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ABSTRACT

In this research, Sampling of macrobenthos of Mazandaran beaches was performed in 7 stations at two
depths of 5 and 10 meters during four seasons in 2020 using a grab with 8 replications in each station. In
this study, a total of 10472 individuals were counted, which belonging to 22 species from 13 families. The
highest frequency of macrobenthos (648 + 170.79) was observed in spring and the highest amount of
biomass (36.21 £2.5 gr / m2) was observed in winter. Moreover, the highest prevalence of macrobenthos
predominant groups during the sampling period was observed in Bivalves (40%), Crustaceans (36%),
Annelids (22%) and Gastropoda (2%), respectively. The results of PERMANOVA analysis showed that
the effect of two factors of season and depth impacted the biomass, abundance, species richness, species
composition and community structure of macrobenthos significantly. Furthermore, the results showed that
with increasing the depth from 5 to 10 meters, macrobenthos abundance increased by 4, 2, 1 and 9 times
in spring, summer, autumn and winter, respectively. Moreover, increase in depth from 5 to 10m, the
values of biomass and species richness have increased. In according to these results, it can be concluded
that biomass and diversity index of macrobenthos communities change considerably in different seasons
and depths. Therefore, natural changes of these variables should be considered when using these
macrobenthos communities to assess the impact of environmental factors.
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RESUMEN

En esta investigacion, el muestreo de macrobentos de las playas de Mazandaran se realizd en 7 estaciones
a dos profundidades de 5 y 10 metros durante cuatro temporadas en 2020 utilizando una cuchara con 8
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réplicas en cada estacion. En este estudio se contd un total de 10472 individuos, los cuales pertenecen a 22
especies de 13 familias. La mayor frecuencia de macrobentos (648 + 170,79) se observo en primavera y la
mayor cantidad de biomasa (36,21 + 2,5 gr / m2) se observé en invierno. Ademas, la mayor prevalencia de
grupos predominantes de macrobentos durante el periodo de muestreo se observo en Bivalvos (40%),
Crustéceos (36%), Anélidos (22%) y Gastropoda (2%), respectivamente. Los resultados del analisis de
PERMANOVA mostraron que el efecto de dos factores de la estacion y la profundidad afectd
significativamente la biomasa, la abundancia, la riqueza de especies, la composicion de especies y la
estructura de la comunidad de macrobentos. Ademaés, los resultados mostraron que al aumentar la
profundidad de 5 a 10 metros, la abundancia de macrobentos aumentd 4, 2, 1 y 9 veces en primavera,
verano, otofio e invierno, respectivamente. Ademas, al aumentar la profundidad de 5 a 10 m, se han
incrementado los valores de biomasa y riqueza de especies. De acuerdo con estos resultados, se puede
concluir que la biomasa y el indice de diversidad de las comunidades de macrobentos cambian
considerablemente en diferentes estaciones y profundidades. Por lo tanto, se deben considerar los cambios
naturales de estas variables al utilizar estas comunidades de macrobentos para evaluar el impacto de los
factores ambientales.

Palabras clave: Macrobentos, Biomasa, Abundancia, Mar Caspio.

1. INTRODUCTION

The Caspian Sea is considered as the largest lake in the world. It is located between Iran, Turkmenistan,
Kazakhstan, Russia and Azerbaijan. The length of the Caspian Sea from north to south is about 1200
kilometers and its width in the widest parts in the north is 554 kilometers and in the narrowest part it is
about 302 kilometers (Negarestan and Hashemi, 2020). The Northern Caspian only is very shallow and
contain the Caspian shelf. The Southern Caspian is the deepest, with oceanic depths of over 1,000 meters,
considerably exceeding the depth of other regional seas, like the Persian Gulf. The Middle of Caspian and
the Southern Caspian account for 33% and 66% of the total water volume, respectively (Jalili et al., 2010).
The northern part of the Caspian Sea freezes in the winter, and in the coldest winters ice made in the
south. The Caspian Sea is the remnant of the Tethys Ocean, and the salinity of this sea decreased sharply
in Ploston that led to a reduction in biodiversity and evolution of native species (Kowsari et al., 2010).
Among the native species, for example, we can mention Phoca caspica species and six species of sturgeon
(Mirzajani et al., 2005).

Most of the creatures in the Caspian Sea are invertebrates (77%). A total of 476 invertebrate species have
been identified in the Caspian Sea, 46% of which are native to the Caspian Sea and more than 20% of
which are non-native. Most of them are including benthic communities (Ghasemi et al., 2016; Farshchi et
al., 2018). These organisms are the most important food source for fish. Benthic communities are suitable
for long-term comparative research because many species of these communities are sedentary (Chen et al.,
2010; Briggs et al., 2017). They are also relatively long-lived and show the effect of environmental
changes over time (Nicolau et al., 2015).

Diversity in physiological tolerance, life cycle strategies, type of nutrition and on nutritional interactions
in macrobenthos communities make these communities suitable for assessing environmental conditions
(Sanchez-Moyano et al., 2010; Zhang et al., 2013; Mulik et al., 2020). In addition, these organisms play an
important functional role in disrupting sediments, providing nutrients to higher nutrient groups, as well as

1404



habitat creation (Farshchi et al., 2020). Also, macrobenthos play an important role as secondary producers
in the seas and play a key role in the food chain (Sowa et al., 2020).

Generally, the pattern distribution of macrobenthos are related to environmental factors such as tidal
currents, depth, Nutrients, sediment type, amount of organic matter and flow velocity (Tajri et al., 2014).
Usually, the abundance and biomass of the benthic communities show almost significant changes with
time and space. For example, in the study carried out by Sharbati et al. (2013) on the abundance and
biomass of macrobenthos communities in the coastal waters of the southeastern Caspian Sea, the highest
abundance of predominant community of benthos was reported in the Gastropoda, Foraminifera,
Polychaetes and bivalves, respectively (Asghari et al., 2014). In this study, the highest abundance was
determined in summer and the lowest abundance in autumn, as well as the highest biomass in summer and
the lowest biomass in spring. The research results of Borhani Jelodar et al. (2010) on the relationships
between the dominant macrobenthos communities and some environmental parameters in the southern
part of the Caspian Sea showed that in different seasons the polychaetes has the highest population share
among the dominant benthic classes. In this study, the highest abundance was observed in summer which
mainly related to Streblospio species of polychaetes (Angulo-Preckler et al., 2017).

Ghasemi et al. (2016) studied on macrobenthos Gorgan Bay and indicated that the dominance of the
Streblospio community (Kosari et al., 2009). In another study by Jalili et al., (2010) on macrobenthos in
Bandar Anzali in Gilan Province the macrobenthos fauna of the southwestern part of Wetland was carried
out. In this study, the highest abundance of macrobenthos are shown in spring and the highest amount of
biomass was observed in autumn (Sharbati et al., 2013). In another study by Kowsari et al. on abundance
and biomass of Caspian Sea benthos in Mazandaran province was performed (Borhani Jelodar et al, 2010).
The highest abundance of benthos communities during length is related to Polychaetes, Oligochaeta,
Bivalves, Crustaceans and Insecta are reported, respectively. In this study, the highest abundance in
summer and the lowest abundance was determined in autumn (Kosari et al , 2021).

As mentioned, spatial and temporal changes of macrobenthos can be dependent on environmental
conditions. Part of the environmental conditions change with the change of seasons and part of it is also
affected by human activities. Since benthic communities are used in environmental assessment studies, the
study of natural changes of these communities and the effect of environmental factors is very important to
them. Therefore, in the present study, spatial and temporal changes in abundance, biomass and the species
richness of macrobenthos species of in the Caspian Sea in 2 depths (5 and 10 m) and 4 seasons were
studied.
2. MATERIAL AND METHODS

The present study on the coasts of the city of Mazandaran province, seasonally from spring to winter
(May, August, November, February) in 7 stations in 2020 (Table 1 and Figure 1). Since the studied
stations were located near the hot water outlet of the cooling system of Mazandaran power plant, with
ambient temperature monitoring, the stations were selected in such a way that they would not be affected
by hot water. For sampling of macrobenthos communities, sampling with Van Veen model was used.
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Table 1- Geographical location of the stations and depth of stations during the period of study on the
shores of Mazandaran city per year 2020

Station Depth Latitude Longitude
1 5 4906'12.88" E 3703850.69” N
2 5 490525.95" E 37039°1.80" N
3 10 4905'31.01" E 37039'10.76" N
4 10 4905'49.33" E 37039°6.09” N
5 10 490549.99" E 37039°6.04" N
6 10 4906'51.04" E 37039'5.80" N
7 10 4906'17.46" E 37038'59.65” N

Casplan Sea -

lran

Figure 1- The studied area and location of sampling stations on the shores of Mazandaran city per
2020 year

To determine the number of replicates in each station, in the first sample in Spring, 10 replicates per
station were taken. Then the number of species in each replicates was determined and then the standard
error of each iteration was calculated from the data mean calculation. In the next step, accuracy index was
calculated.

Finally, the number of replicates was averaged and the obtained number as the number of replicates in
sampling. In the present study, the appropriate number of replications for sampling in the stations were
obtained 8 replicates. Also 3 replicates to measurement of total organic matter in sediments and
determination of sediment granulation and determination of chlorophyll a and non-a pigments in sediment
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was carried out. The samples washed with sea water and sieve and after stabilization by formalin 4% was
transferred to the laboratory.

The average frequency of species in each station was used to analyze the data. Also, in order to investigate
the environmental factors on the frequency, first the diffraction homogeneity and the compliance of the
data with the normal distribution were investigated by the Kolomogorov-Smirnov test. The population
structure of macrobenthos communities between depths in 4 season were investigated by PERMANOVA
test.

3. RESULTS AND DISCUSSION

In this study, a total of 10,472 people during 4 seasons and 7 stations were counted, which includes 22
species (table 2). In total, the highest percentage abundance of dominant macrobenthos communities
during the sampling period including, Bivalves (40%), Crustaceans (36%), Annelids (22%) and
Gastropods (2%) were observed (figure 2).

Table 2 - List of macrobenthos communities identified in sampling stations during the study period on the
shores of Mazandaran year 2020

Species Phylum Category Branch
Amphibalanus improvisus Sessilia Hexanauplia Arthropoda
Palaemon adspersus Decapoda Malacostraca
Pterocuma pectinate Cumacea

Pterocuma grande
Pseudocuma lavis

Stenocuma graciloides

Pontogamarus maeoticus Amphipoda
Callistocythere littoralis Podocopida Ostracoda
Abra segmentum Cardiida Bivalvia Mollusca

Cerastoderma gluacum

Hediste diversicolor Phyllodocida Polychaeta Annelida
Streblospio gynobrachiata Spionida
Hypania invalida Terebellida
Limodrilus michaaelseni Haplotaxida Clitellata
Nais elinguis

Tubificoides fraseri

Pyrgula kolesnikoviana Littorinimorpha Gastropoda Mollusca
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Pyrgula nana

Pyrgula schorygini

Pseudamnicola brusiniona

Pseudamnicoda exigua

Ammonia beccarii

Rotaliidae

Globothalamea

Foraminifera

® bivalves

= crustaceans

» annelids

© gastropods

Figure 2 - Abundance of macrobenthos communities identified in sampling stations during the
study period on the shores of Mazandaran year 2020

The highest abundance is at the station 7 (648 £170.79 number/m2) in spring and the lowest is at the
station 1 (12 + 3.5 number/m2) in winter. Also, the maximum and minimum amount of biomass in station
4 (36.21 £2.5 gr/m2) in winter and station 1 (0.01x0) is recorded, respectively (figure 3). The results of
PERMANOVA analysis showed that the effect of season and depth are significant in abundance, species
richness and biomass, but its interaction in abundance, species richness and biomass is not significant

(table 3).

Table 3: The results of PERMANOVA test to show difference in abundance, species richness and biomass
of macrobenthos communities in different season and depth on the shores of Mazandaran year 2020

Abundance Species richness biomass
Source of df Ms F P Ms F P Ms F P
changes
season 3 12654 21.615 0.0002 | 1804 | 1156 | 0.0002 | 21357 | 12.02 | 0.0002
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depth 1 5238 8.947 0.0016 | 948.44 6.077 0.0122 | 8538.2 | 4.805 0.015
Season x 3 662.36 1.131 0.335 | 125.97 | 0.807 0.489 | 2937.8 | 1.653 | 0.133
depth

error 230 585.43 156.06 1776.9

total 237

The results of

PERMANOVA test showed that the season and depth factors and their interaction on
species composition and the population structure of macrobenthos communities is significant (table 4).

Table 4: Analysis results PERMANOVA to show the difference in species composition of macrobenthos

communities in different depths and seasons on the shores of Mazandaran year 2020

Species composition

Species structure

Source of changes df Ms F P Ms F p
season 3 189/6 | 30/392 | 0/0002 | 1663/3 | 57/822 0/0002
depth 1 39/11 | 6/269 | 0/0004 | 300/94 | 10/462 0/0002

Season x depth 3 18/66 | 2/992 | 0/0018 | 74/875 | 2/603 0/0278
error 230 6/23 28/765
total 237
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Figure 3: Biomass, abundance and species richness in sampling stations during the study period on the
shores of Mazandaran per year 2020

Total abundance in stations with a 10 meters depth (206.04 + 13.67) almost twice as many stations with a
5 meters depth (100.88+16.46) was obtained. The results also showed that the richness of the total species
has a significant difference between the two depths. This amount at a depth of 10 meters, 1.3 times greater
than the depth 5 meters was observed.

4. CONCLUSION

The results of this study showed that in total the highest percentage abundance of macrobenthos
communities during the Sampling period was observed in Bivalves, Crustaceans, Annelids, and
Gastropoda. The results of the present study showed that with increasing depth from 5 to 10 m, the
abundance of macrobenthos communities in spring, summer, autumn and winter increased at the rate of 4,

2, 1, 9 times, respectively. Also the values of species richness of benthos has been increasing in most
stations.

Also in the present study, the amount of biomass in stations with the depth of 10 meters, except in autumn,
was more than 5 meters depth. At shallow depths, the action of waves and currents is usually higher,
which can probably cause bed instability and, as a result, affect the abundance and biomass of benthos.
The results of the present study show that benthic communities undergo major change with space and
time. It is seemed that these changes are mostly influenced by factors such as temperature, depth.
Moreover, the effect of other factors and their interaction with each other cannot be ignored.

Since the benthic communities in environmental bioassay studies at sea is commonly used. Therefore, the

temporal and spatial nature of these communities should be known in order to identify the difference
between these natural changes and the resulting changes of environmental stresses and pollution.
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