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ABSTRACT

Genetic diversity of sea urchin are very high; there are no two organisms of the same species that are exactly alike.
Dense aggregation of sea urchin is responsible for the destruction of marine algae communities on coral reef
ecosystem. The purpose of this study is to identify the species and abundance of sea urchins at different environ -
mental conditions, to analyze the influence of water conditions on the abundance of sea urchins and to analyze
the role of sea urchin as water quality and abiotic environmental conditions bio-indicators. Data collection proce-
dures carried out in three stage that are: assessment of the status of coral reefs, sea urchins sampling and analysis
of data. Data condition of coral reefs is drawn using methods kick frequency. Urchin abundance data retrieval is
done by timed swims or snorkeling and species of sea urchins seen through genetic approach, by DNA sequenc-
ing. Identify the types of sea urchins in this study conducted with the gene fragment sequences Cytochrome Oxi -
dase subunit I (COI). Stages isolation of DNA-based procedures uses Gsync DNA Extraction Kit from Geneaid.
The species that identify in this study is Diadema setosum. Location with high environmental pressures has a low
quality of coral reef ecosystems and has a great abundance of sea urchins. This proves that the water environmen-
tal conditions greatly affect the abundance/density of sea urchins. In locations with relatively low environmental
stress or a sheltered environment the abundance of sea urchins is low.  
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Sea Urchins are marine invertebrates that are classi-
fied in the phylum Echinoderms, functional in ecology,
and having significant economic value [1]. The organ-
ism  in  this  Echinoidea class  has  a  variety  of  large
species  and abundant,  as  well  as  be  determinants  of
abundance and to scatter herbs seas in shallow sea wa-
ters [2].

Genetic diversity of sea urchins is very high. This
diversity it is evidenced from the data provided by De-
oxyribo Nucleic Acid mitochondrial (mtDNA) or nu-
clear DNA (nDNA) analysis among families or species
of sea urchins. Based on such diversity as there are no
two organisms of the same species are exactly alike, be-

cause each species has its genetic material [3].
Dense aggregation of sea urchins is responsible for

the destruction of marine algae communities and the
destruction of seagrass communities in some coastal ar-
eas in the tropics and subtropics [4]. During the feed-
ing activity, some sea urchins grind calcium carbonate
in large proportions in addition to growing algae att-
ttached to the reef, so it has a major role in the carbon
cycle of organic and inorganic in coral reef ecosystems
[5].

The  relationship  between  the  abundance  of  sea
urchins with coral reef ecosystems that are less healthy
need for further study to determine a correlation if one
exists  [6].  Sea urchin are one of the key species  for
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coral reef communities. This is because the sea urchin
is  one of the animals  controlling populations  of mi-
croalgae. The existence of sea urchins in an ecosystem
can not be separated from the influence of abiotic envi-
ronmental factors on these waters [7]. The purpose of
this study is to identify the type and abundance of sea
urchins living at different aquatic conditions and envi-
ronments, to analyze the influence of water conditions
on the abundance of sea urchins  and to analyze the
role of sea urchins as bio-indicators on aquatic environ-
ments. 

Field data capture (ground check) is performed as
one of the input data in interpreting the extent of the
environmental pressures affect the diversity and abun-
dance of sea urchins. Data collection procedure carried
out in three stages, that: assessment of status (monitor-
ing) of coral reefs, sea urchins sampling and analysis of
data.  Data  condition  of  coral  reefs  is  drawn  using
methods Kick frequency with swimming or snorkeling
over the reef flats. Kick frequency is a modification of
the method of data collection coral reefs by Point In-
tercept  Transect  (PIT),  where  researchers  note  types
(lifeform)  reef  every  3-4  times  pedaling  legs.  Coral
growth form (lifeform) in this study include live coral,
dead coral, the shape of the substrate, algae and other
substrates.

Urchin abundance data retrieval is done by survey
cruising (timed swims or snorkeling) at each study site.
Timed swims or snorkeling on the coral reef and swim
along parallel to the shoreline for 15 minutes, with a
standard  swimming  speed  (approximately  20  meters
per  minute).  Then  note  the  number  of  individuals
urchins are found along the distance. Illustration of sea
urchin data collection is in Figure 1.

Formulation  for  calculated  the  percentage  of  live
coral cover, using the following calculation [8]:

Figure 1. Timed swims and kick frequency

Abundance is the number of individuals in a particular
area. Abundance calculated by the formula:

Type or variety of sea urchins is seen through ge-
netic approach, by techniques of DNA analysis. DNA
analysis  is  done  through  a  phase  sample  extraction,
PCR,  sequencing,  BLAST  (Basic  Local  Alignment
Search Tool) and phylogenetic analysis.

Gen Cytochrome Oxidase subunit I (COI) is a mi-
tochondrial protein-coding DNA that has been widely
used as a means of identification of animal species. In
this study, the primers used are: [9]

COI531F:
5’-ATGATTTCTCATGTAATTGC3’;
COI874R:
5’-AGTACAACGTCTATAGATGA-3’

The  study  was  conducted  at  three  different  loca-
tions in which environmental  pressure varies. Criteria
location are (1) a protected area or a low-pressure en-
vironment,  (2)  areas  with  environmental  pressures
moderate  and  (3)  areas  of  high  environmental
pressure.  Regions  with  low pressure  have been
sheltered in this study  is  the  Pari Island,  Kepulauan
Seribu National Park and Menjangan Island, West Bali
National Park. Areas with medium pressured, have a
tourism area that the  Pasir Putih  Beach in Situbondo
and  Sendang  Biru  Beach  in  Malang.  Then the  area
with high environmental pressures is areas that have a
high number and density of population, the Gili Ket-
apang island in Probolinggo and Mandangin island in
Sampang.  Coordinates  of  sampling  points  in  each
study  site  can  be  seen  in  Table  1.  Data  population
density  and  number  of  visit  tourism  on  research
location in Table 2.

Percentage of coral reef and algae
The average percentage of live coral cover were the

highest obtained at the second location is Menjangan
Island, with a value of 65.00%. Pari Island, amounting
to 42.50%; Pasir Putih Beach tourist area, Situbondo,
40.00%; Sendang Biru Beach,  Malang,  amounting to
34.17%; Gili Ketapang island, Probolinggo, amounting
to  20.83%;  and  location  with  average  coral  cover
percentage  is  lowest  that  Mandangin  Island  with  a
value of 19.17%.
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Table 1. Coordinates of sampling points in each study
Location Coordinates

Pari Island S 5°51'33.77"
E 106°36'47.69"

Menjangan Island S 8° 5'45.10"
E 114°31'41.80"

Pasir Putih S 7°41'30.28"
E 113°49'42.09"

Sendang Biru S  8°26'36.54"
E 112°40'30.61"

Gili Island S  7°40'40.39"
E 113°14'45.85"

Mandangin Island S  7°18'34.80"
E 113°13'30.16"

Table 2. Data population density and number of visits tourism

Location Area
(km2)

Population
density

(people/km2)

Number of visits
tourism

(people/year)
Pari 0.95 2,884 207,105
Menjangan 190.03 435 44,366
Pasir Putih 18.09 223 162,341
Sendang Biru 27.39 302 8,800
Gili Ketapang 0.61 15,508 0
Mandangin 1.65 11,861 0

Table 3. Coral reef percent cover in location study

Location
% cover of coral reef

1 2 3 4 Average
Pari 43.3 43.3 40.0 43.3 42.50
Menjangan 63.3 66.7 66.7 63.3 65.00
Pasir Putih 36.7 40.0 43.3 40.0 40.00
Sendang Biru 33.3 33.3 36.7 33.3 34.17
Gili Ketapang 23.3 20.0 23.3 16.7 20.83
Mandangin 20.0 20.0 16.7 20.0 19.17

Table 4. Algae percent cover in location study

Location Algae (%)
1 2 3 4 Average

Pari 13.3 16.7 13.3 13.3 14.17
Menjangan 10.0 10.0 13.3 10.0 10.83
Pasir Putih 16.7 23.3 20.0 16.7 19.17
Sendang Biru 23.3 26.7 26.7 23.3 25.00
Gili Ketapang 36.7 36.7 30.0 30.0 33.33
Mandangin 33.3 36.7 33.3 36.7 35.00

Table 5. Number of correlation between coral and algae
Coral reef (%) Algae (%)

Coral reef (%) 1
Algae (%) -0.89 1

The most dangerous average percentage of algae is
in the sixth location, Mandangin island, with a value of
35.00%. Gili ketapang island, as much as 33.33%; area
tourism  Pasir Putih  beach, as much as 19.17%;  Sen-
dang  Biru beach, as much as 25.00%;  Pari  island, as
much  as  14.17%;  and  the  location  with  an  average
closing the percentage of algae with the lowest is the
island  with  a  value  of  Menjangan  island  reached
10.83%.

Correlation between coral and algae is negative; it
is portrayed between the two is an inversely propor-
tional  relationship.  In accordance with the results  of
the research showed that in locations that have a high
percentage  of  coral  cover  some algae  would be  low,
otherwise in places where the percentage of coral cover
is low, some algae are high.

Identify the types of sea urchins in this study con-
ducted with the gene fragment sequences Cytochrome
Oxidase  subunit  I  (COI).  Stages  isolation  of  DNA-
based procedures uses Gsync DNA Extraction Kit from
Geneaid.

In this study, the process of DNA sequencing per-
formed at First Base Malaysia, and the sequence data
was obtained in the form of the nucleotide sequences
of  the  form file  with  the  extension  (.ab1  and  .fas);
which each contain DNA sequences  (Revers and  For-
ward).  The  data  file  then  inserted  into  the  analysis
phase by using software Bioedit and Mega.

After the Blast or confirmation of these species was
completed, a phylogenetic analysis using the neighbor-
joining, where the calculation matrix genetic distance
method  Kimura-2  parameter  is  implemented  on
pairwise distance  calculation  in  the  program  Mega
(Molecular  Evolutionary  Genetics  Analysis)  software
version 5 [10]. Statistical confidence of the two meth-
ods  was  evaluated  using  test  bootstrap  1000 replica-
tions. Phylogenetic analysis intended to determine kin-
ship or closeness between species existing samples with
the identification results from previous studies.

Phylogenetic analysis was done by comparing the
sample sequence with the sequences that exist in the
genebank. It aims to study the evolutionary relation-
ships between organisms or genes from a taxonomic
unit. Phylogenetic or kinship is crucial to note as the
basis  of  classification  of  organisms.  The  analysis
process  begins  by  taking  ten  of  Diadema  setosum
DNA sequences in Genebank and the DNA sequences
of the type  Echinotrix calamaris as  outgroup sample
types. Then in the form fasta file is processed using the
MEGA program, the method of Kimura. The results of
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Figure 2. Diadema setosum

Table 6. The density of sea urchins in location study

Location
Density of Sea Urchins (Ind/m2)

1 2 3 4 Average
Pari 0.29 0.35 0.31 0.34 0.32

Menjangan 0.03 0.02 0.04 0.03 0.03
Pasir Putih 0.37 0.29 0.36 0.24 0.31

Sendang Biru 0.06 0.07 0.05 0.05 0.06
Gili Ketapang 1.12 1.35 1.22 1.30 1.25
Mandangin 1.31 1.25 1.27 1.27 1.28

Table 7. Number of correlation between algae and sea urchin
Algae (%) Sea urchin (Ind/m2)

Algae (%) 1
Sea Urchin(Ind/m2) 0.82 1

Table 8. Calculation of analysis variation
ANOVA

Source of
Variation SS df MS F count P-value F crit

Location 6.54 5 1.31 507.91 1.04 2.77
error 0.05 18 0.00
Total 6.59 23

phylogenetic analysis  of ten sequences  that  compared
with  similar  sequences  in  Genebank  showed  in  the
phylogenetic tree in Figure 3.

The density of sea urchins 
The density of sea urchins in each study site at each

station  ranged  from  0.03–1.28  ind/m2.  The  highest
densities are in densely populated areas with the per-
centage of coral cover is low and a large proportion of
algae. Conversely, the lowest density is in a protected
area is a national park with the coral cover proportion
of the high and low proportion of algae.

The correlation between the densities of sea urchins
with a percentage of algae are positive; this shows the
proportional relationship between the two. The results
revealed that in locations with a high abundance of sea

Figure 3. Phylogenetic tree of D. setosum

Figure 4. Regress analysis of sea urchin abundance with algae
percentage

urchins, the percentage value of algae in these sites is
also high.

Sea urchins are herbivores organism whose life is
strongly influenced by the presence of a source of food.
The presence of sea urchins determines the abundance
and distribution of marine plants like algae in shallow
marine waters [2]. There is an adamant correlation be-
tween the density of sea urchins and habitats that con-
tain algae or a combination of rock and algae [12]

The  causal  link  between  the  abundance  of  sea
urchins with algae percentage can be calculated by re-
gression analysis.  The regression analysis as the study
of the dependence of one variable (dependent variable)
to one or more other variables (explanatory variables)
with the aim to make predictions average population
or the value of the dependent variables [13].

These values show the dependency relationship be-
tween the abundance of sea urchins on the proportion
of algae is quite strong. The greater the percentage of
algae will be followed by an increase in the number of
the abundance of sea urchins in each study site.

Variation analysis of variance (ANOVA) was used
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to determine differences in the average of two or more
groups of observed data, and can also be used as a test
of the hypothesis.

In this experiment, the test procedure used one-way
ANOVA analysis  of  variation (density urchins)  by  a
factor (the difference between  locations of the data).
The  results  of  analysis  calculations  obtained  the  F-
count value (507.91) over the F-table (2.77), with alpha
(α) or the boundary of the biggest mistakes that can be
received by 0.05 (5%) and the P-value  less  of  alpha
(<0.05). Based on these values, the alleged (H0) is re-
jected, which means differences in the location of a sig-
nificant effect on the density of sea urchins. 

Species sea urchins were found at each study site
with different environmental stress conditions showed
no  distinct  diversity.  The  locations  of  the  data  and
samples  of  sea  urchins  that  has  been  done,  is
dominated by a type of sea urchin D. setosum.

The abundance of sea urchins in six locations to
collect  data  under  different  environmental  stress
conditions  showed  significantly  different  values.  This
proves that the water environmental conditions greatly
affect the abundance/density of sea urchins.

Based on the value of the density of sea urchins in
each study site, can be interpreted that the presence of
sea  urchins  can  be  used  as  indicators  of  the
quality/condition of the water environment, especially
the coral reef ecosystem.
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