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Objective: The Roodbast Wetland in Babolsar city is a crucial source of agricultural water
and supports various living organisms near human settlements. Preserving the quality of
this habitat is vital for both natural and human reasons. This study investigates the
ecological status of Roodbast Wetland using algae as biological indicators of pollution.
Method: Diverse samplings were conducted in different seasons. Algae were identified
using an optical microscope and library resources. Pollution levels were assessed using
the Palmer index and various biological indicators.

Results: The study cataloged 81 genera across 7 phyla of algae. Chlorophyta had the
highest species diversity, while Chrysophyta had the fewest. Peak algae proliferation
occurred in summer and spring. Chlorophyta and Bacillariophyta were predominant
throughout most of the year. In summer, Palmer’s pollution index peaked at stations 3 and
4, with a value of 35. In winter, stations 2, 4, and 5 showed minimal pollution with indices
of 6, 9, and 7, respectively. During summer and autumn, all stations recorded Palmer
indices exceeding 24.

Conclusions: The primary cause of wetland pollution in spring is the influx of sub-
branches from Babolrood, carrying village sewage and agricultural runoff. The rise in
pollution in summer and autumn is due to elevated water temperatures, reduced rainfall,

and increased extraction of lagoon water for rice replanting.
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Introduction
Wetlands are among the most productive and ecologically important ecosystems on the

planet, playing essential roles in biodiversity conservation, hydrological regulation, and the
provision of ecosystem services such as water purification, flood mitigation, and agricultural
irrigation. In northern Iran, the Roodbast Wetland in Mazandaran Province serves as a critical
habitat and a vital water source for surrounding rice paddies. However, the ecological integrity
of this wetland is increasingly threatened by anthropogenic disturbances including agricultural
runoff, domestic sewage discharge, and water abstraction. Given the vulnerability of wetlands
to pollution and eutrophication, there is a growing need for reliable and sensitive bioindicators
to monitor water quality and ecosystem health.

Algae, particularly phytoplankton, are widely recognized as effective indicators of aquatic
ecosystem health due to their rapid response to environmental changes. This study was
conducted to evaluate the seasonal ecological status of the Roodbast Wetland by analyzing algal
diversity and applying bioindicators such as Palmer’s Algal Pollution Index and common
biodiversity indices. The aim was to determine the extent of organic pollution and seasonal
variation in algal community composition across different regions of the wetland.

Method
The Roodbast Wetland comprises two interconnected basins: a smaller section of

approximately 40 hectares and a larger section of about 90 hectares, separated by a dirt road.
Five sampling stations (S1 through S5) were established across the wetland based on
environmental heterogeneity, including variation in water depth, input channels, and proximity
to agricultural and residential runoff sources. Stations S1 and S2 were located in the smaller
basin, while stations S3, S4, and S5 were situated in the larger section. Sampling was carried
out during the four seasons—winter, spring, summer, and autumn—across all five stations.
Water samples were collected from the surface (approximately 0.5 meters depth) using standard
plankton nets and collection bottles. Additional samples were taken from benthic surfaces and
submerged rocks to capture both planktonic and periphytic algae. Identification of algal taxa
was conducted at the genus level using light microscopy and standard taxonomic references.
To assess pollution levels, Palmer’s Algal Pollution Index was applied. This index is based
on the presence and abundance of 20 algal genera known to be tolerant of organic pollution,
with each genus assigned a specific pollution tolerance score. The cumulative score for each
station and season was calculated to classify pollution levels as follows: scores below 10
indicate no organic pollution; scores between 10 and 14 indicate slight pollution; scores
between 15 and 19 suggest moderate pollution; and scores of 20 or above indicate high levels
of organic pollution. In parallel, biodiversity indices were calculated to evaluate species

richness and community evenness. The Shannon-Wiener and Simpson indices measure both
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richness and evenness, while the Margalef and Menhinick indices provide richness estimates

normalized by the number of individuals.

Results

The results revealed a total of 81 algal genera from seven phyla, with Chlorophyta (green algae)
comprising the largest proportion (48.15%) of the total genera. Bacillariophyta (diatoms) accounted for
27.1%, while Cyanophyta (blue-green algae) represented 12.4%. Other phyla such as Euglenophyta,
Dinophyta, Chrysophyta, and Xanthophyta were present in smaller proportions. Seasonal variation was
pronounced, with the highest algal abundance observed in summer (19,043.27 cells mL™"), followed by
spring (18,382.07 cells mL™"), autumn (16,509.2 cells mL™"), and the lowest in winter (7,405.82 cells
mL™). The dominant genera included Chlamydomonas, Navicula, Scenedesmus, Euglena, and
Nitzschia, which were observed in all seasons. In terms of seasonal dominance by phyla, Bacillariophyta
and Chlorophyta were prevalent in winter, while Chlorophyta and Cyanophyta were dominant in spring.
In summer, Euglenophyta and Dinophyta exhibited significant growth, particularly at stations S3 and
S4. During autumn, Euglenophyta remained dominant, with notable contributions from Chlorophyta and
Bacillariophyta.

Palmer’s Algal Pollution Index scores indicated a clear pattern of increased organic pollution during
the warmer months. In summer and autumn, all stations recorded index values above 24, classifying
them as highly polluted. The highest values were recorded at stations S3 and S4 in summer (scores of
35), suggesting severe organic loading likely linked to agricultural runoff and nutrient accumulation. In
contrast, winter values were significantly lower, with stations S2, S4, and S5 scoring below 10,
indicating little to no organic pollution. These results align with expected seasonal patterns, where
reduced water volumes, elevated temperatures, and increased nutrient inputs during the agricultural
season promote algal blooms and elevate pollution levels.

Biodiversity indices also showed seasonal fluctuations. The Shannon-Wiener index was
highest in spring (2.59) and lowest in winter (2.29), indicating greater diversity and evenness
during periods of increased light and nutrient availability. The Simpson index showed a similar
trend, with the highest value in spring (0.888) and the lowest in winter (0.844). Margalef and
Menhinick richness indices peaked in autumn and were lowest in winter, reflecting a general
reduction in algal richness during the colder, more turbulent months.

Conclusions

The findings of this study underscore the seasonal and spatial variability in algal community
structure and pollution levels within the Roodbast Wetland. The dominance of organic
pollution-tolerant genera in the summer and autumn months, along with high Palmer index
scores, suggests that nutrient enrichment and eutrophication are significant concerns during the
agricultural season. The wetland’s ecological health is clearly influenced by seasonal
hydrological dynamics and human activities, particularly the use of fertilizers and water
abstraction for rice cultivation.
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In conclusion, the use of algal bioindicators, including Palmer’s Pollution Index and standard
biodiversity indices, proved effective in assessing the ecological condition of the Roodbast
Wetland. The seasonal data highlight the need for improved water management practices and
pollution control, especially during the irrigation-intensive periods of spring and summer.
Ongoing monitoring using algal indicators is recommended to support conservation efforts and
ensure the long-term ecological sustainability of the wetland.
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5SSk b Dainophyta o . pis YAYI-¥ cells mL™ Jlgl 3 .55le U Chlorophyta (S2) pgs oS!
Chrysophyta asLs go Jol oSl aslen 5 oS! cpl jo il axsls 1, Slgl,d o 508 YEV/AP cells mL™ gl
51 Oocystis ¢ Synedra Euglena Snowella Trachelomonas (¥ Jgo>) sl jea> Xantophyta
(Cegey J992) 3,5 (315 ol cl o I (Sl slagir

5l L Dainophyta asLs g o yiias OAPAIYY cells mL™ Jlgl 3 . Sle L Chlorophyta (S3) sguw oS!
ypa> Xantophyta 3 Chrysophyta ;s oK) cpl o cul ails 1) Slgls o 505 AYIOY cells mL™" gl 3
Snowella Peridinium Euglena Trachelomonas oK. ool 1o ;g3 K> sla i (¥ Jgaz) axuslas
(g Jgo3) Slesgs Mougeotia

5 Chrysophyta 4 i FYVVYY cells mL™' Jlgls .Sl L Dainophyta (S4) s,ks oK
2 Olghyd Gl iz 51(Y Jgaz) wiyle 1y Slglyd o eS AY/SO cells mL™' Jlgl s .Sl b olas,» Xantophyta
(Casgmr J392) 8,5 o Ll Euglena 5 Trachelomonas Peridinium Pinnularia « o)y oo oK) o

cells Jlsl,8 .Kilw L Xantophyta 4 v&- ¥/\ cells mL™" Jlgl 5 .55l L Chlorophyta :(S5) o oS
ol oyl ;o Chrysophyta asls 5 wols oylis oKl cpl 5o 1y Slghd 5065 g G ydan wud i 4 AY/FOML™!
5 Cosmarium Mougeotia Peridinium g o oS! pl 0 L& Glaiz 51 (Y Jsoz) cuilss jgax
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Table 3. Mean annual abundance of algal phyla at sampling stations (cells mL™")

Algae/Station S1 S2 S3 S4 S5
Bacillariophyta 5372.46 2727.5 1653.2 3471.43 3554.1
Chlorophyta 5455.11 3802.04 5868.37 2479.6 7604.1
Chrysophyta 0 0 0 82.65 0
Cyanophyta 247.96 1653.07 1901.02 4133 1322.45
Dinophyta 1157.15 247.96 826.53 4711.22 1322.45
Euglenophyta 5951.02 1735.71 3388.77 4297.96 4959.2
Xantophyta 0 0 0 82.65 82.65
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Table 4. Palmer’s pollution indicator genera of algae at sampling stations

Season Winter Spring Summer Autumn
Algae Stiﬁo St | S2 | S3 | Sa | Ss | St | S2| S3 | Sa | Ss| St | S2|S3| Se|Ss| St |S2|S3|8Ss4]|Ss
Ankistrodesmus - - - - - 2 2 - - - 2 - - - - - -
Chlomydomonas 4 - 4 - - 4 4 4 - 4 4 4 - 4 4 4 4 4
Chlorella - - - - - 3 3 - - - - - 3 3 3 - - - - -
Closterium - - - - - 1 1 - 1 1 - 1 1 1 1 1 1 - - -
Cyclotella - - - - - - - - - - - - 1 - - 1 1 1 1 1
Euglena 5 - - - - 5 - - 5 5 5 5 5 5 5 5 5 5 5 5
Gomphonema 1 1 1 - 1 - - - - - - 1 - 1 - - 1 - - 1
Lepocinclis - - - - - - - - - - 1 1 1 1 1 - 1 - - -
Melosira - - - - 1 - - - - - - - - - - - - - - -
Micractinium - - - - - - - - - - - - 1 - - - - - - -
Navicula 3 - - 3 - 3 - - - - 3 3 - 3 3 3 3 3 3 3
Nitzschia 3 3 3 3 3 3 - - - - 3 - 3 3 3 3 - 3 3 3
Oscillatoria - - - - - - 5 - - 5 - 5 5 5 5 5 5 - - -
Pandorina 1 - - 1 - - 1 - 1 1 1 - 1 1 1 1 1 1 1 1
Phacus - - - - - 2 2 - 2 - 2 2 2 2 2 2 2 2 2 -
Scenedesmus 4 - - - - 4 4 4 4 4 4 4 4 4 4 4 - 4 4 4
Synedra 2 2 2 2 2 - - - - 2 2 2 2 2 2 2 2 2 2 2

Total 23| 6 110 ] 9 7 127 22| 8 [ 13124127 [ 28 353513031 ]26)27[25]24

30
5 -6
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E 20 - S3
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Figure 2. Palmer’s algal pollution index across seasons at sampling stations
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Table 5. Seasonal mean values of biodiversity indices

Biodiversity Index / Season Winter Spring Summer Autumn
Simpson 0.8442 0.88876 0.87006 0.84864
Shannon 2.2982 2.5926 2.516 2.515
Menhinick 0.14422 0.14626 0.153524 0.16352
Margalef 1.33894 1.9418 1.9924 2.1712

-~ Shannon

Mean value of biodiversity indices

Margalef
-~ Simpson
L B 1 ~&~ Menhinick
Winter Spring Summer Autumn

) £ LSL""uA?Lu Lad u‘)“"'” -y ls
Figure 3. Seasonal variation in mean biodiversity indices
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Appendix Table: List of Identified Algae at Roodbast Wetland by Phylum, Season, and Station; Presence (+)
and Absence(-)
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