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Abstract: Zooxanthellae is symbiotic algae that can form mutualism relation to endodermis tissue of sea
anemone.  The  dynamics  of  zooxanthellae  algae  are  well  known  in  the  anemone   asexual  reproduction.
The  objective  of  this paper was to determine the rate of zooxanthellae cells bisection that form a symbiosis
with sea anemone resulted from asexual reproduction with the technique of fragmentation. Research was
conducted from November 2010 to July 2011 in the coral reef of Teluk Tamiang village, South Kalimantan
Province. The experiment used zooxanthellae from sea anemone resulted from asexual reproduction and natural
sea anemone. The mitotic index of zooxanthellae that form the symbiosis with sea anemone after body
fragmentation was measured. Zooxanthellae and sea anemone were cultured for five months in the natural
waters. Results showed that the rate of zooxanthellae cells bisection (mitotic index) have a significant difference
between anemone which were resulted from asexual reproduction and natural sea anemone.
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INTRODUCTION anemone can conduct sexual and asexual reproduction.

Zooxanthellae is dinoflagellata symbiotic that can through asexual reproduction with the technique of body
form  mutualism  relation  to various of sea invertebratae fragmentation. Asexual reproduction can produce quicker
[1, 2]. They supply energy to their host in the form of seed with a 100% survival rate [12, 13].
carbon compound bounded [3, 4] and its importance for Nevertheless, until now the dynamics of
growth and survival of host under limited nutrient zooxanthellae  especially  its   rate   of   cell  bisection
condition [5]. Zooxanthellae contributed to the health of (index mitotic) which is important to the growth rate of
the hosts [6] and play an important role in successfulness zooxanthellae in the host after asexual reproduction is still
reef-building  corals [7]. Zooxanthellae symbiosis as unknown. Therefore, the objective of the paper was to
intracellular symbion in endodermis cells of sea anemone determine the rate of zooxanthellae cells bisection that
in tropical areas [3, 8]. There is a tendency that symbiosis with sea anemone (Stichodactylagigantea) by
zooxanthella becomes the controlling factor in the asexual reproduction using fragmentation technique.
abundance distribution of sea anemone
(Stichodactylagigantea) in the Indonesian waters [9, 10] MATERIALS AND METHODS
and have a higher density of zooxanthellae than
Tridacnasquamosaand coral branch Acroporasamoensis Collection and Culture of Host: The host used in this
[11]. The existence of zooxanthellae symbion is important study  is  the  sea  anemone  Stichodactylagigante
for viability and growth of sea anemone. Naturally sea (Figure  1).  It  was  collected  during month of September -

Sea anemone (Stichodactyla gigantean) can be bred
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Fig. 1: A sample of sea anemone, Stichodactyla gigantea 

Fig. 2: A map of Teluk Tamiang Village showing the location of study sites (red dots)

October 2010 around the Tamiang Bay Coral Reef, South reproduction process. During the acclimatization process,
Kalimantan (Figure 2). Anemone samples were brought to the water in the aquarium was aerated and anemone was
the mini hatchery for acclimatization in an aquarium glass fed up with an additional feed Artemianaupliand
which has a capacity of 500L for 1 week before the asexual Tetraselmis sp.
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Fig. 3: The process of longitudinal body fragmentation the anemone mitotic index difference of zooxanthellae from
(A-B), seed of fragmented anemone of two parts asexual reproduction, a Kruskal-Wallis test from SPSS
(C), seed of fragmented anemone of four parts (D) version 11.5 program was performed [15] as below:

Fragmentation and Culture of Anemone: The anemone
asexual reproduction by fragmentation technique was
performed after the acclimatization process. Body where,
fragmentation was conducted by splitting longitudinally n = Total number of data
into two and four parts (Figure 3). The 30 fragmented nj = The number of data each variable
anemones parts were then placed into the bottom of the Rj = Total range of all variables
cage. The size of the cage was 3 m x 2 m x 0.75 m with an
opened design at the upper section whereas the ruble RESULTS AND DISCUSSION
coral (dead coral) was stored at the bottom of the cage.
The dead coral acts as a substrate for anemone‘s walking The highest and the lowest mitotic index were found
base once they were placed into the cage. There were two at 03.00 – 09.00 and 12.00 – 18.00, respectively (Figure 5).
simulated coral reef conditions marked as bad (BC) and Based on the fragmentation technique, the result showed
good condition of coral reef (GC). The depth of waters for that  the  highest  mitotic  index  was  found   from  the
BC and GC ranged from 1 – 2.5 m and 2 – 5 m, non-fragmented anemone. The lowest mitotic index was
respectively. The selected criterion of bad and good found in the four fragmented anemone (Figure 6).
corals (BC/GC) selection was based on the percentage of Statistically, there was a significant difference of mitotic
life coral covered according to UPMSC. The anemone was index between non and fragmented anemone (Sig asymp
cultured for five months effective June to October 2008. = 0,007<0.05). Figure 7 showed that the highest mitotic

Sample Collection of Zooxanthellae: Sampling was was on 2011 January. However there is no significant
conducted  three  times that is on June, August and difference of mitotic index between periods of anemone
October. Samples of Zooxanthellae were analyzed using culture (Sig asymp = 0.701> 0.05).
homogenization method [11, 14]. Zooxanthellae and its Based on the location of anemone culture, the result
host were disassociated by dredging with scalpel and showed that the highest mitotic index was found in the
later suspended by clean saltwater. The sample was anemone that was cultured in the good coral reef
filtered with a filter size of 250, 175 – 150 µm to condition (GC) (Figure 8). However, there was no
disassociate zooxanthellae from the dirts (Figure 4). significant difference of mitotic index between locations
Mitotic index was counted from 500 zooxanthellae samples of anemone culture (Sig asymp = 0.184> 0.05). The rate of
that were in the process of cytokinesis or caryokinesis. zooxanthellae cell bisection was represented as the mitotic
The  cell  was  observed  as a twin cell under microscope index expressed in percentage of cell bisection occurred
at  magnification  of  400  times. Samples were observed at in  the  population of zooxanthellae [16]. Mitotic index was

Fig. 4: A. Dredging a zooxanthellae sample from sea
anemone using a scapel B. Zooxanthellae alga
screening result

03.00, 06.00, 09.00, 12.00, 15.00, 18.00, 21.00 and 24.00 for
24 hours and repeated for five times. In order to determine

index was found at 2011 July and the lowest mitotic index
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Fig. 5: Mean zooxanthellae mitotic index (  ± SE = 6.273 ± 0.076, N = 240) with sea anemone for a 24 hr observation. AA:
Non fragmented sea anemone, AF2: Two fragmented sea anemone parts, AF4: Four fragmented sea anemone
parts

Fig. 6: Mean zooxanthellae mitotic index (  ± SE = 6.273 ± 0.076, N = 240) with sea anemone from AA: Non fragmented
sea anemone, AF2: Two fragmented sea anemone parts, AF4: Fours fragmented sea anemone parts

Fig. 7: Mean zooxanthellae mitotic index (  ± SE = 6.273 ± 0.076, N = 240) that found at anemone which is resulted from
asexual reproduction on Nop-10, Jan-11, Mar-11, May-11 and Jul-11. AA: Non fragmented sea anemone, AF2:
Two fragmented sea anemone parts, AF4: Fours fragmented sea anemone parts

perceived the growth rate of zooxanthellae in their host with the highest 06.00 accounted for 11.47% and the
and their influenced on the symbion host [14]. Mitotic lowest (3.5%) at noon till evening (12.00 – 18.00) [17].
index measured on November 2010 to July 2011 had the However, the highest and the lowest mitotic index of sea
same pattern with the time of the observed mitotic index anemone Anthopleura elegantissima occurred at 22.00
such as the highest mitotic index at 06.00 (7.70 – 8.78%) (6%) and 16.00 (2%), respectively [18]. Meanwhile, mitotic
and the lowest at 12.00 (3.87 – 4.46%). index  of  sea anemone Anemonia viridis had quite a

The above result was similar with other findings similar pattern with others, i.e the highest mitotic index at
where the sea anemone Heteractis malu had mitotic index 24.00 – 05.00  and  the lowest 16.00 [19]. The results of this
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Fig. 8: Mean zooxanthellae mitotic index (  ± SE = 6.273 ± 0.076, N = 240) that found at anemone that cultured at
difference coral reef area. AA: Non fragmented sea anemone, AF2: Two fragmented sea anemone parts, AF4: Four
fragmented sea anemone parts, GC: Good coral Reef area, BC: Bad coral reef area

study  clearly  indicated  that  mitotic  index of sea that 45 – 48% photosynthesis was translocated to sea
anemone was the highest at mid night to early morning anemone A. viridishost [24]. The difference of
(22.00 – 06.00). On the other hand, the lowest mitotic index zooxanthellae mitotic index that come from AA, AF2 and
was from noon to late afternoon (12.00 – 18.00). It was AF4 anemone (Figure 6) indicated that asexual
assumed that the significant difference of water reproduction with the technique of body fragmentation
temperature led to the difference of mitotic index between influenced significantly to speed up the rate of
early morning and daytime. During this study, water zooxanthellae cells bisection. The lowest mitoticin index
temperature at early morning till morning (22.00 – 06.00) was found in zooxanthellae that comes from anemone
ranged  from  27°C – 28°C,  whereas  in  the  day  time which was resulted from four body fragmentation parts
(12.00 – 18.00) it ranged from 30°C – 31°C. The (AF4) and the highest wasa found in the non-
measurement of mitotic index alga based on cell bisection fragmentated anemone (AA). Low percentage of
has been proven very sensitive to several environment zooxanthellae mitotic index that come from AF4anemone
pressures, such as temperature changes [20]. The highest is possibly due to changes of morphology and
mitotic index at early morning (22.00 - 06.00) in this study physiology  as  a  consequence  of  body fragmentation.
was possible due to the low water temperature of 26.4°C It was even worse compared to AF2 and AA anemone.
– 28.6°C. Low water temperature forced the host to The change of morphology and physiology affects the
conduct metabolism process (catabolism) that releases nutrition supply and protection of zooxanthellae by
free  energy,  such  as heat to stabilize its body anemone. Coral and anemone could provide protection,
temperature [11]. Heat that was produced by host cell is shelter and supply of carbon dioxide constantly for
exploited by zooxanthellae cells to conduct metabolism photosynthesis activity [25, 26]. Zooxanthellae population
process to reduce complex molecules from in the host tissue was limited by availability of nutrient,
photosynthesis in the day time. This complex molecules sunlight and cell excess. Whereas zooxanthellae has the
was kept in the extra fluid cell, later converted to become character of autotrof and can provide energy for host from
energy which is used to speed up the process of carbon compound transformation as a result of
zooxanthellae cells bisection which responded to photosynthesis activity The host usually provide some
temperature fluctuations [21]. protective measures and metabolisms such as carbon

Low mitotic index in the day time is possibly due to dioxide and possibilities of some nutrients for
all zooxanthellae activity during photosynthesis process zooxanthellae [27].. Zooxanthellae also can utilize the
to produce organic compound. When zooxanthellae excretions such as phosphorus, sulphur and nitrogen-
undergo photosynthesis activity, a lot of carbons were compound coming from host. 
produced, enabling its host to form glycerol, glucose and
other organic matter [22]. Autoradiographic analysis CONCLUSION
result in Anemonia viridis (A. Sulcata) tissue showed
60% of carbon that bound by zooxanthellae when It can be concluded that there is a mitotic index
photosynthesis occurred was transferred to the host percentage  difference  of  zooxanthellae  in  the duration
tissue [23]. Using radioisotope technique, it was estimated of  culture  even  though  it  is  not significant different.
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The longer anemone culture resulted in the higher 5. Bé, A.W.H., H.J. Spero and O.R. Anderson. 1982.
percentage mitotic index probably due to the improved
physiological and morphological conditions of the
anemone after fragmentation. Consequently, the nutrient
supply by anemone as a host to zooxanthellae symbion or
vise versa is back to normal conditions after a certain
period of time. Sea anemone did not have a protective
layer as others and is very highly sensitivity to sudden
environmental change. To overcome this situation, sea
anemone required physiological adaptations that have an
effect on their metabolism process with their symbion
organism. Zooxanthellae mitotic index in sea anemone that
was cultured at bad coral reef location (BC) and good
coral reef location (GC) showed that coral reef condition
did not have an effect to increase the rate of zooxanthellae
cells bisection. This study implies that it is very important
to conserve the coral reefs in the management of anemone
resources for future conservation program although some
studies discovered that the current environmental
pressure could give an impact to speed up the bisection
of zooxanthellae cells.
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