num.3,
pp. 261-278, 2001.

Vinson, M.R., and C.P. Hawkins. “Effects of sampling area and sub sampling procedure on comparison of taxa richness among streams”.
Journal of the North American Benthological society 15 (3): pp. 392-399, 1996.

Vidinskiené G. “Biodiversity, distribution and ecology of macro zoobenthos in small Lithuanian rivers”. Ecology. 2005. Nr. 2 P. 15-21;
Institute of Ecology of Vilnius University; © Lietuvos mokslg akademija, 2005; © Lietuvos mokslg akademijos leidykla, 2005.

Wallace, I. D., Wallace, B. “Keys to the case bearing larvae of Britain and Ireland”. Freshwater Biological Association. The Ferry House.
Scientific Publication N0.61; pp. 249, 2003.

Wallace, J.B., J.W. Grubaugh, and M.R. Whiles. “Biotic indices and stream ecosystem processes”. Results from an experimental study.
Ecological Applications 6(1). Pp: 140-151, 1996.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0503121 3385


http://www.ijs.speleo.it.

