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Abstract

Pollution is one of the important issues faced by marine resources including zooxanthellae, which is known to be
very sensitive to environmental changes. Some pollutants have been reported to have adverse effects on
zooxanthellae, however, their sensitivity in regards to changes on cell size of these algae has not been widely
explored. This study examined the effects of pollutants on the sensitivity of zooxanthellae through changes in size.
Zooxanthellae were isolated from corals Porites lutea, Acropora aspera, and Montipora digitata collected from
Panjang Island, Jepara, Indonesia. These algae were exposed to pollutants i.e. heavy metals (Cu, Cd, Pb) and
nutrients (ammonium and phosphate) at concentrations of 5,10,15 ppb and 5,10,15 uM, respectively.
Zooxanthellae size were measured five hours after pollutants exposure. The results showed that all treatments
reduced the size of zooxanthellae. Algae isolated from P. lutea are the least affected by pollutants and the highest
percentage cell size reduction was found in phosphate treatment. However, reduction on the size of algae were
not statistically significant. These results indicate that in relation to reduction in the size, zooxanthellae are not

sensitive to pollutants.
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Introduction

Zooxanthellae are known as single cell algae
that live in association with various invertebrates
including mollusks and corals. These algae are
capable of supplying energy from the results of
photosynthesis that has a very important role for the
life of the host (Dubinsky & Jokiel, 1994). Therefore,
the survival of the host is highly dependent on the
conditions of their endo-symbiotic zooxanthellae (Fitt,
1985; Fitt et al.,, 1986; Hill, 1996). In addition,
zooxanthellae are also sensitive to changes in water
quality, including changes in water temperature that
caused by temperature changes and the presence of
pollutants (Hoegh-Guldberg & Smith, 1989; Jones &
Belkermans 2010; Ambariyanto, 2011; Pantaleo et
al., 2016).

Pollution can be cause by both natural and
anthropogenic factors and is a known problem faced
by coastal and marine areas of the world. It can be in
the form of rise in temperature, nutrients,
hydrocarbons, surfactants, and heavy metals
(Edinger et al., 1998; Birch, 2000; Williams et al.,

2000; Becker et al., 2008; Ahmad, 2012, Suryono
and Rochaddi, 2013). These pollutants affect either
directly or indirectly to a variety of organisms, both
individually, population or community (Gray, 1992;
Edinger et al., 1998; Meyer-Reil and Koster, 2000),
The impact is highly dependent on the sensitivity of
the organism to pollutants (Ambariyanto and Hoegh-
Guldberg, 1996; Borja et al., 2000). Several
scientists have reported changes in zooxanthellae
which include decreasing the cell density, chlorophyll,
mitotic index, and cell damage (Mercier et al., 1997,
Ferrier-Pages et al., 2001; Owen et al., 2002; Cervino
et al., 2003; Ambariyanto, 2011; Stoner et al.,
2016).

Various changes in the zooxanthellae, will
affect the rate of photosynthesis of algae (Elfwing et
al., 2002; Owen et al., 2002). In the event of a
decrease in the rate of photosynthesis, it will also
decrease the amount of energy that is translocated
by zooxanthellae to the host (Edmunds and Davies,
1986) and affect the growth rate of the host. The
amount of energy translocation is also directly
dependent on the density of zooxanthellae. Jones
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and Yellowlees (1997) concluded that the cell size
and space will determine the density of
zooxanthellae within the host. Although many
researchers are reporting sensitivity of zooxanthellae
to changes in water quality, the response of various
pollutants on the cell size of these algae has not
been explored.

Materials and Methods
Zooxanthellae Isolation

Zooxanthellae were isolated from three
different corals including Acropora aspera, Porites
lutea, and Montipora digitata collected from Panjang
Island, Central Java, Indonesia. Isolations of
zooxanthellae were done by filtered seawater spray
method (Berkelmans et al., 2006). Each coral was
sprayed with high water pressure sprayer to let the
zooxanthellae expelled from coral tissue within a
plastic bag. Zooxanthellae solution from the bag was
collected in separate beaker glass for each corals. In
order to get clean zooxanthellag, the solution from
each corals then was filtered by using 15um
plankton net.

Pollutant treatments

Several pollutants used in this experiment
were heavy metals (Pb, Cd, and Cu) with
concentration of 5, 10, 15 ppb and nutrient
(ammonium, phosphate) with concentration of 5, 10,
and 15 pM. Zooxanthellae solutions without any
pollutants were used as control. Each treatment was
done in 50 ml beaker glass filled with 15 ml filtered
seawater with three replications. The density of
zooxanthellae used in this experiment was 20
cells.ml’t. These experiments were done in ambient
water temperature of 29°C.

Size measurement

Sampling of zooxanthellae were done 5 hours
after the start of pollutants exposure. A total of ten
zooxanthellae were randomly sampled for each
beaker. Measurement of these zooxanthellae size
was done by a binocular microscope (x400) equipped
with micrometer (Wilkerson et al., 1988). Data of
zooxanthellae size were analysed using analysis of
variance (ANOVA; SPSS).

Results and Discussion

One of the important problems occurring in
coastal and marine areas is the increased in
pollution (Islam and Tanaka, 2004). Marine
ecosystem is heavily influenced by human activities

(Halpern et al., 2008) including pollution that has a
negative impact on marine resources. Impacts from
pollution can occur at the cellular, individual,
population or community level (Gray, 1992). Even an
ecosystem can be totally damaged as a result of
environmental pollution.

The results showed that all types of pollutants
causing a decrease in the size of zooxanthellae in
line with the increasing concentration of pollutants.
See Table 1 and 2. These results confirmed that
zooxanthellae are sensitive to changes in the quality
of surrounding waters. Therefore, changes to any of
the water quality parameters will likely affect the
zooxanthellae. Ambariyanto and Hoegh Guldberg
(1996) reported that zooxanthellae are sensitive to
and response faster to changes in the surrounding
water quality than their host animals.

However, ANOVA test results on zooxanthellae
size showed no significant difference (P>0.05)
between the control and the treatments. This shows
that statistically the size of the zooxanthellae isolated
from all corals is not affected by pollutants. A
possible explanation is the fact that in this study the
exposure period of zooxanthellae to pollutants is
relatively short (5 h). It is also possible that higher
concentrations of pollutants will result in a significant
effect on zooxanthellae as has been reported in
various waters of the world (Beiras et al., 2003;
Fatoki and Mathabatha, 2004).

Zooxanthellae size also affects the amount of
chlorophyll a in each cell. This will affect the ability of
zooxanthellae to perform photosynthesis. Some
reports indicate a decline in the rate of
photosynthesis as a result of changes in water
quality parameters (Elfwing et al., 2002; Owen et al.,
2002). This condition will affect the corals due to the
decreasing amount of energy that can be
translocated.

The sensitivity of the organism strongly
influences the impact of pollutants. Based on the
percentage of cell size reduction (Tables 3 and 4),
the zooxanthellae of P. Jutea showed minimal
response compared to those isolated from A. aspera
and M. digitata. However, this does not necessarily
mean that zooxanthellae from this coral are more
resistant to  environmental changes than
zooxanthellae from other corals. Ambariyanto (2012)
reported that zooxanthellae isolated from A. aspera
were the most resistant to hydrocarbon and
surfactant. It is possible that zooxanthellae will
respond in different ways to different forms and
intensities of different pollutants. Some studies
showed sensitivity variations of massive corals,
particularly on the rate of calcification, to
temperature changes (Carricart-Ganivet et al., 2012),
or to ocean acidification (Comeau et al., 2014).
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Although Figure 1 showed that phosphate
gave higher percentage size reduction of
zooxanthellae compared with other treatments, it is
not statistically significant (P=0.93). Reports showed
that nutrients, both phosphate and ammonium, have
important roles in the photosynthetic processes of
algae. Theodorou et al. (1991) found that
phosphorus limitation will significantly reduce
photosynthetic rate of algae. While Li et al. (2008)
found that availability of external nitrogen source
increased chlorophyll content within algae. However,
when external nitrogen source is already in use,
chlorophyll will be utilized as nitrogen source.

Many reports showed that zooxanthellae are
sensitive to environmental changes. For example,

changes in water temperature will induced bleaching
(Hoegh-Guldberg and Smith, 1989), hydrocarbon and
surfactant affects the density of algae (Ambariyanto,
2012); cyanide affects the density and mitotic index
of zooxanthellae (Cervino et al., 2003); and herbicide
affects the photosynthesis process (Owen et al.,
2002). These results really suggest that although
zooxanthellae are known to be sensitive in response
to environmental changes, however, size response is
not showing this sensitivity. It must also be
considered that this study was conducted on isolated
zooxanthellae from its host. Nevertheless, this
information is very important to be taken into
account, especially in calculating the response of
zooxanthellae in hospite to environmental changes.

Table 1. Size of zooxanthellae (um: mean+SD) exposed to different concentration of heavy metal for 5 h

Treatments
Pollutants  Host of Zooxanthellae
Control 5 ppb 10 ppb 15 ppb

Cu Porites lutea 9.11+0.93 9.00+0.71 8.60+0.55 8.60+0.89
Acropora aspera 9.33+0.87 8.80+0.84 8.20+0.45 8.20+0.45

Montipora digitata 9.44+0.88 8.60+0.89 8.20+0.45 8.20+0.45

Cd Porites lutea 9.11+0.93 9.00+0.71 8.80+0.45 8.20+0.45
Acropora aspera 9.33+0.87 8.60+0.55 8.20+0.45 8.20+0.45

Montipora digitata 9.44+0.88 9.00+0.71 8.40+0.55 8.40+0.55

Pb Porites lutea 9.11+0.93 9.20+0.45 8.80+0.84 8.20+0.45
Acropora aspera 9.33+0.87 8.80+0.84 8.40+0.55 8.40+0.55

Montipora digitata 9.44+0.88 9.00+0.71 8.60+0.55 8.20+0.45

Table 2. Size of zooxanthellae (um: mean+SD) exposed to different concentration of nutrients for 5 h

Treatments
Pollutants Host of Zooxanthellae Control 5M 10uM 5M
PO4 Porites lutea 9.11+0.93 8.60+0.89 8.60+0.55 8.40+0.55
Acropora aspera 9.33+0.87 8.40+0.55 8.20+0.45 8.40+0.55
Montipora digitata 9.44+0.88 8.60+0.55 8.20+0.45 8.20+0.45
NH3 Porites lutea 9.11+0.93 9.20+0.84 8.60+0.55 8.20+0.45
Acropora aspera 9.33+0.87 8.80+0.84 8.20+0.45 8.20+0.45
Montipora digitata 9.44+0.88 8.60+0.55 8.40+0.55 8.40+0.89

Table 3. Size reduction of zooxanthellae (%) exposed to different concentration of heavy metal for 5 h

Host of Zooxanthellae Treatments

Pollutants Control 5 ppb 10 ppb 15 ppb

Cu Porites lutea 0 1.22 5.61 5.61
Acropora aspera 0 5.71 12.14 12.14

Montipora digitata 0 8.94 13.18 13.18

Cd Porites lutea 0 1.22 3.41 10.00
Acropora aspera 0 7.86 12.14 12.14

Montipora digitata 0 471 11.06 11.06

Pb Porites lutea 0 1.22 3.41 10.00
Acropora aspera 0 5.71 10.00 10.00

Montipora digitata 0 4,71 8.94 13.18
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Table 4. Size reduction of zooxanthellae (%) exposed to different concentration of nutrients for 5 h

Treatments

Pollutants  Host of Zooxanthellae Control 5N 10pM 5 M
POa Porites lutea 0 5.61 5.61 7.80
Acropora aspera 0 10.00 12.14 10.00

Montipora digitata 0 8.94 13.18 13.18

NH3 Porites lutea 0 1.22 5.61 10.00
Acropora aspera 0 5.71 12.14 12.14

Montipora digitata 0 8.94 11.06 11.06
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Figure 1. Mean size reduction (%) of zooxanthellae isolated from corals exposed to several pollutants for 5 h

Conclusion

This study confirms that zooxanthellae are
insensitive, particularly with respect to changes in
the size, to the types of pollutants given. The
question whether zooxanthellae are really sensitive
to environmental changes depends on the types of
response given by symbiont, types of pollutants and
their concentration level, and the period of exposure.

Acknowledgements

This work was funded by Directorate General
of Higher Education, Ministry of National Education,
Republic of Indonesia through Hibah Kompetensi
Scheme.

References

Ahmad, F. 2012. Kandungan Senyawa Polisiklik
Aromatik Hidrokarbon (PAH) di Teluk Jakarta.

IImu  Kelautan, 14(4): 199-208. doi:
https://doi.org/10.14710/ik.ijjms.17.4.199-
208

Ambariyanto. 2012. Pengaruh Surfaktan dan
Hidrokarbon Terhadap Zooxanthellae. IImu

Kelautan, 16(1): 30-34. doi: https://doi.org/10.
14710/ik.ijms.16.1.30-34

Ambariyanto & Hoegh-Guldberg, 0. 1996. Nutrient
enrichment and the ultrastructure of
zooxanthellae in giant clam, Tridacha maxima.
Mar. Biol. 125: 359-363. doi: https://doi.org/
10.1007/BF00346316

Becker, A.M., Silke, G., & Hartmut, F. 2008.
Perfluorooctane surfactants in waste waters,
the major source of river pollution.
Chemosphere, 72(1): 115-121. doi: https://doi.
org/10.1016/j.chemosphere.2008.01.009

Beiras, R., Bellas, J., Fernandez, N., Lorenzo, J.I. &
Cobelo-Garcia, A. 2003. Assessment of coastal
marine pollution in Galicia (NW Iberian
Peninsula); metal concentrations in seawater,
sediments and mussels (Mytilus
galloprovincialis) versus embryo-larval bio-
assays using Paracentrotus lividus and Ciona
intestinalis. Mar. Environ. Res. 56(4): 531-553.
doi: 10.1016/S0141-1136(03)00042-4

Berkelmans, R. & Van Oppen, M.J.H. 2006. The role
of zooxanthellae in the thermal tolerance of
corals: a ‘nugget of hope’ for coral reefs in an
era of climat change. Proc. Royal Soc. Aus. B
273: 2305-2312. doi: 10.1098/rspb.2006.
3567

Birch, G.F. 2000. Marine pollution in Australia, with
special emphasis on central New South Wales

22

Sensitivity of Zooxanthellae on Environmental Changes (Ambariyanto et al.)



ILMU KELAUTAN March 2018 Vol 23(1):19-24

estuaries and adjacent continental margin. Int.
J. Environ. Poll. 13: 573-607. doi: https://
doi.org/10.1504/1JEP.2000.002334

Borja, A., Franco, J. & Pérez, V. 2000. A marine biotic
index to establish the ecological quality of soft-
bottom benthos within European estuarine and
coastal environments. Mar. Poll. Bull. 40(12):
1100-1111. doi: https://doi.org/10.1016/
S0025-326X(00)00061-8

Carricart-Ganivet, J.P., Cabanillas-Teran, N., Cruz-
Ortega, |. & Blanchon, P. 2012. Sensitivity of
calcification to thermal stress varies among
genera of massive reef-building corals. PL0S
One. 7(3): p.e32859. doi: https://doi.org/
10.1371/journal.pone.0032859

Cervino, J.M., Hayes, R.L., Honovich, M., Goreau, T.J.,
Jones, S. & Rubec, P.J. 2003. Changes in
zooxanthellae density, morphology, and mitotic
index in hermatypic corals and anemones
exposed to cyanide. Ma. Poll. Bull. 46(5): 573-
586. doi: 10.1016/S0025-326X(03)00071-7

Comeau, S., Edmunds, P.J., Spindel, N.B. &
Carpenter, R.C. 2014. Fast coral reef calcifiers
are more sensitive to ocean acidification in
short-term laboratory incubations. Limnol.
Oceanograp. 59(3): 1081-1091. doi:
10.4319/10.2014.59.3.1081

Dubinsky, Z. & Jokiel, P.L. 1994. Ratio of energy and
nutrient fluxes regulates symbiosis between
zooxanthellae and corals. Pac. Sci. 48(3): 313-
324.

Edinger, E.N., Jompa, J., Limmon, G.V., Widjatmoko,
W. & Risk, M.J. 1998. Reef degradation and
coral biodiversity in Indonesia: Effects of land-
based pollution, destructive fishing practices
and changes over time. Mar. Poll. Bull. 36(8):
617-630. doi: https://doi.org/10.1016/S0025-
326X(98)00047-2

Edmunds, P.J. & Davies, P.S. 1986. An energy
budget for Porites porites (Scleractinia). Mar.
Biol. 92(3): 339-347. doi: https://doi.org/
10.1007/BF00392674

Elfwing, T., Blidberg, E. & Tedengren, M. 2002.
Physiological responses to copper in giant
clams: a comparison of two methods in
revealing effects on photosynthesis in
zooxanthellae. Mar. Environ. Res. 54(2). 147-
155. doi:  https://doi.org/10.1016/S0141-
1136(02)00100-9

Fatoki, 0.S. & Mathabatha, S. 2004. An assessment
of heavy metal pollution in the East London and

Port Elizabeth harbours. Water Sa. 27(2):233-
240. doi: http://dx.doi.org/10.4314/wsa.v27
i2.4997

Ferrier-Pages, C., Schoelzke, V., Jaubert, J.
Muscatine, L. & Hoegh-Guldberg, 0. 2001.
Response of a scleractinian coral, Stylophora
pistillata, to iron and nitrate enrichment. J. Exp.
Mar. Biol. Ecol. 259:249-261. doi: https://doi.
org/10.1016/S0022-0981(01)00241-6

Fitt, W.K. 1985. Effect of different strains of the
zooxanthella Symbiodinium microadriaticum on
growth and survival of their coelenterate and
molluscan hosts. In Proceedings of the 5th Int.
Coral Reef Congress, 6:131-136.

Fitt, W.K., Fisher, C.R. & Trench, R.K. 1986.
Contribution of the symbiotic dinoflagellate
Symbiodinium microadriaticum to the nutrition,
growth and survival of larval and juvenile
tridacnid clams. Aquaculture, 55(1):5-22. doi:
https://doi.org/10.1016/0044-8486(86)9005
1-7

Gray, J.S. 1992. Biological and ecological effects of
marine pollutants and their detection. Mar. Poll.
Bull.  25(1):48-50. doi: https://doi.org/10.
1016/0025-326X(92)90184-8

Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel,
C.V., Micheli, F., D'Agrosa, C., Bruno, J.F., Casey,
K.S., Ebert, C., Fox, H.E., & Fujita, R. 2008. A
global map of human impact on marine
ecosystems. Science, 319(5865): 948-952.
doi: 10.1126/science.1149345

Hill, M.S. 1996. Symbiotic zooxanthellae enhance
boring and growth rates of the tropical sponge
Anthosigmella varians forma varians. Mar. Biol.
125(4): 649-654. doi:  https://doi.org/
10.1007/BF00349246

Hoegh-Guldberg, 0. & Smith, G.J., 1989. The effect
of sudden changes in temperature, light and
salinity on the population density and export of
zooxanthellae from the reef corals Stylophora
pistillata Esper and Seriatopora hystrix Dana. J.
Exp. Mar. Biol. Ecol. 129(3): 279-303. doi:
doi.org/10.1016/0022-0981(89)92010 9-3

Islam, M.S. & Tanaka, M. 2004. Impacts of pollution
on coastal and marine ecosystems including
coastal and marine fisheries and approach for
management: a review and synthesis. Mar. Poll.
Bull. 48(7): 624-649. doi: https://doi.org/
10.1016/j.marpolbul.2003.12.004

Jones, A. & Berkelmans, R. 2010. Potential costs of
acclimatization to a warmer climate: growth of

Sensitivity of Zooxanthellae on Environmental Changes (Ambariyanto et al.)

23



ILMU KELAUTAN March 2018 Vol 23(1):19-24

a reef coral with heat tolerant vs. sensitive
symbiont types. PLoS One, 5(5):p.e10437. doi:
https://doi.org/10.1371/journal.pone.001043
7

Jones, R.J. & Yellowlees, D. 1997. Regulation and
control of intracellular algae (= zooxanthellae)
in hard corals. Philosophical Transactions of
the Royal Soc.B: Biol. Sci. 352(1352):457-468.
doi: 10.1098/rstb.1997.0033

Li, Y., Horsman, M., Wang, B., Wu, N. & Lan, C.Q.
2008. Effects of nitrogen sources on cell
growth and lipid accumulation of green alga
Neochloris oleoabundans. Applied Microbial.
Biotechnol. 81(4):629-636. doi: https://
doi.org/10.1007/s00253-008-1681-1

Mercier, A., Pelletier, E. & Hamel, J.F. 1997. Effects
of butyltins on the symbiotic anemone Aiptasia
pallida (Verrill). J. exp. Mar. Biol. Ecol. 215:
289-304. doi: https://doi.org/10.1016/S0022-
0981(97)00044-0

Meyer-Reil, L.A. & Koster, M. 2000. Eutrophication of
marine waters: effects on benthic microbial
communities. Mar. Poll. Bull. 41(1): 255-263.
doi: https://doi.org/10.1016/S0025-326X(00)
00114-4

Owen, R., Knap, A., Toaspern, M. & Carbery, K.
2002. Inhibition of coral photosynthesis by the
antifouling herbicide Irgarol 1051. Mar. Poll.
Bull.  44(7): 623-632. doi: 10.1016/S0025-
326X(01)00303-4

Pantaleo, G. E., Martinez Fernandez, A. & Paytan, A.
2016. Impacts of Ocean Acidification and

Temperature Change on Zooxanthellae Density
in Coral Stylophora pistillata. In AGU Fall
Meeting Abstracts. February 2016.

Stoner, E.W., Sebilian, S.S. & Layman, C.A. 2016.
Comparison of zooxanthellae densities from
upside-down jellyfish, Cassiopea xamachana,
across coastal habitats of The Bahamas.
Revista de Biologia Marina y Oceanografia,
51(1): 203-208. doi: 10.4067/S0718-
19572016000100022

Suryono, C.A. & Rochaddi, B. 2013. Konektivitas
Logam Berat dalam Air tanah Dangkal,
Sedimen dan Air Laut di Wilayah Pesisir. limu
Kelautan. 18(2):91-96. doi: https://doi.org/
10.14710/ik.ijms.18.2.91-96

Theodorou, M.E., Elrifi, I.R., Turpin, D.H. & Plaxton,
W.C. 1991. Effects of phosphorus limitation on
respiratory metabolism in the green alga
Selenastrum minutum. Plant Physiology. 95(4):
1089-1095

Williams, T. M., Rees, J.G. & Setiapermana, D.
2000. Metals and Trace Organic Compounds in
Sediments and Waters of Jakarta Bay and the
Pulau Seribu Complex, Indonesia. Mar. Poll.
Bull. 40(3):277-285. doi: http://dx.doi.org/
10.1016/S0025-326X(99)00226-X

Wilkerson, F.P., Kobayashi, D. & Muscatine, L. 1988.
Mitotic index and size of symbiotic algae in
Caribbean reef corals. Coral reefs. 7(1): 29-36.
doi: https://doi.org/10.1007/BF00301979

24

Sensitivity of Zooxanthellae on Environmental Changes (Ambariyanto et al.)



