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Abstract

In recent years, the construction of fish farms along the Qaleh Roudkhan river has increased
significantly. The aim of this study was to investigate the effects of effluent from these farms on benthic
communities and their population structure in river water. A total of 6 study stations were selected, of
which 2 stations are from Fusheh (Shahed) branch and 4 stations are from Qaleh Roudkhan branch.
Among the stations, Station 2 of Qaleh Roudkhan is located at the exit of the effluent of the fish farm.
The results of analysis of variance using SPSS for all biological indicators indicate that there is a
significant difference between the stations. Also, according to Duncan's test at 5% level in Shannon-
Wiener index between stations 1 and 2 of Fosheh and stations 1 and 2 of Qaleh Roudkhan, in Margalf
index between stations 1 and 2 of Qaleh Roudkhan with other stations, in Simpson dominance index
between all stations except station 1 Fusheh and 4 Qaleh Roudkhan, in Helsinghof and EPT index
between all stations and in BMWP / ASPT index between 2 Qaleh Roudkhan stations and other stations,
there are significant differences. Based on the results, the fish pond workshop has caused changes in the
groups of benthic invertebrates during the study period, which indicates a sharp decline in water quality
at the effluent outlet.
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Extended abstract

Introduction

Due to the increase in population and the growing need of people for food, especially protein and the
desire to consume fish and other aquatic products, as well as the limitation of natural fish stocks, the
aquaculture industry is developing due to increasing demand and reducing fishery resources. Today, in
addition to natural changes, flowing waters have been affected by human activities such as the
development of fish ponds and have undergone profound changes. (Edited) Restore original. Effluent
from aquaculture systems may cause changes in the ecosystems receiving the effluent. Because it usually
reduces the species richness and diversity of biological communities and increases the abundance and
dominance of pollution-resistant organisms and changes the structure of the biological community and
one of the most effective methods to study the effect of fish farm effluent on receiving waters is assessing
the changes in its biological communities. In other words, biological assessment and monitoring of rivers
and flowing water is one of the scientific and cost-effective ways that can assess water health at all
times .

The use of biological indicators in assessing the quality of aquatic ecosystems has been seen in several
studies. For example, in a study, Ebrahimi et al. (2017) evaluated the water quality of the Tajan River
using qualitative and biological indicators. In this study, they sampled at 4 stations along the river and
on a monthly basis with 3 repetitions per station and used ASPT, BMWP, NSFWQI and Helsinghoff
indices. Based on the results of this study, the water quality of Tajan River was in the middle to very
poor-quality category.

Materials and methods

The city of Fooman is located 27 km southwest of Gilan province, Iran. The river "Shakhzar" originates
from the height of 3000 meters of "Mutakhani" and its two sub-tributaries are "Gasht Roudkhan" and
"Qaleh Roudkhan ". The branch of Qaleh Roudkhan, which is the study area, is located in the
geographical range of 49 degrees and 14 minutes and 19 seconds east longitude and 37 degrees and 3
minutes and 51 seconds north latitude. A total of 6 study stations, two of which were selected from
Fusheh branch (Gasht Roudkhan) as control stations and 4 stations from Qaleh Roudkhan branch, among
which, station No. 2 of Qaleh Roudkhan at the effluent outlet of fish farm and other stations were located
along the river and were sampled 4 times during 9 months.

In this study, the benthic fauna of the river was identified and using them, different areas of the study
route were classified and evaluated in terms of pollution severity. Samples of large benthic invertebrates
taken from the river were isolated and identified. A laboratory loop and a valid identification key were
used to identify them. The collected data were analyzed during 4 sampling times from 6 different
stations. In this study, indices such as taxonomy richness (Margalf indices), EPT coefficient index,
BMWP / ASPT index, taxonomic diversity indices (Simpson and Shannon-Wiener) and Hilsenhof bio
index were used. Then, using ANOVA and Duncan test (comparison of two stations) in each index,
statistical analysis of the data was performed.

Result

In general, during 9 months of study and sampling 4 times of benthic fauna of Qaleh Roudkhan river,
in the study area, 20 groups were identified, most of which were aquatic insect larvae. The lowest
frequency of benthic belonged to the family Nemouridae of the order Plecoptera with a frequency of 1,
and the maximum frequency of benthic belonged to the family Baetidae of the order Ephermeroptera
with a frequency of 1004. After calculating the frequency of benthos in different stations, it was found
that in station 2 of Qaleh Roudkhan, the highest frequency belongs to Chironomidae family of Diptera
order with 299 and in other stations the highest frequency belongs to Baetidae family of Ephermeroptera
order.

The results of the study of biological indicators are as follows :

Analysis of variance was performed for data obtained in 6 sampling stations using SPSS software. The
results for different biological indicators that were measured at the stations and in different time periods
showed that there is a significant difference between the stations and the sampled periods. Therefore, in
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order to ensure the correct assessment of the trend of changes in biological indicators in the stations,
Duncan test was performed at the level of 5%.

Shannon-Wiener Index

The results of Shannon index show moderate pollution in all stations. According to Duncan's test, there
is a significant difference between stations 1 and 2 of Fosheh and stations 1 and 2 of Qaleh Roudkhan,
which indicates a decrease in species diversity in stations 1 and 2 of Qaleh Roodkhan.

Margalf species richness index

According to Duncan test, there is a significant difference between all stations except stations 1 and 2
of Qaleh Roudkhan. In stations 1 and 2 of Fusheh (before the fish pond), the species diversity is very
high, which indicates that the water is healthy. However, due to the discharge of pool effluents in Station
2 of Qaleh Roudkhan, species diversity and water quality have decreased.

Simpson Dominance Index

The results of Simpson dominance and diversity index showed that Fosheh station 2 has the highest
species diversity and Qaleh Roudkhan station 2 has the least diversity. According to Duncan test, there
is a significant difference between all stations except Fosheh 2 station and Qaleh Roudkhan station 4.
In stations 1 and 2 of Fosheh before the fish pond, the species diversity of macrobenthos is high, but in
stations 1, 2 and 3 of Qaleh Roudkhan, especially station 2 (the place where the pond effluent exits), the
species diversity has decreased.

Hilsenhof Index

Based on the results in terms of quality, Fusheh 1, Fusheh 2 stations were on the excellent category,
Qaleh Roudkhan 1, Qaleh Roudkhan 3 and Qaleh Roudkhan 4 were on the very good category and
Qaleh Roudkhan 2 were on the good category. According to Duncan test, there is a significant difference
between all stations. In stations 1 and 2 of Fosheh before the fish pond, the resistance of the
macrobenthos family to low pollution is low, but in stations 1 and 2 of Qaleh Roudkhan after the fish
pond, their resistance, especially in station 2 (where the effluents leave the pools) Has gone up.

EPT coefficient index

According to Duncan's test, there is a significant difference between all sampling stations. The number
of species of Chironomidae families in stations 1 and 2 of Fusheh before the fish pond, especially station
1, was minimal, but in stations 1 and 2, Qaleh Roudkhan (after the fish pond), especially station 2
(effluent exit point), the number these species have reached their highest values.

Index (BMWP / ASPT)

According to Duncan’s test, there are significant differences between Station 2 of Qaleh Roudkhan and
Station 4 of Qaleh Roudkhan and Station 2 of Fosheh. According to the BMWP / ASP index, the
resistance of macrobenthos families to pollution in station 2 of Fusheh is very low and high sensitivity,
but in stations 1 and 2 of Qaleh Roudkhan, the resistance of families to pollution has increased. In station
1 of Fusheh and station 4 of Qaleh Roudkhan, the resistance of macrobenthos families is higher than
station 2 of Fosheh and lower than stations 1, 2 and 3 of Qaleh Roudkhan.

Discussion and Conclusion

The results of this study show that aquatic insects have formed the predominant population of benthic
organisms in the tributary of Qaleh Roudkhan. Also, Shamali and Abdolmaleki (1996) in Kergan River
achieved similar results.

In the studies conducted, various groups of benthic invertebrates, especially the larvae of aquatic insects,
were identified, which could be a reason for the good quality and ecological health of Qaleh Roudkhan
River. The order Diptera has the maximum frequency in station 2 and the minimum frequency in station
1 of Foshe and station 4 of Qaleh Roudkhan. Therefore, the relative increase of resistant groups and
changes in the composition of the benthic population, especially in station 2 of Qaleh Roudkhan, can
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indicate the effect of fish farms on the river system. This trend is almost the same in Station 1 of Qaleh
Roudkhan, considering that Station 1 of Qaleh Roudkhan is downstream of Station 2 and no self-
purification effects have been observed in it, Changes in the composition of the benthic population of
Station 1 could be due to the effects of effluent from fish farms in Station 2. The abundance of benthos
in different stations in Qaleh Roudkhan river showed that the organisms are sensitive to pollution and
need clean water in the upstream stations of the fish farm more than Qaleh Roudkhan station 2 (effluent
exit point) and downstream stations. One of its prominent orders is Ephemeroptera, But other resistant
orders like Diptera do not change much and even increase their density .

Species richness between stations was determined by the Margalf index. The statistical results of
Margalov index show that the pollution is still present in station 1, which is lower than station 2, and
there is no significant difference with station 1, and Also, due to the increase in species richness in
downstream stations and a significant difference with stations 1 and 2, it seems that the river is self-
cleaning and decontamination.

In this study, EPT coefficient has been used to examine the balance of the biological community. A
higher index means a reduction in the number of species of the family Chironomidae and the existence
of better conditions for the ecosystems Plecoptera, Tricoptera, Ephermeroptera. Therefore, Station 1
Fosheh, which has the highest value of this index, has more suitable conditions and less pollution, and
Station 2, Qaleh Roudkhan, which has the lowest value of this index, has unsuitable conditions and more
pollution.

According to the Hilsenhoff index at Station 2, the population of the family resistant to pollution has
increased compared to other stations, which indicates high pollution in this area. However, with the flow
of water to the downstream stations, the population of sensitive species is upwards, which indicates the
self-purification of water in farther distances and downstream areas. This index is also most consistent
with the EPT index.

Also, according to the statistical results of BMWP / ASPT index obtained from this index, there is no
significant difference between Station 1 Fosheh and 4 Qaleh Roudkhan, which can be due to the self-
purification of the river in station 4 and thus reduce the susceptibility of benthic to pollution. However,
Station 2 with the most significant difference indicates the existence of high pollution and as a result the
high population of families resistant to infection and the decrease in the population of sensitive species,
which is due to pollution from the effluent of fish farms in this station

Conclusion

Based on the type of benthic invertebrate communities and their ecological conditions in each river,
specific indicators or indicators should be defined in each river and national studies in all surface waters
of the country using the population structure of benthic macrobenthos are necessary. Due to the
importance of the population structure of benthic invertebrates in determining water quality and their
different susceptibility to pollution, the identification of this aquatic community is of particular
importance. In general, it can be stated that human activities such as the construction of fish farms in
this tributary of Qaleh Roudkhan river have caused changes in groups of benthic invertebrates during
the study period.
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