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can be one of the point source pollution and effective in changing the
structure of the benthic macroinvertebrates of rivers.

Materials and Methods: Therefore, the benthic macroinvertebrates of the
Azad river were sampled to determine its population structure during 3
sampling periods in spring (low density farming), summer (high density),
and autumn (medium density) 2023 at 3 stations including 1) upstream or
control station, 2) farm effluent outlet, and 3) from distance of 650 meters
after the fish farm.

Results: In present study, 22 taxa belonging to 9 orders and 6 phyla were
identified overall. The Baetidae and Gammaridae had the highest abundance
with %41.19 and %22.06 respectively and some taxa such as Chironomidae,
Tubificidae, Simuliidae, and Naididae were in the next ranks. determining
the abundance of benthic macroinvertebrates showed that the difference was
significant only among different seasons, so that the highest abundance was
obtained in summer and autumn (P<0.05), among which Baetidae in autumn,
Gammaridae in summer and Chironomidae in spring had the highest
percentage of abundance. Although spatial changes were not significant, but
the trend from station 1 to station 3 was increasing.

Conclusion: In general, the results of the present study showed that the
footprint of the effects of fish farm effluent on the distribution and
structure of benthic communities was relatively clear, since its abundance
increased significantly in summer and at downstream stations with the
highest aquaculture effects simultaneously.
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Figure 1. Location of the study stations in the Azad River.
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Table 1. Benthic macroinvertebrates of the Azad River, 2022,

(Phylum) «sLs (Class) o, (Order) azul, (Family) o3l gl
Chironomidae
Simuliidae
Psychodidae
Diptera
Empididae
Hexapoda
Athericidae
Arthropoda Tipuliidae
Ephemeroptera Baetidae
Trichoptera Rhyacophiliidae
Crusatacea Amphipoda Gammaridae
Ostracoda Podocopida Candonidae
Chelicerata Arachnida Tetragnathidae
Tubificidae
Tubificida
Oligochaeta (Clitellata) Naididae
Annelida
Lumbriculida Lumbriculiidae
Hirudinea Arhynchobdellida Erpobdeliidae
- Physidae
Gastropoda
Mollusca - Lymneaidae
Bivalvia Sphaeriida Sphaeriidae
Cnidaria Hydrozoa Anthoathecatae Hydridae
Nematoda - - -
Platyhelminthes Turbellaria Tricladida Dugesiidae

5 Simuliidae (Tubificidae Chironomidae
Loy A S 13 cda slaas, > Naididae

(Y JK5) s Ao ys Y b gzo 55 sl

s Baetidae oyl ol asn s
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Figure 2. Percentage abundance of Benthic macroinvertebrates in the Azad River, 2022.

53 5 Jsad b Simuliide il 3 55 s

53 Sl 8858 Ty RIBIY Y (sladSan]
MmN ola) 4 Ced b s Ule Jsead
5o Naididae sl gl Slol 3 oy s 55058
2 0533 JS 53 O Ol (u e oS ol 0L
s Gl el s Ol Lad 5 Y oSl
5 Lumbriculidae Dugesiidae sl Leesl gl
5 oKl G 5565 bl sl Psychodidae
Dugesiidae s, .cuils sy caliee Jgab
Gl 5 Jio S5l 3 Ll Juad 53 ) oo
sy Sl b on 5aS lls Ol s 55 Y 5 Y
V olasl 53 Jpab ples 3 5 Lumbriculidae
Ole Jad 7a) ¥ ool 55 5 cn 568 Gl
Sl S 0> e Shos Ol il bl
Psychodidae Rt 255l gme DU
Laolfasl ol s bl s sdalie ) oKasl s

(Y JJJ\?—) M‘.})j& VL.\.AL C)‘mzjl;c\f@

YyY

Y 5 ) slelSanl > Baetidae ol gl iyl 3

RAG) Cenml LY il boaslis
P T U P P PR WL B -+ G P
e s o oSl a3 s me S
Sl A ealie dpad Ko L (Gl1E e 5pS)
5 il eyl e o Gammaridae
53 U1 5SS a3 s gme il 5 Ol J g
gz oy s gme Slss el s ¥ oK
A edalie V5 el gl o b 5 Calises
el sty Ol Juas 55 O Sl b op 5 e &S
ilitee Jg2b 5 ol&al > Chironomidae sl
b 3 ¥ ool bis 5 il s pme oslis
35 Ol e s Sl s sl Caliis
oe s 5o Tubificidae ¢l sy sl e
WS Sosba s gme g s Sl fad 3 K
Sl cnl Ll SUlE cp Sk sbls Y el
S A edalie ) o) o Lis Ciliss Jsmb o

(Y Jsd) 5 5 Ol a3 O Ol



V€40 4o ¢) oylowd (10 5,95 3L 3T 595 9 (5110 320 53 A i

REAR! et NEPHERP G 08 e 0 S5 Care I slaoy S (@,«js) Sl B P.:,_)@—\' Jgd

Table 2. Logarithm of the abundance of dominant groups of benthic macroinvertebrates in the Azad River, 2022.

(Season) |3

. (Station) oSz 2l
(Autumn) ;5. (Summer) gl (Spring) Family
3.66 £0.14% 3.75 +0.33" 2.62 +0.13° 1
3.32 £0.28"" 3.72+0.1° 2.55 +0.185¢ 2 Baetidae
3.8+0.18" 3.57 £0.14* 2.74+ 0.058 3
2.71 £ 0.565%® 3.78 + 0.16" 2.77+0.18° 1
2.29 +0.41° 2.69+0.61° 211+ 1.13 2 Gammaridae
3.43 +0.18" 3.55 + 0.14" 2.83 £ 0.25° 3
2.62 +0.37 2.63+0.12 3.05 + 0.15 1
3.03+0.3 3.05 +0.62 3.26+0.24 2 Chironomidae
3.29 £ 0.348 2.8340.178 3.4+ 0.09% 3
0.44 +0.7%° 1.89 £0.13%° 0.9 £0.79"8 1
3.1+051° 3.26 + 0.59° 2.55 + 0.84 2 Tubificidae
1.53 + 1.35% 0.79 £0.7° 1.11 +0.97 3
2.11 + 0.39° 1.3+1.29 1.31+0.62° 1
2.96 + 0.31"° 2.34 40.28 2.66 £ 0.03"B2 2 Simuliidae
3+0.36™ 2.77 £0.04"8 2.4 +0.24% 3
0.44 +0.77° 1.88 + 0.33"® 0.9+ 0.3%% 1
1.22 +1.08° 3.16 + 0.374 2.45+ 0.82°% 2 Naididae
2.03+0.82 0.62 + 1.08" 1.02 + 0.92% 3
2.02 +0.51% 2.46 +0.317 0B 1
1.37 + 057 0.58 +1° 0 2 Dugesiidae
2401 062+1° 1.51 +0.28° 3
0P 1.36 £ 1.22 0.76 + 0.66 1
0.5+0.87 1.46 +1.27 1.72+0.71 2 Lumbriculidae
1.65 + 0.28° 1.99 £ 0.04 1.6+0.2 3
0 0 0° 1
0.66 +1.15 0.34+0.6 1.53+£0.272 2 Psychodidae
1.3+0.24* 0.34+0.6° 0.76 £ 0.27ABP 3
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Figure 3. The abundance of benthic macroinvertebrate in the Azad River during different periods
and stations, 2022.
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