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Abstract 
The abundance, distribution and diversity of epibenthic echinoderm were 
investigated at Dungonab Bay in the Red Sea coastal water of the Sudan. Four 
permanent line transects were chosen. Eight (30 × 2) square metre belt tran-
sects along each permanent line transect at 20 metre intervals were used to 
collect data. The data were subjected to univariate and multivariate analyses. 
Spatial variations of epibenthic echinoderm abundance were assessed with 
one-way analysis of variance. Hierarchical agglomerative clustering was used 
to identify and illustrate the similarities in echinoderm abundance between 
line transects and between belt transects. Indices of richness (d), diversity (H΄), 
evenness (J΄) and dominance (C) were used to explain the diversity of epi-
benthic echinoderm species. The distribution pattern of each echinoderm spe-
cies was determined in each permanent line transect. A total of 986 individu-
als were recorded within sixteen species of epibenthic echinoderms in the four 
line transects. Holothuriidae was the dominant family (5 species and 342 in-
dividuals). The most abundant echinoderms species was Pearsonothuria graef-
fei (77 individuals, about 7.81%). Abundances intra-transects and intra-families 
were insignificant (f = 1.67, p = 0.183, df = 3 and f = 3.24, p = 0.083, df = 9, 
respectively). The highest values of Shannon-Wiener diversity index (H΄), 
Pielou evenness index (J΄), Margalef species richness index (d), and Simpson 
Dominance index (C) were 2.738, 0.9875, 2.791 and 0.07159, respectively. The 
distribution patterns of all species in the study transects varied between clumped 
and uniform, with the exception of Asthenosoma varium of the Echinothuri-
dae family, which had clumped distribution patterns in all transects. The 
study concluded that Dungonab Bay supports rich and diverse communities 
of epibenthic echinoderms.  
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1. Introduction 

Echinoderms are benthic marine invertebrates widely distributed throughout the 
world’s marine waters [1]. They are globally widespread at almost all latitudes, 
depths and marine environments, rich in coral reef environments but wide-
spread in shallow coasts. They can be found from the intertidal zone to the deep 
sea [2]. Echinodermata is divided into five classes: Crynoidea (sea lilies and 
feather stars), Ophiuroidea (brittle stars or snake stars), Holothoroidea (sea cu-
cumbers), Echinoidea (sea urchins and sand dollars), and Asteroidea (starfish). 
Worldwide, there are about 7000 species of echinoderms. Echinoderm commun-
ities are useful indicators of the state of the marine community. Echinoderms are 
essential components of the coral reef environment [3] [4]. Due to their high 
density, biomass and adaptable ecological roles, echinoderms play an important 
role in the structure and function of rocky communities in the intertidal and 
shallow subtidal zones [5]. Ecologically, echinoderm plays an important role in 
coral reefs and influence coral reef structures in tropical and subtropical regions 
[6] [7]. Some echinoderms play a role in the environment by degrading leftover 
organic matter from the food of other animals [8] [9]. Some groups of echino-
derms, such as Holothuroids, represent valuable economic returns to coastal com-
munities in poor countries if their resources are cared for and developed by 
government fisheries agencies in those countries. Some echinoderm species are 
important suppliers of nutrition and drug manufacturing [10] [11] [12]. 

Assessing biodiversity in marine systems in terms of species richness is im-
portant for recognizing ecological patterns of species distribution, ecosystem func-
tioning, managing marine resource use and ranking conservation priorities [13] 
[14]. Understanding the composition, diversity and distribution of echinoderms 
is indispensable, due to their importance in terms of diversity and application in 
the advancement of coral reef environments [15]. 

Sudanese coastal waters contain a diversity of echinoderm species, but little is 
known about their distribution. Ali [16] observed the high diversity and relative 
richness of marine habitats in the Abu Hashish fringing reefs in the Port Sudan 
area while studying the species composition of Holothroidea, Crinoidea, Steroi-
dea, Echinoidea and Ophioroidea, where 38 species of echinoderms were found. 
The present study examines the diversity, abundance and distribution patterns 
of echinoderm species in the intertidal zone including seagrass, mud, sand and 
coral habitats in Dunganab Bay on the Sudanese Red Sea coast. 

2. Materials and Methods 
2.1. Study Area 

Dungonab Bay is located about 130 km north of Port Sudan (Figure 1). The bay 
extends in its direction from northwest to southeast, almost in between. The area 
of the flat bay is about 305 km2, and its dimensions range from 32 km in length, 
and between 3.2 and 14.5 km in width, with an average width of about 10.5 km. 
The bay is relatively shallow but reaches a depth of about 42.5 m [17] [18]. The  

https://doi.org/10.4236/oje.2024.144022


A. K. Gaiballa 
 

 

DOI: 10.4236/oje.2024.144022 368 Open Journal of Ecology 
 

 

Figure 1. Map showing the study area. 
 
Gulf is one of the oldest aquaculture sites in Sudan, where pearls have been cul-
tured since 1910 [17]. The relatively high temperature and salinity of the bay has 
created diverse marine ecosystems. On the shore of the bay is a small village 
called Dungonab, inhabited with a small number of people who practice fishing 
and a little agriculture and trade. 

2.2. Data Collection 

The study was conducted between February and August 2018. After initial sur-
veys of the study area, four permanent line transects [19] [20] [21], with a length 
of 400 metre per line transect, were established. They are coded as follows: T1 at 
21˚07.029'N, 37˚07.399'E; T2 at 21˚06.584'N, 37˚07.084'E; T3 at 21˚06.292'N, 
37˚07.328'E; and T4 at 21˚04.363'N, 37˚07.233'E. Each permanent line transect 
was divided into eight (30 × 2) square metre belt transects for data collection. 
The distances between the different belt transects were about 20 metres apart. 
The eight belt transects in each line transect are named: belt1, belt2, belt3, belt4, 
belt5, belt6, belt7 and belt8. Data were collected using the snorkeling methods. 

2.3. Species Composition and Distribution 

Epibenthic echinoderm species occur at crossways the upper layer of bed from 
four permanent line transects in intertidal and shallow waters were recognized, 
classified and recorded in situ, or one to two specimens of each species were col-
lected with hand and preserved in containers containing 5% seawater formalin 
solution, then transferred to the laboratory for further classification whenever 
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necessary. Taxa of different epibenthic echinoderm species were sorted and 
identified to the species level whenever possible using morphological identifica-
tion. Epibenthic echinoderm taxa samples were identified according to the keys, 
the field Guides and survey methods of Vine [22], Rowe and Richmond [23], 
Lieske and Myers [24] and Eleftheriou [25]. 

2.4. Data Analysis 
2.4.1. Abundance 
The total number of individuals of different epibenthic echinoderm species was 
counted in each a 30 × 2 square metre belt transect [19] [21] [26] along the four 
permanent line transects.  

Relative abundance is the proportion of species in a community. The relative 
abundance of each species was calculated as follows: 

100%RA ni N= ÷ ×  

where:  
RA: The relative abundance of target species;  
N: The total number of observed individuals for all species in all transects; 
ni: The number of individuals for the target species in all transects. 
Spatial differences in abundance of epibenthic echinoderm species between 

the four line transects and between echinoderm families were assessed by one-way 
analysis of variance (ANOVA) using the Statistical Package for the Social Sciences 
(SPSS 16.0). Hierarchical agglomerative clustering with group average data linkage 
[27] was conducted to explain and find out similarity [28] in echinoderm abun-
dance between permanent line transects and also between belt transects using 
the Plymouth Routines statistical package in Multivariate Ecological Research 
(PRIMER 5.0). The results were presented graphically. 

2.4.2. Spices Diversity 
Univariate analysis was used to determine echinoderm species diversity for each 
line transect of the study. Margalef species richness index (d); Shannon-Wiener 
diversity index (H΄); Pielou evenness index (J΄) and Simpson dominance index 
(C) were used to explain epibenthic echinoderms diversity [29] [30] using the 
DIVERSE in the statistical package Plymouth Routines in Multivariate Ecologi-
cal Research (PRIMER 5.0) [28].  

The Margalef species richness index (d), [31] quantifies the total number of 
species present for a given number of individuals. It is calculated as follows: 

( )1 log 2d S N= − ÷  

where: 
d = Margalef species richness index; 
S = Total number of species; 
N = Total number of individuals. 
The Pielou Evenness index (J΄), [32]. The index determines how regularly the 

individuals are distributed among diverse species. It is estimated as follows:  
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maxJ H H′ ′ ′= ÷  

max lnH S′ =  

where: 
J΄ = Pielou Evenness index;  

maxH ′  = Maximum possible diversity;  
S = Total number of species. 
The Shannon-Wiener diversity index (H΄), [33]. This universally used diver-

sity index [34] includes indicators of diversity, species richness and evenness. It 
is calculated as follows:  

( )1 lni ii
sH ρ ρ
=

′ = ∑  

where: 
H΄ = Shannon-Wiener diversity index;  
pi = The ratio of number of individuals of i species. 
The Simpson Dominance index (C), [35]. The index determines the domin-

ance of species and weight the abundance of the most common species. It is de-
signed as follows:  

( )2
1 ii

sC P
=

= ∑  

where: 
C = Simpson Dominance index;  
pi = The ratio of number of individuals of i species.  

2.4.3. Distribution Pattern 
The distribution pattern of each species of echinoderms in the four permanent 
line transects was measured using Morisita distribution index (IM) according to 
Magurran [36] as the following formula: 

( )( )2IM 1n x N N N= Σ − ÷ −  

where: 
IM = Morisita distribution index; 
n = Number of plots in the relevant station;  
N = Total number of individuals in all plots at relevant station;  
∑x2 = Sum of square of the number of individuals of the relevant species for all 

plots at the relevant station. 
The Morisita distribution index (IM) is an arithmetic measure of dispersion of 

individuals within a population. The distribution pattern is divided into three 
categories: random, uniform, and clumped. Whereas, if IM = 1 the distribution 
pattern is random, if IM > 1 the distribution pattern is clumped and if IM < 1 
the distribution pattern is uniform. 

3. Results  
3.1. Species Composition and Distribution  

As shown in Table 1 a total of 16 species within fourteen genera, ten families,  
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Table 1. Species composition and distribution at the study transects. 

Class Order Family Species T1 T2 T3 T4 

Holothuroida Holothuriida Holothuriidae Actinopyga echinites + + + + 

   Holothuria atra + + + + 

   Holothuria edulis + + + + 

   Holothuria nobilis + + + + 

   Pearsonothuria graeffei + + + + 

 Apodida Synaptidae Synapta maculata + + + + 

Echinoidea Echinoida Echinometridae Echinometra mathaei + + + + 

 Diadematoida Diadematidae Diadema setosum + + + + 

 Temnopleuroida Toxopneustidae Tripneustes gratilla + + + + 

 Echinothurioida Echinothuriidae Asthenosoma varium + + + + 

Asteroidea Valvatida Valvatida Ophidiasteridae Fromia ghardaqana + + + + 

   Linckia multiflora  + + + + 

   Gomophia egyptiaca + + + + 

  Acanthasteridae Acanthaster planci + + + + 

Ophiuroidea Ophiurida Ophiotrichidae Macrophiothrix demessa + + + + 

  Ophiactidae Ophiactis savignyi + + + + 

(+) Present. 
 
eight orders and four classes of echinoderms were encountered in each of the 
different transects during the study. The family Holothuriidae has the highest 
number of species (5 species) followed by the family Ophidiasteridae with three 
species, while the rest have only one species.  

3.2. Abundance of Echinoderms 

A total of 986 individuals were encountered during the study. The highest num-
ber of individuals was recorded in T2 with 279 individuals (28.3%) followed by 
T3, T1 and T4 with 256 individuals (25.96%), 235 individuals (23.83%) and 216 
individuals (21.91%), respectively. 

The highest number of individuals of the species was recorded for Pearsono-
thuria graeffei from Holothuriidae with 77 individuals with a relative abundance 
of 7.81%, followed by Synapta maculata from Synaptidae and Gomophia egyp-
tiaca from Ophidiasteridae with 75 individuals with a relative abundance of 
7.61%. Tripneustes gratilla from Toxopneustidae had the lowest number of indi-
viduals with 36 individuals with a relative abundance of 3.65% (Figure 2 and 
Table 2).  

Holothuriidae had the highest number of individuals with 342 individuals 
(34.69%). The lowest number of individuals was recorded in Toxopneustidae 
with 36 individuals (3.65%) (Figure 3).  
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Figure 2. Number of individuals of echinoderm species. 
 
Table 2. The relative abundance (RA) of echinoderm species at study transects. 

Family Species RA (%) 

Holothuriidae Actinopyga echinites 7.1 

 Holothuria atra 5.58 

 Holothuria edulis 7.3 

 Holothuria nobilis 6.9 

 Pearsonothuria graeffei 7.81 

Synaptidae Synapta maculata 7.61 

Echinometridae Echinometra mathaei 7.1 

Diadematidae Diadema setosum 4.36 

Toxopneustidae Tripneustes gratilla 3.65 

Echinothuriidae Asthenosoma varium 4.97 

Ophidiasteridae Fromia ghardaqana 7.3 

 Linckia multiflora 5.78 

 Gomophia egyptiaca 7.61 

Acanthasteridae Acanthaster planci 6.9 

Ophiotrichidae Macrophiothrix demessa 4.26 

Ophiactidae Ophiactis savignyi 5.78 

 
The results showed that there were significant differences in abundance be-

tween families (f = 3.29, p = 0.001, df = 9) and no significant differences in ab-
undance between transects (f = 2.39, p = 0.068, df = 3). 

While the similarities score between line transects appears to have a similarity 
level > 57.72% similarity (Figure 4), the similarities between belt transects have a 
similarity level > 47.06% similarity (Figure 5). 
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Figure 3. Number of individuals of echinoderm families. 
 

 

Figure 4. Hierarchical agglomerative clustering of echinoderm abundance showing the 
average linkages between sampling transects. 
 

 

Figure 5. Hierarchical agglomerative clustering of echinoderm abundance showing the 
average linkages between sampling belt transects. 
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3.3. Diversity of Echinoderms  

T2 had the highest values of Shannon-Wiener diversity index (H΄) with 2.738 
and Pielou evenness index (J΄) with 0.9875, and the lowest values of Margalef 
species richness index (d) and Simpson dominance index (C) with 2.664 and 
0.06692 of echinoderms, respectively. T3 had the lowest values of Shan-
non-Wiener diversity index (H΄) and Pielou evenness index (J΄) with 2.698 and 
0.9731 for echinoderms, respectively. T4 and T3 had the highest values of Mar-
galef species richness index (d) with 2.791 and Simpson Dominance index (C) 
with 0.07159 for echinoderms, respectively (Table 3). 

3.4. Distribution Patterns of Echinoderm Species  

During the current study, two types of distribution patterns were recorded in the 
study area: the clumped distribution pattern and the uniform distribution pat-
tern. However, the results of the study showed a difference in the distribution 
pattern between the study transects. Table 4 shows the distribution patterns of 
echinoderm species in the study transects. With the exception of the species As-
thenosoma varium of the Echinothuridae family, whose distribution patterns in 
the four permanent line transects were clumped, the distribution patterns of the 
remaining species in the four line transects varied between clumped and uni-
form. However, for values of the Morisita index (IM) that are less than one, its 
values are very close to one. 

4. Discussion 

During the present study, a total of sixteen species within fourteen genera, ten 
families, eight orders and four classes of echinoderms were observed in the shal-
low water of Dungonab Bay. Twelve species of holothuroids have been recorded 
by Hasan [37] in the Red Sea waters of Saudi Arabia, of which five species are 
among the species documented in the current study (Actinopyga echinites, Ho-
lothuria atra, Holothuria edulis, Holothuria nobilis and Pearsonothuria graeffei). 
Mahdy et al. [38] encountered a total of 33 species of echinoderms at 14 sites on 
the Red Sea coast of Egypt including different habitats types such as Seagrass, 
mangrove, coral reef, rocky, sandy and muddy shore, and eleven of these species 
were recorded in the current study including: Holothuria atra, Holothuria nobi-
lis, Pearsonothuria graeffei, Synapta maculata, Echinometra mathaei, Diadema  
 
Table 3. The values of diversity indices of echinoderms at the study transects. 

Diversity 
Index 

Transect 

T1 T2 T3 T4 

Shannon-Wiener diversity index (H΄) 2.714 2.738 2.698 2.721 

Pielou evenness index (J΄) 0.9788 0.9875 0.9731 0.9812 

Margalef species richness index (d) 2.747 2.664 2.705 2.791 

Simpson dominance index (C) 0.07013 0.06692 0.07159 0.06876 
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Table 4. The distribution patterns of echinoderm species at the study transects. 

Species 
T1 T2 T3 T4 

IM DP IM DP IM DP IM DP 

Actinopyga echinites 0.888888 uniform 0.935672 uniform 1.178944 clumped 1.073592 clumped 

Holothuria atra 1.21212 clumped 0.761904 uniform 0.933336 uniform 0.969696 uniform 

Holothuria edulis 0.933336 uniform 1.549408 clumped 1.142856 clumped 1.309944 clumped 

Holothuria nobilis 0.914288 uniform 0.933336 uniform 1.918128 clumped 0.941176 uniform 

Pearsonothuria graeffei 0.733336 uniform 1.028568 clumped 0.985504 uniform 0.866664 uniform 

Synapta maculata 1.128208 clumped 0.900432 uniform 0.773336 uniform 0.838096 uniform 

Echinometra mathaei 0.872728 uniform 0.866664 uniform 0.952384 uniform 1.066664 clumped 

Diadema setosum 0.571432 uniform 1.454544 clumped 1.219048 clumped 0.888888 uniform 

Tripneustes gratilla 1.111112 clumped 1.054944 clumped 0.761904 uniform 1.066664 clumped 

Asthenosoma varium 1.6 clumped 1.333336 clumped 1.356728 clumped 1.142856 clumped 

Fromia ghardaqana 0.96 uniform 1.235296 clumped 1.117648 clumped 0.820512 uniform 

Linckia multiflora  1.464056 clumped 0.848488 uniform 0.848488 uniform 1.90476 clumped 

Gomophia egyptiaca 0.885376 uniform 1.162392 clumped 0.888888 uniform 0.838096 uniform 

Acanthaster planci 0.885376 uniform 1.058824 clumped 1.230768 clumped 1.142856 clumped 

Macrophiothrix demessa 0.914288 uniform 2.153848 clumped 1.066664 clumped 1.142856 clumped 

Ophiactis savignyi 1.333336 clumped 0.985504 uniform 0.872728 uniform 1.244448 clumped 

Note: IM = Index of Morisita, DP = Distribution pattern. 
 
setosum, Tripneustes gratilla, Fromia ghardaqana, Linckia multifora, Acanthas-
ter planci and Ophiactis savignyi. Nasser et al. [39] found twenty-nine species of 
echinoderms in littoral zone of the Red Sea and Gulf of Suez, of these ten species 
(Holothuria atra, Holothuria nobilis, Pearsonothuria graeffei, Synapta maculata, 
Echinometra mathaei, Diadema setosum, Tripneustes gratilla, Fromia gharda-
qana, Linckia multifora and Acanthaster planci) have been recorded in the cur-
rent study. In contracts to the current study, Klaus et al. [40] reported the ap-
parent absence of sea urchins (Diadema spp. and Echinometra spp.) from sever-
al sites while studying the ecological patterns and status of the reefs in Sudan. 
Ten of the species recorded in the current study (Holothuria atra, Holothuria 
edulis, Holothuria nobilis, Echinometra mathaei, Tripneustes gratilla, Astheno-
soma varium, Fromia ghardaqana, Gomophia egyptiaca, Ophiactis savignyi and 
Acanthaster planci) were included in the list report by Tortonese [41] for echi-
noderms known from the Gulf of Aqaba. Estimated numbers of echinoderms 
species in the Red Sea and its two northern bays have been reported by Price 
[42], Campbell [43] and EL-Sadek [44]. Worldwide Micael et al. [45] reported 
seven species of echinoderms as frequent echinoderms at São Miguel island in 
the Portuguese archipelago of the Azores, none of which were among the species 

https://doi.org/10.4236/oje.2024.144022


A. K. Gaiballa 
 

 

DOI: 10.4236/oje.2024.144022 376 Open Journal of Ecology 
 

recorded during this study. Elsewhere in the world, sixty-one echinoderms spe-
cies within 36 families were recorded from Santa Catarina, southern Brazil by 
Slivak et al. [46], the small number of species in the current study may be due to 
the limited study area and the small number of transects studied. 

During the present study, Holothuriidae had the highest number of species, 
which is almost similar to the study of shallow-water echinoderms in the Indo 
West pacific by Clark and Rowe [47] that the holothuriods were the main as-
semblage. A number of individuals (910 individuals) approximately equal to the 
total number of individuals recorded in the current study, were recorded by Se-
tyastuti et al. [48] in littoral area of Ambon Island, Eastern Indonesia, within ni-
neteen genera, including nine genera recorded in the current study. Bachtier et 
al. [49] in the intertidal zone between Sadranan and Slili Beach, Gunung Kidul, 
Yogyakarta recorded the highest abundance of Echinometra mathei with 19 in-
dividuals, and this value is lower than the result of the current study. Among the 
nine species of echinoderms encountered by Janah et al. [2] in the intertidal zone 
of Nglolang Beach, Gunungkidul, Yogyakarta, they reported relative abundance 
values of 1.11%, 10% and 8.89% for Diadema setosum, Echinometra mathaei 
and Tripneustes gratilla, respectively. The values reported by Janah et al. [2] are 
considered low in the case of Diadema setosum and high in the case of Echino-
metra mathaei and Tripneustes gratilla compared to the current study, taking 
into consideration the difference in the number of species between the two stu-
dies. 

The distribution pattern of marine echinoderms is often influenced by some 
physical factors such as temperature, pressure, dissolved oxygen, sediment types 
and other local habitat factors, and biological factors such as predation and in-
tra-and inter-specific competition, etc. factors. During the present study, with 
the exception of Asthenosoma varium, the distribution patterns of different spe-
cies in the study line transects varied between clumped and uniform. However, 
for the values of the Morisita Idex (IM) that are less than one, its values are very 
close to one. The results for the distribution pattern of echinoderms species in 
the present study were relatively similar to those of Bachtier et al. [49] in the in-
tertidal zone between Sadranan and Slili Beach, Gunung Kidul, Yogyakarta, and 
differs from the results of Janah et al. [2] in the same regional area, and the re-
sults of Rahardjanto et al. [50] while studying the community structure, diversi-
ty, and distribution patterns of sea cucumber (Holothuroidea) in the coral reef 
area of Sapeken Islands, Sumenep Regency, Indonesia. In contrast to the results 
of the present study, Chenelot et al. [5] in the rocky nearshore areas of Alaska 
indicated that no clear patterns were identified on spatial gradients and the di-
versity and abundance of echinoderms were significantly variable between per-
manent transects sampling.  

This current research paper examined the diversity, abundance and distribu-
tion pattern of epibenthic echinoderms in four transects in Dungonab Bay on 
the Sudanese Red Sea coast during the period from February to August 2018. 
Despite the limited location and time of the study, the study was able to obtain 
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some important results and indicators regarding the distribution of echinoderms 
in the Dungonab Bay area on the Sudanese Red Sea coast. The current results 
obtained can also guide future scientific research efforts and management and 
conservation policies when considering potential environmental and human 
impacts and changes in the region. Future research topics on echinoderms in the 
Sudanese Red Sea coast could also address their distribution over broader areas, 
in addition to addressing deeper topics and details. 

5. Conclusion 

Sixteen species within fourteen genera, ten families, eight orders, and four classes 
of echinoderms were encountered during this present study. The current study 
provides information quantifying the spatial community structure of echino-
derms on intertidal shores of Dungonup Bay. Although obtaining good and re-
liable information about the distribution of echinoderms requires studying larg-
er areas and different marine habitats, the results of the present study can serve 
as a basis for further research and monitoring of echinoderms in the coastal wa-
ters of the Sudanese Red Sea.  
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