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Introduction

The Anzali Wetland is located along the southwestern coast of the Caspian Sea and was the first wetland
in Iran to be registered on the Ramsar Convention's list. However, it was soon added to the Montreux
Record due to ecological concerns (Mirzajani et al., 2020). Zooplankton is a crucial link in the wetland's
food chain, play an important role as secondary producers and serve as a primary food source for aquatic
animals. Planktonic communities are highly responsive to environmental changes, their population
structure is strongly influenced by nutrient levels in the water in the water (Mulani et al., 2006; Boyd,
2007; Bagheri et al., 2017). Following the invasion of the water hyacinth plant, a decline in the Caspian
Sea's water level, and reduced rainfall and river inflow due to climate change, this study represents the
most recent investigation into the temporal and spatial distribution of zooplankton in the Anzali Wetland.
The objective of this study was to assess the biodiversity, composition, and density of zooplankton in the
Anzali Wetland in 2023, compare the findings with previous research, and evaluate the broader ecological
changes over time.

Materials and methods

The Anzali Wetland is located at 37° 28' N latitude and 49° 25' E longitude, with a maximum depth rarely
exceeding one meter. Zooplankton sampling was conducted in March, May, June, August, October,
November, and December 2023 at 14 stations. Sampling took place over three days each month using
boats with engine powers of 85 and 25 horsepower. A Ruttner Water Sampler was employed for
zooplankton collection. The collected samples (30 liters) were passed through a 55-micron zooplankton
net, and the water retained in the net was transferred to 300 cc polyethylene bottles. The samples were
then fixed with 4% formalin and transported to the plankton laboratory for quantitative and qualitative
analysis (APHA, 2005).
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In the plankton laboratory, after homogenization, 5 ml of the sample was transferred using a pipette to 5
ml counting chambers (KIEL Hydro-Bios). After 24 hours of sedimentation, the samples were identified
and counted under an inverted microscope (F-S Leitz-LABOVERT). Zooplankton density was calculated
as the number of individuals per liter of water. The methods for sampling and determining zooplankton
density were based on APHA (2005) and Ruttner-Kolisko (1974), while zooplankton identification
followed the keys of Thorp and Covich (2001) and Pontin (1978).

Results

In this study, 58 genera from four zooplankton groups were identified in the Anzali Wetland. The highest
number of genera belonged to the phylum Rotifera, with 28 genera. This was followed by Arthropoda and
Protozoa, with 12 and 11 genera, respectively. In terms of abundance, Rotifera was the dominant group,
accounting for 48% of the total zooplankton population (148 individuals per liter). Protozoa ranked second
with 26% (81 ind.1™"), followed by Arthropoda with 24% (72 ind.I™!). Other zooplankton groups made up
the remaining 2%. The average total zooplankton abundance in the Anzali Wetland was estimated at 305
individuals per liter.

The genera Cyclops and Cyclocypris (phylum Arthropoda) were observed across all areas of the Anzali
Wetland. From the phylum Rotifera, the genera Brachionus, Cephalodella, Philodina, and Rotaria were
consistently found throughout the wetland, showing a 100% observation frequency. The highest
zooplankton abundance was recorded in June, with an average of 652+208 ind.1"!, while the lowest values
were observed in October (142436 ind.1"') and November (155437 ind.I™").

Among the zooplankton groups, Rotifera showed the highest abundance, reaching an average of 405 + 188
ind.I"" in June, with the lowest abundance being 20+5 ind.I"' in other months. The abundance of
Arthropoda ranged from 120+44 ind.1"! in June to 27+11 ind.I"! in November. Statistical analysis revealed
a significant difference (P<0.05) in zooplankton abundance among different phyla and sampling months.
Spatial analysis showed that the western region of the Anzali Wetland had the highest average
zooplankton abundance at 613+128 ind.l"!, while the lowest abundance was recorded at the wetland outlet
(116£31 ind.1""). The maximum abundance of Rotifera ranged between 206 and 335 ind.1I™! in the western
and eastern regions, respectively. The highest Arthropoda abundance (176 ind.1™") was also observed in the
western region. The abundance of Protozoa varied between 41 ind.I™! in Siah Keshim and 106 ind.I"! in the
central wetland.

Discussion and conclusion

Over the past 30 years, increased human activities and significant environmental and climatic changes
have contributed to notable shifts in the zooplankton community of the Anzali Wetland. Biodiversity has
drastically declined, with the number of zooplankton genera dropping from 87 genera in 1994 to 58 genera
in 2023 (Mirzajani et al., 2009). This study reveals a more than 13-fold decrease in zooplankton density
compared to the 2013-2014 period. Specifically, the abundance of Rotifera and Protozoa in 2023 was
reduced by 17-fold and 19-fold, respectively (Fallahi et al., 2018).

The substantial decline in zooplankton density observed in this study suggests a disruption in the food
chain within the Anzali Wetland ecosystem, which could lead to a further reduction in aquatic resources.
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The highest zooplankton abundance was recorded in the western wetland area, which remains the only
intact section of the Anzali Wetland. However, this area has experienced significant changes, including a
dramatic reduction in depth and near-total coverage by the invasive water hyacinth (Pontederia crassipes).
Several factors have contributed to the decline in zooplankton biodiversity and density in the Anzali
Wetland. These include the spread of non-native water hyacinth, decreased water depth, increased
sedimentation, higher rates of water evaporation, reduced flow from rivers entering the wetland, climate
change, the decrease in the Caspian Sea water levels, and a lack of proper wetland management. These
cumulative pressures have worsened over the past decades.

To address the issues affecting the Anzali Wetland and to restore the zooplankton community, which plays
a critical role in the food chain and aquatic resources of this ecosystem, it is essential to prioritize the
removal of non-native water hyacinth and accumulated sediments. Efforts should focus on the western,
central, and southern areas of the wetland to help clean and increase its depth. These measures should be
incorporated into the action plans of relevant executive organizations to revitalize the ecosystem.
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Figure 1: Location map of zooplankton sampling stations in Anzali Wetland, 2023
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Table 1: Location of sampling stations in Anzali Wetland, 2023
No Region Station Depth (cm) latitude Longitude
1 Sepah 80 49.3170 37.4789
2 West Dorna 70 49.3372 37.4661
3 Outlet 90 49.3726 37.4529
4 Bahambar 15 49.3989 37.4239
5 Siah Keshim outlet Siah Keshim 1 110 49.3882 37.4146
6 Nargestan 60 49.3848 37.4108
7 Siah Keshim Siah Keshim 2 50 49.3519 37.4264
8 Siah Keshim 3 60 49.3588 37.4250
9 Center Siah Darvishan 80 49.4077 37.4144
10 Sorkhankol 50 49.4581 37.4385
11 Sheijan 100 49.5051 37.423
12 East Chokam-Sheijan 120 49.5078 37.4234
13 Nokhaleh-Pirbazar 150 49.4998 37.4065

14 Outlet Outlet 300 49.4605 37.4783
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Table 2: Zooplankton identified in the Anzali Wetland, 2022-2023

Taxa West Kgézri]m l?e szﬂﬁ; Center East Outlet Total
Arthropoda 7 4 4 3 3 5 12
Protozoa 6 5 7 6 5 2 11
Rotifera 25 18 19 10 15 7 28
Others 2 2 1 4 1 2 7
Total 40 29 31 23 24 16 58
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Table 3: List of identified zooplankton and their presence (%0) in the Anzali Wetland, 2023

No Taxa Genus Anzali wetland Observation
West  Keshim Siah Center East  Outlet (%)
outlet Keshim
1 Chromista Cyphoderia v 67
(Cercozoa)
2 Protozoa Amoeba v 4 32
(Amoebozoa)
3 « Arcella v v v v 67
4 « Centopyxis v 4 v v v 67
5 « Cucrbitella 4 17
6 « Difflugia v v v 4 v 84
7 « Lesquereusia 4 17
8 Protozoa Codonella v v 32
(Ciliophora)
« Coelps 4 17
10 « Tintinnopsis v 17
11 « Unknown 4 4 4 v 4 4 100
12 « Vorticella 4 v 32
13 Porifera Asteromeyenia v 34
14 Annelida Aeolosoma v 17
(Oligochaeta)
15 Nematoda Nematoda v v v 4 4 84
16 Gastrotricha Polymerurus v v 32
17 Rotifera Anuraeopsis v 17
18 « Ascomorpha v 17
19 « Asplanchna v 4 32
20 « Brachionus v v 4 v 4 4 100
21 « Cephalodella v v 4 v 4 v 100
22 « Colurella v v 4 50
23 « Euchalanis v v 4 50
24 « Filinia v 4 v 4 4 84
25 « Gastropus v v 4 50
26 « Keratella v v v 4 67
27 « Lecane 4 4 4 4 67
28 « Lepadella v v v 4 67
29 « Lophocharis 4 4 32
30 « Monostyla v v v 4 67
31 « Mytilina 4 4 4 50
32 « Notholca v v v 4 84
33 « Philodina 4 4 4 4 4 4 100
34 « Platyias v v 32
35 « Polyarthera 4 v v v v 84
36 « Pompholyx v v v 50




37 « Rotaria v

38 « Scaridium

39 « Schizocerca v

40 « Squantinella v

41 « Syncheata v

42 « Testudienella v

43 « Trichocerca v

44 « Trichotria v

45 Tardigrada Hypsibius

46 Arthropoda Acartia
(Copepoda)

47 « Cyclops v

48 « Nauplii 4

Copepoda

49 «“ Nitocra

50 Arthropoda Alona v
(Cladocera)

51 « Bosmina v

52 « Macrothrix 4

53 « Moina v

54 « Chydrus v

55 «“ Pleuroxus

56 Arthropoda Chironomus v

(Diptera)

57 Arthropoda Cyclocypris v

(Ostracoda)

58 Mollusca Bivalvia larvae

v v v v 100
17
17
17

<
<

67

v v v v 100

67
17

17

17
17

v v v v 100

v 17
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Figure 2: Zooplankton abundance (%) in the Anzali Wetland in 2022-2023
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Figure 3: zooplankton abundance in Anzali Wetland in 2022-2023
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Figure 4: Cluster analysis of zooplankton abundance in different months of the Anzali Wetland in 2022-2023
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Figure 5: Abundance of zooplankton in different regions of Anzali Wetland in 2022-2023
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Figure 6: Cluster analysis of abundance of zooplankton groups in different regions of Anzali Wetland in 2022-2023.
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Table 4: Comparison of the number of phylum and genera of zooplankton in Anzali Wetland in 1994-2023

Zooplankton-Anzali Wetland

Source Year Genus Taxa
Mirzajani et al., 2009 1994 (1373) 87 19
" 1995 (1374) 87 19
" 1996 (1375) 76 18
1997 (1376) 83 18
1998 (1377) 83 17
" 1999 (1378) 47 12
2000 (1379) 50 11
" 2001 (1380) 61 15
2002 (1381) 63 14
Fallahi et al., 2018 2014-15 (1393-94) 71 12
Present study 2022-23 (1401-02) 58 10
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Table 5: The number of zooplankton taxa in Anzali Wetland during 1994-2023. Data from 1994- 2001 by Mirzajani et
al. (2009); data 2013-2014 by Fallahi ez al (2018)

Taxa 1094 1995 1995 1997 1998 1999 2000 2001 2002 oo 20
Athropoda 16 16 14 11 13 5 6 10 8 15 12
Protozoa 24 21 17 25 24 11 12 13 17 12 11
Rotifera 34 36 34 36 36 2 26 28 30 35 28
Others 13 14 11 11 10 7 6 10 8 9 7
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Figure 7: Average annual changes of zooplankton abundance of Anzali Wetland during 1994-2023. Data from 1994-
2001 by Mirzajani et al (2009); data 2013-2014 by Fallahi ez al. (2018)
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Figure 8: Average annual changes in the abundance of dominant zooplankton phylm of Anzali Wetland during 1994-
2022. Data from 1994- 2001 by Mirzajani ef al. (2009); data 2013-2014 by Fallahi ef al (2018)
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