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spatial and temporal study of the benthic macrofauna was carried out in the
intertidal zone of Playa Pochomil, Nicaragua, in three sites called S.A (sandy
site), SRR (rocky site with river) and S.R (rocky site), respectively. At the end of
the study, a total of 596 individuals belonging to four Edges (Mollusca, Annelida, Arthropoda
and Echinodermata) were counted. Benthic macrofauna diversity calculated using the ShannonWeaver index reflects very low diversity values during all sampling periods. Through the Jaccard
and Morisita-Horn index, it was evidenced that there was low species similarity. In addition, it
was found that the temporality had no significant direct effect on the abundance and distribution
of the benthic macrofauna, but that it was mainly influenced by the physical characteristics of
the sampling sites.
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1. INTRODUCTION
The coastal zone is the part of the land affected by its proximity to the ocean and that part
of the ocean affected by its proximity to the land; One of the characteristics of this area is the
great natural productivity of the ecosystems that compose it, which is especially true for tropical
systems, where the Central American region is located (Rodríguez and Windevoxhel, 1993). In
turn, Tait (1971) defines the intertidal zone as the space between high tide and lower and is a
strip affected by the sweeping of waves and tides, subject to periodic dives and emersions.
Due to the intense human activity, many of the modifications that this area undergoes
have an anthropic origin and because of their potential to generate cumulative reactions, they
tend to be the most harmful for the environment (Rodríguez and Windevoxhel, 1993). Macrozoobentonic communities can be considered as indicators of intervened areas of anthropogenic
origin or contaminated by organic matter (Villamar, 2013) because being very sensitive and
low mobility species, they have immediate responses to changes that occur in the ecosystem (
Monserrate et al., 2011).
Biological interactions within a benthic community according to Escrivá (2013) are
subject to the dynamism of the sandy beaches which depends to a greater extent on the physical
characteristics of the site. According to Gage (2001), the macrofauna is the most taxonomically
diverse section of the bentos and most of the invertebrates that inhabit the sandy beaches belong
to that last category (Escrivá, 2013). The Annelid Edge (Polychaete Class), Arthropoda Edge
(Subfilo Crustacea), Equinodermata Edge and Molusca Edge may be present in the intertidal
zone (Molina and Vargas, 1994; Tarazona et al., 1986; Villalaz et al., 2002) . Some of the benthic
marine communities have, among other characteristics, that of associating with particular
substrates, through morphological and physiological adaptations (Méndez et al., 1985).
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Therefore, this research work aims to know the effect of water quality and soft substrate
on the benthic macrofauna of the intertidal zone at Pochomil Beach, located in the municipality
of San Rafael del Sur, on the Pacific coast from Nicaragua. The community structure of benthic
macrofauna in the area was studied and diversity indices were applied which, related to physicalchemical parameters of seawater, granulometry and organic matter of soft sediment, allowed to
know the spatial and temporal distribution of the species; All these elements were combined to
determine the conditions to which the benthic macrofauna community studied is adapted and
to increase knowledge about these individuals and their fundamental role in the ecosystem.
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2. METHODS AND MATERIALS
2.1. Study area
The study area includes the intertidal zone of Pochomil Beach located on the Pacific Ocean
coast of Nicaragua, municipality of San Rafael del Sur, Department of Managua (11°46’5.52” N
86 ° 30’6.12” W). The climate of the municipality is Sabana Tropical warm and dry because it is
located in a coastal area with temperatures between 27.5 °C and 28 °C, being able to experience
periods with a higher temperature especially in the dry season (INIFOM, s.f).
2.2. Population and sample
The study population was represented by all individuals of the benthic macrofauna of soft
substrates present in the intertidal zone of Pochomil Beach along 3,295 linear km of coastline.
The study sample was represented by individuals with soft substrate benthic macrofauna from
the intertidal zone collected in three sampling stations of one square meter each.
2.3. Selection criteria for sampling sites
With the intention of obtaining samples of dissimilar ecological niches, those sites were
identified where the interaction of the sea with various types of substrate and / or bodies of
fresh water along the intertidal zone of the study site was notorious. The method used for the
observation was in situ for the identification of the intertidal zone and the subsequent selection at
the convenience of the sampling points, whose characteristics were the following: Sitio Arenoso
(SA): Area exclusively of soft (sandy) substrate, fully discovered and without any protection by
vegetation or patches of rocky substrates; the breaking of the waves had direct action on the site
at high tide. Rocky Site with River (S.R.R): Its main feature was to have patches of rocky substrate
dispersed in the subtidal zone that in turn were surrounded by sandy substrate, the latter
extended to the intertidal and supra-tidal areas; the sandy substrate of the two aforementioned
areas suffered from the direct impact of the waves at high tide, but the rocky patches reduced

Section
SCIENTIFIC ARTICLES

their speed to some extent. Rocky Site (SR): In the North zone of the coastal line of the Pochomil
Beach, a quite extensive rocky system was projected in the subtidal zone that projected from
South to North until reaching the Masachapa Beach, which could protect the individuals from
the upper area of the beach and create an ideal environment for species.
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2.4. Sample for diversity analysis of benthic macrofauna
Following the methodology used by Brusca (1973), a metal frame of one square meter
divided into nine sections of 30 x 30 cm (900 cm2) was introduced at a depth of 15 cm. The subsamples of benthic macrofauna were extracted from three of the nine sections of the frame.
After the sample was extracted, the content was deposited in an individual plastic bag and 95%
alcohol was added to preserve them. All samples analyzed at the Aquatic Resources Research
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Center of Nicaragua (CIRA-UNAN) for analysis according to the Standard Operating Procedures
of the Hydrobiology Laboratory that comply with the procedures of the Standard Methods for
the Examination of Water and Wastewater (1999).
A 200 µm sieve was used that allowed to retain the organisms of the macrofauna
contained in the samples. All individuals were deposited in labeled bottles and the sample was
preserved with 95% alcohol. Taxonomic identification up to the level of gender or species of
the collected individuals was carried out by means of a stereoscope and a microscope with the
support of available literature.
To estimate macrofauna diversity, the Simpson index (1949) and the Shannon-Weaver
index (1949) were used.
The Simpson Index (1949):

Where:
pi = proportional abundance of species i, that is, the number of individuals of species i
divided by the total number of individuals in the sample.

The Shannon-Weaver Index (1949)

To calculate the precision in the estimation of the Shannon-Weaver index (1949), the
following formula was used:
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2.5. Physical-chemical parameters of water
The determination of pH, electrical conductivity, salinity, dissolved oxygen and oxygen
saturation percentage was performed with field equipment to obtain data in situ. The Biological
Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), granulometry and organic matter
content analyzes were performed directly in the laboratory
2.6. Spatio-temporal distribution patterns
The Jaccard index (1908) and the Morisita-Horn index were used to measure the degree
of similarity or dissimilarity between sampling sites. Through these indexes a qualitative and
quantitative comparison with the obtained values could be established.
Jaccard Index:

Where:
a = number of species present at site A
b = number of species present at site B
c = number of species present in both sites A and B

Morisita-Horn Index:

Where:
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ani = number of individuals of the i-th species on site A
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bnj = number of individuals of the j-th species at site B
da = _ani² / aN²
db = _bnj² / bN²
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2.7. Statistical analysis
Diversity indexes were calculated in Past3 software (Hammer et al., 2015). The spacetime distribution map was generated with the Surfer 9 software (Golden Software®, 2016).
The lme4 package (Bates et al., 2015) was used to adjust the generalized mixed linear model
(GLMM) in order to analyze non-normal data when there are random effects, and the Vegan
package (Oksanen, 2015 ) for the dendrogram cluster analysis, both of the R statistical software
(R Development core Team, 2015).
3. RESULTS
3.1. Abundance and wealth
The total abundance of benthic macrofauna was 596 individuals. During the dry season,
231 individuals were obtained and during the rainy season 365 individuals, representing
38.75% and 61.24%, respectively. In abundance by sampling point, S.A and S.R. they presented
an increase in the number of individuals during the rainy season, contrary to the S.R.R site,
where there was an abundance value lower than that obtained in the dry season (Figure 1).

Figure 1. Relative abundance by benthic macrofauna sampling sites of soft substrates of the intertidal zone. S. A = Sitio
Arenoso, S.R. R = Rocky Site Rio, S. R = Rocky Site.

Section
SCIENTIFIC ARTICLES

Taxonomically, the individuals found were distributed in 4 Edges: Mollusca (n = 495),
Annelida (n = 78), Arthropoda (n = 20) and Echinodermata (n = 3) (Figure 2). When analyzing
the richness of species, it was observed that for the two seasons the S.A site presented the lowest
values among all sampling sites with 8 and 11 species, respectively. The S.R.R site presented
intermediate values compared to the other sites, but decreased its wealth from 21 species in the
dry season to 16 species in the rainy season. Finally, the S.R site was the one that had the highest
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number of species in both seasons of sampling, with 22 species in the dry season, and increasing
to 37 species in the rainy season (Figure 3).

Figure 2. Phyllis abundance of benthic macrofauna of soft substrates of the intertidal zone.

Figure 3. Richness of benthic macrofauna species of soft substrates of the intertidal zone. S. A = Sitio Arenoso, S.R. R =
Rocky Site Rio, S. R = Rocky Site.

Section
SCIENTIFIC ARTICLES

3.2. Shannon-Weaver Index
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For the dry season it was found that in all sites the Shannon-Weaver index was less than
3.5 bits/ind. In the rainy season only S.R presented a value (2.72 bits/ind) close to the maximum
indicative voltage (2.5 bits/ind) without exceeding it, due to the high number of species found
(n = 302) (Figure 4). Regarding the dominance and equity of the species, changes in the behavior
of the values were evidenced both between sites and between times of sampling, being the rainy
season the one that had greater homogeneity (Figure 5).
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Figure 4. Shannon-Weaver index at sampling sites during the dry and rainy season.

Figure 5. Dominance and equity of species at sampling sites during the dry and rainy season

3.3. Physicochemical variables, granulometry and organic matter

The percentage of oxygen saturation had variations between sites and times. The values
during the dry season ranged from 4% to 54%; however, during the rainy season, the percentages
increased and presented variations between them from 26% to 55%. The electrical conductivity
was maintained with stable values at both times (43.3 mS.cm-1 - 55.8 mS.cm-1). Salinity ranged
from 33 ups to 36 ups.
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The temperature ranged between 29.5 °C and 28.2 °C. The pH remained relatively stable
between 8.13 and 8.06 during the dry season, but a minimum of 7.84 and a maximum of 8.04
showed little variation during the rainy season. The oxygen dissolved in the water had during
both times with values that ranged between 0.2 mg.L -1 and 2.9 mg. L -1, only during the rainy
season was an increase in the S.A site reaching 3.6 mg.L -1.
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During the dry season, the BOD5 values ranged between 0.52mg.L -1 and 1.29mg.L -1, while
in the rainy season the range values increased to 40 mg.L -1 and 70 mg.L -1. The COD, meanwhile,
the range of values was between 7.51 mg.L -1 and 15 mg.L -1 during the dry season and the values
were increased to 80.2 mg.L -1 and 144.52 mg.L -1 in the rainy season. The organic matter content
at both times of sampling was very low with values that did not exceed the detection limit. The
maximum value of organic matter detected was 0.465%. Regarding textural characterization, all
sites were classified as 100% sandy.
3.4. Identification of spatio-temporal distribution patterns
The results obtained reflected low similarity between sampling sites given by the number
of species shared between sites (Table 1). In both epochs of sampling the species were distributed
in different groups according to their abundance, being that for both periods there were five
main groupings with differences between species of 80% during the dry season and 70% in the
rainy season (Figure 6). When modeling the distribution of the benthic macrofauna individuals
found at different times and sampling sites, a trend was found in the spatial distribution
patterns of the individuals and not with the temporal distribution patterns. The model allowed
us to recognize the decreasing trend in the density of individuals as they approached sites that
provided an unprotected environment, this behavior was similar in both periods (Figure 7).
Table 1. Index of Jaccard (qualitative) and Morisita-Horn (quantitative) in both epochs of sampling - Pochomil Beach

Sites
S.A
S.R.R
S.R
Sites
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S.A
S.R.R
S.R
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Number
of species
8
21
22
Number
of species
11
16
37

Dry season
Samples
Abundance
compared
17
1y3
128
1y2
86
2y3
Rainy season
Samples
Abundance
compared
20
1y3
43
1y2
302
2y3

Jaccard

Morisita-Horn

0.2
0.036
0.229

0.123
0.001
0.028

Jaccard

Morisita-Horn

0.091
0.227
0.293

0.064
0.601
0.411
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Figure 6. Species distribution dendrogram at all sites during the dry and rainy season.
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Figure 7. Dendrogram of similarities between sampling sites.
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The values of the distribution of total density, during the dry season the values were
around 130 ind.m-2, thus making it the time with the lowest density of benthic macrofauna.
The SRR and SR sites concentrated the highest density values (130 ind.m-2 ± 100 ind.m-2) while
SA had the lowest values (90 ind.m-2 ± 20 ind.m-2) . In the case of the rainy season, the total
density increased 310 ind.m-2 at the S.R site and then gradually decreased (180 ind.m-2 ± 110
ind.m-2) towards the most unprotected intertidal zone (SA, 90 ind.m-2 ± 30 ind.m-2) (Figure
8).
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Figure 8. Distribution of the total density of benthic macrofauna of soft substrates of the intertidal zone - Pochomil
Beach. a) Dry season b) Rainy season.

In Molusca Edge (Bivalva Class and Gastropod Class), the densities of individuals in both
periods were concentrated in the S.R.R (130 ind.m-2) and S.R (300 ind.m-2) sites (Figure 9).
The Annelid Edge (Polychaete Class), during the dry season the maximum density (60 ind.m-2)
was concentrated in the sites without freshwater intrusion and greater protection area (SR),
gradually decreasing towards unprotected areas (0 ind.m-2 ± 4 ind.m-2) (Figure 10). On the
contrary, it was shown that the distribution of annelids during the rainy season decreased (9.5
ind.m-2 ± 2 ind.m-2) as they approached areas protected by the rocky system, the distribution of
the Arthropod Edge (Subfilo Crustacea) (Figure 11) was characterized during the dry season for
having the highest concentration at the S.A site (5 ind. -m-2). In the case of the rainy season, the
highest densities were at the S.R.R site (10 ind.m-2) and decreased towards the S.R and S.A sites
(7 ind.m-2 ± 0 ind.m-2). , the Equinodermata Edge presented the lowest density of all taxonomic
groups, with 3 ind.m-2 and only had a presence in the dry and exclusive season In the sandy site
(S.A) (Figure 12).
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Figure 9. Distribution of the Molluscan Edge in the intertidal zone - Pochomil Beach. a) Dry season b) Rainy season.
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Figure 10. Distribution of the Annelida Edge in the intertidal zone - Pochomil Beach. a) Dry season b) Rainy season.
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Figure 11. Distribution of the Arthropod Edge in the intertidal zone - Pochomil Beach. a) Dry season b) Rainy season
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Figure 12. Distribution of the Equinodermata Edge in the intertidal zone - Pochomil Beach. a) Dry season
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4. DISCUSSION
According to Rodil and Lastra (2004) and Rodil et al. (2007) The macrofauna community
in terms of abundance and richness of species, is more complex and diverse in protected rocky
areas than in the exposed sandy beaches. In the intertidal zone of the Pochomil Beach, it was
observed that those sampling sites that presented some type of protection from the direct
action of the waves (S.R.R and S.R) had greater presence of individuals, while the unprotected
site (S.A) showed the lowest values in the number of individuals and did not have a significant
temporal variation of individuals. According to Escrivá (2013), some organisms are demanding
with environmental requirements and it is common to find zoning in macrofauna communities;
in the case of the S.R.R site there were variations for both abundance and richness of species.
The above could be related to the physical conditions of the study site; Although the S.R.R site
has a small rocky system that protects it, there is also a space of convergence between the sea and
the Pochomil River where fresh water flows, which can modify the spatio-temporal distribution
of individuals who have been previously exposed by Escrivá (2013). During the rainy season,
the contribution of fresh water and sediment trawling probably influenced the mobilization or
death of individuals due to the intolerance that some have to changes in the physical-chemical
composition of the substrate. The latter coincides with that expressed by Pech and Ardisson
(2010), who assure that changes in salinity due to the balance of freshwater and salt water
contributions constitute a potential source of disturbance in the benthic community.
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According to Álvarez and Pérez (2007), values below 2.4-2.5 bits/ind are indicative that
the ecosystem is under tension. In the results obtained in the Shannon-Weaver index, the
differences between the values of diversity between sampling periods are notable and it should
be noted that, in congruence with the abundance and richness of species, the rainy season
showed values closer to the maximum expected diversity (H_max).
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Under normal temperature conditions Tait (1971) states that this variable is a controller
of aspects of distribution of the species which are related to several basic processes such as
growth, feeding and reproduction. Under extreme weather conditions, extremes of heat or
cold can have devastating effects on the marine population, especially on coastal organisms; In
the results obtained in the present investigation there were no significant variations in water
temperature, thus reducing the possibility of this environmental variable playing a decisive
role in the distribution of the macro-benthic organisms studied. According to Vega (1971), the
variations in seawater pH are very small, with values usually between 8.1 and 8.3 and rarely
values below 7.5 or above 9.0, which is consistent with the results obtained in the present study.
The variables that had the greatest differences between periods were the BOD5 and the COD,
which could be caused by the dragging of organic material produced by the rains, and that had a
significant effect on the study area.
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The distribution patterns of the coastal macrofauna have served as a basic tool for the
identification and delimitation of defined biogeographic areas, so, the evaluation of marine
communities, is based mainly on ecological studies that allow determining the integral species,
in addition to shedding valuable information on the structure of rich and abundant populations
that cohabit in a given area (Fernández et al., 2014). The distribution of the Mollusca Edge was
mostly concentrated in those areas where the beach had more protected physical conditions. In
addition, during the dry season it is notable that this taxonomic group preferred to be distributed
in the area where there was a supply of fresh water, probably as a measure of survival against
desiccation during low tide, which demonstrates the adaptability that these organisms possess
in environments with conditions of extreme variability. According to Escrivá (2013) polychaete
worms can be the dominant macrofauna in relatively protected sands and as hydro-dynamism
increases and sediment becomes thicker, they tend to disappear due to direct wave action and
desiccation during tide low, product of prolonged exposure to sunlight. For the Annelida Edge,
the distribution of individuals during the rainy season decreased (9.5 ind.m-2 ± 2 ind.m-2) as
they approached areas protected by the rocky system; this difference in the behavior of spatiotemporal distribution could be caused by the ability of species to adapt. During the dry season
the species found were only Nereis sp. and an individual from the Polinoidae Family, while in the
rainy season Lumbrineris sp, Glycera sp., Nereis sp. and Pisionidens sp.
5. CONCLUSIONS
During the investigation period, in the intertidal zone of Pochomil Beach, 596
individuals of benthic macrofauna with soft substrates distributed in four edges (Mollusca,
Annelida, Arthropoda and Echinodermata) were counted. The diversity of soft substrate benthic
macrofauna calculated using the Shannon-Weaver index reflects very low diversity values for
the dry and rainy season. It was evidenced that the temporality had no significant direct effect
on the abundance and distribution of the soft substrate benthic macrofauna, and that it was the
physical characteristics of the sampling sites that had direct influence. Through the Jaccard and
Morisita-Horn index, it was shown that the sites showed low species similarity.
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