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Abstract
Mangrove forests as one of the most important coastal ecosystems provide important ecological and
economic performance to the world, have been threatened by developmental human activities and
subsequent land use changes. The present study aims to assess mangrove ecosystem health in Nayband
Marine National Park, Iran using Mangrove Quality Index (MQI), in addition to analyse the effect of
mangrove habitat quality on the genetic diversity of Parasesarma persicum the associated mangrove
crab by ampli�ed fragment length polymorphism (AFLP). Four stations were studied for mangrove
quality index analysis as well as genetic analysis. The results of MQI survey based on hydrology, water,
soil, biota criteria indicated moderate to low habitat quality of mangroves in the study area. Station 4 in
the southern Nayband gulf showed highest impact by human activities and MQI of 0.7, indicating serious
habitat alteration in this area. Station 2 in the northern part of Nayband gulf showed a moderate
mangrove quality (MQI = 0.5). Based on the results of the AFLP genetic assessment, the estimated
heterozygosity(He) of crabs was between 0.29 to 0.32 with a mean of 0.30. The highest genetic diversity
was found at station 2, however, no complete population differentiation was observed between 4
stations. The analysis revealed a signi�cant correlation between mangrove habitat alteration and
heterozygosity reduction (P<0.05). Based on the results of the present study, mangrove habitat
destruction due to anthropogenic activities may directly reduce the genetic diversity of associated species
of this ecosystem. 

1. Introduction
Mangrove forests are halophytic vegetations located along the coastlines of tropical and subtropical
areas between latitudes of 24ºN-38ºS. These intricate network of highly productive habitats are located
on the margins of estuaries. Salt tolerant mangrove trees consist of 63 species and 18 families and 24
genera including Rhizophora, Aegialitis, Ceriops, Sonneratia, Avicenni and Xylocarpus(Erfani et al. 2009).

This rich and highly productive ecosystem covering about 136,714 km2 of the coastal areas in 121
countries(Tang et al. 2018). Mangrove forests are among the most valuable coastal habitats(Spalding et
al. 2010). The characteristic of mangrove trees is their high resistance to salinity and the respiratory air
roots(Erfani et al. 2009). They have massive roots that are very effective in wasting energy and protecting
the coast from the erosion due to long-wave storms and tsunamis(Dahdouh-Guebas et al. 2005).
Mangrove trees absorb carbon dioxide from the atmosphere and conserve carbon over time in the
surrounding soil, thereby signi�cantly reducing the amount of carbon released into the atmosphere.
These ecosystems serve as a sanctuary and shelter for many terrestrial and marine species(Su et al.
2010). Mangrove forests are sensitive to pollutants and other stresses caused by human activities.
Hence, more attention to conservation of biological diversity of mangrove forests raised during the last
decades. The human source ecological disturbances in aquatic ecosystems are major environmental
problems at the regional and global level. Human activities resulted in alterations such as habitat loss
and biodiversity reduction. Therefore, integrated management approaches are necessary to maintain the
performance and integrity of the marine ecosystems.
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 In order to evaluate the health of an ecosystem, it is generally necessary to examine the dynamics of all
system components under stress and non-stress conditions. Due to the necessity of mangrove
management and monitoring, various indicators for evaluation along with detailed health indices have
been introduced (SPI, NDVI, SSI). These methods enabled researchers to monitor and evaluate the
ecosystem health and the changes over long period of time, and very large areas. This index is also used
for perennial monitoring(Abbaszadeh 2016). Many other indicators are also used to evaluate the
ecological status of wetlands such as RAI, WFI, LAI, HGM, SQI. Mangrove Quality Index(MQI) is one of the
new and specialized mangrove indicators which is a fast, low cost and easy to use tool for tracking
changes in mangrove quality. The index provides the best comparison of data between monitoring
stations at the national, regional and global levels and can involve further analysis of the mangrove
quality on a wider geographic scale(Faridah-Hanum et al. 2019).

The MQI is an indicator developed speci�cally for mangrove forests and covers the shortcomings of other
methods. The Mangrove Quality Index is a rapid assessment method identi�ed by Sutula (Sutula et al.
2006). This index is also used for mangrove quality monitoring and decision making by managers.

 In recent decades, anthropogenic activities caused habitat alteration and resulted in genetic alterations in
natural populations. Thus monitoring of genetic diversity can provide insights into the consequences of
environmental change(Bagley 2002; Fratini et al. 2008). The accuracy and sensitivity of genetic diversity
monitoring has increased with the advancement of molecular marker technologies. Genetic conservation
is a key to the long-term survival of most species(Ling et al. 2009). The main goal of genetic
management is to ensure that the genetic diversity is su�cient for short-term adaptation as well as long-
term stability. Mangrove crab is one of the keystone species in mangrove forest ecosystem. The
abundance and activity of crabs is one of the most indicator features in mangrove ecological
populations.

The holes created by crabs increases the soil-to-air ratio and lead to aeration and oxidation of mangrove
soils. This oxidation has been reported to be important for the growth of mangrove plants. These
organisms play role in the structuring and function of mangroves. In addition, they are detritus feeders
and are important in dynamics of nutrients and alter sediment properties by their drilling activities. As the
result, crab population changes can affect the food cycle and soil oxidation. The decrease in crab
population and its associated density may result in a decrease in the nutrient and aeration cycle of the
soil and a decrease in crop production(Lindquist et al. 2009). On the other hand, the quality and
ecological health of mangrove ecosystem as a nursery and habitat for these crab species, in�uence the
biological characteristics of associated fauna.

Different crab species have been identi�ed in Neyband Bay mangrove forests include Cyphocrcinus
capreoluss, Thalmita savighyi, Parasesarma persicum(Naderloo 2017). Parasesarma persicum from
family Sesarmidae is the most common and dominant crab species in the mangroves of Nayband
National Park(Naderloo 2017). Genetic diversity is an essential part of biodiversity and also plays an
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important role in the sustainability of ecosystems, species and populations. Therefore obtaining basic
genetic data is essential for species and ecosystem conservation(Takezaki and Nei 1996).

Genetic diversity through genetic drift Selection of mutations and gene �ow responds to changes and
environmental degradation(Bagley 2002). Evaluation might be performed using a variety of markers to
assess genetic diversity on a larger scale(Tanksley and Orton 2012). Molecular markers are widely used
in recent years for diversity assessment of different species in habitat and species level as well as
population studies.

In the present study, the ampli�cation fragment length difference (AFLP), which represents the PCR-based
DNA marker, was used to evaluate the genetic diversity of sesarmid crab P.persicum which is the most
common mangrove associated species in the Nayband national park. The AFLP marker is a generic
method which does not require former genetic information of the species(Vos et al. 1995). The present
study aims to rapid evaluation of human activities effects on Nayband National Park mangroves using
Mangrove Quality Index and its probable consequence effect on genetic variation of crab species
Parasesarma persicum.

2. Material And Methods
2.1. The study area

Bushehr province is located in southern Iran, north Persian Gulf with an area of about 27653 km2.
Nayband Marine National Park (26°35' to 28°88'N, 51°20' to 55°22' E) been listed as marine protected
area since 1996. The park now includes a total area of 484400 hectares, 35.8% of which is intertidal zone,
and 64.2% the marine areas up to 20m depth from the coastline. 

Four sampling stations were selected along the coastal line of the study area based on the overall degree
of human impact on the forest ecosystem (�g.1). The locations of transects were determined by primary
�eld observation of the study area. Three replicates were randomly generated at each station to study the
ecological health of mangrove forest and the genetic diversity of Parasesarma persicum the common
associated crab.

2.2.Field examination and sampling

Field examination and sampling was performed during March 2020. Descriptive information was
recorded at �eld observation including mangrove vegetation, the overall human impact, land use, and
attributes of mangrove quality index (hydrology, water, soil, biota) based on the method provided by
Wilson et al.(Wilson 2009)

In the present study, four stations were selected in the mangrove habitats of Nayband Bay, based on the
growth of mangrove trees in the estuaries, surrounding land use and overall anthropogenic impacts.
Three replicates were sampled at each station.
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Primary information was obtained by rapid assessment of the study area. Rapid and low technology
based primary observation of the area is a good approach to determine the current condition of the
mangroves, and to obtain basic information for future precise examinations(Ellison and Zouh 2012). At
the coastline, an observation point was selected along the stations, and information on the type of
mangrove species and conditions up to a radius of 15 meters at each point was recorded. Anthropogenic
impacts recorded based on the MQI index on a scale of 1-5, with scale 1 indicating no human
modi�cation and scale 5 indicating high anthropogenic destruction(Smith and Wakeley 2001; Sutula et
al. 2006).

 To determine the mangrove recruitment ability, the presence of mangrove propagules in each area is
scored on a scale of 1-5. Score 1is when if all mangroves produce propagules, and score 5 when no
propagules are observed. Reserve recovery is an indicator of mangrove health and adaptive
capacity(Smith and Wakeley 2001; Sutula et al. 2006).

The Mangrove Quality Index (MQI) is considered as an appropriate tool for the management of coastal
habitats as a rapid cost effective method in contrast to other assessment methods. Criteria have been set
for inclusion and measurement in the mangrove quality index based on existing surveys and evaluation
methods(Kathiresan and Bingham 2001; Wilson 2009; Ibrahim et al. 2016). These criteria (Table1) also
assess the status of ecosystems in terms of hydrological �ow, water quality, soil and biota.

Table 1. Ecological health status criteria

Indicators Description Attribute

To be determined later (to include

factors such as roads, ditching, canals,

boat basins etc)

 

Measures the amount of

hydrologic changes on site

Hydrologic

Turbidity, chlorophyll a Measures physical

properties of water in the

mangroves

Water

organic content, sediment

composition (size/type)

Characterizes the soil on site

 

Soil

Composition and abundance of

mangrove species, neighboring land

use, crab holes

Determines species

community characteristics.

Biota

 

 

Therefore, the following sampling was performed for each station:

2.2.1. Field Sampling
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Water- Water factors was scored using Mangrove Quality Index. pH, temperature, salinity and dissolved
oxygen were measured using portable moltiparameter meter. Chlorophyll and turbidity were measured
using Algatorch (bbe moldanke,Germany).

Biota- A 0.5m quadrant were used to count the holes created by crabs as a measure for crab abundance.
Vegetation density was measured by point centered quarter model (pcqm)(Mueller-Dombois and
Ellenberg 1974), Basal Area as a physical index was used to identify and compare the health status of
trees(Smith and Wakeley 2001; Sutula et al. 2006). This index re�ects the mangrove health, whereas the
number 1 indicates the pristine and natural condition and the number 5 indicates the lowest quality of
mangroves and highest human impact. 

Soil - One of the essential properties for plant community health is the composition of sediments. There
is a positive relationship between the condition of sediments and its density(Whigham 1999). 400 to 500
g of sediment was collected using a shovel and transferred to the laboratory for analysis of organic
matter and sediment grading. The organic content of the sediments was determined. loss on ignition
method (Nelson and Sommers 1996) using an electric furnace model FM4P. The composition of
sediments was analyzed by sieve analysis outlined by Mcintyre and Eleftheriou(2005).

2.3. Additional observations:

Hydrological description as well as tides and weather condition in addition to surrounding land use and
human activities around the stations were described and recorded.

Overall Mangrove Quality Index – To calculate the Mangrove Quality Index, obtained by dividing the
calculated score(1-5) to the accumulative possible scores(20) which results a score between 0-1 , where
the 1 is assigned to the most pristine condition where no human impact is observed, and 0 assigned to
mangrove ecosystems which highly affected by human activities.

2.4. Genetic analysis of sesarmid crab Paracisarma persicum

2.4.1. AFLP marker analysis

For genetic examinations, 10 specimens of sesarmid crab Paracisarma persicum were collected from
each station. The specimens were placed in clear bottles containing 95% ethanol and transferred to the
laboratory. Extraction of DNA from tissue was performed by CTAB method(Mirimin and Roodt‐Wilding
2015). For quantitative and qualitative evaluation of DNA, 1% agarose gel and spectrophotometry were
used. The AFLP steps were performed according to the VOS et al(Vos et al. 1995)method with slight
modi�cations based on the optimized method in the Persian Gulf University Research Institute as follows.
Digestion step: digestion of 300 ng of total DNA by 5u of the MseI and EcoRI cleavage enzymes in
Restriction Enzyme Buffer at 37 ° C for 2 h and 30 min and then at 65 ° C for 2 h and 30 min. Then, in the
ligation phase of the insertion of the MseI and EcoRI adapters with the desired sequence and at the
concentration of 50 mm with the T4DNA ligase and the insertion buffer for 10 h at 22 ° C at the cut ends.
The reaction products were then diluted 4 times and the resulting product was plated on agarose gel to



Page 7/28

con�rm the reaction. Components were ampli�ed during two stages of pre-selection and selective
ampli�cation. Primary PCR is pre-selected. This reaction was performed by combining the primers E01 =
5'-GACTGCGTACCAATTCA- 'and M02 = 5'-GATGAGTCCTGAGTAAC-3' primers, which are complementary
to the adapters and have an additional nucleotide at the 3 'end. In the second step of ampli�cation, 5 µl
of the products from the pre-selective ampli�cation of the selective PCR reaction were performed with the
6 primers combinations listed in the(Table2). The resulting products were electrophoresed on 6%
polyacrylamide gel followed by silver nitrate staining. The strip pattern was digitally photographed for
further scoring, examination and analysis.

Table 2. MseI / EcoRI primer sequence used in selective PCR reaction

Selective nucleotide end '3 code Selective nucleotide end '3 code

E-AAT/M-CAA

E-AAT/M-CAG

E

F

 

E-ACA/M-CCT

E-AAG/M-CTC

E-ACA/M-GGA

E-AGT/M-CCT

A

B

C

D

2.5. Data analysis

Mean and standard deviation were calculated with respect to �eld sampling parameters. One-way ANOVA
was used to compare mean data at each station and Tukey test with 95% validity to determine
differences between parameters. Correlation between parameters was calculated using Pearson
correlation coe�cient using SPSS22 software. For AFLP data analysis, bands were scored as present (1)
or absent (0), and data were transferred to Excel software and various intra-population variability criteria
were evaluated and calculated. Statistical analysis and genetic estimations of polymorphism, genetic
diversity, Shannon index I, similarity and genetic distance based on Nei (Nei 1978), gene �ow(Nm), genetic
differentiation (Fst) analysis of molecular variances (AMOVA) at 0.01 level were calculated among
samples of 4 stations using GeneAlex software(Smouse and Peakall 2012). Generating and displaying
charts was performed using Microsoft Excel 2016.

3. Results
3.1.Mangrove Quality Index:

The percentage of mangrove coverage based on Mangrove Quality Index is used for recording mangrove
ecosystem overall health status. The results showed station 4 in southern part of the study area with
code 5 (coverage percentage of 0-10%) is in unhealthy condition and station 2 in north part of the estuary
with a score of 2 (51-75% coverage) was in a relatively healthy condition compared to other sampling
stations. In addition, the results of mangrove restoration score showed that station 4 was found to have
poor restoration score (5) and no mangrove propagules was observed in this area.
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The number of crab holes per unit area (m2) varied at four sampling locations (Fig.2). The highest
average number of crab holes per square meter was observed at station 2 (northern part) and the lowest
was observed at station 4 (southern part). However, according to the scoring based on MQI, no signi�cant
difference between the number of crab holes was observed between stations and all stations scored 3.

Basal area is a physical factor to compare and describe the characteristics of trees. The highest average
level was observed at station 3 and the lowest at station 1 (northern estuary) However, based on the MQI
scoring criteria, all stations were scored 1 (Fig.3).

Absolute density was calculated using pcqm data in a 100 square meter area. The highest absolute
density was at station 4 (south estuary) (Fig.4). There was a signi�cant difference between the absolute
density of different stations (P <0.05). Pearson correlation coe�cient test showed that there was a
signi�cant relationship between basal level and absolute density at 0.01 level.

The primary production of seawater which is directly related to the concentration of phytoplankton in
water was measured based on chlorophyll a. The results are presented in �g.5. The highest mean
chlorophyll content was observed at station 4 and station 3 respectively. There was a signi�cant
difference between the mean chlorophyll contents (p <0.05) of four stations. Mean turbidity at different
stations was compared. The highest turbidity was observed at station 2 (northern estuary) (Fig.6). No
signi�cant correlation was observed between chlorophyll and water turbidity at 0.01 level.

The results of sediment grading analysis are shown in Figure7. Generally, the highest amount of coarse
sand was observed at station 4 and station 3, respectively. In addition, coarse sand formed the major part
of sediments throughout the study area. The results of organic content analysis showed that the highest
amount of organic content was observed at station 2 in the north of Nayband and the lowest was
observed at station 3 (Fig.8).

The land use around mangroves have a signi�cant impact on their hydrological performance. The
stations 1 (north estuary) and 4 (south estuary) have the highest MQI coding score indicating the highest
human land use around the study area. The highest changes were observed at station 4 followed by
station 3.

Based on the results of the criteria overall scores of MQI calculations are presented in table2. The station
2 (MQI=0.5) showed a relatively higher quality index compared to other areas and station 4 was in an
unhealthy status compared to the other 3 stations (Table 3).

Table 3. Summary statistics for MQI metrics in Nayband national park, Iran
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Station
number

Number of
crab holes

Basal
area

Turbidity user changes
rate

Mangrove
recriutment

Percentage
of
coverage

MQI

1 3 1 5 5 2 4 3 0.6

2 3 1 5 4 2 3 2 0.5

3 3 1 3 4 4 5 3 0.6

4 3 1 3 5 5 4 5 0.7

3.2. Genetic analysis

3.2.1. Allelic and heterozygous abundance

A total of 40 Parasesarma persicum crab specimens were analyzed for DNA polymorphism based on
AFLP marker. The overall results of the analysis are presented in Table4. The mean percentage of total
polymorphism was 92.76% and the percentages of polymorphism were 97.20, 95.33, 93.46 and 85.05 for
populations Pop2, Pop3, Pop4, Pop1, respectively. Heterozygosity (He) ranged from 0.29 to 0.32 with a
mean of 0.30. According to the analysis of genetic diversity of Parasesarma persicum at different
sampling stations, the highest genetic diversity was observed in samples from the station 2. The results
of the Allelic Pattern (APT) showed (Fig.9) that the highest number of bands was observed in station 2
samples and the lowest in the station 1. The highest genetic diversity is related to station 2 and the
lowest is related to station 1.

3.2.2. Genetic variation in populations

The number of effective Ne alleles indicates a polymorphism that is less sensitive to the sample. The
lowest effective population alleles were calculated in station 4 and the highest in station 2. The measure
of genetic diversity in each population is determined by the Shannon I index. Therefore, the lowest
Shannon index is related to Station 1 and the highest population is related to Station 2 (table 4).

Table 4. Comparison of genetic diversity indices in 4 populations
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uHe He I Ne Na N   Pops

0/314 0/298 0/446 1/509 1/720 10/000 mean 1

0/018 0/017 0/023 0/034 0/066 0/000       SE      

0/321 0/321 0/488 1/531 1/944 10/000 mean 2

0/013 0/013 0/017 0/029 0/032 0/000 SE  

0/328 0/312 0/474 1/519 1/907 10/000 mean 3

0/015 0/014 0/018 0/030 0/041 0/000 SE  

0/315 0/299 0/456 1/499 1/879 10/000 mean 4

0/016 0/015 0/020 0/032 0/045 0/000 SE  

0/324 0/307 0/466 1/515 10/000 10/000 mean Total

0/008 0/008 0/010 0/016 0/000 0/000 SE  

3.2.3.Principal Component Analysis (PCA)

The principal coordinates based on the results of genetic analysis was used to explain differences
among the examined crab sample individuals (Fig.9). In spite of overall differences between most of
individuals of station 1 and 4 no complete population differentiation was observed.

One of the multivariate methods that provides useful information on the differentiation of major groups
and groups them based on similarity coe�cients between data is principal component analysis (PCA).
PCA diagram drawn to study the relationships between stations (Fig.10). The results showed high overlap
between populations 1,2 and 3, but population 4 is more differentiated.

3.2.4. Differences in genetic variation within and between populations based on the AMOVA test

Analysis of Molecular Variances(AMOVA) is a method for estimating population differentiation among a
species. The analysis performed based on 4 sampled stations, 2 areas northern (1and 2) and southern(3
and 4). The results of AMOVA attributed most of genetic variances (93%) to intrapopulation differences,
while 2% of variances could be attributed to between stations variability and low(5%) but signi�cant
differentiation was calculated among the studied regions (Fig.11).

Nei’s genetic differentiation coe�cient(Fst) showed highest genetic differentiation between crab samples
from station 1 and 4(0.125), where the lowest gene �ow(Nm) of 1.74 individual per generation was
calculated. Highest gene �ow of 36.91 and lowest genetic differentiation(Fst) of 0.007 was estimated
between samples from station 1 and 3.

3.3.Correlation between Mangrove Quality Index and Genetic Diversity of Crab Parasesarma persicum
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The results of statistical analysis showed a signi�cant positive correlation between mangrove quality
index (MQI) and genetic diversity which shows low mangrove quality correlated to decrease in genetic
diversity of Parasesarma persicum.

4. Discussion
4.1. mangrove health:

Mangrove forest are from the most important ecosystems in the world as referred as the keystone of
coastal ecosystem. They protect shoreline from storms, waves and hurricanes and prevent the erosion of
the coastal line. Mangrove trees entrap pollutants and sediments from runoffs and maintain water clarity
and quality. They provide habitat and nursery ground for many ecologically and commercially important
marine species. Mangrove values were not fully understood until recent decades, and they have been
negatively impacted by different human activities.

Nayband mangroves as one of the most important biosphere reserves and marine sensitive areas in the
Persian Gulf play important role as habitat and nursery ground for many coastal vegetation, benthic
animals, coastal birds and �sh species. Global climate change in addition to local industrialization
affected the health and viability of mangrove species. Therefore, application of a rapid and simple
assessment system is critical for monitoring their health and observation of the degree of anthropogenic
activities in short and longtime management programs.

The amount of human degradation have been measured by physical and environmental indices in the
mangroves. Mangrove quality index(MQI) have been developed exclusively for easy and rapid
assessment of habitat alteration of mangrove forests. The physical and biological characteristics of
mangrove environment re�ect their habitat performance, thus human impacts on mangroves could be
assessed by measuring these characteristics. Biota, hydrologic condition, neighboring land use,
mangrove density are easy scorable indices which indicates the degree of human impact on mangrove
forest. The Mangrove Quality Index was formulated to re�ect the overall mangrove health status. The
results obtained from the present study con�rmed usefulness of MQI components in assessment of the
degree of disturbance in mangrove forests.

The highest percentage of mangrove coverage and Mangrove quality index score were observed at
station 2 and the lowest at station 4. This shows highest human negative impact at station 4. Bridge
construction in Basatin estuary(station4) resulted in disturbance in the hydrological cycle and
consequent decrease in the percentage of cover, diameter and height of the mangrove trees. It has been
reported that the regeneration of trapped trees in disturbed estuaries is impaired(Bosire et al. 2003). This
theory has been con�rmed by other researchers in the study area(Ziaeinejad, S. and Golmehdi 2014;
Gandomi 2017).

The results of the present study showed that the average number of crab holes per area was higher at
station 2 (northern estuary) and the lowest average was observed at southern estuary (station 4) (Fig. 2).
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Some studies have shown(Kathiresan and Bingham 2001; Tang et al. 2007) the distribution and presence
of crabs is likely to depend on the presence and absence of mangrove trees, and any change in the
ecosystem structure of mangrove organisms may alter the population structure of crabs. The low number
of crab holes at station 4 may be attributed to the severe human impact, which disrupts hydrological
�ows and reduces the growth and density of mangrove trees.

In the present study, station 3 was scored 5 (disturbed) in terms of mangrove recruitment ability index.
Drought stress leads to the absence of seedlings. The lack of propagules in this area (station 3) could be
attributed to the crossing of the coastal road and disruption of hydrological �ows in the area. The results
of this study are consistent with the �ndings of Smith(1987) as well as Ziaeinejad and Golmehdi ( 2014).

The highest absolute density was observed in the southern estuary (Fig.4). Apparently factors such as
road construction on the south side of the estuary and access road to the Persian Gulf International
Airport on the east and north sides. reduced the growth of mangrove trees in this part of estuary. Erfani et
al.(2009) reported that there is a positive and signi�cant correlation between increasing tree density per
hectare and tree height, crown diameter and trunk diameter and a positive and signi�cant correlation
between tree height and canopy percentage.

The highest basal area index was observed at station 3 and the lowest at station 4 (Fig.3). The basal area
of the tree is directly related to environmental conditions and increases in correlation to optimum
parameters. However, the closeness of Station 1 to the Assaluyeh River and discharge of municipal and
industrial wastewater in this area appears to be a reason for the low basal area index at this station as
suggested by former studies(Valipour Kahrood et al. 2007; Parvinia and Khamechian 2009; Ghasemian
and Baziar 2010). Various studies on the structure of mangroves have also found a signi�cant difference
in the basal area of mangroves that are affected by human and natural activity. Hydrology plays an
important role in wetland performance. In this study, chlorophyll and turbidity were evaluated as criteria
indicating the mangrove environment status. The present results showed that the highest mean turbidity
was observed at the northern stations (station1 and 2) (Fig.6). Chlorophyll is an index of primary
production in an area and plays an important role in the ecological properties of an organism's
ecosystem. The results showed that the highest amount of water chlorophyll was at the southern station
(station4) (Fig.5). Chlorophyll content is in�uenced by several factors such as water quality, turbidity and
composition of phytoplankton, temperature, tide, currents, light intensity, etc.

The northern area (station1 and 2) is placed where many industrial and domestic wastewater is
discharged regularly and occasionally overnight. Hydrological disturbers such as construction of bridge
and road in the estuary increased the degree of turbidity due to low water exchange with sea. Similar
observation of increasing turbidity and low primary production due to hydrological disturbance have been
reported by Whigham (1999), and Davari et al. (2010).

Based on sediment gradation analysis, the coarse sand percentage was higher than 40% in all stations.
Station 4 in the southern estuary had the highest coarse sand percentage and the lowest mud
percentage. In addition, the highest percentage of mud was observed at station 1. Almost all studies of
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mangrove habitats have yielded similar sediment gradation results(Tehrani et al. 2016; Zahedi et al.
2019).

Mangrove sediments are composed of organic matter, minerals and wastewater. Total organic matter
deposition (TOM) the ratio of organic matter in sediments depends on the type of substrate. Organic
matter is a value showing the productivity of sediment in addition to the role of organic matter in
adhesion of sediment and lowering interasediment spaces(Knox and Kilham 2000). The sediments are
the �nal destination of many contaminants that can re�ect the pollution condition of the area. In the
present study, the percentage of organic matter was higher at station 2 and 1 (northern estuary,
respectively). Since these two stations contain muddy grains and �ne grains, they have the greater
potential to con�ne organic and inorganic pollutants to the water column. which can con�rm the high
organic matter content at these stations. Factors such as seasonal disturbance, physical conditions
caused by current �ows and on the other hand human interference, petroleum pollutants can alter the
amount of organic matter in the environment of coastal environment. Particularly in sediments.

4.2. Mangrove Quality Index

The mangrove quality index is a useful and effective tool for managing the mangrove ecosystem,
ensuring rapid evaluation for their protection. MQI can be used as part of the decision making process for
new projects or monitoring of mangrove ecosystems. The MQI value ranges between 0-1 wherase 1 is the
most adversely affected by human activities and 0 is the most undisturbed mangrove ecosystem. Based
on the results of the present study, this value was calculated between 0.5 and 0.7 for the study area. The
highest MQI (0.7) was observed at station 4 (high human impact) and the lowest was for station 2.

Station 4 mangroves subjected to direct impact of human activities. Human constructions affected
hydrological condition of estuary and consequent physical and chemical changes of the mangrove
environment. The effects of water quality on growth of mangroves has been evidence in literature(Peters
et al. 2020). Chen et al.( 2016) reported a 44 percent decline in mangrove area in China from 1950 to
2001, as a result of urbanization, surface erosion caused by agriculture and aquaculture, oil pollution and
land use change. Tuffers et al. (2001) also stated that the Durban Bay mangrove drought caused by the
closure of estuaries in South Africa reduced soil salinity in closed estuaries and weakened trees due to
reduced levels of photosynthesis and sodium de�ciency of calcium and chlorine in the leaves of trees.
The MQI 0.7 (inappropriate quality status) of Station 4 con�rms these results due to the establishment of
Imam Ali Bridge and road construction which disrupted the hydrological cycle.

4.3. AFLP analysis of crabs

The results of genetic examinations showed that the highest mean of genetic diversity was at station 2
(0.321) and the lowest was at station 1 (0.298) and 4 (0.229). The highest heterozygosity and percentage
of polymorphism was observed in station 2 samples, indicating higher diversity. Environmental stresses,
degradation of natural habitats might result in genetic bottlenecks leading to reduced
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heterozygosity(Norris et al. 1999). Previous studies reported positive correlation between the
concentration of crabs and the mangrove trees(Kathiresan and Bingham 2001; Tang et al. 2007).

Analysis of molecular variance (AMOVA) showed that most of the genetic diversity (93%) resulted from
the variation among individuals and no signi�cant difference (P> 0.01) between stations samples. Some
genetic differences were calculated between samples from station 4 and other stations based on PCA
analysis, however, no complete population structuring was observed based on the studied marker.
Observed differentiations between samples from station 4 and other samples might be attributed to
recently relative spatial separation as the result of construction of Imam Ali bridge. Anthropogenic
activities may affect spawning and nesting and feeding of animals and alter their habitats, resulting in
decreased genetic diversity and in some cases creating different populations in some isolated habitats
within a limited geographical area(Xu et al. 2011).

4.3.1. Population structure of the crab Parasesarma persicum in the Mangrove Neybend organism

Gene �ow is the main factor in genetic differentiation of connected populations. In the present study, high
gene �ow in the four stations(average=12.4) was predictable based on proximity of the stations and the
water connection. However, relatively lower gene �ow and high genetic differentiation (Fst) between
stations 4 and other samples may explain by low hydrological �ow and connection as the result of bridge
construction on 1.5 m diameter pipes at station 4. Higher contamination in some studies at station 4 may
also be involved. Davari et al. (2010) have pointed to the role of heavy metals at station 4 (due to the
closure of the hydrological cycle) in the pollution of this area.

4.4. The effect of mangrove disturbance on genetic diversity of crab Parasesarma persicum

Few studies have reported the effect of structural disturbance of mangroves on the genetic diversity of
their benthic fauna(Skilleter and Warren 2000; Ngo-Massou et al. 2018). Studies on molecular
consequences of human disturbance in mangroves are scarce. Ine�cient conservation practices in the
management of mangroves have been attributed to low species richness and diversity indices of carbs in
Cameroon mangrove forests. Skilleter et al., reported change in species composition of mollusks and
crabs of disturbed area in contrast to reference area of mangroves in Moreton Bay(Skilleter and Warren
2000). M’rabu evidenced decreased diversity of crabs in El-Niño impacted sites in contrast to reference
sites(Jenoh 2009).

The results of the present study showed that the mangrove areas which most affected by human
activities represent lower genetic diversity and heterozygosity of mangrove crab Parasesarma persicum.
The results showed that Station 4 had the lowest gene diversity and the highest habitat degradation.
Signi�cant positive correlation was observed between the heterozygosity-based genetic diversity of P.
persicum crab and mangrove quality index in the studied area. The present study con�rmed the impact of
habitat degradation on reducing the quality of mangroves and reducing the genetic diversity of their
dependent species.
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5. Conclusion
The results presented here shows that MQI can be implemented as an effective rapid tool for ecosystem
health assessment and monitoring the human activities impacts on mangroves. Medium to low quality of
mangrove was observed at the study area. The anthropogenic alterations of mangrove ecosystem
resulted in decreasing mangrove health followed by reduction in genetic diversity of dependent crab
species.
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Figure 1

The location of the study area and 4 sampling stations in Nayband marine national park, Persian Gulf,
Iran. Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.
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Figure 2

Comparison diagram of mean number of holes created by crabs at 4 sampling stations.
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Figure 3

Comparison chart of the Mean Basal area at 4 stations in the study area.
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Figure 4

Comparison diagram of Mean absolute density at 4 stations in the study area.
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Figure 5

Diagram of Mean chlorophyll water of sampling stations in the study area.
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Figure 6

Diagram of Mean water turbidity in 4 stations in the study area.



Page 26/28

Figure 7

Sediment grading analysis in 4 studied stations in the study area.
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Figure 8

Results of the amount of organic matter in the 4 stations in the study area

Figure 9

Band pattern of crabs in sampling stations
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Figure 10

PCA chart for 4 populations based on genetic distances

Figure 11

Molecular analysis of variance (AMOVA) between and within the population of Parasesarma persicum
crab specimens.


