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Life History Strategies of Crustose Coraline Algae (Rhodophyta) as Resilience
Indicator of Coral Reef at Nature Reserve Pulau Sempu
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Abstract: Crustose Coralline Algae (CCA) are known as one of the calcifying algae which have important
ecological responsibility on coral reef thus attracting coral juvenile, unstable binding substrate, source of food, and
creating a substrate for some invertebrates. However, the study on the life histories of these algae was very poor
when compared with coral. South Malang, East Java, directly faces the Indian Ocean and has a spatial coral reef
ecosystem scattered in many places, one of the Nature Reserve Pulau Sempu (NRPS). This study aimed to get
information regarding CCA recruitment and their growth strategy in plate materials. We used two different tile
materials (settlement plates) composed of silica and carbonate base. The research result showed that CCA adhered
Palimanan stone that contained more silica. The position also defined CCA recruitment because horizontal position
is more calcified than the horizontal one. This research demonstrated the availability of CCA juveniles to succeed in
their recruitment process and gave hope to the coral recruitment coral in Nature Reserve Pulau Sempu put over in
substrate with coated CCA.
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1. Introduction

The condition of rising seawater temperature in the
world and the increasing amount of carbon entering the
waters have been predicted by researchers. Researchers
have also projected the impact to the next year of 2100
with various scenarios, especially the effect on ocean
acidification and increasing seawater temperature [1].
Corals worldwide have faced global bleaching many
times, harming coral reef ecosystems in general [2].
Continuing pressures and threats from global or local
sources will also impact the health of the corals [3].

Coral ecology experts argue that coral has a high
level of resilience compared to other ecosystems. This
can be proven that the ecosystem of the coral reef had
after mass bleaching several times in the past, but some
other experts reject this opinion [4]. Resilience is a
concept that is almost 50 years old, that first time
introduced by Holling [4]. Holling has used the concept
of resilience to explain the return of forest ecosystems
in the east of Canada due to budworm attacks. Then in
the era of 1980-1990, resilience terminology was
adopted on the coral reef ecosystem. This new concept
inspired hundred coral researchers to explain the
recovery process on the coral reef ecosystem [5]-[9].
In the early 2000s, where three years earlier there was
mass coral bleaching around the world, the term coral
resilience is growing, and 20 years later, the theory of
coral resilience was fruitful because both theory and
practice were working together along with many
aspects, from molecular to social studies, that support
on this theory, resulting resilience index comes out
[10]-[14].

Coral reef resilience can be interpreted as the ability
of the coral reef ecosystem to soak up regular
disturbances or stress and accommodate change while
maintaining the same function and structure [15].
Shortly, coral reef resilience should meet with two
words: resist or survive and recovery. Furthermore, the
concept of resilience was reviewed by [16] divided into
three classes: descriptive, hybrid, and normative
concept. This concept is a very broad idea that has
biological to social science. In the coral reef ecosystem
view, resilience can be seen in two different ways.
They were coral as individuals, which means they can
survive under stressors, keep growth, reproduce
gamete, and reshuffle zooxanthella inside their bodies.

Furthermore, as a population where coral can
repopulate (again) their colony by recruiting new
individuals, maintaining biodiversity on all component
positions on the food web, and sustained biomass [15].
The study [17] released indicators tools to assess coral
reef resilience; at least six resilience indicators should
be assessed to stated coral reef conditions. They were:
resistant coral species, coral diversity, herbivore

biomass, coral disease,
recruitment of coral.

Coral recruitment is key in supporting coral reef
ecosystems, and it can promote their recovery after
disturbances. In another way, coral recruitment is one
of basic coral reef ecosystem resilience. Coral
recruitment needs a principal supporter - CCA. These
algae have guided coral planulae to find suitable places
and post-settlement stages [18], [19]. For instance,
larvae of pocilloporids and poritids need cues from
CCA to select certain substrates [18], also larvae coral
of Agaricia humilis motile on the surface of CCA
before metamorphosis [20]. Chemical cues which have
resulted from CCA  were identified as
tetrabromopyrrole (TBP). TBP-producing bacteria
activated varying intensity of coral larval (planula)
settlement and metamorphosis [21]. Moreover, CCA
also play a role of a stabilizer of substrates in the reef
system and with coral as the primary carbonate source
in the coral reef ecosystem [22]. Another researcher
revealed that CCA constitute an energy source for
many reefs biotas such as Diadema urchins, scariids,
surgeonfish, and other invertebrates [23].

CCA are red algae that belong to the division of
Rhodophyta and order of corallines. These algae have
carbonate thalli with red or pink colors that are very
easy to distinguish from coral [23]. These algae also
have unique growth forms such as shelf-like crusts,
upright branches, and thick knobby crusts. Sexual
reproduction of these algae reproduces by sori that
containing male and female gametes. Juvenile of these
algae experience seedling and find new substrate to
attach and growth encrusting for early life than grow
into a frondose. For the taxonomical purpose, these
algae are divided into two as geniculate and non-
geniculate. Geniculate algae, in general, grows as a tree
and non-calcified segment in their thalli [20], [24].
Non-geniculate algae commonly have encrusting or
another form (Table 1), and all their thalli were
calcified [20]. Almost CCA can attach to various
substrates such as rock (epilithic), other plants
(epiphytic), animals (epizoic), and other materials like
glass, wood, and metals (epigenous) [25].

Corals in the South Malang area were developed on
flat reefs, wherein this area was generally dominated
by massive corals, encrusting corals, and branching
corals [26]. Coral spread starting from Sempu Strait
then spread over to Segara Anakan, Teluk Semut, and
Waru-Waru, with damaged coral reef conditions. At
Waru-Waru, the dominating living coral was a massive
coral consisting of Faviid and Galaxea by 33%, while
the percentage of corals living in Teluk Semut was
quite high at 50%, dominated by Pocilloporiid and
Poritiid [27]. The process of coral development in the
waters of Pulau Sempu is not yet clearly known from

macroalgae cover, and
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the results of monitoring the cover of live corals
revealed that that coral cover in this place was in the
stagnancy range in the 25%. Furthermore, this
condition was since 2008 and relatively stable or
constant. Briefly, corals in the Pulau Sempu area
certainly continued to grow and develop, but on the
other hand, several factors might limit their
development. CCA play a big role in the coral
recruitment process, but there is little information
regarding their early growth, colonization, and
carbonate productivity in the NRPS area. This study
attempted to describe the early life of CCA in different
substrates, their percent cover, and the number of
colonies that provided valuable data on coral resilience
in conservation areas, especially in NRPS.

2. Materials and Methods

2.1. Study Site

The research was conducted in the South Malang
area with three stations were selected on a reef nearby
Nature Reserve Pulau Sempu (NRPS): Waru-Waru,
Teluk Semut, and Tiga Warna (Fig. 1). Settlement
plates installation was carried out in July 2020.
Settlement plates were taken out three months later in
October 2020 (short-time immersion tiles) as previous
research stated that CCA colonies peak between 6
weeks to 8 months [28]. The location map of settlement
plates can be found in Fig. 1.
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Fig. 1 Settlementl plates immersion in 3 station research sites

2.2. Deployment of Settlement Plates

A total of 30 blocks of settlement plates, dimension:
10x10 cm, were placed horizontally on the surface of
reef substrate at 2-5 meters depth according to the
living coral was growing in the NRPS. This study used
two types of settlement plates: palimanan stone (PL)
and marmo stone (MM). PL and MM have different
physical characters, where PL has a rougher surface
composed of SiO, while MM has a smoother surface
and is composed of CaCQOs. One pair of PL and MM
were referred to as one block, wherein each station has
been installed for 15 blocks with the distance between
blocks were 1-2 m (Fig. 2A). Each settlement plate has

been fixed to the bottom of reef substrate using a 10-
inch concrete nail (Fig. 2B) [29], [30].

Fig. 2 2(A) A block contained one PL (white rectangle) and one
MM (black rectangle), this illustration modified from [29]; (B)
Settlement plates fixed using concrete nails were used on this study,
see white arrow. Blok: block

2.3. Settlement Plates Collection

After three months of immersion, all settlement
plates were collected and kept in zip-lock plastic each.
After being photographed in the laboratories, substrates
were tagged with initial code, A for the upward area, B
for the downward area, and C (1-4) for the side area
(Fig. 3A, B, C1, C2, C3, and C4). The tag was named
like bellow: site_code of settlement plates_number of
samples _code of orientation, for instance:
WW _PL 01 A stands for Waru-
Waru_Palimanan_Sample Number 01_Upward. This
code was used to facilitate identifying and calculating

the extent of CCA using ImageJ (NIH, USA).

..

Fig. 3 3Settlement plate size 10 x 10 cm has been used for research.
Ais the upward area, B is the downward area, and C (1-4) is the
side area

2.4. CCA Growth Form Identification

CCA growth form can be described with one type of
growth form or using two or more, for instance,
“encrusting” to describe single growth for and
“encrusting to warty”, “encrusting to warty to
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fruticose” for describing two or more growth forms of
CCA. One CCA species can have up to six different
growth forms, and sometimes one species will be
similar to another. Taxonomical morphological
identification of CCA's growth form has used a USB
microscope, and the growth form of CCA was followed
in Table 1 [20], [24].

Table 1 Non-genic forms of algae coralline growth

No. Life form Description

1 Unconsolidated CCA's filament separated each
other

2 Encrusting CCA growth coat the substrate

3 Warty CCA have short branches <3 mm

4 Fructicose CCA have cylindrical shapes and
free branches >3 mm.

5 Lumpy CCA have rounded rarely
crowded branches

6 Discoid CCA growth in free-living,
rounded, and without struts in
the lower part

7 Layered CCA have flattened horizontal
branches which overlay each
other

8 Foliose CCA have vertical branches like

a vertical leaf in a plant

CCA grow like tape and without
holdfast

CCA grow like a tree with
holdfast as root.

9 Ribbon-like

10 Arborescent

2.5. Percentage of CCA Cover on Settlement Plates

Retrieved settlement plates were dried on natural
sunlight for 48 h and then photographed on all sides
(Fig. 3). Each colony of CCA was then delineated and
calculated percent cover by ImageJ (NIH, USA) [31].
The percentage of CCA recruitment cover was
calculated as the total area of CCA colonies on all sides
of tiles per total area of tiles [32], [33]. The formula is
as below:

CP = (Za/A) x 100% Q)
where CP is coral cover percentage A; A - Area, and Xa
- total area of CCA's colonies.

2.6. Data Analysis

Data tested by using the Mann-Whitney test
compared CCA percent coverage and number of
colonies trapped in substrate collectors. The decision-
making provisions used in these two statistical tests are
Ho accepted for P-value > 0.05 and Ho rejected if P-
value < 0.05 [34].

3. Result and Discussion

3.1. Life Form of CCA

The type of CCA found is entirely epilithic because
it is attached to rocks substrate (Fig. 4). Each tile was
examined in detail to check CCA growth forms, and
after checked on 90 tiles, in general, the growth forms
of CCA were “encrusting, encrusting to layered and
encrusting to lumpy” (Fig. 4). At the same time, the
CCA colony color was variate purple, pink, orange, and

light green (Fig. 4). Some CCA is found in white color,
possibly because of bleaching or it has lost its pigment.
Thin and thick layer shapes of CCA were found in all
research stations.

{ > . X | 4 L -~ -~ ‘
Fig. 4 Three forms of CCA growth at NRPS encrusting at Waru-
Waru (WW-MM-11-B), encrusting to layered at Waru-Waru (WW-
MM-15-C3), and encrusting to lumpy from Waru-Waru and Teluk
Semut (WW-MM-7-C4 and TS-MM-14-C4)

Non-genic algae coralline grows relatively slowly;
the horizontal growth was maximum of 0.05 mm per
day [35]. Variety morphological variations observed in
CCA may reflect the surrounding environmental
conditions. For example, a prominent thallus can result
from adaptation to the level of exposure to wave
energy, such as in the lumpy form [36]. The thickness
thallus of CCA indicates the result of competition in
occupying space between benthic biotas. The thin crust
was the early lifeform of CCA to quickly occupy as
wide as possible a substrate; then, after three months,
the thin layer will be covered by a thick layer [37].
CCA with a thin crust usually can be found at reef crest
area with strong adherent thalli to adapt to the strong
current and wave exposure. The coralline alga
Porolithon pachydermum is an example of the common
CCA in the Indo-Pacific that is dominant to the
ecosystem due to its ability to adapt to the hard
environment [38].

The encrusting form had characteristic sticking,
crusty, and flattened, and without protrusions or
branches. The form of encrusting CCA usually follows
the shape of the substrate. For instance, when algae are
attached to rocks, mollusk shells, seagrass leaves, or
other algae, the shape of CCA will follow the contours
of the host [20], [24]. Moreover, encrusting is usually
the initial form of CCA growth; in the next growth, it
will be possible to change it into warty, lumpy, discoid,
layered, and foliose. The species that have a form of
encrusting growth were Lithophyllum stictaeforme and
Heydrichia homalopasta [20].

Encrusting to layered is a combination of encrusting
and layer form. The stratified between these two layers
was invisible because the new layer was overlapping
the previous one. Encrusting to layered growth form
can be found in species Synarthrophyton patena,
Synarthrphyton  schielianum, and  Mesophyllum
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macroblastum [20]. Encrusting to lumpy is the
development from encrusting CCA with dense
protrusion and close each other within a colony. This
growth form can usually be found on CCA, where life
is in shallow water or intertidal areas. High sunlight
intensity suggested triggered this growth form. Two
common species were found in this growth form were
Hydrolithon boergesenii and Porolithon onkodes [38].

3.2. CCA Cover Percentage

The average percentage of CCA cover on the
highest settlement plates was 35.40 £ 19.92 at Batu
Palimanan (PL) located at Waru-Waru Station (WW),
and the lowest was 13.25 + 9.42 at Teluk Semut Station
(TS) (Fig. 5). Meanwhile, on settlement plates marmo
(MM), the highest percentage of CCA cover was found
at Waru-Waru station, which was 31.10 + 17.11, and
the lowest was at Teluk Semut station, which was 3.13
+ 2.49 (Fig. 5). Based on statistical tests, the average
percentage of CCA cover at the 3 study sites had a
significant difference (P-value 0.000 < 0.05).

EPL mMM

30
2
20
15
10
5
0 |

Waru-Waru Teluk Semut
Localities

Mean Coverage (%)

Tiga Warna

Fig. 5 5Average percentage comparison of CCA cover at three
stations for three months based on the tentative area (240 cm?)- PL:
Palimanan; MM: Marmo

The CCA cover of PL tends to be higher than that of
MM. Statistical test results showed that there was a
significant difference between the two types of
settlement plates used. There was still little research on
the effect of material differences on CCA recruitment
because, usually, similar studies have been carried out
to observe recruitment in corals. However, a study
conducted by [30] compared the recruitment and
growth of CCA in 6 different types of materials: PVC,
polycarbonate, terracotta, limestone, glass, and
porcelain in the waters of the Great Barrier Reef. The
comparison result stated that the glass tile was more
attracted by CCA such as Hydrolithon spp. In this
study, PL that contains more silicate material to made
glass had a higher CCA cover than MM that, in first
expected, could attract more reef benthos due to high
carbonate inside.

The high percentage of CCA in a substrate is not
decided only by the type of material, but other factors
should be considered, such as availability of light,
habitat, wave action, predators, and competition.
Orientation of settlement tile and clarity of seawater
will affect the light received of CCA [37]. Natural
habitat is also known to be impacted on coverage of

CCA in tile. Research conducted on Heron island
resulted in the high cover of CCA in reef slope areas
with more clear water, low sedimentation, and fewer
predators [30]. The wave or flow regime was suggested
to determine CCA distribution and survivorship during
the juvenile phase of algae in which force of the current
will be affected algae's holdfast difficult to attach on
substrates [39]. CCA secreted Mg-calcite as skeletons,
and some reef fish and sea urchin scraped this for food
or borer invertebrates inside CCA's skeleton [40].
Competition can be inter CCA which thick CCA is
generally considered to be competitively superior to
thinner crusts. Thin CCA will occupy the settlement on
day 14, but after 112 days of deployment, the thick
CCA over helmed the previous CCA [37].

@A mB @C

=3

Coverage (%)
288222

— ]
|

WW TS ™
PL MM
Type of Settlement Tiles

Fig. 6 6The percentage of CCA cover on all sides of recruitment
plates where CCA was found to have been attached to upward areas
(A), downward areas (B), and sides (C). OT: Palimanan; MM:
Marmo; WW: Waru-Waru; TS: Teluk Semut; TW: Tiga Warna

The highest percentage of CCA cover was on the
side area (C), followed by the upward areas (A) and
downward areas (B). This is suggested because it has
been influenced by several factors such as the intensity
of sunlight, orientation of settlement plates, and
calculating the percentage of CCA cover. The upward
and side area receives more light intensity that affects
the fast growth of CCA because alga needs like for
photosynthesis and calcification process [41]. Research
conducted by [42] stated that light positively correlates
with calcification and photosynthesis on two species
CCA, Hydrolithon reinboldii, and Lithophyllum
cabiochae.

3.3. CCA Colony

The total number of CCA colonies attached to the
PL and MM settlement plates for three months was
9,866 colonies (Table 2). The highest number of CCA
colonies was at Tiga Warna station, which was 5,291
colonies, and the lowest was at Teluk Semut station,
which was 1,753 colonies. Based on the results of
statistical tests, the comparison of the number of CCA
colonies at the three study sites had a significant
difference (P-value = 0.000 <0.05).

Table 2 Number of CCA colonies attached to PAand settlement

plates
Station Palimanan Marmo Total
Waru-Waru 1.417 1.405 2.882
Teluk Semut 1.122 631 1.753

Tiga Warna 2.806 2.485 5.291
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Continuation of Table 2
Total 5.345 4521

9. 866

In this study, the term one CCA colony was defined
as a thallus that occupies a space on the substrate and
grows laterally to form a separate disc from the others.
Furthermore, if CCA growth overlapped each other and
covered the entire surface of the settlement plates, it
was counted as one colony.

CCA with thick and thin crust was found attached to
the settlement plates throughout the research station.
The recruitment results in short-time immersion tend to
be dominated by CCA with thin thallus, which shows
that the dominant CCA species are those with fast
growth rates. CCA calcification rate normally will be
on 0.13 mg/cm?/day [43], but at the beginning of
growth and supported excellent environmental
conditions, the calcification rate of CCA will be faster,
i.e., about 0.42 + 0.04 mg/cm?/day [30].

Overall short-time immersion, Waru-Waru, and Tiga
Warna stations had the highest number of CCA
colonies. The success of CCA recruitment was
influenced by various factors such as settlement plate
material and surface complexity, position, size,
installation method, placement in the ecosystem, coral
reefs, and duration of placement [30]. Environmental
factors have been suspected of supporting the success
of CCA recruitment at Tiga Warna and Waru-Waru
Stations, both of which have high flow rates compared
to other stations. Currents are thought to aid the
dispersal of CCA spores in waters, whereas CCA has
been known to have harmful and non-motile floating
spores, which usually exhibit short dispersal distances
each generation [44].

4. Conclusion

This study has provided some clues regarding one
of the CCA cycles in a substrate. Juvenile CCA more
widely choose Palimanan stones that contain much
silica to attach to them. In addition, another important
piece of information is the vertical position preferred
by CCA as a place to attach. The successful attachment
of CCA into different settlement plates was proved that
the availability of CCA in NRPS waters still quite good
and will play an important role in the succession of
corals recruitment in the future.

Acknowledgment

We realized during fieldwork that deploying and
monitoring was very hard because of Portuguese man
of war (Physalia physalis) bloom. We are very grateful
for the dedicated work of our research team: Adrian
Rahman Septiandi, Anwan Rachmad Radiansyah,
Jessica Elona Beno Tikulla, Muhammad Tio
Supratama, and Putra Muhammad Abdillah for nice
work while collecting data. This work was funded by
Research and Community Service Universitas
Brawijaya, Indonesia, contract number: DIPA-

042.01.2.400919/2020.

References

[1] POLOCZANSKA E. The IPCC Special Report on Ocean
and Cryosphere in a Changing Climate - a view from the
mountain tops to the deepest depths, Journal Article DP -
2020 TA - Earth and Space Science Open Archive 2020.
https://doi.org/10.1002/essoar.10502454.1

[2] CLAAR D. C. L. SZOSTEK J. M., MCDEVITT-IRWIN,
SCHANZE J. J., and BAUM J. K. Global patterns and
impacts of El Nifio events on Coral Reefs: A meta-analysis.
PLOS One, 2018, 13(2): €0190957.
https://doi.org/10.1371/journal.pone.0190957

[3] FRANCA F. M., BENKWITT C. E., PERALTA G,
ROBINSON J. P. W.,, GRAHAM N. A. J., TYLIANAKIS J.
M., BERENGUER E., LEES A. C., FERREIRA 1,
LOUZADA J. and BARLOW J. Climatic and local stressor
interactions threaten tropical forests and Coral Reefs.
Philosophical Transactions of the Royal Society B, 2020,
375(1794): 20190116.

https://doi.org/10.1098/rsth.2019.0116

[4] ROGERS C. S. Coral reef resilience through biodiversity.
International Scholarly Research Notices, 2013.
https://doi.org/10.5402/2013/739034

[5] DONE T. J. Simulation of the effects of Acanthaster
planci on the population structure of massive corals in the
genus Porites: evidence of population resilience? Coral
Reefs, 1987, 6(2): 75-90.
https://doi.org/10.1007/BF00301377

[6] COLGAN M. W. Coral reef recovery on Guam
(Micronesia) after catastrophic predation by Acanthaster
planci. Ecology, 1987, 68(6): 1592-1605.
https://doi.org/10.2307/1939851

[71 BOHNSACK, J. A. Species turnover and the order versus
chaos controversy concerning reef fish community structure.
Coral Reefs, 1983, 1(4): 223-228.
https://doi.org/10.1007/BF00304419

[8] WIEBE, W. J. Coral reef energetics. In Concepts of
Ecosystem Ecology, Springer, 1988: 231-245.
https://doi.org/10.1007/978-1-4612-3842-3_11

[9] ERNEST E. H. JR. and BUNKLEY-WILLIAMS L. The
world-wide coral reef bleaching cycle and related sources of
coral mortality, Atoll research bulletin, 1990, 335: 1-67.
https://doi.org/10.5479/si.00775630.335.1

[10] BELLWOOD D. R., HUGHES T. P,, FOLKE C., and
NYSTROM M. Confronting the coral reef crisis. Nature,
2004, 429(6994): 827.

https://doi.org/10.1038/Nature02691

[11] ANDRES N. G. and RODENHOUSE N. L. Resilience
of corals to hurricanes: a simulation model. Coral Reefs,
1993, 12(3): 167-175.

https://doi.org/10.1007/BF00334476

[12] HUGHES T. P, GRAHAM N. A. J., JACKSON J. B.
C., MUMBY P. J, and STENECK R. S. Rising to the
challenge of sustaining coral reef resilience. Trends in
Ecology and Evolution, 2010, 25(11): 633-642.
https://doi.org/10.1016/j.tree.2010.07.011

[13] BACHTIAR 1., DAMAR A., and ZAMANI N. P.
Practical resilience index for coral reef assessment. Ocean
Science Journal, 2019, 54(1): 117-127.
https://doi.org/10.1007/s12601-019-0002-1

[14] MCLEOD E., SHAVER E. C., BEGER M., KOSS J,,
and GRIMSDITCH G. Using resilience assessments to



296

inform the management and conservation of coral reef
ecosystems. Journal of Environmental Management, 2021,
277111384,

https://doi.org/10.1016/j.jenvman.2020.111384

[15] KESHAVMURTHY S., KUO C.-Y.,, HUANG Y.-Y,
CARBALLO-BOLANOS R., MENG P.-J., WANG J.-T., and
CHEN C. A. Coral reef resilience in Taiwan: Lessons from
long-term ecological research on the Coral Reefs of Kenting
National Park (Taiwan). Journal of Marine Science and
Engineering, 2019, 7(11): 388.
https://doi.org/10.3390/jmse7110388

[16] BRAND F. S. and JAX K. Focusing the meaning (s) of
resilience: resilience as a descriptive concept and a boundary
object. Ecology and Society, 2007, 12(1): 23 [online].
https://doi.org/10.5751/ES-02029-120123

[17] MAYNARD J. A., MARSHALL P. A., PARKER B.,
MCLEOD E., and AHMADIA G. A Guide to Assessing
Coral Reef Resilience for Decision Support. UNEP, 2017: 1-
44,

https://wedocs.unep.org/20.500.11822/22046

[18] ELMER F,, BELL J. J., and GARDNER J. P. A. Coral
larvae change their settlement preference for crustose
coralline algae dependent on availability of bare space. Coral
Reefs, 2018, 37(2): 397-407.
https://doi.org/10.1007/s00338-018-1665-2

[19] JORISSEN H., BAUMGARTNER C., STENECK R. S.,
and NUGUES M. M. Contrasting effects of crustose
coralline algae from exposed and subcryptic habitats on coral
recruits. Coral Reefs, 2020: 1-12.
https://doi.org/10.1007/s00338-020-02002-9

[20] HARVEY A. Coralline algae of central New Zealand:
an identification guide to common ‘crustose' species,
National Institute for Water and Atmospheric Information
Series, 2005: 571-145.
https://niwa.co.nz/identification-guides-to-coralline-algae
[21] TEBBEN J.,, MOTTI C. A, SIBONI N., TAPIOLAS D.
M., NEGRI A. P, SCHUPP P. J., KITAMURA M., HATTA
M., STEINBERG P. D., and HARDER T. Chemical
mediation of coral larval settlement by crustose coralline
algae. Scientific reports, 2015, 5(1): 1-11.
https://doi.org/10.1038/srep10803

[22] WEISS, A. and MARTINDALE R. C. Crustose
coralline algae increased framework and diversity on ancient
Coral Reefs. PLOS One, 2017, 12(8): e0181637.
https://doi.org/10.1371/journal.pone.0181637

[23] LITTLER M. M. and LITTLER D. S. The Nature of
crustose coralline algae and their interactions on reefs,
Smithsonian Contributions to the Marine Sciences, 2013,
39:199-212,
https://repository.si.edu/bitstream/handle/10088/21634/SCM
S39 Lang_16.pdf

[24] WOELKERLING W. J., IRVINE L. M., and HARVEY
A. S. Growth-forms in non-geniculate coralline red algae
(Coralliinales, Rhodophyta). Australian systematic botany,
1993, 6(4): 277-293.

https://doi.org/10.1071/SB9930277

[25] GOMEZ-LEMOS L. A. and DIAZ-PULIDO G.
Crustose coralline algae and associated microbial biofilms
deter seaweed settlement on Coral Reefs. Coral Reefs, 2017,
36(2): 453-462.

https://doi.org/10.1007/s00338-017-1549-x

[26] LUTHFI O. M. Reef bite on poritiids Coral in reef flat
area of south Java's Sea, Indonesia. Ecology, Environment
and Conservation, 2017, 23(4).

http://www.envirobiotechjournals.com/article_abstract.php?a
i1d=8250&iid=240&jid=3

[27] LUTHFI O. M., NARADIARGA L., and JAUHARI A.
Gangguan Kesehatan Karang di Wilayah Perairan Cagar
Alam Sempu. Kabupaten Malang. Jawa Timur Prosiding PIT
X1 lkatan Sarjana Oseanologi Indonesia, 2014, 1(1).
https://123dok.com/document/zw11k47q-gangguan-
kesehatan-karang-wilayah-perairan-cagar-kabupaten-
malang.html

[28] ARNOLD S. N. and STENECK R. S. Settling into an
increasingly hostile world: the rapidly closing "recruitment
window" for corals. PLOS One, 2011, 6(12): e28681.
https://doi.org/10.1371/journal.pone.0028681

[29] NOZAWA Y., TANAKA K., and REIMER J. D.
Reconsideration of the surface structure of settlement plates
used in coral recruitment studies. Zoological Studies, 2011,
50(1): 53-60.
http://zoolstud.sinica.edu.tw/Journals/50.1/53.pdf

[30] KENNEDY E. V., ORDONEZ A., LEWIS B. E., and
DIAZ-PULIDO G. Comparison of recruitment tile materials
for monitoring coralline algae responses to a changing
climate. Marine Ecology Progress Series, 2017, 569129-144.
https://doi.org/10.3354/meps12076

[31] REICH H. G., ROBERTSON D. L., and GOODBODY-
GRINGLEY G. Do the shuffle: changes in Symbiodinium
consortia throughout juvenile coral development. PLOS One,
2017, 12(2): e0171768.
https://doi.org/10.1371/journal.pone.0171768

[32] DELA CRUZ D. W. and HARRISON P. L. Enhanced
larval supply and recruitment can replenish reef corals on
degraded reefs. Scientific reports, 2017, 7(1): 1-13.
https://doi.org/10.1038/s41598-017-14546-y

[33] OLIVER L. M., LEHRTER J. C., and FISHER W. S.
Relating landscape development intensity to coral reef
condition in the watersheds of St. Croix, US Virgin Islands.
Marine Ecology Progress Series, 2011, 427293-302.
https://doi.org/10.3354/meps09087

[34] GIO P. U. and ROSMAINI E. The Robustness of Two
Independent Samples t-Test Using Monte Carlo Simulation.
In Institute of Physics Conference Series: Materials Science
and Engineering, 2018, 300(1): , 12030.
https://doi.org/10.1088/1757-899X/300/1/012030

[35] MCCOY S. J. and KAMENQOS N. A. Coralline algae
(Rhodophyta) in a changing world: integrating ecological,
physiological, and geochemical responses to global change.
Journal of Phycology, 2015, 51(1): 6-24.
https://doi.org/10.1111/jpy.12262

[36] VILLAS BOAS A. B., FIGUEIREDO M. A. O., and
VILLACA R. C. Colonization and growth of crustose
coralline algae (Corallinales, Rhodophyta) on the Rocas
Atoll. Brazilian Journal of Oceanography, 2005, 53147-156.
https://www.scielo.br/j/bjoce/a/wXkMh6FJY K9nQp94rpVDj
zg/?lang=en

[37] MARIATH R., RODRIGUEZ R. R., and FIGUEIREDO
M. A. O. Succession of crustose coralline red algae
(Rhodophyta) on coralgal reefs exposed to physical
disturbance in the southwest Atlantic. Helgoland marine
research, 2013, 67(4): 687-696.
https://doi.org/10.1007/s10152-013-0354-3

[38] AMADO-FILHO G. M., BAHIAR. G., MARIATH R.,
JESIONEK M. B., MOURA R. L., BASTOS A. C,
PEREIRA-FILHO G. H., and FRANCINI-FILHO R. B.
Spatial and temporal dynamics of the abundance of crustose
calcareous algae on the southernmost Coral Reefs of the


https://wedocs.unep.org/20.500.11822/22046
https://repository.si.edu/bitstream/handle/10088/21634/SCMS39_Lang_16.pdf
https://repository.si.edu/bitstream/handle/10088/21634/SCMS39_Lang_16.pdf

297

western Atlantic (Abrolhos Bank, Brazil). Algae, 2018,
33(1): 85-99.

https://doi.org/10.4490/algae.2018.33.2.25

[39] TAMEGA F. T. S. and FIGUEIREDO M. A. O.
Colonization, Growth and Productivity of Crustose Coralline
Algae in Sunlit Reefs in the Atlantic Southernmost Coral
Reef. Frontiers in Marine Science, 2019, 681.
https://doi.org/10.3389/fmars.2019.00081

[40] RAMIREZ-VIANA A., DIAZ-PULIDO G., and
GARCIA-URUENA R. Bioerosion of reef-building crustose
coralline algae by endolithic invertebrates in an upwelling-
influenced reef. Coral Reefs, 2021, 40(2): 651-662.
https://doi.org/10.1007/s00338-021-02065-2

[41] MARTIN S.,, CHARNOZ A., and GATTUSO J. P.
Photosynthesis, respiration and calcification in the
Mediterranean  crustose coralline alga Lithophyllum
cabiochae (Corallinales, Rhodophyta). European Journal of
Phycology, 2013, 48(2): 163-172,
https://doi.org/10.1080/09670262.2013.786790

[42] VASQUEZ-ELIZONDO R. M. and ENRIQUEZ S.
Light absorption in coralline algae (Rhodophyta): A
morphological and functional approach to understanding
species distribution in a coral reef lagoon. Frontiers in
Marine Science, 2017, 1-17,
https://doi.org/10.3389/fmars.2017.00297.

[43] KUFFNER I. B., HICKEY T. D., and MORRISON J.
M. Calcification rates of the massive coral Siderastrea
siderea and crustose coralline algae along the Florida Keys
(USA) outer-reef tract. Coral Reefs, 2013, 32(4): 987-997.
[44] CORNWALL C. E., DIAZ-PULIDO G., and COMEAU
S. Impacts of ocean warming on coralline algal calcification:
Meta-analysis, knowledge gaps, and key recommendations
for future research. Frontiers in Marine Science, 2019, 6186.
https://doi.org/10.3389/fmars.2019.00186

SEN:

[1] POLOCZANSKA E. F&azar B i S5 38 b R e ok
TR R B s —— 10 LU TE B e R O BLR, W SC =
Bk fnoZ= MR 2 OB A M R 2020 .
https://doi.org/10.1002/essoar.10502454.1

[2] CLAARD. C. L. SZOSTEK J. M., MCDEVITT-IRWIN,

SHANZE J. J. fl BAUM . K. JO T JE. it S0k S aiae
BRI - AT, IR R —, 2018,
13(2) : €0190957 o
https://doi.org/10.1371/journal.pone.0190957

[3] FRANCA FM., BENKWITT CE., PERALTA G..
ROBINSON JPW, GRAHAM NAJ. TYLIANAKIS JM,
BERENGUER E., LEES AC., FERREIRAJ.. LOUZADA
J. Fn BARLOW J. M6 HiuBE 775 FH F AR FH R 2 3L
AR AT B A o, R R S ER g B I, 2020,
375(1794): 20190116 o
https://doi.org/10.1098/rsth.2019.0116

[4] ROGERS C. S. i A=) 2 A ME IR 18 BB REAY RE 7).,
OB 2y MF %2 @ o, 2013 4R
https://doi.org/10.5402/2013/739034

[5] DONE T. J. Ml FL 1 J& TR S Rl A el o 2 R A
HE - FRERICIE ) ROFESR < HEARE, 1987, 6(2) : 75-90,
https://doi.org/10.1007/BF00301377

[6] COLGAN M. W. 7Ekfa S eV 2 Bl IS (B se i e
VHEE) AOEMERREIRTE, ARBEE 1987, 68(6): 1592-1605,

https://doi.org/10.2307/1939851

[7] BOHNSACK, J. A. Wy 5 3 el 17 BB AEE SRR E ¥ A
MERRR T BUR LAY Fam.  HMESIfE, 1983, 1(4) : 223-228,
https://doi.org/10.1007/BF00304419

[8] WIEBE, W. J. HitEfifERE &2, 7F (ZERERFA B4
&) R, B E Ak A&, 1988 A 231-245 |
https://doi.org/10.1007/978-1-4612-3842-3 11

[9] ERNESTE. H. JR, #l BUNKLEY-WILLIAMS L. {5
A N AR ESIAE LA BR R0 B AE 1 ROAERR AR, BR A
WFog8 4 W, 1990 4, 335 : 167
https://doi.org/10.5479/5i.00775630.335.1

[10] BELLWOOD D. R., HUGHES T.P.. FOLKE C.
il NYSTROM M. [hi % HitFIfE /4%, H 4%, 2004,
429(6994): 827, https://doi.org/10.1038/Nature02691
[11] ANDRES N. G. 1 RODENHOUSE N. L. Ht#§i%}
JREJE AR ) - BB, HESIAE, 1993, 12(3) :
167-175, https://doi.org/10.1007/BF00334476

[12] HGHES T.P., GRAHAM N. A.J.. JACKSON J.
B.C.. MUMBY P.J. 1 STENECK R. S. JE¥HEEFH I
HAMEIK1E a0 Bk, ZEne BLdE L # %S, 2010,
25(11) : 633-642 o
https://doi.org/10.1016/j.tree.2010.07.011

[13] BACHTIAR I., DAMAR A. 1 ZAMANI N. P.
HIESIEREAL BB R R B, YRR R AR ERS, 2019,
54(1): 117-127 , https://doi.org/10.1007/s12601-019-
0002-1

[14] MCLEOD E.. SHAVER E. C.. BEGER M.,
KOSS J. 1 GRIMSDITCH G. i #3571 545 2 Hi
HARE A B R AR S RN ORGSR UM E B, BREZ /A BREL
i , 2021 , 277111384 .
https://doi.org/10.1016/j.jenvman.2020.111384

[15] KESHAVMURTHY S, KUO C.-Y., HUANG Y.-Y,
CARBALLO-BOLANOS R., MENG P.-J., WANG J.-
T., 1 CHEN C. A -8 HEifEER ) - BT HZEA
(B7E) HEAE & W AR Re it 2e RSB G, e
BhELEL T FREL, 2019, 7(11): 388.
https://doi.org/10.3390/jmse 7110388

[16] BRAND F. S. il JAX K. MR & 36 « 18k
VEZ fR PEAE & Fnis S ¥ 4, A RE B4R, 2007,
12(1): 23 [fE#%]. https://doi.org/10.5751/ES-02029-
120123

[17] MAYNARD J. A.. MARSHALL P. A..
PARKER B., MCLEOD E. fi AHMADIA G. F¥# it
HAREIRIE 71 AR R SR SRR FE M, BRBEE, 2017
4 : 1-44 .
https://wedocs.unep.org/20.500.11822/22046

[18] ELMER F., BELL J.J. 1 GARDNER J. P. A. Hft
B S s AR P AR R 22 ] 0 RT FH MR CSO8 A S 2 IR
R E SR A, M, 2018, 37 (2) : 397-407,
https://doi.org/10.1007/s00338-018-1665-2

[19] JORISSEN H. . BAUMGARTNER C. .
STENECK R. S. it NUGUES M. M. #ftr2k H Z: 82 fn
AR R AR S ) 5 T B e 3t A BT S 52288, T
HAffE, 2020 4F : 1-12,



https://doi.org/10.5479/si.00775630.335.1

298

[20] HARVEY A. 7 Va i st no ai s me - 5 5 “H
BT WREREERRR, BIZAKRKEE EMFIERT,
2005 571-145 ., https://niwa.co.nz/identification-
guides-to-coralline-algae

[21] TEBBEN J, MOTTI C. A., SIBONI N,
TAPIOLAS D. M., NEGRI A. P, SCHUPP P. J,
KITAMURA M., HATTA M., STEINBERG P. D., fi
HARDER T. fifl 75 Hil B v5 S5 HI0 5 51y s 170 e 14 1 1 22 5
o, B & oW &, 2015 5(1): 1-11
https://doi.org/10.1038/srep10803

[22] WEISS, A. il MARTINDALE R. C. H 7%= HitE
BN T AMEARE A REZE N 2 A, A LA L [
= fig — , 2017 , 12(8) e0181637
https://doi.org/10.1371/journal.pone.0181637

[23] LITTLER M. M. il LITTLER D. S. fili Z stz
PR M T IERE RO AR ALAE A, s AR B B
B2 5y " gt, 2013, 39 199 - 212 ,
https://repository.si.edu/bitstream/handle/10088
/21634/SCMS39_Lang_16.pdf

[24] WOELKERLING W. J.. IRVINE L. M. #n
HARVEY A. S. {EFEBIRAMEAALSE GBI H | L
H) FAEREA, KRR S, 1993,
6(4) : 277-293, https://doi.org/10.1071/SB9930277
[25] GOMEZ-LEMOS L. A. i1 DIAZ-PULIDO G. H
7% S FITES 8 RT R R0 A= 40 A A M BB L v o I Bk
LEE, MBI, 2017, 36 (2) : 453-462,
https://doi.org/10.1007/s00338-017-1549-x

[26] LUTHFI O. M. HftE§IREERS (Y- F1EE J& Ve A e TVEE I
WEPFIR OB, AERE, BREGEUIRAE, 2017, 23(4),
http://www.envirobiotechjournals.com/article_abstract.
php?aid=8250&iid=240&jid=3

[27] LUTHFI O. M. . NARADIARGA L. #1
JAUHARI A, ZRW B 98 OR a8 [ 7K dei ) E S 6 e 9
HSHB SR, HRUTUHEFDEE J& Ve ar e B B & i
23 , 2014 , 1(1) .
https://123dok.com/document/zw11k47g-angguan-
kesehatan-coral-territory-perairan-cagar-kabupaten-
malang.html

[28] ARNOLD S. N. F1 STENECK R. S. i) H 48K
FROHER - ARG “HisEe 0T duREIR, IR
£ = fg —, 2011, 6(12) : e28681 ,
https://doi.org/10.1371/journal.pone.0028681

[29] NOZAWA Y., TANAKA K. 1 REIMER J. D. &
BB 8 R A SR TR RO TR AR O R TR A, B
¥ B B %8 , 2011, 50(1): 53-60 .
http://zoolstud.sinica.edu.tw/Journals/50.1/53.pdf

[30] KENNEDY E. V., ORDONEZ A., LEWIS B. E.
F1 DIAZ-PULIDO G. JH A% i 5 S ] i e R b )
BORERIR 55 BB R F e, WRPE AR B B i SR 41,
2017 , 569129-144 o
https://doi.org/10.3354/meps12076

[31]] REICH H. G. ., ROBERTSON D. L. #n
GOODBODY-GRINGLEY G. #E47yEh « 412 B4

SRR S A B 28 B AR A sE b, N ) B[
£ fE — 2017 , 1202 e0171768
https://doi.org/10.1371/journal.pone.0171768

[32] DELA CRUZ D. W. 1 HARRISON P. L. {g5#1]
By L HEFT A 72 WT LA 8 A8 B RE _1 F A AEE
BB s &, 2017, 7(1): 113
https://doi.org/10.1038/s41598-017-14546-y

[33] OLIVER L. M., LEHRTER J. C. fil FISHER W.
S. 4 B BA 28 50 B 52 R A 9 U S BE SO AR O B
SR EMESAREE AR LI SR b 2, ViR AR B AR Jre SR A7,
2011 , 427293-302 o
https://doi.org/10.3354/meps09087

[34] GIO P. U. 1 ROSMAINI E. i F 25 # At
AR E NI A t AR fafl:, WERTE Ry
MO RL B Bl T2, 2018, 300(1): , 12030.
https://doi.org/10.1088/1757-899X/300/1/012030

[35] MCCOY S. J. 1 KAMENOS N. A. FitEl#e GiC
) TEANETEM LA BESARRE . AR PRFNHIER
(bR PR A BEE, wa R ELHERS, 2015, 51(1):
6-24. https://doi.org/10.1111/jpy.12262

[36] VILLAS BOAS A. B., FIGUEIREDO M. A. O.
1 VILLACA R. C. R BrBetie LA ameime  (AmEsine,
HLiE) AOBHEMEAnA R, EETREEHEES, 2005 4F,
53147-156 o
https://www.scielo.br/j/bjoce/a/wXKkMh6FJY K9nQp94r
pVDjzg/?lang=en

[371 MARIATH R. . RODRIGUEZ R. R. fiI
FIGUEIREDO M. A. O. TE K PTG R 252 i i 1
THE R HMEATE LA SR A B AL e (ROMe)  HOREK,
MO K M e TE M 22, 2013, 67(4): 687-696
https://doi.org/10.1007/s10152-013-0354-3

[38] AMADO-FILHO G. M. BAHIA R. G,
MARIATH R., JESIONEK M. B., MOURA R. L.,
BASTOS A. C., PEREIRA-FILHO G. H., fn
FRANCINI-FILHO R. B. syt o sk 2L 55 R
FH TR RE 2 BN AR VE ORVEE (B VG BT A % 2B R
7 ) . # B , 2018, 33(1): 8599 ,
https://doi.org/10.4490/algae.2018.33.2.25

[39] TAMEGA F. T. S. 1 FIGUEIREDO M. A. O. X
V1 fic e i EIEER 855 ' R S FAREAOEE ot 7 FH B 7 1)
ERE, ERMAE T, WrERERETG, 2019, 681,
https://doi.org/10.3389/fmars.2019.00081

[40] RAMIREZ-VIANA A.. DIAZ-PULIDO G. fn
GARCIA-URUENA R. %2 b F+iiE 82 2800 FEA A
P A SR HE B A S T T e 0 2R 1= B, FTHEA
fiE , 2021 4, 40 (2) 651-662 .
https://doi.org/10.1007/s00338-021-02065-2

[41] MARTIN S.. CHARNOZ A. Fi1 GATTUSO J. P.
it e H SRR I e TR (ST B . ALBE ) O
BVEM. PR AES{b, ERUNRE R EAERS, 2013, 48(2):
163-172,
https://doi.org/10.1080/09670262.2013.786790

[42] VASQUEZ-ELIZONDO R. M. f1 ENRIQUEZ S.


http://www.envirobiotechjournals.com/article_abstract.php?aid=8250&iid=240&jid=3
http://www.envirobiotechjournals.com/article_abstract.php?aid=8250&iid=240&jid=3
https://123dok.com/document/zw11k47q-angguan-kesehatan-coral-territory-perairan-cagar-kabupaten-malang.html
https://123dok.com/document/zw11k47q-angguan-kesehatan-coral-territory-perairan-cagar-kabupaten-malang.html
https://123dok.com/document/zw11k47q-angguan-kesehatan-coral-territory-perairan-cagar-kabupaten-malang.html

299

HsAEE GROWE) RO « —HE 1 R M EA R I 514
iR RB RN DI RE )T i, YRR RITR, 2017,
1-17, https://doi.org/10.3389/fmars.2017.00297,

[43] KUFFNER I. B., HICKEY T. D. 1 MORRISON
Jo MR R (GRE) AR B KRR A
TR RN SGOR B E #5105, FEAE, 2013, 32

(4) : 987-997,

[44] CORNWALL C. E.. DIAZ-PULIDO G. fn
COMEAU S. VyEsame $ A pe 5L 52 28« &2
SN, FNEE BRI A ST A B SRR, VIEER)
e T 2019 6186 .
https://doi.org/10.3389/fmars.2019.00186



