E3S Web of Conferences 324, 03010 (2021) https://doi.org/10.1051/e3sconf/202132403010
MaCiFIC 2021

Natural Productivity, Morphometrics and Seasonal Distribution
of Caulerva Racemosa

Tengku Said Raza’it, Viktor Amrifo?, Imam Pangestiansyah Putra®, Try Febrianto”, Aidil Fadhli Ilhamdy*

Faculty of Marine Science and Fisheries, Universitas Maritim Raja Ali Haji, Tanjungpinang, Indonesia.
2Faculty of Fisheries and Marine Science, Universitas Riau, Pekanbaru.

Abstract. Caulerva racemosa seaweed is a superior commodity with both ecological
and socio-economical benefits. It is technologically developed into different products
which include antioxidants, antibiotics, medicinal ingredients, cosmetics as well as
other organic products and also used conventionally as food ingredients for human’s
consumption. Meanwhile, the presence of C. racemosa is observed to decrease as the
exploitation rate is one of the factors affecting its stock in the nature. Changes in
environmental conditions contribute majorly to its availability in aquatic ecosystems.
Furthermore, natural factors in the form of seasonal changes that cause fluctuations in
water dynamics are the main focus affecting its lifespan. The results showed that C.
racemosa growth parameters, which include percentage cover, productivity, together
with morphometrics, failed to be significantly affected by seasonal changes.
Meanwhile, the highest percentage cover was found during the northern monsoon,
which has an average value of 37.99 + 7.67 (Average+STDEV), while the lowest was
during the eastern monsoons with 28.03 + 9.09 respectively. The best morphometric
size was during the northern monsoon with a tallus dimension of 0.25 with an average
of 0.201 + 0.03 and length of 0.825 * 0.16, a stolon length of 2.09 with an average of
1.95 + 0.08, 9 stolon grains with an average of 8 + 0.2. However, the grain diameter,
as well as the biomass, was 0.85 gr and 0.054 gr with an average of 0.825 + 0.22 gr
and the grain biomass was with an average of 0.040 £ 0.01 and 0.041 gr with the best
average stolon was 0.031 = 0.01 g in the western season. The results showed that C.
racemosa, which grows up in different seasons, having its highest productivity during
the northern season and the lowest one was during the eastern season with an
average value of 0.439 + 0.36 kg/m2 as well as 0.326 + 0.37 Kg/m2, respectively

* Corresponding Author: try.febrianto@umrah.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 324, 03010 (2021)
MaCiFIC 2021

https://doi.org/10.1051/e3sconf/202132403010

1 Introduction

The potential of the seaweed resources in Bintan
Island are very large, having 15 species scattered along
its coastal area (Radiarta et al., 2012). This condition is
directly or indirectly strengthened by coastal
communities of the Island due to its frequent use.
Similarly, the Caulerva racemosa, which is a superior
product, is a type of seaweed that is widely used and
developed into different kinds of processed products.

C. racemosa contains several bioactive ingredients
(Kumar et al. 2019; Nagaraj and Osborne, 2014),
which are developed into cosmetic and processed food
products (Pereira, 2018; Tapotubun et al. 2020).
Furthermore, it is developed into feed for cultured fish
(Putri et al. 2017), functioned as a waste
bioremediation agent and also biofilter in integrated
aquaculture activities (Paul and Nys, 2008; Pandya et
al. 2017).

While local people of Bintan Island call the C.
racemosa as “Latoh,”it has been exploited by the
community for food and vegetables. Its benefits
include high economic value with marketing into
foreign countries as a primary and secondary source of
income. Meanwhile, its presence in the nature is
influenced by changes of the monsoons and also
susceptible to change in physics as well as the
chemistry of water, which affects its physiology,
growth, together with reproduction (Harley, 2012).
Furthermore, Oceanographic conditions which change
along with the season, temperature variables, and
nutrient supply (Sunny, 2017) affect the conditions of
the algae communities (Duarte et al. 2017), including
the type of C. racemosa.

In addition, another impact that threatens its
existence is water pollution with increasing intensity in
certain seasons. Similarly, its presence is influenced by
water pollutants, such as oil spills (Chang et al. 2014;
Yuewen and Adzigbli, 2018), marine debris, and other
different types of pollution caused by human activities
(Chung et al. 2017). Deducing from the existing
conditions, preventive measures must be observed
accordingly to protect C. racemosa in the nature to
support the coastal communities’ livelihoods.
Therefore, the characteristics of the C. racemosa study
are needed to ascertain the impact of its existence in
different seasons.

2 Methodology
2.1 Location and Sampling Instruments

This research was performed in the coastal waters of
Bintan Island with the location distribution divided into
seven areas including Teluk Bakau, Malang Rapat,
Berakit, Beralas Pasir, Pengudang, Sakera, and
Dompak (Figure 2). Furthermore, data collection was
conducted from May 2020 to February 2021 based on
seasonal changes, which included the East (February to
April), South (May to July), West (August to October)

as well as the North (November to January) seasons,
respectively. Meanwhile, data distribution and the
coverage of C. racemosa were collected by using some
materials such as Quadrant plot 0.5 x 0.5 m2,
Underwater camera (Canon D30 82 '/ 25m rated
depth), GPS (Garmin GPSMAP 78S), Scuba Set
(Amscud), oven (memmert UN 55), analytical scales
(kern ABJ 220 0.001), aluminum foil, plastic samples,
label paper, and sample boxes.

Captions should be typed in 9-point Times. They
should be centred above the tables and flush left
beneath the figures.

2.2 Sampling Method

The distribution and the cover of data collection were
performed using the transect plot method (Llamas et al.
2018; Lodola, 2013; Melsasail et al. 2018; Das et al.
2018) conducted on a 50x50 cm2 plot (Melsasail et al.
2018; Llamas et al. 2018). Furthermore, the coverage
of C. racemosa was performed by taking pictures using
an underwater camera, subsequently analyzing the
cover level (Das et al. 2018).

Furthermore, the C. racemosa’s productivity was
tested using the Gravimetry biomass method (Rehena,
2009; Arnol et al., 2019). Meanwhile, the measuring
method of productivity was in line with drying the
biomass (gravimetry biomass) value using an oven
dryer at 60°C for 48 hours. Morphometric data refered
to Pusvariauwaty et al. (2015) by cutting 1 to 3 clumps
of C. racemosa with repeated observations of 5 to 6
times each. The data collected were thallus diameter
(DT), length (PT) as well as biomass (BT) and a
number of stolon grains (JBs), its length (PS), diameter
(DBs), and biomass (BS) (Pusvariauwaty et al. 2015;
Notowinarto et al. 2015).

Panjang thallus (PT)

Panjang stolon (PS)

Butir stolon (Bs) 1y

Fig. 1. Schematic measurement of the morphometric of
C. racemosa

2.3 Data Analysis

Percentage cover and biological productivity of C.
racemosa’s calculation were in line with Llamas et al.
(2018). Furthermore, determination of the percentage
value of cover, the C equation as a Cover Area (%)
divided on the Total Sampling Area (m2). Meanwhile,
the calculation of natural productivity was performed
using gravimetric biomass approach with the equation
of B =W / a (Runtuboi et al. 2018; Rehena, 2009;
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Arnol et al. 2019), where B (gr/m2) was the biomass,
W (gr) was the dry weight, and a (m2) was the
sampling area. While the data were analyzed by
making the average value and standard deviation
(STDEV), differences between parameters were tested
with a comparative analysis using the SPSS 20.0. After
that, the data between season differences were
analyzed by one-way ANOVA at a significant level of
P <0.05 for all parameters, and the relationship
between percentage cover of C. racemosa as well as
water quality parameters was tested using the Pearson
correlation analysis.

3 Result and Discussion

3.1 Percentage of Cover and Natural Productivity
of C. Racemosa

The percentage cover describes the natural conditions
of C. racemosa in the aquatic ecosystem. In addition, a
higher wvalue indicates a good conditions, while
decreasing value indicates a change in environmental
factors. Based on the results, coverage data and cover
value were grouped into three cover classes which are
0 to 33 (low), 33 to 67 (moderate), and 67 to 100 (high)

(Figure 2).

ok Bakau " Pongudang

.
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Fig. 2. Distribution and density of C. racemosa on the
coastal waters of Bintan Island. A light blue is a low
density (0-33%), light green is medium-density (33-
67%), and green is high density (67-100%).

Furthermore, the results showed that characteristics of
waters were factors affecting the percentage cover of
C. racemosa. Figure 2 also explained that open water
had a lower cover value when compared to a more
secure locations. While the low cover condition of C.
racemosa in an open water was influenced by high
currents and wave’s dynamics, the oceanographic were
not high in protected areas. Denny and Gaylord (2002)
said that the climate, the waves, the current are the
factors that affect the survival, size and distribution of
marine algae. In addition, Burel et al. (2019) also
reported that an increase in hydrodynamic intensity
(waves and currents) affects changes in cover.
However, Jonsson et al. (2006) reported that strong
waves and currents conditions cause holdfast marine
algae to be carried away by oceanographic dynamics,
especially in types of algae with no solid roots.
Furthermore, Burel et al. (2019) discovered that

macroalgae canopy percentage decreased alongside
with an increase in wave’s hydrodynamics. Moreover,
in the intertidal area, the value is 45%, while the cover
condition dropped to 42% in the coastal arcas with
stronger waves and currents.

Table 1. Percentage of C. racemosa cover by season

Percentage of cover (AveragexSTDEV) Average of Condition
cover in density
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Table 2. Natural productivity of C. racemosa cover by
season

Natural productivityin kg/m? (Average+STDEV)
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Table 1 showed that the total cover (%) values of C.
racemosa ranging from 23.42 to 35.59% with a mean
of 31.37% that was included in low coverage
conditions. While these were differentiated in line with
the difference in the period, the northern and the
eastern monsoon had the highest and lowest cover
value, which were 37.9 + 7.67% (medium) and 28.03 +
9.09% (low) respectively. Meanwhile, the cover
percentage during the east, south and west monsoons
had a value that was not significantly different, while
during the northern monsoon was different from other
seasons. Furthermore, Table 2 showed that the highest
natural productivity value occurs in the northern and
the lowest in the eastern season with a value of 0.439 +
0.36 kg / m2 and 0.326 + 0.37 kg / m2, respectively. In
addition, the data showed that there was link between
changes in cover value and natural productivity of C.
racemosa which was also listed in Figure 3.



E3S Web of Conferences 324, 03010 (2021)
MaCiFIC 2021

https://doi.org/10.1051/e3sconf/202132403010

50.00

& &
2 2
i i

Cover of C. racemosa (%)
-]
-]
1

10.00

Ensterly mongoon Senthrly mermoon
Monsoon

Productivity of C. racemosa (kgim2)

Mosterty mensecn Easterty moeoon Southerty monsoon  Westerly mansoon

Meonsoon

Figure 3. Average and productivity cover of C. racemosa. A)
Average coverage and B) Natural productivity of each season

Although there was an increase in waves and ocean
currents’ intensity, the average percentage cover during
the northern monsoon had the highest value. This was
because most of the C. racemosa’s lives were attached
to a dead coral located at the edge of a coastline, rather
than taking the impact of currents and waves.
Furthermore, it was also influenced by numbers of
predatory fishes such as herbivorous fish. This showed
a decrease in the composition of the biota, including
herbivorous fish that use C. racemosa as their food.
Meanwhile, this factor also caused the high value of
cover and natural productivity in the northern
monsoon.

The variation of percentage cover and productivity
values of C. racemosa were influenced by herbivorous
biota consumption. Meanwhile, in the marine
ecosystem’s food chain, it is also known as a symbiosis
which describes the relationship between producer and
consumer. The C. racemosa species is one of the
producers and the habitat for important biota, including
the herbivorous species. Kelly et al. (2017) reported
that the herbivorous fish species that consume algae
were 13 species, which include the Acanthurus
triostegus, nigrofuscus, leucoparelus, and blochii,
together with Zebrasoma flavencens, Scarus psittatus,
S. rubroviolaceus, Chlorurus perspicillatus, and
spilurus, Naso lituratus, N. unicornis, N. brevirostris as
well as Calotomus carolinus. Furthermore, the presence
of algae, including the C. racemosa species, is not only
influenced by the changes of seasons; however, there
are other factors, which include the association and
food chain structure as well as the presence of

herbivore fish. In addition, the herbivore biota
composition also affects the cover condition. At the
same time, the consumption rate of herbivorous fish
ranges from 0.34 to 0.42 grams per m2 daily (Kelly et
al. 2017), several herbivore groups associated with
seaweed communities including sea urchins, crabs,
amphipods, polychaetes and other species of
invertebrates (Hay, 1997) are also consumed it.

The herbivorous fish tends to migrate towards the
seagrass areas with less currents and wave’s dynamic
conditions. Therefore, the C. racemosa’s community is
not consumed optimally, which results in an increase in
its percentage of cover. Meanwhile, the herbivorous
fish’s algae’s consumption rate marks the level of algae
composition in the nature. Furthermore, this
phenomenon is supported by the research of Svensson
et al. (2012), which reported that the herbivorous biota
communities can control algae’s growth in each
growing season. However, high wave dynamics also
cause slow fish movement to slow down so that the
consumption decreases. In addition, macroalgae cover
increased from 2 to 7 times due to a reduction in
herbivore’s consumption (Lamb et al. 2020; Karkarey
et al. 2020). In line with Easton et al. (2018), the
presence of herbivores and wave’s energy are essential
determinants of the algal community’s condition.

However, the lowest cover value and natural
productivity during the eastern monsoon is 0.326
kg/m2. Meanwhile, this condition is related to the
transition period between the northern (tides’s
increasing and current dynamics) and the eastern
monsoon (decreasing tides and current dynamics).
Furthermore, there is a peak period of current and
highest waves in the northern monsoon. It is suspected
that there is an intense scouring causing the colony of
C. racemosa to erode during this period. While the C.
racemosa colonies attached to the sand’s substrate are
oxidized, those that grow on rock surfaces and corals
are stronger to withstand the waves and currents.
Caulerpa is equipped with a rhizoid system that sticks
between the substrate gaps (Fagerburg et al., 2012;
Garcia et al., 2011).

The wave’s crests fluctuation and currents during
the northern monsoon increased the water turbidity,
which was supported by a TSS value of 76 mg/l. At the
same time, it became 73 mg/l during the east monsoon.
The increased turbidity affects the intensity of light
entering the water. Furthermore, an increase in the
water turbidity is also influenced by currents intensity
that grow during the northern monsoon, causing a
mixing in the water column (Uchiyama et al. 2017,
Whitney et al. 2005). Meanwhile, Gao et al. (2018)
reported that the Caulerpa growth was affected by light
conditions with at least 40 umol m-2 s—1. However, in
the transitional season between the east and south
monsoons, the water transparency conditions increase
so that the light intensity also increases and supports
the photosynthesis process. Vides (1999) reported that
the natural productivity value and the cover are
influenced by the photosynthesis’s rate.
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3.2 Morphometric of the C. racemosa

A data is needed for predicting C. racemosa size in
nature, together with the assumptions that where the
morphometric value is high, its fertility rate is also
high. Furthermore, C. racemosa morphometric size
consists of 8§ components each parameter (Figure 3),
which include the diameter and length of the thallus
ranging from 0.18 to 0.25 cm and 0.72 to 1.1 cm,
respectively. While for the size, the grains number as
well as the diameter of the stolon obtained were in the
range of 1.88 to 2.09 cm, 8§ to 9 grains and 0.48-1.01
cm. Furthermore, the weight of thallus biomass was
0.033 to 0.054 gram, of stolon grain biomass was
between 0.021-0.041 g, while stolone biomass was
between 0.019-0.053 gr.

Diameter (cm)

Monsoon

Lenght (cm)

Monsoon

(b)

=B=Thallus biomass (gr)

=#=Ramuly biomass (gr)

e=@=Stolon biomass (gr)

Fig. 4. Morphometric size of the C. racemosa; (a)
thallus diameter and stolon grain diameter, (b) thallus
length and stolon length, (c) thallus biomass, stolon
grain biomass, and stolon grain biomass.

Figure 4 showed that the highest thallus diameter in the
northern monsoon was 0.25 cm, with an average of
0.201 £ 0.03 cm. While the length of the thallus C.

racemosa was 0.825 + 0.16 cm on average with the
highest size was 1.1 cm. The highest length, grains
number, of the stolon value in the northern monsoon
was 2.09 cm and nine items with an overall average of
1.95 £ 0.08 cm 8 + 0.2. However, where it observed
from the highest stolons grain diameter, the western
season is precisely with a 1.01 gr value having an
average of 0.85 £ 0.22 gr. Thallus and stolone grain
biomass were also high during the western season with
0.054 g and 0.041 g values and an average of 0.040 =
0.01 g and 0.031 £ 0.01 g, respectively. Furthermore,
the highest stolone biomass was also found during the
northern monsoon with a 0.053 gr biomass value as
well as an overall mean of 0.034 + 0.01 g.

While the C. racemosa morphometric size in line
with the sampling season fluctuated, the five out of 8
tested highest parameters were happened during the
northern monsoon. Meanwhile, this phenomenon is
similar to the cover percentage, which is also the
highest. Previous studies by Engelen et al. (2005)
reported that the thallus length has the highest one in
January, where the season began with dynamics.
However, after passing through the north to the east
monsoon, there is a C. racemosa rejuvenation growth.
While this is indicated by the small morphometric size
in the east monsoon and presumably C. racemosa has
undergone regeneration or early development, plant
morphometrics are smaller during early development.
Furthermore, an increase in productivity occurs in the
southern season due to its growth system.

Meanwhile, the morphometric parameters are
interrelated, such as the increase in the thallus length
followed by the development of the thallus diameter.
However, the longer the thallus size, the longer the
stolon is. Furthermore, the number of stolon grains
increased as the length of the stolon increased. Hence,
the longer the length of the stolon, increase in grains
number, the heavier the size of the stolon biomass,
followed by an increase in height, grains number, and
stolon grain biomass. Meanwhile, from the description
of the data above, it showed that each morphometric
size value of C. racemosa were developed in line with
the development of its biomass weight.

The stolon’s length of C. racemosa ranged from
1.90 to 2.09 cm, with an average of 1.95 cm. While the
stolons length generally ranges from 1.34 to 2.47 cm
(Manas et al. 2015), the stolons’ length of caulerpa
reaches 2.528 cm (Vides, 2002). The results showed
that the length of the stolon was close to the optimal
size. Furthermore, the average thallus biomass was
0.04 gr (Vides, 2002), and the biomass range was
between 0.014-0.027 gr. However, C. racemosa stolon
grain diameter, tallus length, grains number has an
average of 1.21 cm, 9.42cm, and 6.9cm, respectively
(Estrada et al. 2020). Hence, in line with the the data,
the morphometric value of C. racemosa was classified
as moderate.

4 Conclusion

Based on the results, natural factors in the form of
seasonal changes and fluctuations in water dynamics
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were the main factors affecting C. racemosa’s lifespan.
The growth parameters, which include the percentage
cover, its productivity, and the morphometrics, were
affected by seasonal changes that was not significance.
While the highest cover percentage was during the
northern monsoon with an average value of 37.9 +
7.67%, the lowest one was during the Eastern
monsoon, which was 28.03 £ 9.09%. However, the
highest and lowest natural productivity value of C.
racemosa were during the northern and eastern seasons
with a value of 0.439 + 0.36 kg / m2 and 0.326 + 0.37
kg / m2, respectively. Furthermore, the best
morphometric size was during the northern monsoon
with a tallus dimension and the length value of 0.25
and 0.825, together with stolon length, grain number of
2.09 and 9, respectively. While grain diameter 0.85 gr
and grain biomass 0.054 gr and 0.041 gr stolon best
during the west season. Hence, this was caused due to
different growth seasons and also by other organisms
that use C. racemosa as a food source.
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