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ABSTRACT

The interaction between species and species diversity with their growing habitats are essential in the
conservation of species. This study deals with the diversity and conservation of seaweed (marine macro-
algae) with the emphasis on substrata habitats (sandy and rocky shores) and seasonal conditions (rainy
and dry seasons). The study was carried out on the Warambadi seashore of Sumba Island. The t-test
analysis showed that the “species diversity index of algae” (H’) on both sandy and rocky substrata did not
significantly different. The (H’) during both rainy and dry seasons on different substratum (sandy and
rocky substrata) did not show any significant differences. The two-way anova analysis recorded that the
(H’) and the number of algae species were not affected by the differences of both substrata and seasons,
but it was significantly affected by the interaction between the types of substratum and season. The study
also reported that the types of substrata and seasons affected the (H’) of Chlorophyceae but not by of
their interaction, and the (H’) of Rhodophyceae was affected by the types of substratum and season but
not by their interaction. Moreover, the types of substratum and season affected the (H’) of Phaeophycea,
but their interaction did not affect such diversity index. Substrata and seasonal phenomenon also indicate
that the types of substratum, season, and their interactions affected the number of species
Chlorophyceae, Rhodophyceae, and Phaeophyceae.

Keywords: seaweed, diversity, conservation, substrata, season

ABSTRAK

Interaksi antara jenis dan keragaman jenis tumbuhan dengan habitat tempat tumbuhnya adalah hal yang
mutlak diketahui dalam melakukan konservasi jenis tumbuhan. Studi ini berkenaan dengan keragaman
jenis dan konservasi rumput laut (alga-makro laut) dengan penekanan perhatian pada habitat substrat
(dasar laut berpasir dan berbatuan karang) serta kondisi cuaca (musim kemarau dan hujan). Studi
dilaksanakan di pantai Warambadi, Pulau Sumba. Analisa t-test memperlihatkan bahwa "indeks
keragaman jenis alga" (H') pada substrat laut berpasir dan berbatuan tidak memperlihatkan perbedaan
yang signifikan. (H') pada musim kemarau dan hujan pada substrat yang berbeda tidak memperlihatkan
perbedaan yang signifikan. Analisa two-way Anova memperlihatkan bahwa (H') dan jumlah jenis alga
tidak terpengaruh oleh perbedaan substrat dan musim, akan tetapi terpengaruh secara signifikan oleh
interaksi antara jenis subtrat dan jenis musim. Hasil studi mencatat pula bahwa jenis substrat dan musim
berpengaruh terhadap (H') dari alga hijau tetapi tidak oleh interaksi keduanya. (H') dari alga merah
terpengaruh oleh jenis substrat dan musim, tetapi tidak oleh interaksinya. Jenis substrat dan musim
mempengaruhi (H') dari alga coklat, tapi interaksi jenis subtrat dan musim tidak berpengaruh terhadap
(H"). Fenomena substrat dan musim menunjukkan bahwa jenis substrat dan musim serta interaksinya
berpengaruh terhadap jumlah jenis alga hijau, alga merah dan alga coklat.

Kata kunci: rumput laut, keragaman jenis, konservasi, substrat, musim
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1. INTRODUCTION

Seaweed is a marine algae and consists of
classes Chlorophyceae (green algae),
Rhodophyceae (red algae) and Phaeophyceae
(brown algae). They live attached to the seabed
between the top of the intertidal zone and the
maximum depth to which adequate light for
growth can penetrate. In general, there are
internal and external factors that regulate
seaweed growth and development. They interact
with other marine organism and all interact with
their physicochemical environment. Among the
major environmental factors affecting seaweed
growth are salinity, temperature, substratum,
water motion, light, and nutrient availability"2™"
Much seaweed adapts to changing climatic
seasons through their life cycles, and the
environment can cue their reproduction. In some
of the morphologically less complex species,
reproductive alternatives are determined by the
environment. In others there is an obligatory
cycle of generations cued by the seasons.

Seaweed is important component of tropical
reef systems. The seaweed dominates the
benthos of rocky shores, however, muddy and
sandy shores have less seaweed since most
species cannot anchor there (genera such as
Halimeda and Caulerpa produce penetrating, root
like holdfast). Seaweed usually grows vertically
away from the substratum. This habit brings them
closer to the light, enables them to grow large
without extreme competition for space, and
enables them to harvest nutrients from a greater
volume of water.

The flora as seaweed changes from region
to region. Just as terrestrial floras do, with each
species having its own particular limits. In any
given region the flora may comprise several
distribution groups that extend varlous distances
from polar or equatorial centers*®®”%9  The
factors that affect seaweed species distributions
are physical factors and biological interaction.
Among the physical factors potentially limiting
seaweed distributions are substratum and
salinity, which have important but localized
influences, light and temperature.

The substratum factor, for example,
influences the largely sandy shores and causes
distinct dlscontlnumes from the adjacent rocky
shore floras®. The bases of coral reefs often
abut sand! plalns covered by seagrass or
algae''®"""?. Interactions occurring at the border
or reefs and seagrass beds have been studied on
several occasions, but little is known about those
which occur between reefs and sandy shore
dominated by algae™®'*'®. Many seaweed
species that occur on sand plains (sandy shore)
require hard substrata such as shells and coral
fragments‘'®

Temperature control of seaweed distributions
comes from studies on tolerance of seaweed to
extreme temperatures and from studies of
temperature effects on algal life histories®®. It
indicates strongly that temperature effects on
survival, growth, and reproductlon are a primary
cause of species distributions®. Temperature
has quantitative effects on reproduction in a
number of seaweed and qualitative effects on the
life history. Most of the factors that affect the
temperature of exposed rock pools also affect
their salinity. Several of warmer water s e0|es
also had a wider tolerance of salinity"'®'"'®'%) |n
regions of extreme seasonal temperature change
some seaweed species have life history events
cued by temperature. Through the effects on life
history and the temperature-range tolerances of
seaweed, temperature affects the geographic
distribution of seaweed and is probably the
principal large-scale regulatory factor, substrata,
salinity, wave action, and play important but local
roles in phytogeography.

The purpose of this study is to evaluate the
species diversity of seaweed with considered
substrata (sandy and rocky shores) and seasonal
change (rainy and dry seasons) and how to
conserve species on the substrata.

2. MATERIAL AND METHODS
2.1 Study Site

The study was carried out on the Warambadi
seashore of Sumba Island (Figure 1). In general,
this area with a high degree of water movement,
whether in the form of current or waves
supported the growth of seaweed. Substrata is
divided into rocky and sandy shores, and
exposed substratum provides a range of
excellent habitats for observing seaweed. The
intertidal area of the observed site has variable
environmental factors such as topography of the
shoreline, type of rock, size of the wave and tidal
fluctuation. These factors produce almost
limitless different habitats for seaweed to
colonize and thrive in. During low tide virtually all
sandy area of the shore was exposed and about
20 cm to 40 cm seawater rising on rocky shore
area. During the rainy season, Manangabodi
River contributes fresh water that influence pH
level and salinity

Dry season usually occur between April —
Nopember, and rainy season takes place
between December — March.
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Figure 1. Study site

2.2 Materials

Seaweed were collected and preserved in 24
cc Formol (80 %), 1 cc Acetic acid glacial, 15 g
CuSQ,, distillation water was added to 1000 cc
volume.

2.3 Methods

Seaweed colonies were collected from five
sampling units for each substratum. Each
sampling unit covered an area of 100 square
meters. The colonies were located randomly and
represented both the sandy and rocky shore
substrata. Every year, on July, the seaweed
representatives of dry season with 0.1 mm RR
(rainfall number), and on March, the seaweed
representatives of rainy season with 149.8 mm
RR, in a month were collected by Meteorological
and Geophysical Agency, 1996-1998%%.  All
collections were numbered by colony for each
substratum and season. Identification of species

according to Taylor®”, Abbott and Norris®?,
Abbott  IA® and Verheij and Prud’homme®.
According to season consideration, during the
collection phase of seaweed, the pH, salinity and
temperature of seawater were also measured.
The species diversity index (H’) was measured
by using Magurran method with the basic formula
from Shanon and Wienner®.

This study was intended to test : (1) effect of
season on substratum differentiation and effect of
substrata on seasonal differentiation by the
“species diversity index” (H’) of total seaweed. (2)
effect of substrata, seasons and their interaction
on the (H’) of total seaweed and number of
species. (3) effect of substrata, seasons and their
interaction on the (H’) of each seaweed class i.e.
Chlorophyceae, Rhodophyceae and
Phaeophyceae. (4) effect of substrata, seasons
and their interaction on the number of species of
each seaweed class. To analyze these
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hypotheses was used t-test (two tailed and

two-way anova.

3. RESULTS AND DISCUSSION
3.1 Results

During the study, 23 genera including 79
species of seaweed grew in the study sites were
collected. There were 9 genera of 37 species of
green algae, 8 genera of 22 species of red algae,
and 6 genera of 20 species the brown algae
(Table 1, attached). The genera of green algae
were Caulerpa, Chaetomorpha, Cladophoropsis,
Codium, Dictyosphaeria, Halimeda, Microdictyon,
Ulva, and Valonia. The species richness of green
algae was covered by genera of Caulerpa and
Halimeda, which showed the greater number of
others. The species of the genera collected
consisted of 59.4 % of green algae or 27.8 % of
algae grew in such area. The genera of red algae
were Acanthophora, Corallopsis, Eucheuma,
Gracilaria, Hypnea, Kappaphycus, Laurencia and
Meristotheca. The species of genera Eucheuma
and Hypnea were the highest among the
population of this class, and both genera were
collected and covered 45.5 % of red algae or
12.7 % of the algae grew in the area.
Ascophyllum, Dictyota, Hydroclathrus, Padina,
Sargassum and Turbinaria were the genera of
brown algae and Sargassum and Dictyota
showed the majority of population. Table 1 also
describes the number of colonies of species per
sampling unit (S.U.) based on substrata and
seasons. The water quality measurement
showed the pH, salinity and temperature during
rainy and dry season as much as 7.6, 26.9 °/0o
and 27.8 °C, and 7.2, 31.5 %00 and 31.2 °C,
respectively.

Figure 2., describes the number of seaweed
colonies per sampling unit based on both
substrata and seasons. During the rainy season
more colony of seaweed grow on sandy shore
than on rocky shore substratum. On the contrary,
more colony of seaweed grows on rocky shore
than on sandy shore during the dry season
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Figure 2. The number of seaweed colonies per
sampling unit based on substrata and
seasons.

Table 2. describes the number of species of
three classes of seaweed per sampling unit
based on substrata and seasons. Similarly to the
number of colony of seaweed, during the rainy
season more species growing on sandt shore
than on rocky shore substratum. On the contrary,
more species growing on rocky shore than on
sandy shore during the dry season. Green algae
mostly covered sandy shore substratum both
during the rainy season as well as during the dry
season.
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Table 2. The number of seaweed species of three classes per sampling unit based on
substrata and seasons

SUBSTRATA
Season S.U Sandy shore Rocky shore
Chloro Rhodo Phae  Total Chloro Rhodo Phae Total
A 20 12 5 37 13 11 9 33
B 22 9 3 34 8 8 11 27
Rainy C 23 10 2 35 12 6 6 24
D 20 10 4 34 8 7 9 25
E 22 11 4 37 9 10 12 31
E 23 8 6 37
Total 130 60 24 214 50 42 47 140
Averag 21.7 10 4 35.7 10 8.4 9.4 28
F 12 9 4 25 7 13 13 33
G 11 10 2 23 9 15 15 39
Dry H 13 9 7 29 9 18 15 42
I 14 10 7 31 8 16 15 39
J 13 7 7 27 6 16 15 37
Total 63 45 27 135 39 78 73 190
Average 12.6 9 5.4 27 7.8 15.6 14.6 38

Figure 3., describes the number of species of
three seaweed classes that grew on different
substrata and seasons. Species of green algae
(Chlorophyceae) class mostly covered both on
sandy shore and rocky shore substrata as well as
during the rainy and dry seasons. Species of red
algae (Rhodophyceae) and brown algae
(Phaeophyceae) more growing during the dry

season than the rainy season, and more growing
on rocky shore than on sandy shore substratum.

Based on Table 2, was measured the
species diversity index (H’) of three classes of
seaweed per sampling unit based on substrata
and seasons by employed Magurran method with
the basic formula from Shanon and Wienner
(Table 3).
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Figure 3. The number of seaweed species of three classes based on substrata and seasons.
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Table 3. Species diversity Index (H') of three classes based on substrata and season

SUBSTRATA

Season S.U Sandy shore Rocky shore
Chloro Rhodo Phaeo Totall  Chloro Rhodo Phaeo  Total
A 12799 1.0557 0.6990 1.5477 1.1139 1.0290 0.8772 1.4894
B 12957 0.9319 04515 1.4911 09031 0.8565 1.0155 1.4008
Rainy C 1.3551 0.9788 0.3010 1.5323 1.0676 0.7526 0.7591 1.3611
D 1.2500 0.9788 0.6021 1.4916 0.9031 0.7967 0.9542 1.3561
E 13206 1.0004 05786 1.5373 0.9542 1.0000 1.0792 1.4914

E’ 1.3617 0.9031 0.7591 1.5639
Total 7.8630 5.8487 3.3913 9.1639 4.9419 4.4350 4.6852 7.0988
Average 1.3105 0.9748 0.5652 1.5273 0.9884 0.8870 0.9370 1.4198
F 1.0676 0.9319 0.6021 1.3827 0.8451 1.6958 1.0754 1.4926
G 1.0213 0.9750 0.2764 1.3378 0.9542 1.1392 1.1302 1.5225
Dry H 1.1031 0.9398 0.8451 1.4525 0.9542 1.2202 1.1520 1.5959
I 1.1242 0.9867 0.8278 1.4727 0.9031 1.1679 1.1400 1.5581
J 1.1031 0.8205 0.8451 14169 0.7782 1.1679 1.1549 1.5400
Total 5.4193 4.6539 3.3965 7.0626 4.4348 6.3910 5.6525 7.7091
Average 1.0839 0.9308 0.6793 1.4125 0.8870 1.2782 1.1305 1.5418
During the rainy season, the highest diversity
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Figure 4. The average of species diversity index
(H) of three classes based on
substrata and Seasons.

Figure 4 exhibits the average of species
diversity index (H’) of three classes of seaweed
based on substrata and seasons.

the dry season the highest diversity index is red
algae on rocky shore followed by brown algae on
the same substratum.

3.2 Discussion

Several species of green algae can not grow
in high salinity and high temperature. As the
consequence of this particular circumstances,
eleven species of green algae were not able to
grow completely during the dry season. They
were Caulerpa racemosa v. macrophysa, C.
racemosa v laetevirens, C. racemosa v. uvifera,
C. taxifolia, Codium fragile, Halimeda gracilis,
and H. simulans, H. tuna, Microdictyon
japonicum, Valonia ~macrophysa, and V.
utricularis, V. ventricosa. On the contrary, several
species of red algae and brown algae can not
grow in the lower salinity and temperature, and,
consequently, six species of red algae and seven
species of brown algae were not able to grow
during the rainy season. They were Eucheuma
isiforme, Hypnea chordacea, H. pannosa,
Laurencia cartilaginea, L. mariannensis and
Meristotheca papulosa of red algae, and

Ascophyllum  sp., Dictyota bartayresii, D.
crenulata, = Sargassum  echinocarpum, S.
hemiphyllum, Turbinaria conoides and T.

decurens of brown algae. In such a case,
Manangabodi River plays important role in
lowering water salinity of the area by contributing
fresh water during rainy season (Table 1).
Temperature is undoubtedly the most
fundamental factor for all organism due to its
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effects on molecular activities and properties, and
hence on virtually all aspects of metabolism.
Living organism were rarely at thermal
equilibrium with their environment®”. However,
the internal temperatures of seaweed and other
poikilothermic organism were usually near the
temperature of their surfaces or of the
surrounding air or water®. In addition, seasonal
change also affected temperature and salinity of
ocean water.

The Figure 4 and Table 2 indicate that the
sandy shore is mostly covered by green algae,
and in addition, Caulerpa and Halimeda genera
are apparently the richness species of green
algae on sandy shore. They have holdfast or
similar roots to anchor their body on sandy shore,
and several species were attached on shells or
coral fragments. On rocky shore and during dry
season, the species richness was red and brown
algae. Many species of red and brown algae
naturally preferred hard substrata for growing and
many of them were not tolerance to lower water
salinity such as Eucheuma isiforme, Hypnea
chordacea, Laurencia  cartilaginea, and
Meristotheca papulosa of red algae, and
Ascophyllum sp., Dictyota bartayresii, Sargassum
echinocarpum, S.  hemiphyllum,  Turbinaria
conoides and T. decurens of brown algae. On the
other side, the populace of green algae was the
highest on rocky shore. This phenomenon was
probably caused by the species preference to
grow and with attach themselves on hard
substrata. Seawater movement as the further
effects of waves or the current of Manangabody
River during the rainy season also affected
several species.

Species diversity index (H’) per substratum
and per season

The t-test analysis was conducted to answer
questions on: (1) The possible differentiation of
species diversity index (H’) of total seaweed
which grow (in all sampling units) on sandy and
rocky substrata during rainy and dry seasons; (2)
The possible differentiation of species diversity
index of total seaweed which grow (in all
sampling units) during rainy and dry seasons on
sandy and rocky substrata. The results of the t-
test showed that virtually all t.; whether between
substrata during the same season, or between
seasons on the same substratum showed lower
value than the t, (+) or higher than the ti(-) at
p0.05and pO0.01.

According to the working hypotheses, this
finding significantly showed that; (1) the species
diversity index of algae on both sandy and rocky
substrata during dry and rainy seasons did not
significantly different, and (2) the species
diversity index of algae during both rainy and dry
seasons on different substratum did not show

any significant differences. The above condition
turned out due to the balance of species growing
during both seasons and both substrata (Figure 3
and 4). Several species of seaweed did grow
during the rainy season but they did not grow
during the dry season. Eleven species of green
algae that grew during rainy season, but did not
grow at all during dry season. On the contrary,
six species of red algae and seven species of
brown algae grew during the dry season but not
able to grow during the wet season. In relation to
substratum, although almost all green algae grew
in the sandy shore, more than 50% green algae
grew in the rocky shore. By contrast, although
red and brown algae preferred to grow on the
rocky shore, some species also grew in the
sandy shore such as Eucheuma, Hypnea and
Laurencia of red algae and Dictyota, as well as
several Sargassum of brown algae (Table 1).

Effects of substrata and seasons on species
diversity index (H’) and total species

This analysis was intended to answer the
question on whether substratum and season and
their interaction affected the species diversity
index of total seaweed (in all of sampling units)
and to the number of species. The results of the
analysis showed that the species diversity and
the number of algae species were not affected by
the differences of both substrata and seasons,
but it was significantly affected by interaction
between the types of substratum and season.

Interaction between substratum and season
probably occur due to the seasonal change,
which  affected temperature, salinity and
irradiation. These circumstances further affected
the substratum condition. The seasonal change
also influenced the change on the surface of the
substratum, for example, the effect of mud
brought by the waves of Manangabodi River
during the rainy season.

Effects of substratum and season on species
diversity index (H’) and total species per
classes of seaweed

This analysis answered the questions on
whether substratum, season, and their interaction
affected to the species diversity index of each
seaweed classes (Chlorophyceae,
Rhodophyceae and Phaeophyceae), and on
whether substratum, season, and their interaction
affected the number of species of each seaweed
class.

A. Species diversity index

The result of the analysis showed that; (1)
the species diversity of Chlorophyceae and
Phaeophyceae was affected by the types of
substratum and season, but not by their
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interaction, and (2) the species diversity of
Rhodophyceae was affected by seasonal change
and interaction between the types of sunstratum
and season, but not by the types of substratum.

The green algae preferred to grow on sandy
shore and many green algae species were more
tolerance to lower salinity and some did not
tolerate higher salinity. The seasonal change
normally affected these two properties and,
therefore, seasonal change significantly affected
the species diversity index of green algae. The
species of red algae was less tolerant to salinity
and temperature changes due to seasonal
change. Much of this species were able to grow
on both sandy and rocky substrata.

Naturally, brown algae were not tolerant to
changes of salinity and types of substratum. Most
brown algae grew well in high salinity and posses
benthic properties so they were able to adapt to
rocky environment. If they grew on sandy shore,
they attached to hard substratum such as shells
or coral fragments washed ashore by ocean
waves or currents.

B. Number of species

The result of the analysis showed that types
of substratum, season, and their interactions
affected the number of species Chlorophyceae,
Rhodophyceae, and Phaeophyceae.

Green algae species preferred to grow on
sandy shore than on rocky areas. Many of also
were able to tolerate lower salinity. Some specific
species of red algae were able to grow on either
sandy or rocky area, and some were able to grow
on both substrata. Salinity and temperature
changes as affected by seasonal change
significantly influenced the growth of several
species of red and brown algae. Furthermore, the
interactions between types of substratum and
season also affected the growth of green, red
and brown algae species.

4. CONCLUSION

The general conclusion drawn from the
results was that substratum and season play
important roles in species diversity index of algae
species. The interaction of these variables also
contributed to such diversity index of algae
species in the study area as well as to the
number of the species. The Chlorophyceae and
Phaeophyceae showed positive response to
types of substratum and seasonal change, but
not to their interactions. But, the Rhodophyceae
showed positive response to seasonal change
and interaction between the types of substratum
and seasonal change, but not response to types
of substratum. Types of substratum, season, and
their interactions affected the number of species
Chlorophyceae, Rhodophyceae, and
Phaeophyceae.

Species conservation should be based on the
interaction between species and substrata, the
interaction between species and seasons, and
species response to the interaction between
substrata and seasons. Species wild crops
management should be based on species
diversity index and total species.
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