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Cover Photo

The Asian Leaf Turtle Cyclemys dentata (top) and the Southeast Asian Box Turtle
Coura amboinensis (bottom) are the two most common turtle species in Palawan.
These species are of diverse ecological and economic importance but habitat
degradation and unregulated harvesting are affecting their populations. The
International Union for Conservation of Nature (IUCN) has now classified the former
as Near Threatened, and the latter as Vulnerable. Both species are semi-aquatic.
Coura amboinensis are often found in rice paddies, marshes and shallow ponds, while
C. dentata inhabits rivers, and streams with rocky bottoms. These species are active
at night, and individuals crossing on the road traversing their inundated habitats
sometimes fall victim to passing vehicles. The paper of Alejandro A. Bernardo Jr.
which presented a 6-year observation on turtle road kill incidents in southern Palawan
is hoped to raise awareness and find ways to minimize this kind of threat to wildlife
(Photos by: Sabine Schoppe).
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EDITORIAL

Becoming smarter and more innovative! This is one of the four
areas of focus of the Philippine government over the next 25 years that
will help realize its Ambition Natin 2040. Without research, we have
nothing to innovate. A lot of innovation have grown out from research.
As an intrinsic aspect of the development of idea, research helps turn
that idea into an innovation. In the next few decades, innovation is
predicted to originate from middle-income countries that puts
premium on research and development. R&D is the backbone of a
globally competitive and knowledge driven economy. R&D helps
discover new materials and develop new products and services that
create jobs and drive economic growth. The Philippines should join the
bandwagon of nations with strong and robust R&D capacity in order to
attain its Vision for 2040.

Moving towards this goal, the academia must also serve as
incubators of idea and technology, and think-tank in the regions. But
this can only be achieved if our universities are committed to high-
impact research whose output is available to the public. The
government’s plan to bring development to the regions in order to
decongest Metro Manila requires strong research-intensive universities
in such areas. Among the typical examples is the Silicon Valley in the
United States, an epicenter of world innovation, which has Stanford
University and University of California-Berkeley; while Boston, another
innovation hub, has MIT and Harvard. The Austin area in Texas is
developing to be the next innovation center as well and that is tied to
the presence of the University of Texas. Our universities in the
Philippines must not get stacked in the old-fashioned style of educating
the young people. We need an academic revolution to obliterate the
traditional way of doing things. Our universities must strengthen
research capabilities and undertake crucial roles in strengthening
collaborations with the government, the industry and overseas
institutions. With this in mind, it is not impossible to see the Silicon
Valley of the Philippines that is fearless of failures, a beacon of
knowledge and creativity, a haven of innovation, and a driver of
entrepreneurial spirit.

In Palawan, the nature-rich and biggest province of the
Philippines, The Palawan Scientist is trying to address this gap by
providing a platform to make research work available to the scientific
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community, and encouraging quality research. From its humble
beginnings few years ago, the Journal is now indexed in Clarivate
Analytics. Inthe current issue we have seven Original Research Articles,
a Note, and a Review Paper for the first time. The review by Caipang
and Avillanosa provides a comprehensive overview on the mechanism
and application of biofloc technology (BFT) in freshwater tilapia
farming. They highlighted that the complex physical, chemical, and
biological interactions in the biofloc system require further studies.
Multidisciplinary studies and international collaboration are necessary
in order to unravel the complex processes and fine-tune this site-
specific technology before the wider applications in sustainable
aquaculture in developing countries such as the Philippines.

The goal of the Journal for 2019 is to increase paper citations and
impact by soliciting more articles with high quality. I encourage
researchers overseas especially those of Filipino descent and those with
connection to the Philippines to contribute articles. As a third world
country, researchers in the Philippines can boost further the quality of
research by forging partnerships with developed countries who have
always open doors for collaborative work. We just need to find the right
place to go and the right person to connect us. I am looking forward to
continue working with the Editorial Board and make The Palawan
Scientist become a high-quality and high-impact scientific journal.

Hernando P. Bacosa
Texas A&M University at Galveston
Texas, USA
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ABSTRACT

The pressures brought about by the increase in human population
resulted in the rapid expansion of the food production industries including
aquaculture to provide the nutritional requirements of the growing
population. As aquaculture operations intensify, there is also an urgent
need to preserve the environment; hence, all activities must be carried out
in a sustainable way. The use of the biofloc technology (BFT) in
aquaculture addresses these issues on restrictions on the usage of water
and land as well as matters concerning sustainability of the production.
BFT is a technique that maintains optimum water quality in the
aquaculture system by manipulating the carbon and nitrogen ratios in the
system. This optimum ratio favors the growth of heterotrophic bacteria
that contribute in maintaining good water quality and at the same time
provide sources of natural food for the cultured fish or crustaceans. In this
review, the mechanisms of the biofloc technology particularly in the
production of tilapia in freshwater systems are discussed. Moreover, some
of the intrinsic advantages of this technology are highlighted in the context
of developing and supporting backyard aquaculture of freshwater tilapias
as a means of providing the food demands of the population in rural
communities and as source of income for the marginalized small-scale fish
farmers.

Keywords: BFT, fish farming, small-scale aquaculture, sustainable
technology

INTRODUCTION

Global population is expected to reach 9.6 billion people by 2050 and
it is important that the food demands of the growing population are met while
safeguarding the world’s natural resources for future generations (FAO 2014).
In this regard, aquaculture has a crucial role in the elimination of hunger,
promotion of good health, reduction of poverty and in the provision of jobs
and economic opportunities. According to FAO (2014), fish production from
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aquaculture is expanding at an annual rate of at least 6%. This sector provides
jobs and supports livelihood of the population and proof of that is the fact that
fish continues to be one of the most traded food commodities worldwide. In
some cases, there are developing countries where fish and aquatic products
would constitute half the total value of their traded commodities
(Emerenciano et al. 2013).

Due to the rapid expansion of aquaculture, several technologies have
been developed to ensure increased and sustainable production of fish and
crustaceans. An example of such technology is biofloc technology or
commonly known as BFT. This technology is an aquaculture practice that is
based on natural processes that are widely occurring in the aquatic ecosystem.
According to Emerenciano et al. (2013), BFT is considered as the new “blue
revolution” because nutrients are continuously recycled and reused during
the culture phase and at the same time there is minimum or zero-water
exchange. The sustainable approach of this system is based on the high
production of fish or shrimp in small areas but with minimal or zero discharge
of wastewater back to the source, thereby reducing the ecological footprint. In
addition, the bioflocs which are the products of this aquaculture technology
are rich in proteins and lipids that could serve as natural sources of food for
the cultured stock. These food resources are available in the culture system all
day long as a result of the complex interaction between organic matter, the
physical substrate and wide array of microorganisms (Emerenciano et al.
2013). The natural productivity in a biofloc-based aquaculture system enables
the recycling of nutrients and maintaining the water quality in the pond or
tank. The consumption of biofloc by shrimp or fish has resulted in a wide
range of benefits including improvement of growth, decrease in feed
conversion ratio (FCR) and associated costs in feed (Avnimelech 2015; Choo
and Caipang 2015). In this type of aquaculture system, the growth of
heterotrophic bacteria that assimilate the toxic ammonia-N from the water,
and the corresponding increase in bacterial biomass is facilitated through
supplementation of external organic carbon sources (Azim and Little 2008).
This microbial biomass may further form aggregates with other micro- and
macro-organisms including phytoplankton and zooplankton; hence the term
“bioflocs” (Hari et al. 2004). Bioflocs are a rich source of growth promoters
and bioactive composites, which enhance both the digestive enzymes and the
health status of the aquatic organism (Hari et al. 2004; Choo and Caipang
2015).

This review discusses the mechanisms of the biofloc technology
particularly in the production of tilapia in freshwater systems. Moreover,
some of the intrinsic advantages of this technology are elucidated in the
context of developing and supporting backyard aquaculture of freshwater
tilapias as a means of answering the food demands of the population in rural
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communities as well as a source of livelihood for the marginalized small-scale
fish farmers.

THE BIOFLOC-BASED CULTURE SYSTEM

The biofloc technology as a type of an aquaculture system was believed
to have started in the early 70s in France by IFREMER-COP (French Research
Institute for Exploitation of the Sea - Oceanic Centre of Pacific) using shrimp
as the main species for culture, with the concept being likened to an external
rumen (Cuzon et al. 2004; Emerenciano et al. 2012b). In 1980, the Ecotron
Science Program was started by IFREMER to better understand how such
systems work through intensive research (Emerenciano et al. 2013). Later,
research initiatives on BFT began in the USA and Israel in the late 80s and
early 9os, respectively. The main focus of those activities was to develop an
aquaculture technology using tilapia as a model culture species with the
driving force of limiting water and land usage, as well as to finding ways of
reducing the negative environmental impacts of the prevailing aquaculture
practices (Emerenciano et al. 2013; Hargreaves 2013). The first commercial
application of the biofloc concept took place at the Sopomer farm in Tahiti
and at the Belize Aquaculture farms in 1988, where shrimp were reared in
biofloc systems (Emerenciano et al. 2013). Today, BFT systems are being
commercialized on a global scale, with tilapia and shrimp as the major species
being used (Avnimelech 2015).

There are a few types of biofloc systems that are being used in both
commercial aquaculture and in research. The two basic types of biofloc
systems are those that are exposed to natural light and those that are not
(Hargreaves 2013). Biofloc culture systems that are exposed to natural light
include outdoor, lined ponds or tanks that are used for the culture of shrimp
or tilapia. In this system, a complex mixture of algal and bacterial processes
helps to control the water quality; hence, these are also known as the
"greenwater" biofloc due to the greenish coloration of the water as a result of
the dominance of the algal community. However, there are some biofloc
systems that are not exposed to natural light, but are situated indoors with no
exposure to natural light. This type of system operates as a "brown-water"
biofloc, where only bacterial processes predominantly control the water
quality (Pérez-Rostro et al. 2014; Hargreaves 2013)

The biofloc-based culture system is based on the principle of
assimilating the dissolved ammonia-nitrogen (TAN) that is excreted by fish
as metabolic waste and also through the breakdown of organic nitrogen such
as uneaten fish feeds by heterotrophic bacteria and converting them into
microbial protein (Avnimelech 1999; Hargreaves 2006; Crab et al. 2012).
Figure 1 shows the general mechanisms of a biofloc-based culture system that
is commonly used in the farming of fish and crustaceans. The excretion of
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nitrogenous metabolic wastes and their subsequent assimilation by
heterotrophic bacteria create a balance through the manipulation of the
carbon-to-nitrogen ratio (C:N ratio) by adding various organic carbon sources
to the water. The production of the heterotrophic bacterial biomass further
results in the formation of macro-aggregates known as bioflocs. These
bioflocs are composed of not only the bacteria but also other microorganisms
including microalgae, zooplankton and trapped organic and inorganic
particles (Hargreaves 2013). This concept is based on the production of
predominantly heterotrophic bacteria, which can be attained by increasing
the carbon to nitrogen ratio (C:N) within the water of the culture environment
through the addition of organic carbon sources (Avnimelech 2015). In a
biofloc-based culture system, the water is well-aerated and vigorously mixed

Feed
—

+ Carbon
source

Feces and
dead
fish/shrimp

¥ source

Uneaten

Feeds Inorganic Nitrogen

Figure 1. Mechanisms of the production and maintenance of bioflocs in ponds
and tanks. Adapted from Crab et al. (2012)

to ensure that the heterotrophic bacteria remain in suspension and proliferate,
and will have continuous supply of the nitrogenous compounds from fish
wastes and excess feeds. The amount of nitrogen is the limiting factor to the
growth of the heterotrophic bacterial community (Hargreaves 2013;
Avnimelech 2015); hence, sufficient aeration and mixing are required to keep
the flocs in suspension within the water column, thereby keeping the water
quality controlled (Hargreaves 2013). The mixing has a critical role in keeping
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the bioflocs in suspension, which also prevents anoxic conditions from
developing at the bottom of the ponds or tanks (Avnimelech 2015). Table 1
shows some of the critical parameters that must be met and how these
parameters are manipulated to ensure successful production of bioflocs in the
rearing environment. By successfully implementing a BFT system in the
farming of fish and crustaceans, the benefits can be attained in the following
ways: firstly, toxic nitrogen species (especially the un-ionized ammonia) are
eliminated from the water in situ, thus avoiding the need for expensive
filtration systems, and at the same time allowing for higher stocking densities
than that being practiced in extensive systems (Hargreaves 2013). Secondly,
nutrients are recycled from the waste and converted into microbial protein by
the bioflocs, which are then utilized by some filter-feeding aquatic organisms
including tilapia and shrimp; hence, it significantly reduces the need for the
provision of formulated feeds without adversely affecting the growth rate of
the cultured stock (Avnimelech 2015). It should be noted that the optimum
stocking densities for semi- or intensive systems that are being used for the
culture of either tilapia or shrimp will likely be similar to those systems that
will employ biofloc technology. The added benefits of using BFT in the culture
system are discussed in the succeeding section of this review.

Table 1. Water parameters in a biofloc-based culture system and strategies in
optimizing their effects on the production and maintenance of biofloc.

Water Quality Floc Manipulation Impact on
Parameter Parameter/s Strategies other Water
Being Affected Quality
Parameter
Water Floc structure and | Choice of power
mixing/aeration size input and type of Dissolved
aeration device oxygen
Organic carbon Chemical floc Type of organic Organic loading
source composition carbon source rate; Dissolved
oxygen
Microbial floc
Loading rate of composition; Feeding strategy Dissolved
organic matter chemical floc oxygen
composition
Dissolved oxygen Microbial floc Choice of power | Mixing intensity;
(DO) composition; floc input; Aeration Source of
structure and device organic carbon
volume
Temperature Floc structure and | Addition of heat Dissolved
activity oxygen
pH Floc stability Addition of Alkalinity;
acid/base Conductivity

The data provided were adapted from Rathore et al. (2016).
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The microbial community which is composed predominantly of
heterotrophic bacteria in the water acts as a biofilter. Their presence results
in a faster rate of increase in nitrogen uptake and reduced ammonia levels in
comparison with the natural nitrification process (Avnimelech 1999; Crab et
al. 2012). Biofloc systems have very low water exchange, and thus have a
significantly lower impact on the surrounding environment through lesser
water requirements and minimal or zero discharges of effluents (Avnimelech
2007 2012; Hargreaves 2013). Degradation of the environment is further
reduced by the lower amount of pelleted feeds that are given to the cultured
stock and the higher efficiency in recycling nutrients from the fish waste and
uneaten feeds (Hargreaves 2013). With all these benefits, it is not surprising
that large scale BFT systems have been set up in various parts of the world,
with the smaller scale greenhouse biofloc systems having a wider application
(Emerenciano et al. 2013).

The carbon to nitrogen ratio (C:N) has an integral part in the BFT
system (Hargreaves 2013). It is through this ratio that effectively regulates the
proliferation of heterotrophic bacteria, which are generally limited by the
availability of organic carbon (Avnimelech 1999; Michaud et al. 2006;
Emerenciano et al. 2013; Hargreaves 2013; Luo et al. 2014). By increasing the
C:N ratio, the growth and production of heterotrophic bacteria is enhanced,
and ammonia is taken up from the water and converted into microbial
biomass that is rich in protein (Hargreaves 2013). The critical point of this
ratio where heterotrophic bacteria will dominate nitrifying bacteria is variable
depending on the type and quality of the organic carbon sources that are being
used in the production of bioflocs (Michaud et al. 2006). For example, Luo et
al. (2014) recommended that in a BFT system the C:N ratio should be
maintained at greater than 10:1, while Hargreaves (2013) suggested that it
should be closer to 12-15:1 to support the heterotrophic pathway. On the other
hand, Emerenciano et al. (2013) pointed out that the optimal ratio of C:N is
at the range of 15-20:1. From these studies, it is evident that there is no fixed
C:N ratio, but all biofloc researchers are in agreement that the C:N ratio must
be sufficiently elevated and this can be achieved through the provision of an
additional organic carbon source to the water of the rearing environment.

In practice, the choice of an organic carbon source is largely
dependent on the availability of a cheap carbon source that is near to where
the BFT system is located (Emerenciano et al. 2013). A range of organic
carbon sources such as wheat bran (Emerenciano et al. 2011; Emerenciano et
al. 2012a), molasses (Burford et al. 2004;), glucose (Crab et al. 2010),
cellulose (Avnimelech et al. 1989), cassava meal (Avnimelech and Mokady
1988; Chen et al. 2015), sorghum meal (Avnimelech et al. 1989; Lopez-Elias
et al. 2015), sweet potato flour (Caipang et al. 2015), wheat flour (Azim and
Little 2008; Xu et al. 2012) and corn/maize meal (Milstein et al. 2001;
Asaduzzaman et al. 2010; Xu et al. 2012) has been tested and proven to be
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effective in producing and maintaining biofloc volume and density in the
culture system. Table 2 shows some of the carbon sources that were tested for
the maintenance of biofloc in selected aquaculture species. Wheat flour,
starch, corn starch and cellulose were commonly used in tilapia culture, while
wheat bran, molasses and glycerol were the common carbon sources in
shrimp biofloc systems. The organic carbon source is linked to the feeding
rate and is usually added to the water once, or twice a day and usually after
feeding has taken place (Avnimelech 1999; Azim and Little 2008; Xu et al.
2012). The practical application and the specific routine when to add the
organic carbon source is dependent on the nature of the BFT system that is
being implemented (Avnimelech 1999). Before stocking of fish or crustaceans,
biofloc-based culture units are thoroughly prepared for a number of weeks,
where the water is seeded with biofloc water from an existing BFT pond or
tank followed by fertilization with the organic carbon source and allowing the
bioflocs to be produced and stabilized in the water column (Avnimelech 2012;
Hargreaves 2013). Ekasari et al. (2014) recommended a three-week period of
preparation until the total suspended solids (TSS) will exceed a concentration
of 500 mg/L. Once this concentration is reached, stocking of fish or shrimp
juveniles will commence. This recommended time frame is also in agreement
with the suggestion of Avnimelech (2012). It should be noted that the water
quality parameters fluctuate throughout this period of biofloc establishment
and the various water quality parameters must be strictly monitored to ensure
that these levels are within the optimum range for the rearing of either fish or
crustaceans.

Table 2. Sources of organic carbon that are used for the production and
maintenance of bioflocs in tilapia and shrimp culture.

Source of organic carbon Cultured species

Acetate Macrobrachium rosenbergii

Cassava meal

Penaeus monodon

Cassava flour

M. rosenbergii; Litopenaeus vannamei;
Oreochromis sp.

Cellulose Oreochromis sp.

Corn flour Orecochromis sp.

Dextrose L. vannamei

Glucose M. rosenbergii

Glycerol M. rosenbergii

Molasses L. vannamei; P. monodon
Sorghum meal Oreochromis sp.

Starch Oreochromis sp. and their hybrids
Wheat flour Oreochromis niloticus

Wheat bran and molasses

Farfantepenaeus brasiensis;
Farfantepenaeus paulensis

The data were modified from Caipang et al. (2015) and Rathore et al. (2016).
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Most BFT systems are often situated in areas where there is scarcity of
water supply. Limitations in the availability of water together with biosecurity
issues in the aquaculture site have driven fish farmers to use the minimal to
zero water exchange approach (Hargreaves 2013). The stability of zero or
minimal water exchange depends on the dynamic interaction among
communities of bacteria and other biotic communities that occur within the
biofloc system. These aggregates of the microorganism help in the
maintenance of the water quality and in the recycling of wastes to produce
nutritious food for the cultured stock (Emerenciano et al. 2013). BFT is
therefore perceived to be an environment-friendly aquaculture technique,
with sustainability as the major issue it addresses (Widanarni et al. 2012).

ADVANTAGES OF BIOFLOC SYSTEM IN BACKYARD
PRODUCTION OF TILAPIA

There are several factors that promote the implementation of the
biofloc technique in aquaculture (Crab et al. 2012). Firstly, water has become
scarce or expensive that it has become a limiting factor in aquaculture
development. Secondly, the release of waste waters from the aquaculture sites
into the environment is prohibited in some countries. Thirdly, severe
outbreaks of infectious diseases resulted in the development of stringent
biosecurity measures including the reduction of water exchange rates
(Avnimelech 2015). Rathore et al. (2016) cited the many advantages of a
biofloc-based system in the rearing of fish and crustaceans. These include its
applications in the breeding, nursery and grow-out production of both shrimp
and some species of fish as well as it can be integrated into the aquaponics
system of fish and vegetable production. Because bioflocs harbor a number of
microorganisms, it can also act as natural probiotics in the system
(Avnimelech 1999).

The species that are chosen to be cultured in a BFT system must be
able to tolerate sub-optimal water quality with high suspended solids, and
must have the ability to obtain nutrition from the bioflocs through filter
feeding (Crab et al. 2012; Hargreaves 2013). Furthermore, it is suggested by
Crab et al. (2012) that the focus on the choice of the aquaculture species
should be on the lower trophic species, which exhibit an herbivorous diet.
Hargreaves (2013) indicated that shrimp, carp and tilapia meet these
requirements and as a result they are being used as the species of choice in
almost all BFT systems worldwide. To a certain extent, some studies have also
shown the potential of using sturgeon and some species of catfish (Serfling
2006; Green et al. 2014).

Tilapia has been deemed as the fish of the 21st century (El-Sayed
2013), with a continued rise in its share of global fish production. Currently it
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is the most widely produced species around the world, with production being
recorded in 135 countries (FAO 2014). The production systems for tilapia
culture are usually simple extensive or modified semi-intensive systems, with
only the basic techniques required for successful cultivation. This species of
fish favors warmer water and because it can be easily cultured (El-Sayed
2013), tilapia shows great aquaculture potential in many developing countries
that are located in warmer regions. The hardy nature of the species is evident
in the wide range of environmental parameters that can be tolerated by tilapia
(Boyd 2004; Jamandre et al. 2011). This trait is beneficial during the culture
phase, where there may be a lack in the availability of effective mechanisms
for water quality control and monitoring due to the nature of the prevailing
systems. Even though tilapias are being positioned at a low-trophic level with
its omnivorous feeding habits (Njiru et al. 2004; Fitzsimmons et al. 2011),
they are able to effectively utilize a plant-based diet and the corresponding
product at harvest is well accepted by the consumers (Andretto et al. 2015).
The role of freshwater fish farming, identified as the major mechanism
towards attaining food and protein security (FAO 2014), cements the place of
tilapia in the future as a key aquaculture species in most developing countries.
With large portions of the population in developing countries living below the
poverty line, the potential for tilapia culture employing the basic culture
methods is recommended.

Tilapia farming in biofloc systems is very promising because it uses
minimal or zero water exchange, can be stocked at high densities, can reach
high yields due to the availability of natural food by manipulating the C:N
ratio in the water and better water quality because of the presence of
microorganisms that remove and recycle nutrients (De Schryver et al. 2008;
Crab et al. 2012; Emerenciano et al. 2013; Avnimelech 2012). Also, the
physiological functions such as immune and antioxidant systems, which are
essential for tilapias in maintaining their health and growth performance
(Shourbela et al. 2017) are also enhanced in biofloc-based culture systems.
The presence of bioflocs is also shown to enhance immune functions of the
fish (Azim and Little 2008). An improved immunity in fish and better
antioxidant defense mechanism would likely result in higher resistance
against pathogens that will prevent disease outbreaks (Bachére 2000).

In addition to maintaining optimum water quality in tilapia ponds and
tanks via the uptake of nitrogenous compounds to generate microbial
proteins on-site, biofloc-based culture system also increases fish production
by reducing feed conversion ratio through higher protein utilization and lower
inputs of commercial feed, thereby decreasing feed cost (Choo and Caipang
2015). The cost of feeds represents at least 50% of the total aquaculture
production cost, which is predominantly due to the high cost of the protein
component in commercial diets (De Schryver et al. 2008). Tilapia ingest a
wide variety of natural food organisms including plankters, aquatic
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macrophytes, planktonic and benthic aquatic invertebrates, detritus and
decomposing organic matter. With heavy supplemental feeding, natural food
organisms typically account for 30 - 50% of tilapia growth (Emerenciano et
al. 2013). The gills of tilapia secrete mucus that traps planktonic organisms.
The plankton-rich mucus is then swallowed and is a rich source of nutrients
for the fish. In general, tilapia uses natural food efficiently and their
production can be sustained in well-fertilized ponds even without the addition
of supplemental feeds (Popma and Lovshin 1996). As such, in a biofloc-based
culture system, tilapias are able to efficiently utilize single-cell microbial
proteins that are produced by the heterotrophic bacteria through assimilation
of inorganic nitrogen (TAN) from the water. These characteristics of tilapia
favor them to be suitable fish species that can be cultured using bioflocs.

So how will a biofloc-based culture system of tilapia contribute
towards the successful implementation of backyard aquaculture? It is widely
known that marginalized fish farmers would greatly benefit from using this
simple aquaculture technology. The small-scale or marginalized fish farmers
in developing countries are often poorer than the rest of the population and
they have less access to proper nutrition in order to lead healthy lives (Matte
2019). As such, alleviating poverty and hunger means confronting the
problems that farmers face in their daily struggle for survival. Through
backyard farming of tilapia using low inputs, which are the beneficial features
of a biofloc-based culture system, it contributes immensely to the food needs
as well economic empowerment of many families especially in rural
communities. The fish farmers are able to be productive all-year round; thus,
fully maximizing fish production (Mathias 1998), as tilapias are tolerant to
wide fluctuations in environmental conditions. In addition, the requirements
for the establishment of a biofloc system for backyard aquaculture of
freshwater tilapia are cheap and readily available as materials. The rearing
units can be sourced from scrap such as used canvass tanks and the food to
be given to the fish could include food and vegetable wastes. The carbon
sources for the production and maintenance of biofloc are all by-products of
the food production process, which may include molasses and fermented
vegetables. All the inputs in a biofloc-based culture system can be easily
procured by small-scale fish farmers to start their aquaculture activity
regardless of their location. The main problem that these small-scale fish
farmers would likely encounter is how to maintain constant aeration in the
biofloc tanks to ensure that the biofloc particles are kept in suspension. This
can be addressed by stocking the fish at low densities so that there will be no
problems with oxygen depletion. To provide aeration to the tank, the fish
farmers can fabricate aeration systems from scrap materials and these will
only be run at short durations during the day so as to save on electricity or
fuel costs. These advantages of a biofloc-based culture system for freshwater
tilapia would definitely be attractive to small-scale fish farmers to start
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farming of fish in their backyards as their source of food and at the same time
as potential source of livelihood.

FUTURE PERSPECTIVES AND CONCLUSION

Biofloc-based culture system for tilapia has an immense potential in
addressing issues on income instability, food insecurity, unemployment and
poverty of small-scale farmers in most rural communities. As biofloc
technology can only be applied predominantly in land-based aquaculture,
fish farmers should rethink of a paradigm shift towards setting up more
land-based rural aquaculture using biofloc technology as a substitute for
intensive fish cage farming where fish kills are becoming more frequent. A
variety of beneficial features can be attributed to biofloc technology. These
advantages range from water quality control to source of feed and even in
the inhibition of certain pathogens. Biofloc technology will enable
aquaculture to shift towards an environment-friendly approach and
biosecure culture operations. The consumption of microorganisms by the
cultured stock in a biofloc-based culture system will significantly reduce
feed conversion ratio (FCR) and consequently the costs in feed. Also,
microbial community is able to rapidly convert toxic nitrogenous wastes that
are derived from the feces of fish or shrimp and uneaten feeds and
subsequently convert them into microbial protein. The conversion of toxic
nitrogenous wastes to the less toxic forms is crucial in maintaining optimum
water quality in biofloc-based culture systems. It would be an interesting
topic for future research to determine the composition of bacterial
population in a biofloc system so as identify and isolate beneficial
heterotrophic bacterial species that are responsible for the added benefits of
bioflocs in aquaculture.

The physical, chemical, and biological interactions that occur within
the biofloc systems are complex; hence, further studies are needed to
elucidate specific phenomena and their possible applications to other fields,
and such interactions that take place in freshwater tilapia culture system
should not be overlooked as well. Given the numerous benefits of bioflocs to
tilapia aquaculture, BFT also provides a sustainable way to simultaneously
address the environmental, social and economic issues that are related to
the growth of this particular aquaculture sector. As an ecologically-friendly
culture system that is characterized by reduced wastes, the ecological
importance of the biofloc-based culture system must be taken seriously into
consideration as this will impact its sustainability. In this regard, clear
linkages between aquaculture and the environment must be defined and
made known to all stakeholders. In addition, it is a challenge to the tilapia
researchers and farmers to collaborate in order to further develop and refine
BFT as the requirements could be site-specific. The basic principles of the
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BFT are already available, but further development of this technology needs
fine-tuning and its implementation needs further research to enable this
technique become a major feature of sustainable aquaculture in the future.
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ABSTRACT

The low production of hypotaurine from cysteine but a significantly
high taurine deposition in common carp led to the hypothesis that this
species utilizes an alternative pathway other than the cysteine sulfinic acid
pathway. Cysteamine pathway is common in mammals but not in other
animals such as birds, invertebrates, and fishes. The cloned cysteamine
dioxygenase (ADO) cDNA in common carp consists of 790 nucleotide bases
with 260 deduced amino acid sequence. The conserved domain is the
DUF1637 which has a conserved tyrosine and cysteine residues and the
presence of three predicted N-glycosylation sites. Phylogenetic analysis
using neighbor joint method indicated that ADO in common carp branched
after Sinocyclocheilus rhinocerous. ADO was expressed in hepatopancreas,
brain, gill, intestine, and muscle of common carp. The hepatopacreas had
a significantly higher gene expression level than the other organs examined.
The present results suggest that ADO is present in common carp.

Keywords: ADO, tissue distribution, cysteamine pathway

INTRODUCTION

There are three identified taurine synthesizing pathways namely
cysteine sulfinic acid, cysteamine and cysteic acid pathways (Griffith 1987;
Huxtable 1992; Stipanuk 2004) (Figure 1). Cysteine sulfinic acid pathway is
present in teleost such as rainbow trout Oncorhynchus mykiss (Yokoyama
and Nakazoe 1991). In this pathway, L-cysteine is oxidized by cysteine
dioxygenase (CDO), which generates cysteine sulfinate that is decarboxylated
by cysteine sulfinic acid decarboxylase (CSD) which converts cysteine
sulfinate to hypotaurine (Griffith 1987; Yokoyama et al. 2001; Goto et al.
2001a; Higuchi et al. 2012). The cysteamine pathway, on the other hand, is
said to be being utilized by chicken Galus galus (Kataoka et al. 1988). In this
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pathway, the cysteine together with degraded co-enzyme A will form
cysteamine which acts as a substrate for cysteamine dioxygenase (ADO), ADO
will then convert cysteamine into hypotaurine, and further, oxidize
hypotaurine to taurine (Stipanuk and Ueki 2011). Recently, the enzyme ADO
was reported to be present in cobia Rachycentron canadum (Watson et al.
2015). The cysteic acid pathway which converts sulfate to cysteate and then to
taurine by means of cysteic acid decarboxylase (CAD) is being utilized by
microalgae and bacteria (Jacobsen and Smith 1968; Tevatia et al. 2015). The
CSD is thought to be the rate limiting enzyme in taurine production, and its
activity in freshwater fishes is higher than that of marine fishes (Goto et al.
2003). Most of the previous studies on taurine synthesis focused on cysteine
sulfinic pathway and less on cysteamine pathway.

Pathway 1

Methionine

A

Homocysteine

C A
Cysteine
Pathway 3
[0}
Ceo
3’- Phosphoadenosine

Y 5’- Phosphosulphate
+ a- aminoacrylate

Cysteinesulfinate

Cysteamine

Cysteic acid

Figure 1. Metabolic pathways of Taurine modified from Griffith (1987).

Hepatic CSD expression was demonstrated in various teleosts such as
common carp, Japanese flounder Paralichthys olivaceus, Japanese seabass
Lateolabrax japonicus, rainbow trout Oncohrynchus mykiss, red sea bream
Pargus major, yellowtail Seriola quinqueradiata, barfin flounder Verasper
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mosert and zebrafish Danio rerio (Goto et al. 2001b; Chang et al. 2013; Haga
et al. 2015; Wang et al. 2015; 2016). The fact that the high amount of taurine
being deposited in common carp even if the CSD activity was low led to the
possibility that common carp utilizes another pathway than cysteine sulfinic
acid pathway for taurine production (Yokoyama et al. 2001).

Aside from production of taurine from cysteamine into hypotaurine
and then taurine, cysteamine also plays a role in maintaining the level of
cysteine to avoid cysteine toxicity. Both cysteine and cysteamine if present in
high amount could be toxic to fish and affect the growth. The ADO is not yet
molecularly characterized and its tissue distribution is still unknown. Hence
the objective of this study is to clone and characterize ADO gene from juvenile
common carp and analyze the tissue distribution and gene expression of ADO
present in their organs.

METHODS
Fish

The five fish having an average initial weight of 3.85 + 0.75 g were
stocked in a 60 L glass tanks. Hand feeding was conducted twice a day until
satiation. A recirculating system was utilized for the entire culture period with
water temperature ranging from 23.5 + 0.5 °C, and ammonia was monitored
daily.

Juvenile common carp was euthanized with an overdose of 2-
phenoxyethanol (Wako Pure Chemical Industries, Osaka, Japan) before
dissection and collection of organs. Hepatopancreas, brain, gills, intestine,
muscles, eye, heart, spleen, kidney and gallbladder were sampled from five
fish and tissues were preserved using 1000 ul RNA later (Ambion by life
technologies, CA, USA) in an Eppendorf tube and kept at -80°C until analysis.

RNA extraction and cDNA cloning

Total RNA was isolated from the liver using TRIzol following the
manufacturer’s protocol. Digestion of total RNA followed thereafter using
RNase-free DNase and ¢cDNA was synthesized using the high capacity cDNA
reverse transcription kit (Applied Biosystems, CA, USA).

The PCR product was ligated using pGEM T-Easy Vector and cloned
using JM 109 competent cells (Promega Corp., Maddison, USA). The primer
sequence for RACE PCR was determined according to the subcloned sequence
and was amplified using Smart RACE Kit (Clontech Laboratories, Inc. Siga,
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Japan). RACE PCR conditions for ADO were as follows: initial denaturation
for five minutes at 95°c, 35 cycles of denaturation for 30 seconds at 95°c;
annealing for 30 seconds at 68°c; extension for 1 min at 72°c, and final
denaturation for five minutes at 72°c. PCR products were sequenced using the
Big Dye Terminator Cycle Sequencing Kit version 3.1 (Applied Biosystems,
Tokyo, Japan).

Phylogenetic analysis

Sequences used for phylogenetic analysis were obtained from the
National Center for Biotechnology Information (NCBI). Alignment was done
using ClustalW (Larkin et al. 2007). Validation of speciation occurred on ADO
in teleost based on tree branching, an evolutionary distance of ADO genes
from other teleosts by branch lengths and the clades classification and its
boostrap value were analyzed by constructing a Phylogenetic tree using
neighbor joining method (Saitou and Nei 1987) with 1000 boostrap value.

Domain analysis of deduced amino acid sequence from juvenile
common carp for ADO gene was carried out using blast online software
(Altschul, et al., 1990). A total of twelve species of fish were used for domain
analysis (GeneBank accession number: Sinocyclocheilus rhinocerous
(XP_016399656), Danio rerio (NP_998358), Salmo salar (XP_014060776),
Esox lucius (XP_010868171), Lepisosteus oculatus (XP_006630446),
Pygocentrus nattereri (XP_017549864), Larimichthys crocea
(XP_010750130), Xiphophorus maculatus (XP_005806180), Lates
calcarifer (XP_018516308), Paralichthys olivaceus (XP_019969282),
Ictalurus punctatus (XP_017332680), Oreochromis niloticus
(XP_005473824) and Cyprinus carpio (MK035000)).

Gene expression and tissue distribution analysis

The ¢cDNA was synthesized using the high capacity cDNA reverse
transcription kit (Applied Biosystems, CA, USA) and Thunderbird SYBR green
Q-PCR mix (Toyobo Co., LTD Life Science Department, Osaka, Japan) was
used for Q-PCR mix. Samples for Q-PCR were analyzed using the StepOne™
Real-Time PCR System (96 wells) (Thermo Fisher Scientific, Grand Island,
USA) following the standard/default run mode. Beta-actin for common carp
were used as an internal control and primers were designed against highly
conserved region. All primers used for gene expression analysis and cloning
were in Table 1. The condition of RT-PCR was as follows: initial denaturation
for five minutes at 95°c, 35 cycles of denaturation for 30 sec at 95°c; annealing
for 30 sec at 55°c; extension for 1 min at 72°c, and final denaturation for five
min at 72°c. While for Q-PCR for stage 1 was 1 min at 95°c: followed by stage
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2 for 40 cycles for 0.9 min at 95°c and 1 min at 60°c; and melt curve 15 sec at
95°c, 1 min at 60°c and 15 sec at 95°c.

Statistical analysis was performed using one-way ANOVA, normality
test was performed using Bartlett’s test and the difference among means was
analyzed using Tukey’s test (P<0.05).

Table 1. Primers used in molecular characterization and gene expression
analysis of ADO in Common carp Cyprinus carpio.

Primer Primer Sequence

RACE PCR Primers

ADOGSP 5’ ATGATGCCACGAGACAACATGACTTCCAC
ADO GSP 3’ ATCTTCAAGTCCGCCGCTCTG

RT-PCR and Q-PCR Primers

B actin 5’ GGACTCTGGTGATGGTGTCA

B actin 3’ CTGTAGCCTCTCTCGGTCAG

ADO 5’ ATGATGCCACGAGACAACATGACTTCCAC
ADO g ATCTTCAAGTCCGCCGCTCTG

RESULTS

Molecular characterization

Full length nucleotide sequences of ADO for common carp
(MKo35000) were 790 nucleotide bases with the deduced amino acid
sequence of 260 amino acids (Figure 2. The conserved domain found in the
sequence was the DUF1637, which has conserved tyrosine and cysteine
residues. In addition, there was also a presence of three predicted N-
glycosylation sites in ADO (Figure 2).

Alignment of deduced amino acid for ADO is shown in Figure 3, and
the conserved region was almost similar in all teleost. The ADO of bird
Lonchura striata domestica (XP_021391450.1) claded with that of mouse
Mus musculus (AAH58407.1), human Homo sapiens (NP_116193.2), and cat
Felis catus (XP_003994017.3) ADO sequence (Figure 3). The result of
phylogenetic analysis with respective bootstrap value is shown in Figure 4. The
ADO in teleost has two major clades one consist of four fish species belonging
to family Ictaluridae, Salmonidae and Cyprinidae (Ictalurus punctatus
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(XP_017332680.1) (82%), Salmo salar (NP_o001134267.1) (62%),
Sinocyclocheilus rhinocerous (XP_016399656.1) and Cyprinus carpio
(MKo035000) (100%) (Figure 4). While the other clade consists of five fish
species belonging to Poecilidae, Cichlidae, Sciaenidae, Paralichthyidae and
Carangidae (Poecilia reticulata (XP_017166122.1) (68%), Maylandia zebra
(XP_004570438.1) (68%), Larimichthys crocea (KKF18981.1) (74%), Seriola
dumerili (XP_022621764.1)(82%), and  Paralichthys olivaceus
(XP_019939118.1)(83%)) (Figure 4). The ADO of common carp had 100%
bootstrap value with Sinocyclocheilus rhinocerous (XP_016399656.1) (Figure

4).

attatgatgccacgagacaacatgacttccactgtccagaaaatcgecagacaggececte
IMMPRDNMTSTVQKIARQAL
acgacgttcagaaacccctcgettgtcggagaacactataaagtgtttttggaaaaccetg
TTFRN*PSLVGEHYKVFLE N*L
agcaagctgaaaagccttatggeggaggtcaaageggeggacttgaagatcgeacceegg
SKLKSLMAEVKAADLKIAPR
agcaccgagagcegecccggggecegteteegegegteeecggeteccgttacatacatgeac
STESAPGPSPRVPAPVTYMH
atctacgagaccgacacgttcagcatgggggggtttttattaaaaagggecgcttcgata
IYETDTFSMGGFLLKRAASI
cccctgeeggttecateecgggaatgtacggeatgetgaaagtgatttacggcaaggtgega
PLPVHPGMYGMLKVIYGKVR
atcagctgtttcgacatgttggataaacctcgagacggtgecageggegtgeagttcage
ISCFDMLDKPRDGASGVQFS
ccteegcetetaceecttecggagceagcetctetteegeecteggggetgaggtegggggeg
PPLYPFRSSSLPPSGLRSGG
gaatacacggaggagagcggccecgtgtgtgetgtcaccccaaaagaacaatatccaccag
EYTEESGPCVLSPQKNNIHQ
atagacgctgttgacggacccacggctttccttgacatcttatcacegecgtatgatecg
IDAVDGPTAFLDILSPPYDP
gaagaagggagagactgccattataataaggttttgcatgcccattcagaggetgcagac
EEGRDCHYNKVLHAHSEAAD
agaaagagtgaagccagggaccccggtgacctgtggetegtggagatcececcagecaggt
RKSEARDPGDLWLVEIPQPG
gatttctggtgtggggooooacctttcccagggectaaggtgecectetggagggaccta
DFWCGGGPFPGPKVPLWRDL

ctttaaaatt

L-N

Figure 2. Nucleotide sequence and deduced amino acid sequence of ADO
c¢DNA in common carp Cyprinus carpio. The one with the asterisk (*) is the
predicted N-glycosylation sites in ADO (Genbank accession number:
MKo035000).
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Figure 4. Phylogenetic tree of ADO by the neighbor-joint method. GeneBank
accession no: Ictalurus punctatus (XP_017332680.1), Salmo salar
(NP_001134267.1), Sinocyclocheilus rhinocerous (XP_016399656.1),
Poecilia reticulata (XP_017166122.1), Maylandia zebra (XP_004570438.1),
Larimichthys crocea (KKF18981.1), Paralichthys olivaceus
(XP_019939118.1), Seriola dumerili (XP_022621764.1), Lonchura striata
domestica (XP_021391450.1), Mus musculus (AAH58407.1), Homo sapiens
(NP_116193.2), Felis catus (XP_003994017.3), and Cyprinus carpio
(MK035000).

Quantitative-PCR and tissue distribution

Hepatopancreas, brain, gills, intestine, muscles, eye, heart, spleen,
kidney, and gallbladder were the organ samples for g-PCR. All organ samples
had bands indicating that ADO is present in juvenile common carp (Figure 5).
The highest level of ADO being expressed was found in the hepatopancreas
followed by the brain (Figure 6).

M Hep Br Gil Int Mus Eye Hrt Spl Kid GB

500bp

B-actin

500bp
ADO

Figure 5. The result of RT-PCR using gel electrophoresis. M, marker; hep,
hepatopancreas; br, brain; Gil, gills; Int, intestine; Mus, muscles; Eye, eye; Hrt,
heart; Spl, spleen, Kid, kidney; and GB, gallbladder.
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Relative gene expression of ADO
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Figure 6. Relative gene expression of ADO gene in different organs of juvenile
common carp. Samples were normalized using B-actin (n=5). (Graphs
represents mean + SD; values with the different superscript letters are
significantly different (P<0.05) (n=5) by Tukey’s test).

DISCUSSION

The presence of conserved tyrosine and cysteine in DUF1637 is
important for the structure of the ADO genes. Tyrosine has a tendency to form
hydrogen bonds with that of the mainchain within edge strands. While
cysteine is important in making hydrogen bonds with the mainchain NH
functions in the N-terminal regions of a-helices (Worth and Blundell 2010).
The N-linked glycosylation site that is present in common carp, on the other
hand, is responsible for the attachment of oligosaccharides to a nitrogen atom,
usually the N4 of asparagine residues (Marshall 1972). In addition, the N-
glycosylation occurs mainly on secreted or membrane bound proteins and
affects the solubility and stability of ADO.

The difference in methods used in detecting the presence and level of

cysteamine and the species of fish affects results of tissue distribution and
gene expression level of ADO. In the study conducted by Kataoka et al. (1988)
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utilizing the gas chromatography, ADO was present in brain, gills, and liver
but undetected in intestine and muscles of mackerel. The present study used
Q-PCR hence ADO was detected also in muscles and intestine and other
organs of common carp.

The ADO gene expression level was significantly high in the liver of
cobia Rachycentron canadum which was around 2% expression compared to
reference gene beta-actin for each diet (% taurine) (Watson et al. 2015). This
support our result that ADO was also high in hepatopancreas of common carp.

We still yet to prove if ADO is an important enzyme/ gene for taurine
production in common carp. The future application of this study begin once
proven that ADO is a significant enzyme for taurine production. By cloning
this gene and performing transgenesis to other fish to improve taurine
production we could increase the ability of fish to utilize plant base protein
hence utilization of fishmeal for feed production could be reduced.

Since this study is a basic study on the taurine synthesizing enzymes in
juvenile common carp, in-depth study on the physiological and nutritional
function of ADO on common carp should be conducted to further understand
the taurine production and the role of taurine synthesizing enzymes in
common carp.
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ABSTRACT

The study was conducted in the coastal waters of Bolong, Zamboanga
City, Philippines purposely to determine the spatial distribution of
Sepioteuthis lessoniana in relation to the depth of water and temporal
distribution in relation to lunar phase using size composition and catch per
unit effort (CPUE) data. Two sampling stations were established, namely,
shallow-water station (Station 1) and deep-water station (Stations 2).
Twenty units of squid traps were utilized in the study; ten of which were
set in Station 1 and the other ten in Station 2. The traps were constructed
using bamboo and green polyethylene netting. Instead of bait, coconut
spikelet was placed inside the trap to lure squids. A motorized banca was
used to set and haul the traps in the two sampling stations. Although
hauling was done daily, sampling is scheduled only 12 times a month with
three samplings per lunar phase. Catches were segregated according to
sampling stations and lunar phases. Results of the study revealed that the
squids caught in deeper waters were significantly larger than those caught
in shallow waters, and that females dominated the shallow waters while
males dominated the deeper waters. Furthermore, the catch during Full
Moon was significantly higher than the catch of the other three lunar
phases (p<0.05) with highest CPUE recorded in Station 2 during Full
Moon (0.352 kg trap day).

Keywords: Spatial distribution, temporal distribution, squid strap, CPUE

INTRODUCTION

Sepioteuthis lessoniana (Lesson 1830), commonly known as the oval
squid or bigfin reef squid, is a commercially important species of loliginid
squid. This species of squid preys on live fish and crustaceans. They have eight
arms and two tentacles, the latter for capturing prey and guiding it to their
sharp beaks. They move by "jet propulsion", sucking water into a muscular sac
in the mantle cavity surrounding their bodies and quickly expelling it out a
narrow siphon.
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Squid together with cuttlefish, octopus, crabs, groupers, ornamental
fish, roundscad and sea cucumber constitute the other major fishery exports,
contributing 34.5% or US$440 million of the total US$1,268 million export
revenues in the Philippines (Philippines Fisheries Profile 2014).
Unfortunately, information on catch and distribution of this species are
limited and often unavailable. Voss (1963) wrote the first extensive report on
the taxonomy of Philippine Cephalopods. Subsequently, Flores (1974)
surveyed the traditional fishing grounds and identified some fishing gears and
furthermore, Hernando and Flores (1981) described the different squid fishing
gears used in the country and contributed information in terms of species
identification, fishing seasons, and production. Accordingly, there are four
genera and seven species of the squid species in the Philippines with S.
lessoniana as one of the most common. In the Philippines, S. lessoniana is
caught mainly by trawl (Hernando and Flores 1981). Regrettably, its
contribution to the annual Philippine cephalopod catch of about 10,000 tons
(Balgos 1990) is not known, owing to the lack of species-specific data. Few
other studies were performed on Loligo duvauceli in Indian waters
(Chakraborty et al. 1997; Karnik et al. 2003; Meiyappan and Srinath 19809;
Mohamed and Rao 1997; Neethiselvan and Venkataramani 2002; Silas et al.
1986).

In the coastal waters of Bolong, catching S. lessoniana using squid trap
became a very viable source of income for many of the fishermen living in the
area. However, despite the importance of this species to the people, very little
attention has been done to study the spatial and temporal distribution of this
species. There has been one related preliminary study conducted for S.
lessoniana that is the study of Balgos and Pauly (1998) in Philippine waters.
However, spatial and temporal distribution were not clearly defined in that
study. In fact, what was stated is that the S. lessoniana is an important
fisheries species throughout much of its range, from central Japan and the Red
Sea in the north, through South and South-East Asia, to Queensland,
Australia, and North Island, New Zealand, in the south (Roper et al. 1984).

There are other studies conducted on wild squid populations but on
size-at-age between geographical areas (Jackson and Moltschaniwskyj 2002;
Chen and Chiu 2003) and between seasonal cohorts (Arkhipkin et al. 2000;
Villegas 2001; Pecl 2004). Accordingly, the differences in growth were mainly
attributed to the geographical or seasonal prevailing temperatures during the
early life stages. Currently, no formal assessment of this resource is
undertaken. Some exercises with cohort analysis (Royer et al. 2002; Challier
et al. 2006) and depletion methods (Young et al. 2004) have been conducted
for loliginid squids, but for the most part, conventional models used in the
assessment of finfish stocks are not applicable (Pierce and Guerra, 1994).
Nevertheless, if stock size predictions are to rely partly on temperature data
(Robin and Denis 1999; Pierce and Boyle 2003; Chen et al. 2006), the
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understanding of age structure, growth, and its variability under fluctuating
environmental conditions is of fundamental relevance.

Hence, the present study was carried out in order to investigate the
spatial and temporal distribution of the squid S. lessoniana in the coastal
waters of Bolong with a view to obtain basic scientific information relevant to
management of its fishery. Specifically, the study aims to determine the spatial
distribution of S. lessoniana in relation to the depth of water and temporal
distribution in relation to lunar phase using size composition, CPUE data, and
food and feeding habits.

METHODS
Study Site

The study was conducted in the coastal waters of Bolong,
approximately 30 km from the Zamboanga City proper (Figure 1). The
shoreline in the area was mainly muddy with sandy beach. Two sampling
stations were established in the study site. The exact location of the sampling
stations was determined using a Global Positioning System (GPS). Station 1 is
situated at 07° 03’ 45” N and 122013’ 15” E. Station 2 situated at 07° 01’ 15" N
and 122° 14’ 45” E. The depth of the water in Station 1 ranged from 6 to 10 m,
while in Station 2, the water depth ranged from 11 to 15 m.

The estimated area of each sampling station was 2.5 km2. The
substrates of the two sampling stations were mostly muddy and sandy. Based
on the interviews with the squid trap operators in the study area, they set their
traps in water depths ranging from 6-15 m, and they considered the depths
ranging from 6-10 m as shallow waters and 11-15 m as deep waters.

Construction, Setting and Hauling of Squid Traps

Twenty units of squid traps were constructed using bamboo and green
polyethylene netting. Instead of bait, coconut spikelet was placed inside the
trap to lure squids (Figure 2).

These squid traps, which measure 1.00 m x 0.75 m x 0.60 m, were
capable of catching squid particularly oval squid with the use of coconut
spikelet as an attractant instead of baits. The squid traps were known to be
environment friendly considering that squids caught by this fishing gear were
considered marketable in size ranging from 110 mm to 220 mm.
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Figure 1. A map showing the location of Bolong, Zamboanga City.
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Figure 2. The squid traps used in the study.
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Ten traps were set in Station 1 and the other 10 in Station 2. The traps
were positioned approximately 1 m away from the bottom. Each trap was
attached using a rope to a bamboo pole set perpendicularly to the bottom. The
reason why the traps were set 1 m from the bottom was to avoid being covered
with mud as the area has a muddy bottom and to avoid being wrapped with
algae “lumut”. Damaged/lost traps were replaced immediately.

In the shallow water (Station 1), two traps were set starting in 6 m
depth, another two were set in the 7 m depth and so forth until the 10 m depth.
Likewise, in the deeper waters (Station 2), two traps were set starting at the 11
m depth, two in the 12 m depth and so forth until the 15 m depth. A motorized
banca was used to set and haul the traps in the two sampling stations. Hauling
is scheduled daily between 0600-0800H.

Field Sampling

Two groups of S. lessoniana were sampled. The first group comprises
those caught in Station 1 and the other group in Station 2. Although hauling
was done daily, sampling was scheduled only 12 times a month with three
samplings per lunar phase, i.e., New Moon, First Quarter, Full Moon, and Last
Quarter.

Spatial Distribution

Although the traps were set according to specific depth, catches were
grouped according to sampling stations. Males were also segregated from the
females in both stations. After the segregation, the mantle length and the
corresponding weight were measured and recorded. Comparative analysis
between the catch (kg) of the oval squid in the two sampling stations was
conducted using t-test of independent sample to determine if significant
difference exists (Pagano 2004).

Temporal Distribution

In order to determine the temporal distribution, the catch data were
grouped according to lunar phase, i.e., New Moon, First Quarter, Full Moon,
and Last Quarter. Comparative analysis was conducted according to lunar
phase using Analysis of Variance (ANOVA) to determine if significant
differences exist. Post hoc analysis was also done using Duncan Multiple
Range Test (Duncan 1955).
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Catch-per-unit-effort (CPUE)

Catch data collected (including effort) on a weekly basis were grouped
on a monthly basis. Catch-per-unit-effort (CPUE) was determined following
the equation:

Total catch (kg)
CPUE =

No. of gear units x day

In a study conducted by Chen et al. (2002), squid catch was compiled
in a geographically referenced format using a statistical grid of 0.5°
(0.5°longitude by 0.5°latitude). The catch per unit effort (CPUE, t/vessel/d)
of squid was standardized using a relative CPUE comparison method
(Salthaug and Godg 2001). Then the adjusted CPUE was used as an index of
squid abundances to illustrate the spatiotemporal patterns of population
dynamics. In this study, however, this model was not adopted due to limited
information in time and space.

RESULTS
Spatial Distribution

Three hundred thirty-two (332) individuals of S. lessoniana were
caught using squid traps in the coastal waters of Bolong from August to
October 2017 with a total weight of 134.94 kg (Table 1). The total catch
recorded in Station 1 was 55.88 kg (41.41%) and the total catch in Station 2
was 79.06 kg (58.59%). While higher catch of female squid was recorded in
Station 1 (31.01 kg) as compared to the males (24.87 kg), higher catch of males
was recorded in Station 2 (45.81 kg) as compared to the females (33.25 kg).

Table 1. Monthly catch of male and female S. lessoniana by sampling station
(M - male; F - female).

Monthly Catch (kg)
Months . .
(2017) Station 1 Station 2 Pooled
M F Total M F Total

Aug 8.92 | 10.05 | 18.97 | 14.74 | 11.05 | 25.79 | 44.76
Sep 8.34 | 11.60 | 19.94 | 14.96 | 10.89 | 25.85 | 45.79
Oct 7.61 | 9.36 | 16.97 | 16.11 | 11.31 | 27.42 | 44.39
Total | 24.87| 31.01 | 55.88 | 45.81 | 33.25 | 79.06 | 134.94
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Temporal Distribution

The catch of S. lessoniana relative to the different phases of the moon
is shown in Table 2. Full Moon registered the highest catch (51.80 kg) with
mean weight of 492.60 g. New moon recorded the second highest catch (34.43
kg), with mean weight of 412.99 g. First Quarter was third with 26.76 kg with
mean weight of 350.19 g. The lowest catch happened in the Last Quarter (21.97
kg), with mean weight of 307.14 g.

Table 2. Monthly catches (kg) and mean body weights (g) of S. lessoniana by
lunar phase in 2017.

Monthly Catches (kg) Total Mean Body
Lunar Phases .
Aug Sep Oct (kg) Weight (g)
First Quarter 8.29 8.88 9.59 26.76 350.19
Full Moon 18.06 16.84 16.88 51.78 492.60
Last Quarter 7.00 8.39 6.58 21.97 307.14
New Moon 11.41 11.68 11.34 34.43 412.99
Total 44.76 45.79 44-39 134.94 | Ave: 390.73

Duncan’s Multiple Range Test (DMRT) reveal significant difference
among the mean weights of the four different lunar phases with p value less
than 0.05 (Table 3).

Table 3. DMRT among moon phases in terms of mean weights of S. lessoniana.
Note: All means having the same letter are not significant at a=0.05

Moon Phases Mean Weight (g) Notation
Full Moon 492.60 a
New Moon 412.99 b

First Quarter 350.19 c

Last Quarter 307.14 ¢

Further analysis reveal that significant difference exists between the
mean weights of squid caught during Full Moon (492.60 g) against the other
three moon phases. Significant difference also exists between the mean
weights of squid caught during New Moon (412.99 g) and the other two moon
phases (First and Last Quarter) whose mean weights are 350.19 g and 307.14
g, respectively. No significant difference, however, exists between the First
and Last Quarter (p>.05).
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Size Composition

The mean mantle length of S. lessoniana was recorded at 194.29 mm
with 73% of the squid in the range 110-240 mm. The males registered a mean
mantle length of 192.52 mm and females 196.54 mm, with 76% of the male
within the length ranges of 110-240 mm and the females within 160-220 mm.

The mean weight of S. lessoniana for all stations was 405.99 g with
males registering a mean weight of 397.14 g and females 416.16 g. August
registered a mean weight of 382.62 g, September with 407.37 g, and October
with 431.02 g. In Station 1, the males registered a mean weight of 304.78 g
while the females recorded 382.95 g. In Station 2, the males registered a mean
weight of 436.31 g while the females recorded 455.53 g. Although the total
catch of male squids in Station 2 was higher than the females, the female
squids were bigger than the males in both Stations 1 and 2 (Figure 3).

Pooled

Female

Total

Male

(Stations 1 and 2)

Female

Mean Weight (g)

Station 2

Male

Female

Station 1

Male

100.00 200.00 300.00 400.00 500.00

Mean ™ October ® September ™ August

Figure 3. Monthly mean weight (g) distribution of S. lessoniana by sampling
station.

Abundance

The abundance of oval squid was analyzed in terms of the catch-per-
unit-effort (CPUE). The CPUE for the two sampling stations was recorded at
0.188 kg trap day, with the highest monthly CPUE recorded in Station 2 in
the month of October with a mean CPUE of 0.229 kg trap— day, while the
lowest was recorded in Station 1 of the same month with 0.155 kg trap day.
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Furthermore, results of the mean catch-per-unit-effort (CPUE)
according to the four different moon phases reveal that the highest CPUE was
recorded in Station 2 during Full Moon (0.352 kg trap day) and the lowest
was recorded in Station 1 during First and Last Quarters with 0.107 kg trap~
day* and 0.110 kg trap* day?, respectively (Figure 6). The results further
showed the highest CPUEs were recorded during Full Moon in both sampling
stations, and lowest CPUEs were recorded during the Last Quarter in both
sampling stations.

DISCUSSION

There is a possibility that the 3-month data obtained in this study
(August-October) will be the same if conducted in other months considering
that S. lessoniana are abundantly found in the area year round as claimed by
the fishermen. The results where the findings reveal that female squids are
abundantly found in the shallow waters concur with the findings of Segawa
(1987). The reason behind this is female squids prefer shallow waters with
twigs and other rough surfaces where they can easily attach their egg capsules.
This justifies why in this study, male squids were abundantly found in the
deeper waters (Station 1) as compared to females, which is contrary to the
observation made by Segawa (1987) in Kominato and adjacent waters of
central Honshu, Japan, where the females dominated the males.

The findings of the study on the mantle length of S. lessoniana in this
study also concur with the findings reported in the study by Sivashanthini et
al. (2009) in Jaffna lagoon, Sri Lanka. In the present study, the mean mantle
length of S. lessoniana was recorded at 194.29 mm with 73% of the squid in
the range 110-240 mm. The males registered a mean mantle length of 192.52
mm and females 196.54 mm, with 76% of the male within the length ranges of
110-240 mm and the females within 160-220 mm. In the length-weight
relationship conducted by Sivashanthini et al. (2009), the size of the mantle
length of S. lessoniana ranged from 38-255 mm with mean mantle length of
137.30 mm. The mantle length of males ranged from 55-255 mm with mean
mantle length of 138.90 mm. The mantle length of females ranged from 38-
248 mm with mean mantle length of 135.80 mm. Although in the present
study the female squids are significantly bigger than the male squids, no
significant difference exists in the study of Sivashanthini et al. (2009) despite
of same result where the females S. lessoniana are bigger than the males.

The dominance of female oval squids in Station 1 is a manifestation
that female S. lessoniana prefer shallow waters where there are twigs and
other objects for them to attach their egg capsules. Segawa et al. (1993) also
made the same observation in in Ishigaki Island, Okinawa, southwestern
Japan. His findings show that female S. lessoniana are abundantly found in
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shallow waters where they lay their eggs in Sargassum beds. In the study of
Chen et al. (2006), time-series maps of squid abundances against the
background of sea surface temperature (SST) for the same period were created
to visually analyze and depict spatial and temporal patterns of squid
abundances, and changes in abundances relative to changes in SST. Spatial
correlations between squid abundances and SST were calculated using
Spearman’s rank correlation for the monthly grid data set. Furthermore, a
time series analysis was applied to investigate the temporal autocorrelations
of environmental variables.

Sepioteuthis lessoniana can lay eggs year round but the major
spawning season may vary according to location. Spawning may occur as early
as January in warmer waters, while in cooler waters near Japan, spawning can
begin as late as September. Females lay their eggs in single straight strands on
rocks, corals, plants, submerged branches, and other surfaces along
shorelines. After laying eggs, the body of the female usually deteriorates and
dies before she can mate again (Segawa et al. 1993) On the other hand, the
male can usually mate with several more females before he dies (Sivashanthini
et al. 2009; Ikeda et al. 2009; Jereb and Roper 2006; Wada et al. 2005). This
explains the dominance of female S. lessoniana in the shallow waters (Station
1) and the dominance of males in the deeper waters as observed in the present
study. Hence, the spatial distribution of female S. lessoniana is comparatively
higher in the shallow waters while the spatial distribution of the males is
higher in the deeper waters.

It has also been observed that higher catch and bigger squids were
recorded during Full Moon with 51.78 kg and 492.60 g, respectively. It has
also been observed that the highest mean CPUEs were recorded during Full
Moon (0.288 kg trap* day*) and New Moon (0.191 kg trap* day?). These
findings may imply that the temporal distribution of S. lessoniana is higher
during Full Moon and New Moon.

In general, oval squids were abundantly found in the deeper waters of
Bolong, Zamboanga City during Full Moon and lowest in the shallow waters
during the First and Last Quarter. Specifically, however, female oval squid
preferred shallow waters where they can easily attach their egg capsules
during spawning. Furthermore, significant difference exists between the mean
weight of oval squid in the deeper waters and shallow waters. Significant
difference also exists among moon phases, with Full Moon registering the
highest mean weight. Moreover, field observations revealed that oval squid
forms the most important fishery in the coastal waters of Bolong, Zamboanga
City. Hence, catching oval squid became a viable source of income for many
of the fishermen living in the area.
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ABSTRACT

Aggregations of Elysia leucolegnote were observed from Silonay
Mangrove and Ecopark, Calapan, Oriental Mindoro, occurring on
mudholes with water retained from retreating tide waters. The individuals
in the aggregations has white markings on the parapodia and the
rhinophores, and yellow marking on each quadrant of the body. This is
the first report of the occurrence of the mangrove-associated species from
the Philippines which increased the number of Elysia species records to 10
species.

Keywords: biodiversity, biogeography, Molluska, new records

INTRODUCTION

Sacoglossans are cryptic slugs, characterized by having no jaw and
with longitudinal row of teeth (Swennen 2011) used for piercing algal cells
which they feed on (Jensen 2015). Elyssidae, the largest family of the order
with over 300 valid species identified to date (Jensen 2007), is closely
associated with seaweeds and other marine plants either using these as a
substrate or food material (Handeler and Wagele 2007; Jensen 2007;
Swennen 1997). The group is known to sequester algal chloroplast and retain
them for their photosynthetic functions in a process called kleptoplasty
(Rudman 2006).

Elysia, the most speciose genus is characterized by a wing-like
parapodia that spreads out giving them a leaf-like appearance. The reef
dwelling Elysia had been discovered over a hundred years ago, but mangrove-
associated species are recent discovery. Elysia leucolegnote was identified by
Jensen from Hong Kong in 1990. Swennen, on the other hand first described
Elysia bangtawensis and E. siamensis in 1997, and E. singaporensis and E.
bengalensis in 2011.

Jensen (2007) conjectured that the Indo-Malayan and Central Pacific

sub provinces as the center of origin and evolution of new Sacoglossan species
by having twice the number of species occurring in tropical Australia and West
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Indian Ocean. The biogeographic province also has more than twice the
number of species in South Pacific and Ryuku Islands. This makes the
biogeographic area of Malaysia, Indonesia and the Philippines the most
probable center of species diversity for Sacoglossan.

Despite the biogeographic probability, no mangrove-dwelling Elysia
had been described from the Philippines. This paper provided some notes on
E. leucolegnote from the Silonay Mangrove Ecopark in Silonay, Calapan,
Oriental Mindoro province, a protected area within the Verde Island Passage,
the biogeographically recognized center of marine shorefish diversity
(Carpenter and Springer 2005).

METHODS

Surveys of the mollusk population was done in Mahal na Pangalan,
Calapan (13° 25.980' N and 121°11.503'E), Silonay, Calapan (N13° 24.114' E121°
13.507') and Estrella, Naujan (13°44.569'N and 121°22.783E') (Figure 1).
These mangrove areas form a continuous coastal ecosystem on the
northeastern coast of Oriental Mindoro.

Mahal na Pangalan

Verde Island

Estrella

RENED]

\
© Victoria

Mindoro

Figure 1. Study sites of mangrove-associated mollusk survey. Elysia
leucolegnote was noted only from Silonay but not on two other sites.

The species was found serendipitously at Silonay Mangrove Ecopark,
Silonay, Calapan. They appear like seagrass leaves which perfectly camouflage
them on the flooded mangrove floor. Elysia leucolegnote was found in several
aggregations of more than 20 to over a hundred individuals within puddles

The Palawan Scientist, 11: 42 - 48
© 2019, Western Philippines University

43



Sanchez-Escalona: new record of Elysia leucolegnote

from October to December 2016. Holes dug by mudcrabs are often occupied
as they retain water from incoming tide.

Photos of individuals as well as of aggregations were taken. Initial
identity of the slugs was established from the photos provided by Swennen
(2011) who also confirmed the identity of the species.

RESULTS

Aggregations of E. leucolegnote were noted in Silonay Mangrove
Ecopark during the mangrove-associated mollusks survey in Mindoro,
Philippines. The species measured about 3-3.5cm, was characterized by
distinctive white markings around the parapodia and on its rhinophores. The
green coloration on the parapodia appears mottled. The specimens found
here possess four yellow dots, one of each quadrant near the margin of the
parapodia (Figure 2). The dots are also visible on the underside. All
individuals observed have white spots on the dorsal side of the parapodia but
prominence varied among individuals.

Figure 2. Elysia leucolegnote from Silonay Mangrove Ecopark with white
margin on the parapodia, white rhinophores, and a yellow dot on each
quadrant of the body.
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Figure 3. A dense aggregation of Elysia leucolegnote in a mudhole in Silonay
Mangrove Ecopark.

There is no recorded predator yet of the species. Crabs, however, were
observed to be picking on individuals within aggregations (Figure 4).

DISCUSSION

Elysia leucolegnote was first identified from Lantau Island, Hong
Kong by Jensen in 1990 (Rudman 2003). Swennen (1997) later documented
the same species from Thailand together with two other new Elysia species.
This is the first time that the species is reported from the Philippines.

Extent of occurrence of Elysia is currently unknown although it is
highly likely that Indo-Malayan region is a hotspot for diversity (Carmona et
al. 2011; Jensen 2007). To date, there are nine Elysia species documented
from the Philippines (GBIF 2018). Documentation of E. leucolegnote from the
Philippines increased the range of occurrence of the species which were
previously documented only from Hong Kong, Singapore, Thailand, and India
(Swennen 2011). The documentation of the species from the Philippines,
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specifically within the Verde Island Passage is ecologically significant in the
biogeography of the group by lending support to Jensen’s conjecture that
Malaysia-Indonesia-Philippines may be the center of species diversity, being
the central point between Japan and Australia where habitat complexity
provided for by the archipelagic islands could trap dispersing species and
retain them in the area.

Figure 4. Juvenile mudcrabs pick on individual Elysia leucolegnote in a
mudhole.

Exploration of neighboring mangrove area, particularly from Mahal na
Pangalan, Calapan (13°25.980' N and 121°11.503' E) and Estrella, Naujan
(13°44.569' N and 121°22.783' E) failed to locate any aggregations indicating
that local distribution of the species may be patchy on the scale of tens of
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kilometers. As an algal-eating species (Handeler and Wagele 2007), species
distribution may follow distribution of their food materials. Crypsis, as well
as the dynamic nature of the mangrove forest floor may also contribute to the
difficulty in finding the species.

Surveys done in October until November documented the species.
Further surveys done in December, however, showed absence of the species.
Tides usually inundate the mangrove forest floor in different degrees
throughout the year where holes are filled with water. Temporal occurrence
of the species thus may be affected by the degree of inundation of sites where
holes may serve as retreat sites from desiccation. The variability of tidal
inundation throughout the year may also affect growth of their food materials.

Elysia leucolegnote is the fifth Elysia species that is documented
within the Verde Island Passage, and the oly mangrove-associated species so
far, underscores the need for more exploration within the area.
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ABSTRACT

The implementation of outcome-based education (OBE) is often
controversial especially among faculty members who are tasked with
implementing the requisite changes that come with the new system. The
study aimed to describe the knowledge, attitudes, and perspectives of
faculty members teaching undergraduate Accountancy, Office
Administration, and Business Administration courses at a state university
in the Philippines regarding OBE. A descriptive qualitative study design
was used. A focus group discussion was conducted with all faculty
members with at least one-year experience teaching undergraduate
accountancy- or management-related courses at a state university in the
Philippines. From the FGD, an anonymized transcript was generated,
which was analyzed thematically. Most faculty members satisfactorily
defined what OBE is. However, when asked what their role is in an OBE
learning environment, they were not able to provide conclusive answers.
They think that OBE is a necessary upgrade to the traditional system, and
is needed to keep education competitive in the face of ASEAN integration.
Most participants claimed that they are ready to embrace OBE, but a few
expressed reservations towards it. Furthermore, they suggested various
improvements for the faculty, the learning infrastructure, and ways to
ensure that OBE is implemented well. These findings underscore the need
for trainings and dissemination of best practices for OBE implementation,
as well as systemic changes in the college to which the faculty members
belong to ensure optimal implementation of OBE.

Keywords: Accountancy Education; Business Administration Education;
Office Administration Education; Outcome-based Education

INTRODUCTION

Owing to globalization and paradigm shifts in higher education, the
Philippines is transitioning from traditional, input-based education to
outcome-based education (OBE) (CHED 2012; Llanes 2014). In the traditional
system, the focus is mostly on educational input and improving quality of
instruction without much regard for any learning outcome. Furthermore, this
system is teacher-centered and controlled (CHED 2014). On the contrary,
OBE necessitates that the outcomes, or what the learning program intends for
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its students to learn or do at its end, is defined first. Once these outcomes are
defined, the curricula or syllabus, the pedagogical methods and instruction,
and even the methods of assessment are tailored specifically to ensure that the
outcomes or goals of the learning program are achieved (Harden 2009). As
compared to the traditional system, OBE is learner-centered and learner-
controlled (CHED 2014).

In other countries, the implementation of OBE has seen mixed results.
Its application on the basic education systems in some areas of the United
States, Australia, and South Africa have been perceived as failures, where it
was rescinded shortly after its implementation (Donnelly 2007; Lui and Shum
2012). In Australia, the implementation of OBE was seen as one of the reasons
for the resignation of secondary school teachers. These teachers thought that
OBE was detrimental to education (Fetherston and Lummis 2012). In addition
to these, OBE is perceived to set unreasonable learning outcomes and place
extra burden on limited school resources and workload of education staff
(Donnelly 2007; Lui and Shum 2012). In contrast, its implementation in
higher education is more successful, especially in the fields of medicine
(Harden 2009), veterinary medicine (Davis 2015), information technology
(Lansari et al. 2007), and even in managerial accounting (Lui and Shum 2012).

In the Philippines, there are some studies that document the
implementation of OBE and their initial effects. Some studies discussed the
experiences of entire higher education institutions (HEI) (Llanes 2014; De
Guzman et al. 2017), while some studies focused on the application of OBE to
specific subjects such as engineering (Borsoto et al. 2014; Laguador and
Dotong 2014), health education (Sana et al. 2015), and industrial psychology
(Espiritu and Budhrani 2015). A common finding in these studies is a positive
initial experience with OBE, though problems, such as the lack of knowledge
of the nuances of its operations, remain.

The contemporary focus on OBE research in the Philippines is due to
its recent institutionalization in Philippine higher education (CHED 2014).
Despite this, none among the prior studies or government reports show
statistics on how many HEIs or programs have actually adopted and
implemented OBE, not to mention the extent of its implementation.
Furthermore, it is also notable that despite its institutionalization, qualitative
studies that explore the depth of perspectives and/or attitudes of faculty
members teaching undergraduate business- and management-related courses
in Philippine state universities are lacking.

Given the institutionalization of OBE in Philippine HEIs, and the
controversy surrounding its implementation on other settings, it is necessary
to know the sentiments and perceptions of its main implementers (i.e., the
faculty members) so as to address any problem and ensure the success of its
implementation. Addressing the dearth of research for this population group
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and particular field of study, this exploratory and descriptive study aimed to
document and explore in-depth the sentiments and perceptions of these
individuals regarding OBE. Specifically, the study aimed to: (1) describe their
knowledge and perceptions of OBE; (2) explore their perceived roles in OBE;
(3) identify the changes they are implementing to ensure optimal
implementation of OBE; (4) characterize their readiness in implementing
OBE; and (5) solicit suggestions to ensure optimal implementation of OBE.

METHODS
Research Design

The study is a descriptive, qualitative study which aimed to explore and
document the knowledge, attitudes, and perceptions of faculty members of a
constituent college of a state university in the Philippines regarding the
implementation of OBE for undergraduate business and management courses.
A qualitative study permits researchers to understand the feelings, sentiments,
perceptions, and perspectives of individuals (Austin and Sutton 2014), and is
therefore the most appropriate method to answer the research question of the
study. All academic personnel (e.g. instructors, assistant professors, associate
professors and professors) who have at least one-year experience in teaching
undergraduate courses in Accountancy, Business Administration, and Office
Administration in a constituent college of a state university of the Philippines
were invited to participate in the study.

Data Collection

A topic guide was prepared by the author to discuss the following: (1)
knowledge about OBE; (2) role of faculty members in OBE; (3) their
perceptions on the implementation of OBE, specifically elaborating on the
question of whether it is a necessary upgrade to the current Philippine higher
education system, or an unnecessary disruption to the status quo; (4) changes
they intend to do in their respective departments and courses in line with the
implementation of OBE; (5) their perceived readiness and the readiness of
their respective departments for the implementation of OBE; and (6) their
suggestions to improve their personal readiness and their department’s
readiness for OBE. This topic guide was used in the focus group discussion
(FGD) for the study.

The FGD for the study was conducted on June 2015. All faculty
members (n=9) participating in the study were given a chance to discuss each
of the topics that were listed on the guide. The proceedings of the FGD was
tape-recorded. From this record, a transcript of the proceedings of this FGD
was generated. To maintain the anonymity of responses, personal identifiers
were removed.
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Data Analysis

The anonymized transcript was analyzed thematically. A priori themes
used in the analysis correspond to the topics structured in the topic guide: (1)
knowledge about OBE; (2) role of faculty members in OBE; (3) their
perceptions on the implementation of OBE; (4) changes they intend to do in
their respective departments and courses in line with the implementation of
OBE; (5) their perceived readiness and the readiness of their respective
departments for the implementation of OBE; and (6) their suggestions to
improve the personal readiness and their department’s readiness for OBE.
Where appropriate, a posteriori themes and sub-themes were formulated and
categorized from the results of the FGD. Coding of vignettes according to the
nodes was carried out by the author and a research associate. All analysis was
carried out in NVivo 10 (NVivo 2015).

RESULTS
Description of Study Participants

There were nine participants in the FGD; five of them were instructors,
two were assistant professors, and two were associate professors. The
youngest respondent was 23 years old while the oldest was 53 years old.
Three of the participants are male while the rest are female. Three
respondents handled courses in Office Administration, two handled courses
in Business Administration while four handled courses on Accountancy.

Introduction to the FGD Findings

Vignettes of this FGD were presented according to the a priori themes
listed earlier, starting with the knowledge of the respondents regarding OBE,
followed by their perceived roles in the OBE learning environment, their
attitudes towards OBE, and the changes they deemed necessary for the
implementation of OBE. This is followed by a discussion of the preparedness
of the respondents for the implementation of OBE at the personal and at the
departmental level. Lastly, their suggestions to improve their personal
readiness and their respective department’s preparedness in implementing
OBE was also explored.

There were no new themes arising from the FGDs, and these a priori
themes were listed as subsequent first-level headers in this section. However,
three a posteriori subthemes emerged from the FGD: (1) Suggestions to
improve the readiness of faculty members in implementing OBE; (2)
Suggestions to improve other aspects of learning, and (3) Suggestions to
ensure optimal implementation. These subthemes were categorized under
the theme Suggestions to improve readiness in implementing OBE.
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Knowledge about OBE

Most of the faculty members sufficiently defined OBE according to its
usual definition. Other definitions of OBE given by faculty members are listed
below:

“A multi-disciplinary, student-centered, holistic educational

paradigm focusing on skills development and character

formation towards producing world-class graduates”

“A system of education... that requires the students to actually

demonstrate desired learning outcomes.”

“...focusing on how the student can achieve the desired learning

outcome and not just ‘passing’ or failing’ a given exam”.

“..acknowledgment that each student has his/her unique

learning style and the teacher’s role is to see that uniqueness,

respect it, and use it to achieve the outcome.”

Role of Faculty Members in OBE

As compared to when the faculty members were asked about their
knowledge on OBE, in which most respondents answered, only a few faculty
members elaborated on their perceived role in an OBE learning environment:

“..engagement of students in activities that lead them to
embody the outcomes set by the teacher”

“As teachers, we should (be) focusing on (developing) values,
attitudes, skills and readiness of the students to make them
ready in their respective practices of profession.”

Regarding this role, they were asked what general outcomes are
expected of them as they embrace outcome-based education. When asked how
they would want their students to be as they finish their education:

“We aim to produce well-rounded graduates by allowing them
to learn, not just didactically but through performing in class
and producing output.”

Perceptions on the Implementation of OBE

When asked if OBE is a necessary upgrade to the current Philippine
higher education system, or an unnecessary disruption to the status quo, all
respondents concurred that it is a much-needed upgrade to the traditional
didactics used by the Philippine higher education system. In discussing their
perceptions, they benchmarked the traditional system against what is used
and recommended by the Association of Southeast Asian Nations (ASEAN).
Overall, they perceived that the traditional system does not produce globally-
competitive graduates and that the Philippines need to upgrade towards OBE

The Palawan Scientist, 11: 49 - 64
© 2019, Western Philippines University

53



Pepito: Outcome-based education (OBE)

to be at par, not just with other members of the ASEAN, but also with other
countries in the world:

“(OBE) helps students become more competent in their field of
concentration, and enhances their skills to be able to compete
with (the graduates of) other ASEAN countries. The current
educational system of the Philippines produces graduates that
are far behind that of other ASEAN countries; the graduates are
intelligent, but not capable of producing tasks or outputs that
the workplace needs.”

“This change can help our students develop the necessary
competencies as we want them to perform the desired
actions/skills.”

“It is mandatory in the ASEAN integration; thus the Philippines
should do it. Furthermore, it is necessary that students should
possess the necessary skills and competence that they may be
ready for life after school; thus HEI's should focus on the right
outcomes in the development of their students.”

While maintaining a general positive attitude towards OBE, one
faculty member expressed guarded optimism regarding its implementation
and institutionalization:

“In order for us to produce world-class graduates and highly
desirable human resource (and to contribute towards a)
globally-competitive  workforce, OBE  should be
implemented in the country. But changes should be
introduced slowly, not abruptly.”

Another faculty member opined that while attitudes towards OBE are
generally positive among them, there is one greater question that takes
precedence above all else if they are to make OBE a reality in their college:

“While indeed it is a much-needed change, understanding on
our part is necessary, as well as sacrifices. Probably, it is not
important whether we have positive or negative attitudes
towards OBE; the better question would be whether we are
willing to make the necessary sacrifices to make OBE a
reality.”

When asked whether the respondents are indeed willing to make the

necessary sacrifices to make OBE a reality, they were unequivocal in
committing to integrate OBE to their pedagogy.
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Changes to be Implemented in Response to OBE

All faculty members said that OBE is not an entirely new concept to
them. However, they stressed that changes have to be implemented once OBE
is fully institutionalized. Faculty members handling various courses in
Accountancy, which is heavily reliant on practical knowledge, asserted that
they have incorporated what is currently known as OBE vis-a-vis the
traditional system as they deem it necessary for the students to master some
competencies at the end of the course:

“OBE is not a new approach to the Accountancy department.
Even during the implementation of the teacher-centered
approach, we are already incorporating outcome-based
approach in accounting where students are required to
make an output to every activity such as preparing financial
sheets, conducting audits or consultancy engagements.”

Even if OBE is not a new concept for those who teach Accountancy,
they agreed that some changes are necessary despite this:

“Somehow, the department (of Accountancy) had been
applying part-and-parcel of what is (known as) OBE. We
will just need to check and align the individual course
outcomes to the national goals so that we can be considered
ready for OBE.”

On the other hand, faculty members handling courses in Office
Administration have started to work towards aligning their curricular
offerings towards competency-based outcomes patterned after the vocational
offerings of the Technical Skills Development Authority (TESDA), the
government agency mandated in monitoring and providing trainings and
technical and vocational skills in the Philippines. They justified that this move
is seen to increase the qualifications and hone the skills of its graduates.
Furthermore, they opined that from now on, graduates of the Office
Administration program are not just expected to have university degrees, but
also qualifications based on various competency-based skills relevant to Office
Administration.

“The department’s preparation for OBE has been started
already. The department carefully constructs its new
program curriculum to match the new system; integrating
more activities and assessments.”

“The department is currently revising its curricula to align
with the competency-based curriculum of TESDA. We are
encouraging students to take national assessment
examinations in different TESDA programs.”
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The respondents who handle Business Administration courses,
meanwhile, focused their immediate changes in improving syllabi and
methods of delivery:

“Right now, syllabus for each subject has been revised to
include activities for a more effective learning experience
and to include a clearer set of goals/outcomes that are
learner-centered.”

“(We seek to) change (the) syllabi of course offerings. That
for every lesson learned by the students, they should know
how and when to apply that particular lesson.”

Readiness in Implementing OBE

While majority expressed their personal readiness to implement OBE,
some expressed reservations on the matter. With regards to the readiness at
the department level, everybody said that they have been integrating OBE,
albeit in a piecemeal manner in their everyday teaching.

“My colleagues had been employing OBE techniques in their
respective classes. Implementing OBE in all of their classes
is not so far-fetched.”

“Before the OBE have been introduced, I do believe that I'm
already practicing OBE in my class. I see to it that after
completing the course, my students must possess certain
skills, qualities and attitudes.”

“Personally, I believe that the department (of Olffice
Administration) is ready for OBE implementation. In fact,
our students have already started and are able to have a
National Certification in Front Office (from TESDA). And
we are looking forward for another kind of national
certificate in the coming semester.”

Summarizing the need for readiness and the readiness of almost all
respondents, one faculty member opined:

“We are ready and we should be ready to be in-line with the
ASEAN integration. We would also like our students to be
ready for ASEAN integration.”

Suggestions to Improve Readiness in Implementing OBE

While most respondents claimed that they are ready for OBE, they
still had suggestions on how to ensure seamless transition to the full-fledged
adoption of the OBE paradigm. They opined that these suggestions are
necessary to ensure that the implementation of OBE will bring out the best
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for both the faculty, the college, and the students. These suggestions were
categorized into three subthemes: (1) Suggestions to improve readiness of
faculty members; (2) Suggestions to improve other aspects of learning; and
(3) Suggestions to ensure that OBE is implemented well.

Suggestions to improve the readiness of faculty members in
implementing OBE. To improve the readiness of faculty members in
implementing OBE, they suggested more avenues for professional
development (e.g. in the form of trainings or postgraduate scholarships).
Furthermore, they emphasized that the CHED, the Philippines’ regulatory
agency for tertiary education, should provide more trainings and provide more
avenues for sharing best practices:

“I suggest for more OBE-related trainings, especially for
methods of delivery and assessment, for the faculty.”
“I think that the CHED should play a more active role in
implementing OBE  through trainings, providing
universities with best practices and experiences of other
institutions that have successfully integrated OBE...”

In addition to the increased involvement of CHED and trainings, a
respondent also brought up how academic freedom should be maintained in
the era of OBE:

“The academic freedom of the faculty is to be maintained and
respected; learning in business cannot be restricted to the
four walls of the classroom. The students should be afforded
all the opportunities they could to learn about their field of
interest in the form of immersions, community involvement
and other forms of informal learning.”

Suggestions to improve other aspects of learning. Some faculty
members argued that for the transition to OBE to be successful, it is not only
them that need to change in preparation for the full-scale implementation of
OBE. In particular, they suggested improvements to the current learning
infrastructure, overall curriculum, and method of delivery:

“Improve the On-the-Job Training (i.e. practicum) program,
not just towards local industry partners, but the college
should work into establishing ties with international
industry partners. We as a college, should also emphasize
practice-oriented teaching.”

“Acquire more up-to-date technology, buy more computers
and improve laboratories. More major offerings should be
placed to accommodate the dynamic business landscape.
Large classes should be reduced as it hampers with the
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teaching-learning environment. Both the student and
teacher should be comfortable in their learning environment.
The faculty should also keep himself/herself abreast with
new information in the dynamic business field”

“The faculty of the college should be able to design
instructional materials that is in-line with OBE.”

Suggestions to ensure optimal implementation. In addition to
improvements among the faculty and other aspects of learning, some faculty
members suggested that there should be a means to ensure that OBE is
implemented well and quality assurance standards are met.

“..and providing forms of assessment frameworks so that
the college will have an objective guide in implementing
OBE.”

“We should be able to have ourselves assessed whether what
we are doing in the OBE is right or wrong. We should contact
accreditation agencies and align ourselves to global
standards.”

DISCUSSION

The study aimed to describe the perspectives of faculty members
teaching Accountancy, Office Administration, and Business Administration
courses at a state university in the Philippines regarding OBE. Most faculty
members satisfactorily defined what OBE is. However, when asked what their
role is in an OBE learning environment, they were not able to provide
conclusive answers. They think that OBE is a necessary upgrade to the
traditional system, and is needed to keep the college competitive in the face of
ASEAN integration. Most participants claimed that they are ready to embrace
OBE, but a few expressed reservations towards it. Furthermore, they
suggested various improvements for the faculty, the learning infrastructure,
and ways to ensure that OBE is implemented well.

CHED formally defines OBE as “an approach that focuses and
organizes the educational system around what is essential for all learners to
know, value, and be able to do to achieve the desired level of competence”
(CHED 2014). Considering that almost all respondents gave a definition
similar to this, it can be said that the respondents can define OBE well.
However, some participants gave responses which may be different as to how
CHED defines OBE. As such, it should be clear to everyone, especially to
faculty members implementing it, what OBE is, and what OBE is not.

When the respondents were asked to discuss the definition of OBE,
they were noticeably quiet, save for the definitions they discussed earlier. The
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role of faculty in OBE as “designers of learning methods and environments,
developers of competencies and talents of students, producers of student
learning and success, empowering learners, and promoters of shared
governance, teamwork and individuality” and as “facilitator of learning”
(CHED 2014). While some participants gave satisfactory answers, their
relative silence may indicate a knowledge gap on the practical aspects of OBE.
This finding is similar to the findings of other local studies, which posit that
while knowledge of OBE among faculty members are excellent, knowledge
about their specific roles may be lacking (De Guzman et al. 2017). These
underscores the need for the dissemination of more information, with the
role of faculty members in OBE as a starting point.

At the time of the study, HEIs around the country were rife with
discussions on the implications of the ASEAN Economic Community, which
was formally established six months (The ASEAN Secretariat 2017) after the
FGD was conducted. The respondents thought that Philippine HEIs are losing
their edge in producing globally-competitive graduates and need to be
reformed if it were to produce graduates that will be competitive even in the
face of ASEAN integration. These concerns were not misplaced; even
Philippine education experts remark that there is a pressing need to (1)
increase the relevance and quality of education for Filipinos and (2) increase
the competitiveness of Philippine HEIs in the global scale (Bautista 2016).

The specific changes being or had been implemented in preparation for
OBE that has been documented in this study are positive signs that the
institution is implementing changes to be in-line with OBE. CHED introduced
OBE in 2014 to ensure the competitiveness of Philippine HEIs and their
graduates (CHED 2014). These reforms are in-line with the establishment of
the ASEAN Economic Community, which may necessitate changes in the
educational systems in the region to maintain the global competitiveness of
individuals in a dynamic labor market. These improvements may include, but
are not limited to, changes in national educational paradigms, methods of
pedagogy, delivery and assessment, as well as level of governmental support to
education (McCarthy 2013). However, the implementation of these changes
begs an evaluation as to whether or not these changes have really led to an
increase in the competitiveness of the institution or its graduates.

While most study participants expressed eagerness for OBE, some
have expressed reservations. These misgivings may have stemmed from the
simultaneous introduction of OBE and other educational reforms (i.e., K-to-
12) in the country (Bautista 2016). This may have led some respondents to
perceive that changes are being done hastily without particular regard to
whether these reforms are actually being implemented well. These sentiments
imply that there may be a need for appropriate scaling and/or timing of the
implementation of reforms so as to ensure the success and sustainability of its
implementation.
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In a recent memorandum, CHED continues to guarantee the
academic freedom of universities and colleges. However, there are notable
exceptions such as: “maintaining minimum unit requirements for specific
academic programs, general education distribution requirements as
determined by CHED, and specific professional subjects as may be stipulated
by the various licensing entities” (CHED 2011). The raising of this concern by
a faculty member further emphasizes the need for dissemination of
information, this time, pertaining to academic freedom and its limits in the
context of OBE.

Other aspects of learning that ought to be improved include
classrooms and class sizes, computers and other learning infrastructure,
faculty development, and building of institutional linkages, both local and
international. The rationale behind these suggestions is that OBE
implementation might be below par if fundamental deficiencies in the current
system are not addressed. Classes in the college are often large where there
may be more than 40 students in a class. While there is no specific figure that
can be considered as an optimal student-to-faculty ratio, in general, smaller
classes are better as students receive more attention from the teacher and
there are more interactions between students and teachers (Blatchford et al.
2011). Decreasing class size implies that the college should build more
classrooms, buy new computers and other equipment, and hire more faculty
members. Similar recommendations are also given by another local study,
which suggests pedagogical changes and investments to infrastructure to
ensure optimal implementation of OBE (Custodio et al. 2017).

Regarding faculty development, faculty members are encouraged to
apply to the various scholarships being offered to faculty members of various
HEIs, especially the K-to-12 transition program (Higher Education
Development Center 2016). Building of institutional linkages were suggested
to provide more options for students in their practicum, which will give them
the option to hone their skills in top business and management firms locally
and internationally. The responsibility of fostering institutional linkages
ultimately falls under the purview of the college and university management.
however, alumni can play a vital role in building this, especially if they are
working with the companies with which their alma mater is hoping to build
institutional linkages with.

While there may be no definite frameworks yet to monitor and evaluate
OBE implementation as of the time of the FGD, this perception of the study
participants should be corrected. Currently, there is now a validated
assessment framework used for the accreditation of HEIs in line with OBE (De
Lara 2017). Nevertheless, this only highlights the need for the dissemination
of information especially in the practical and implementation aspects of OBE.
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The greatest caveat in interpreting the findings of this study is the
tendency of the respondents to give more favorable responses while being
studied or observed (Oswald et al. 2014). Termed Hawthorne effect, this bias
often plagues studies which rely substantially on subjective and/or
observational data. While the author of the study did her best to guarantee the
anonymity of the respondents and their immunity from any responsibility that
may arise from the things they discussed in the study, there might still be
Hawthorne effect despite these efforts. Another important limitation that
should be considered in interpreting the results of the study is that there was
no opportunity to triangulate these findings with data collected through other
means. The nature of the data collected (e.g. personal sentiments, etc.)
precludes any form of triangulation; hence, it was not performed.
Furthermore, the highly-specific study population may prevent generalization
of its findings to other contexts. Nevertheless, its findings may be useful in the
development of other research hypotheses concerning the implementation of
OBE.

The most salient recommendations of the study focused on trainings
and/or disseminations of best practices and information regarding OBE.
These trainings and/or dissemination activities should include but are not
limited to: (1) explaining what OBE is, and what OBE is not; (2) the role of
faculty in OBE, including the limits of their academic freedom; and (3) new
assessment frameworks for OBE. Prior to any training, a needs assessment
may be carried out to determine which aspects of OBE should to be tackled in-
depth. Furthermore, considering that some faculty members raised the
concern that reforms may have been introduced too quickly, there may be a
need for government agencies tasked to implement education reforms to see
if these changes are actually implemented well and to scale its implementation
accordingly if needed. Other changes in the learning environment and
infrastructures were also suggested to ensure optimal implementation of OBE.

Further research may focus on the assessment of knowledge, attitudes,
perceptions, behaviors and preparedness of faculty members across several
HEIs and disciplines to determine the extent of information dissemination
that the CHED should undertake. An ever better recommendation would be
conducting studies utilizing both qualitative and quantitative data. This will
allow triangulation of qualitative data as well as enrich the findings of
quantitative studies. Ultimately, there ought to be a monitoring of the
implementation of OBE across all HEIs and degree programs to ensure that it
is being implemented well. The evaluation of OBE implementation should
know whether or not it helped higher education in the country to become more
relevant to local and international needs, and whether or not it had really
increased the competitiveness of Philippine HEIs and their graduates in the
face of ASEAN integration. Considering that these two are the main reasons
for OBE’s implementation across the country, it is against these objectives that
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the success of the OBE and its institutionalization in Philippine HEIs should
be measured against.
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ABSTRACT

Distillation is an important concept in chemistry as it involves
separation techniques which are widely used in various industries. However,
despite its significance, it is hardly understood and appreciated because it is
rarely performed in laboratory experiments. Distillation requires expensive
apparatus to conduct which most schools cannot afford. Hence, an
improvised convertible distillation apparatus for simple, fractional and
steam distillation was developed using common household and recyclable
materials. Improvised measuring devices were also fabricated to determine
the purity of the distillates. The performance of improvised apparatus was
assessed and compared with the standard apparatus using real samples. The
improvised apparatus, using fractional distillation set-up, produced 91.3%
alcohol from alcoholic beverage while the simple/steam distillation setup,
yielded distilled water from the salt-water sample and essential oil from
pomelo (Citrus maxima) peel with percentage yield of 0.56%, respectively.
The improvised apparatus for fractional distillation yielded a higher alcohol
content (x=91.3%; 95%CI=91.0, 91.6) than the standard apparatus (x=85.7%;
95%CI=85.3, 86.1) while the efficiency of separation of the improvised
apparatus for simple/steam distillation was comparable with standard
apparatus. Thus, the improvised apparatus offers a cheaper alternative for
conducting distillation process in chemistry experiments. The cost of
performing distillation process is further reduced by using improvised
measuring devices to measure the purity of the distillates in lieu of chemicals
and reagents. Aside from being cost-effective, the improvised apparatus is
easy to construct, durable, user-friendly and safe to use.

Keywords: chemistry experiments, distillation, improvisation, low-cost

INTRODUCTION

Laboratory plays an important role in effective teaching and learning
chemistry. Concepts in chemistry are better understood and appreciated if
practical works are conducted in a well-equipped laboratory. It focuses more
on student-centered teaching approach, which is more effective in the mastery
of skills and deep understanding of concepts in science than the teacher-
centered approach (Granger et al. 2012). In the Philippines, the lack of science
equipment and facilities (Marinas undated) has been a serious concern for
public school teachers, particularly in rural areas. This occurs as a result of an
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inadequate budget to meet the demand for acquiring expensive laboratory
materials and equipment (Padolina and Magno undated). Thus, the concept
of improvisation became popular in conducting laboratory experiments as it
helps address the problem of lack of equipment due to financial constraints
and brings out creativity among students and teachers. Improvisation could
be defined as the making of alternative instructional materials from the use of
locally available resources (Ndirangu 2003) and it is often advocated as a low-
cost solution in terms of equipment and chemicals (Kimel 1998). It brings out
the same learning results as standard materials.

Several low-cost apparatus for chemistry experiments have been
developed from simple laboratory glassware (Yitbarek 2012) to sophisticated
laboratory instruments to address the problem of insufficient budget.
Muhammad and Lawal (2015) made use of common household materials as
an alternative to standard laboratory equipment and reagents. An ordinary
syringe was used as vacuum source in vacuum filtration (Zhilin and Kjonaas
2013) and as electronic buret for acid-base titration (Cao et al. 2015). To
introduce the concept of spectroscopy to undergraduate chemistry laboratory,
Wigton et al. (2011) developed a low-cost portable fluorimeter using a 360 nm
light emitting diode (LED) for excitation and a silicon photodiode for
detection. LEGO blocks were utilized to make an inexpensive visible light
absorption spectrophotometer (Albert et al. 2012) and were also used to
construct a simple, inexpensive, and robust colorimeter (Asheim et al. 2014).
And recently, a spectrophotometer using a smartphone’s light sensor as a
detector and an application to calculate and display absorbance values was
constructed and tested by Hosker (2018).

While there are growing interests in the fabrication of inexpensive
laboratory apparatus for teaching chemistry in the past few years, only a few
studies have been dedicated to the development of low-cost distillation
apparatus (Babu et al. 2002). Distillation is considered one of the most
important separation techniques in chemistry. It is widely used in the
production of essential oils (Stratakos and Koidis 2016) and alcohol (Cho et
al. 2013) and the extraction of medically important organic compounds in
plants (Singh 2016). However, distillation apparatus that are available in the
market are very expensive and most parts are usually made of glass which is
susceptible to cracks and breakages. Additionally, conventional distillation set
up employs open flame as the heat source which constitutes a fire hazard.
Literature for improvised distillation apparatus is limited and no studies have
been found as to the development of an improvised distillation apparatus that
can be used interchangeably for simple, fractional and steam distillation
processes. It is, therefore, the aim of the study to develop an improvised
distillation apparatus using household and recyclable materials for simple,
fractional and steam distillation that is safe to use, cost-effective, durable and
easy to assemble. The study also aims to fabricate improvised measuring
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devices to test the purity of the distillates instead of using chemicals and
reagents.

METHODS

The study was conducted in three stages. The initial stage includes the
modification and characterization of an electrothermal cup as heat source and
distilling pot. This was followed by the development and optimization of
interchangeable distilling lid which allows the use of improvised apparatus for
simple, fractional and steam distillation. This stage also includes the
fabrication of improvised devices for measuring conductivity and density to
determine the purity of the distillates collected from simple and fractional
distillation, respectively. The last stage was performance and cost evaluation
of the fabricated distillation apparatus. Real samples were used to compare
the performance of improvised distillation apparatus with a commercially
available standard distillation apparatus. Correlation analysis and paired t-
test at 95% confidence interval were used as a statistical tool to compare the
efficiency of improvised apparatus with standard apparatus (McDonald 2014;
Kim 2015). Statistical values were computed using Analysis Toolpak in Excel.

Modification and Characterization of Improvised Heat Source

Figure 1 is the schematic diagram depicting a complete set-up for
improvised distillation apparatus which was basically composed of
electrothermal cup, interchangeable cup lid, condenser, light dimmer, digital
multimeter, and submersible aquarium pump. A one-liter stainless steel
electrothermal cup was used as the heat source and as distilling pot. Bended
glass tubing was inserted and fixed on the side of the cup to serve as a water
level indicator.

The light dimmer and digital multimeter were integrated into the
power plug of the electrothermal cup in a manner shown in Figure 2. The light
dimmer was used as the power switch and voltage regulator while the digital
multi-meter served as the readout device for voltage monitoring. The heating
performance of the modified electrothermal cup was characterized by heating
500 ml of distilled water using different voltages set from 50 to 200 volts with
50-volt increment.
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a. voltage regulator

b. digital multimeter

c. electrothermal cup
d. water level indicator
e. self-sealing silicone plug
f. cup lid

g. glass column

h. thermometer

i. condenser

j. submersible pump

water outhet

Figure 1. Schematic diagram of improvised distillation set-up

digital multi-meter

light dimmer
[
TO PLUG f TO ELECTROTHERMAL CUP

Figure 2. Modified power plug of electrothermal cup equipped with light
dimmer and digital multimeter.

Fabrication and Optimization of Measuring Devices and
Interchangeable Distilling Lid

Fabrication of improvised measuring device. The circuit for
improvised conductivity tester was adapted from Katz and Willis (1994) with
some modifications. Copper electrodes were replaced by TRS earphone jack
and a 9-volt AC/DC adaptor was provided in addition to the 9-volt battery as
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the power source (Figure 3). Electrical components were housed in an empty
permanent marker.

9-volt charger

9-volt battery

100 kQ 100 kQ switch
resistor resistor ®

Red Green /

LED LED

earphone jack

Figure 3. Circuit diagram for modified conductivity meter (top) and fabricated
conductivity tester (bottom).

Improvised pycnometer was built from an empty bottle of nail polish
and capillary tube (Figure 4). The capillary tube was inserted and fixed to a
rubber plug which tightly covers the bottle. The performance of improvised
pycnometer was compared against a standard pycnometer using different
concentrations of ethanol.
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Figure 4. Improvised pycnometer (left) and standard pycnometer (right).

Interchangeable distilling lid. The glass column with an external
diameter of 55 mm was made from clear soda bottle which bottom was cut off.
An open-end glass column was placed over the pre-cut hole at the center of
the cup lid. A 19-cm long glass column was used for simple/steam distillation
while a longer glass column filled with column packing was utilized for
fractional distillation (Figure 5). A hole with self-sealing silicone plug was
provided on the cup lid for simple/steam distillation to facilitates
replenishment of vaporized water during steam distillation. Glass column for
fractional distillation was constructed from several pre-cut glass bottle joined
together by silicone sealant. A stainless steel mesh was placed inside the lower
part of the glass column to support column packing. The length of the glass
column, as well as the type and size of column packing, for fractional
distillation were investigated. Glass marbles and stainless steel sponge were
used as column packing.
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a
Figure 5. Electrothermal cup (a) and distilling lid for simple/steam distillation
(b) and fractional distillation (c).

The condenser was constructed using one-foot (30.28 cm) long
polyvinyl chloride (PVC) pipe (size 1”), PVC caps and 7 mm glass tubing. PVC
caps were used to seal both ends of the pipe. A 22-inch (55.88 cm) glass tubing
was bent on one end and inserted through the length of the pipe passing both
caps. Two pieces of one-inch (2.54 cm) glass tubing were inserted on the side
of the pipe opposing each other and proximate to both ends of the pipe to serve
as water inlet and outlet. All joints were sealed with two-part epoxy resin to
prevent leakages.

Performance Evaluation

Three hundred milliliters of samples were used for simple and
fractional distillation while 250 grams of plant sample were utilized for steam
distillation. Distilled water and absolute ethanol were used as reference
standards throughout the study. Boiling stones were added to the samples to
prevent bumping. A submersible aquarium pump was utilized to re-circulate
water coming out of the condenser. Ice was added to the water reservoir to
provide a continuous supply of cold water to the condenser. All measuring
instruments were calibrated prior to use. The improvised apparatus applied
for all types of distillation process were run against standard distillation
apparatus. The Vigreux column was used as the standard fractionating
column. Three trials were conducted for each type of distillation process.
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Simple distillation. The performance of the simple distillation set-
up was evaluated by separating water from the salt-water mixture. Three
hundred milliliters of water samples were placed inside the cup. The voltage
was set at 150 volts. The temperature was monitored and recorded at the first
drop of the distillate. The purity of distillates was determined by measuring its
conductivity using the fabricated conductivity tester and results were
compared with the conductivity scale given in Table 1.

Table 1. Degree of electrical conductivity of sample solution based on lighted
light emitting diode (LED).

Scale Red LED Green LED | Conductivity
0 Off Off None

1 On Off Medium
2 On On High

Fractional distillation. The efficiency of the fractional distillation
set-up was determined using 80-proof liquor. The glass column was wrapped
with aluminum foil leaving an air space between the column and the foil to
serve as an insulator (Lancaster 2017). Three hundred milliliters of the sample
were transferred into the cup. The voltage was initially set at 150 volts and
adjusted to 100 volts after the temperature reached ten degrees below the
boiling point of ethanol (78°C). The voltage was further adjusted upon the first
drop of distillate to maintain a drop rate of 20 drops per minute (Yoder et al.
undated) while maintaining the temperature close to 78°C. Fractions were
collected every 10 ml of distillates in a graduated cylinder placed in an ice bath.
The temperature was monitored and recorded for each fraction collected.
Distillation process was continued until a sharp increase in temperature was
observed and distillation was stopped when the temperature reached the
boiling point of water. The percentage composition of ethanol and water in
each fraction was determined indirectly by comparing the density of each
fraction with the Table for Concentration of Ethanol-Water Mixture Versus
Specific Gravity at Various Temperature (Perry et al. 1997). The density was
measured using an improvised pycnometer. The performance of improvised
apparatus for fractional distillation was compared with standard apparatus for
fractional distillation with Vigreaux column.

Steam distillation. The efficiency of the improvised steam
distillation was evaluated based on the physical properties and percentage
yield of oil obtained from the plant sample. Two hundred fifty grams of grated
pomelo peel and 400 ml of distilled water were transferred into the
electrothermal cup. The water level was marked and monitored through the
water level indicator. Glass vessel with distilled water was inserted into the
self-sealing silicone plug to replenish the water lost during steam distillation.
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Steam distillation was carried out at 100-volt setting and continued until no
visible droplet of oil was observed in the distillate.

RESULTS
Performance of Modified Electrothermal Cup as Heat Source

Simple, steam and fractional distillation share basic apparatus
consisting of heat source, distillation pot, distilling head, thermometer,
condenser, and receiving flask. A fractionating column placed between the
distillation pot and condenser differentiates fractional distillation from simple
and steam distillation set-up.

A modified electrothemal cup was used as the heat source and
distillation pot. The effect of a voltage input to heating rate was examined by
heating distilled water to boiling using different voltages. The temperature
was monitored and plotted against time and Figure 6 shows that the heating
rate is proportional to the voltage input. The higher the voltage input, the
faster the water boils. The sharp increase in temperature was observed for
higher voltages while a gradual increase was observed at 50 volts. The boiling
point of water could be reached in less than 10 minutes at 200-volt setting.

200v 150v  100v 50v

Temperature, oC

1] 10 20 30 40 50 60 70

Time, minutes

Figure 6. The heating rate of the modified electrothermal cup at different
voltages.
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Performance of Improvised Pycnometer and Fractional
Distillation Lid

The density of an aqueous solution of ethanol varies depending on the
amount of alcohol present in the solution. The density of prepared solutions
having different concentrations of ethanol was measured using the improvised
pycnometer and Figure 7 shows that the density of sample solution decreases
as the percentage of alcohol in solution increases. The performance of the
improvised pycnometer was found to have a strong correlation (R = 0.9996)
with standard pycnometer as shown in Figure 8.

Density, g/mL
o
w
(=]
]

o8s +~— \—»F — 5

0 10 20 30 40 50 60 70 80 S0 99.5

Percent alcohol,%

Figure 7. The density of ethanol at different concentrations using improvised
pycnometer (number of replicates = 3).

The developed distillation apparatus can be converted easily into any
other type of distillation set-up by simply changing the lid. Miscible liquids
with a boiling point difference of less than 40°C are efficiently separated by
fractional distillation than by simple distillation. The fractional distillation has
the effect of several simple distillation processes in a single distillation
apparatus and this is achieved with the use of a fractionating column.
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Figure 8. Correlation of density determined using improvised and standard
pycnometer for different alcohol concentrations.

Figure 9 shows the distillation plot for different types of column
packing placed in a 19-cm long glass column. A column packing made from
15.9 mm glass marble yielded a distillation plot with temperature that
continuously increases with the volume of distillate while for column packing
made from 11.1 mm glass marble and stainless steel sponge, several fractions
were collected first at almost the same temperature before a sharp increase in
temperature was observed.

Glass columns having different lengths and filled with 11.1-mm glass
marbles were also investigated. Figure 10 shows that temperature increases
continuously as the volume of distillate increases for the shortest column
while the longer columns demonstrated steady temperature for several
volumes of distillates before a sharp increase in temperature was observed.
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Figure 9. Effect of different types and sizes of column packing on the efficiency
of separation of alcohol from sample mixture using 19 cm column (number of
replicates = 3).
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Figure 10. Effect of different lengths of the fractionating column on the
efficiency of separation of alcohol from sample mixture (number of replicates
=3).

The alcohol content of distillates collected from 65-cm long

fractionating column yielded a higher percentage of alcohol than the distillates
collected from 37-cm glass column (Figure 11).
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Figure 11. Percentage of alcohol at different fractions collected using different
length of glass column (number of replicates = 3).

Performance and Cost of Improvised Distillation Apparatus

Simple distillation. The conductivity of distillates collected from
the salt-water mixture by simple distillation set-up was tested using the
improvised conductivity tester. Conductivity was observed when the light
emitting diodes (LED) in the conductivity tester turned on which indicates the
presence of salt in water. Salt-water mixture yielded high conductivity while
standard distilled water and distillates collected from improvised and
standard set-up for simple distillation produced zero conductivity (Table 2).

Table 2. The conductivity of distillates collected from improvised and standard
apparatus for simple distillation.

Sample Conductivity
Improvised Standard
Salt-water mixture 2 2
Distillate 0 0
Standard distilled water 0 0

Fractional distillation. Figure 12 shows the performance of the
improvised apparatus against standard apparatus for fractional distillation.
The average density of distillates collected from improvised apparatus
(x=0.8056; SD=0.0015; 95%CI=0.8068, 0.8045) was lower than the average
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density of distillates collected from standard apparatus (x=0.8176; SD
=0.0024; 95%CI=0.8193, 0.8158).
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Figure 12. The density of the first ten fractions collected from improvised
apparatus (x=0.8056; SD=0.0015; 95%CI=0.8068, 0.8045) and standard
apparatus (x=0.8176; SD =0.0024; 95%CI=0.8193, 0.8158).
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Figure 13. Percentage of alcohol for the first ten fractions collected using
improvised and standard (Vigreaux) fractional distillation apparatus.
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Steam distillation. Steam distillation is used to separate immiscible
liquids. It is commonly used to extract essential oils from various plant
materials. Since many organic compounds tend to decompose at their boiling
point, water is introduced into the distillation apparatus. The water vapor
carries small amounts of the vaporized compounds to the collection flask,
where the immediate product is a two-phase system of water and the organic
distillate, allowing for easy collection. As a proof of concept, the improvised
distillation apparatus was used for steam distillation of pomelo peel to extract
essential oil. Physical characteristics and percentage yield of essential oil
extracted from pomelo peel using improvised and standard distillation
apparatus are presented in Table 3.

Table 3. Comparison of essential oils produced from improvised and standard
apparatus for steam distillation.

(V) 3 (V)
Apparatus | Appearance | Odor /o]((;lgld %fléf‘?aliﬁ(ie_n;)e
, (n=
Improvised Clear Citrusy 0.56 0.45 - 0.65
Standard Clear Citrusy 0.60 0.43 - 0.73

Cost evaluation. The cost for fabrication of one set of improvised
distillation apparatus together with the measuring devices is 99% cheaper
than purchasing its standard counterpart (Table 4).

Table 4. Cost of improvised distilling apparatus and standard distillation
apparatus.

Improvised Cost Cost
Apl:)aratus (PhP) Standard Apparatus (PhP)
Modified electrothermal Heating mantle, 500 ml-
cup, 1 L-capacity with cap 45,900.00
voltage regulator and 740.00 500 ml boiling flask (2- 6,900.00
read-out device neck)
Distilling lid 20.00 | Distilling head 5,900.00
Fractionating column Fractionating column
filled with column 132.00 . & 12,500.00
. (Vigreaux)
packing
Condenser 52.00 | Liebeg condenser 4,900.00
Conductivity tester 50.00 | Conductivity meter 21,750.00
Pycnometer 10.00 fﬁ’:ﬁg;ﬂrﬁfirgg ml-cap 13,330.00
TOTAL 1,004.00 TOTAL 111,180.00
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DISCUSSION
Modified Electrothermal Cup

The modified electrothermal cup served both as the heat source and
distillation pot. The light dimmer incorporated into the power plug regulates
the voltage input and permits variation on the heating rate. This allows the
sample to be heated to its boiling point at a faster rate and regulate the
temperature with ease during the distillation process. Unlike the Bunsen
burner, the electrothermal cup is safe to use because it does not involve the
use of open flame for heating and considering that the temperature controller
is not within or near the heat source, the distillation process can be operated
at a safer distance. Unlike the conventional distilling flask which is commonly
made of glass, the electrothermal cup was made from stainless steel which is
not prone to cracks and breakages. It has a wide mouth to facilitate easy
cleaning as well as easy charging and discharging of plant materials during
steam distillation. The cup was also provided with a plastic handle for easy
handling. Further, the modified electrothermal cup could be used for other
experiments which would require heating such as melting point and boiling
point determination.

Improvised Measuring Devices

It is important to test the sample solution before and after the
distillation process to determine its efficiency of separating individual
components in a solution. Improvised measuring devices were fabricated to
determine the purity of the distillate collected from the distillation process. It
further lowers the cost of conducting distillation process in school
experiments because it eliminates the use of expensive apparatus and
chemicals for testing the purity of the distillates.

Improvised conductivity tester was used to determine the purity of
distillates collected from the salt-water mixture using simple distillation set-
up while improvised pycnometer was used to determine the purity of ethanol
produced from alcoholic beverage using fractional distillation set-up. The
conductivity tester presented by Katz and Willis (1994) was modified to have
a dual power source. It can be powered either by electricity or by a 9-volt
battery. The TRS earphone jack was used instead of copper electrodes to make
the distance between the two electrodes constant throughout the experiments.

An improvised pycnometer was used to determine the density of
different concentration of ethanol in aqueous solution and density varies as
the concentration of ethanol changes. The density of the solutions could be
used to determine the concentration of alcohol in the solution by converting it
into a concentration unit using a suitable concentration table. The fabricated
pycnometer was validated against standard pycnometer and aside from
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exhibiting high precision (RSD < 0.04%), it shows a strong correlation (R =
0.9996) with standard pycnometer over a range of ethanol concentrations.

Fractionating Column

Efficient separation of an ethanol-water mixture is represented by
distillation plot characterized by a relatively stable temperature at which
several fractions of distillates were collected and a sharp increase in
temperature that reaches a plateau. The lower temperature plateau represents
the lower boiling point component of the mixture while the higher
temperature plateau represents the higher boiling point component.
Distillates collected at the same temperature indicate a relatively pure
substance while distillates collected at different temperatures constitute
varying amounts of alcohol content as solutions with different concentrations
of alcohol have a unique boiling point.

The efficiency of separation for fractional distillation is influenced by
the size of the column packing and the length of the fractionating column
Madson 2003; Pavia et al. 2005). Better separation of alcohol was achieved
through the use of stainless steel sponge and smaller glass marbles with a
diameter of 11.1 mm than the larger glass marbles with a diameter of 15.9 mm.
This behavior could be due to the higher surface area available in stainless
steel sponge and smaller glass marbles compared to the larger glass marbles.
Higher surface area means greater contact between the rising steam and the
condensed liquid descending down the column. However, smaller glass
marbles were used favorably over stainless steel sponge due to the ease of
charging and discharging it from the glass column.

The length of the fractionating column was also found to affect the
efficiency of the separation of ethanol from water. Fractional distillation set-
up utilizing 65-cm column produced a higher concentration of alcohol than
set-up employing 37-cm column and subsequently, the longer column was
used throughout the study. The increase in the efficiency of separation could
also be attributed to the increase in the evaporation-condensation steps
occurring in longer columns (Pavia et al. 2005).

Comparison with Standard Distillation Apparatus

The performance of the improvised apparatus for simple, fractional
and steam distillation was compared with standard distillation apparatus. The
efficiency of improvised apparatus for simple and steam distillation was found
to be comparable with standard apparatus while improvised apparatus for
fractional distillation was shown to be more efficient in purifying ethanol from
alcoholic beverage than standard apparatus. Figure 12 shows that the
improvised apparatus yielded distillates with a lower density (higher
concentration of alcohol) and exhibited more reproducible results than the
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distillates collected from standard apparatus for the first ten fractions. A
paired sample t-test was conducted to compare the performance of improvised
and standard apparatus for fractional distillation. The statistical test shows
that there was a significant difference between improvised and standard
apparatus; t(9) = -11.00, p < .001. The results suggest that the improvised
apparatus is more efficient in separating ethanol from alcoholic beverage and
produces more reproducible results than the standard apparatus for fractional
distillation that utilizes Vigreaux as the fractionating column.

The price of one set of improvised apparatus for simple, fractional and
steam distillation was significantly cheaper than the standard apparatus
(Table 4). The use of fabricated measuring devices instead of chemicals and
reagents to test the purity of the distillates further reduces the cost of
experiments involving distillation process. All materials used in the
construction of the improvised apparatus are locally available and are easy to
replace.
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ABSTRACT

Insects are known not only as pests at home but in agricultural farms
as well. There are insects that even destroy the quality of farm harvest and
decrease its palatability and marketability. One of the very well- known
insect pests is the rice weevil (Sitophilus oryzae) which damage the quality
of rice grain and lowers its market value. Indigenous plant base environment
friendly insecticides are now gaining popularity than commercial
insecticides. There are many herbal plants in the Philippines which can be
used as potential source of insecticide. One of these is Sappan (Cesalpinia
sappan) which grows well along riverbanks. The aim of this study was to
determine which of the following concentrations (T- control, 0%; Ti, 15%; T-,
30% and Ts, 45%) of Sappan seed ethanol extract (SSEE) will give the highest
mortality in 1.5 h of observation. Experimental research method with four
treatments and twenty samples of rice weevils were used to gather pertinent
data for this study. Sappan seeds were sundried, chopped, macerated in 95%
ethanol for 3 days and subjected to rotary evaporation. Data on mortality for
1.5 h with 15 minutes intervals was analyzed using Analysis of Variance and
Fisher Least Significant Difference (LSD) Test as post hoc Test. Results
revealed significant difference on the means of four treatments. It is
imperative that rice weevils in T3 (45% of SSEE) had highest mortality in 1.5
h exposure. It implied that SSEE is a potential source of insecticide
particularly for rice weevils.

Keywords: rice, herbal, pesticide, tannin

INTRODUCTION

Insect pest like weevil destroys rice grains in storage areas causing
decrease in quality and palatability. The use of insecticide from herbal plants
in lieu of synthetic insecticide is becoming popular in the market because it
will not harm the environment and will maximize the use of herbal plants in
the locality. This study explored the potential use of Sappan seeds against rice
weevil.

In the Philippines, rice is the main energy source for Filipinos. Most
farmers grow rice to supply the staple food for the entire populace. Philippines
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being tropical, favor the existence of insect pests not only in their farm but
even on their post-harvest facilities like rice granary. Last August 2018, the
Philippine government through its National Food Authority imported rice
from Thailand and Vietnam. The quality of the said rice was at stake since it
was infested with rice weevil (Macatuno and Jaucian 2018). The rice weevil,
(Sitophilus oryzae) is a small (2.5 to 4 mm), dark brown insect belonging to
order Coleptera and family Curculionide. It has chewing mouthparts at the end
of its snout or prolonged head. The adult rice weevil is a dull reddish-brown
with round or irregularly shaped pits on the thorax and four light spots on the
wing covers. Adult rice weevils live for four to five months and each female
lays 300 to 400 eggs during this period. The female uses her strong mandibles
to chew a hole in the grain kernel where she deposits a single egg and seals the
hole with a gelatinous fluid. Damage to grain caused by this weevil includes
reductions in nutritional value, germination, weight and commercial value
(Gentry et al. 1991).

One of the herbal trees is Sappan (Cesalpinia sappan) locally known as
“sibukaw” in the Philippines. This shade loving tree is usually found along the
river banks. It is a small to medium-sized shrubby tree, 4-10 m tall; trunk up
to 14 cm in diameter; bark with distinct ridges and many prickles, greyish
brown; young twigs and hairy buds. Seeds are ellipsoid, flattened, about 18-20
mm X 10-12 mm in size, brown. It is commonly used as a native medicine of
the Visayan people (Mariappan et al. 2014).

There are studies using the heartwood and leaves of Sappan as
medicinal and anthelmintic agent. Mehrothra and Sharma (1984) stated that
“Sappan” is considered a valuable astringent, alterative tonic, emmenagogue,
blood purifier and anticoagulant. It strengthens the bones and teeth and is also
used in boils and eruptions. The use of Sappan leaves as anthelmintic agent
showed that, the leaves can serve as a good natural source of potent
antioxidants and anthelminthiasis medicines (Harjit et al. 2016).
Phytochemical screening revealed the presence of flavonoids, phenolic
compounds, tannins, saponin, protein, oxalic acid, carbonate, oil and fat. The
pods contain 40% tannin. Tannin is found in the leaves, 19%, bark and fruit
walls, 44% (Chang et al. 2012).

No published study on the use of its seeds as insecticide, hence this
study. This study was conducted mainly to investigate the insecticidal
potential of Sappan seeds against rice weevil. The result of this study is
beneficial, to partner communities of San Beda University-Institutional
Community Involvement Center, where rice farming and selling is the main

The Palawan Scientist, 11: 85 - 96
© 2019, Western Philippines University

86



Acero: Sappan seeds insecticidal potentials

source of livelihood. This study aimed to determine the mortality of rice
weevils in different concentrations of Sappan seed ethanol extract (SSEE)
every 15 minutes observation, for 1.5 h; describe the behavior of rice weevils in
different concentration of SSEE every 15 minutes observation; and determine
the significant difference on the mortality of rice weevils in different
concentrations of SSEE every 15 minutes observation.

METHODS

This study utilized experimental methods, with four treatments and 20
sample insects per treatment. Each treatment was duplicated. T- (control) no
SSEE; Ti, 15% SSEE, T, 30% SSEE, and T3, 45% SSEE.

Preparation of Sappan Seed Ethanol Extract (SSEE).

The method of SSEE preparation was patterned from several studies.
Sappan premature seeds were sundried for 5 days (Chang et al. 2012). As
reported by Elkhalifa et al. (2005) “pods were generally significantly better
than bark in their tannin's contents and the premature pods were always
better than the mature ones.” The study of Bourmita et al. (2013), guided the
researcher in turning the seeds into smaller parts. Sappan pods were
hammered to expose the seeds. Seeds (Figure 1) were chopped using kitchen
knife and pounded with the use of mortar and pestle. The study of
Tychopoulos and Tyman (1990) served as guide in maceration of ground
Sappan seeds to solvent (95% ethanol), which is 1:1.5 weight in grams per
volume in milliliter (500 gm of seeds in 750 ml ethanol). The pounded Sappan
seeds were soaked in 95% ethanol for 3 days with frequent agitation. The
mixture was filtered with the use of cheese cloth and Whatman paper no. 1,
and was subjected to rotary evaporation to remove the ethanol (Figure 2).

Figure 1. Pods (left) and seeds (right) of Cesalpinia sappan used as insecticide
for rice weevils.
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Figure 2. Sappan seed éthanol extract (SSEE) in rotary evaporator.

Number of Rice Weevils, per Treatment

To ensure uniformity and avoid bias in the result on the controlled
variables, 80 live rice weevils of almost the same size were obtained from the
same infested sack of rice from the rice granary of a rice trader in Palanan,
Makati City Philippines.

Application of SSEE/Exposure Technique

Rice weevils were exposed to SSEE following the procedures adopted
by several insecticidal studies using herbal extracts with slight modifications,
(Smith 1979; Gedam and Sampathkumaran 1986; Ahmad and Suliyat 2011;
Abbas et al. 2013; Sattar et al. 2014; Edori and Ekpete 2015). Four pairs of
sterilized petri dishes (5.5 cm diameter) were used. SSEE was diluted in
distilled water, in different concentrations as follows; T1, 15% SSEE, T2, 30%
SSEE, and T3, 45% SSEE. The concentration was patterned from the study of
Oyedokun et al. (2011) with slight modification. Each filter paper in the bottom
of petri dish was applied with concentration of SSEE except for the control
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treatment. Infusion was carried out using a syringe. Distilled water was used
for control (T-). Ten live rice weevils were subsequently introduced in each
petri dish. After which the insects were touched at the abdomen using glass
rod to determine its mobility. Mortality in this study is described as non-
motility of rice weevils even if touch by glass rod on their abdominal part.
Dead rice weevils after 15 minutes of observation were transferred in an empty
petri dish, as evident of 15 remaining rice weevils in Figure 3 (sample of
observation in T3 after 30 minutes of observation). Data for the mortality of
the rice weevils was recorded every 15 minutes for one and half hour
(Aihetasham et al. 2018; Edori and Ekpete 2015).

Data Gathering Procedure

Mortality per treatment and behavior of insects were observed every
15 minutes interval for 1.5 h of observation. Behavior of insects was described
based on the study of Edori and Ekpete (2015). Insects were touched by glass
rod in the abdominal region. Non motility denotes mortality. Paralyzes
denotes movement of the limbs when touch in the abdominal region.
Weakening means slow movement in the petri dish.

Data Analysis

Data on mortality was analyzed using single factor Analysis of Variance
(ANOVA) and Fisher Least Significant Difference Test as post hoc test (Gomez
and Gomez 1984).

RESULTS
Mortality of Rice Weevils per Treatment for 1.5 h Observation

Mortality in this study is described as non-motility of rice weevils even
if touched by glass rod on their abdominal part. Table 1 posited the mortality
per treatment every 15 minutes of observation. Highest mortality was
observed in treatment 3, 100% mortality, followed by T,,70% mortality and T,
with 65% mortality. No mortality was observed in T- (control). Table 2 (Fisher
Least Significant Test) revealed significant differences among the four
treatments. Significant differences exist between pairs of means with different
superscripts as revealed by Fisher LSD (T- vs Ty, T- vs. T2 and T- vs. T3). The
result further implies that 15% to 45% of SSEE caused death/mortality of the
rice weevils in 90 min or 1.5 h but much faster time in T;. Result revealed
45 %SSEE is more potent than the other treatments.
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Table 1. Number of dead rice weevils exposed to different concentrations of
SSEE every 15 minutes of observation, Mean values with similar superscript
are not significantly different.

Treatments
Time (minutes) - (n=20)| I(n=20) 2 (n=20) 3 (n=20)
0% SSEE 15% SSEE | 30% SSEE | 45% SSEE

15 o} 4 6 6

30 4 3 5

45 o 3 2 4

60 0o 1 2 5

75 0] 1 1 0

90 0] o] 0 0]
Total o) 13 14 20
Mean Oa 2.166P 2.33b 3.83b

Table 2. Fisher Least Significant Difference Test (Post hoc Test) comparing
significant difference among treatment means.

Paired Means Difference on| LSD Value | Analysis
Paired Means

T-2avs. T1b 2.166 2.033 | significant
T-2vs. T2b 2.330 2.033 | significant
T-2vs. T3P 3.830 2.033 | significant
T1bvs. T2b 0.165 2.033 | Not significant
T1bvs. T3P 1.664 2.033 | Not significant
T2bvs. Tgb 1.500 2.033 | Not significant

Behavior of Rice Weevils Every 15 Minutes of Observation

Table 3 summarizes the behavior of rice weevils per treatment. On the
first 15 minutes, experimental insects are lethargic/weak. Insects moved
toward the edge of petri dish (Figure 3). After 30 minutes, insects lie on their
back and the legs are still moving. After 45 minutes, remaining insects were
totally weak, paralyzed, but still moving if touched by glass rod in their
abdomen. All paralyzed insects in T-, T1, T2 and T3 died after 1.5 h of
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observation. Dead rice weevil is in bent/crooked position (Figure 4). Rice

weevils in negative control (T-) were all active.

Table 3. Behavior of rice weevils exposed to different concentrations of Sappan
seeds ethanol extract, for 1.5 hours observation.

Time (min) Treatments
- (0% SSEE) 1(15% SSEE) 2 (30% SSEE) 3 (45% SSEE)
15 20 were found to | 16 were found to be | 14 were found to| 14 were found to
be active weak be weak be weak
20 were found to | 16 lay on their back | 171ay on theirback | 15 lay on their
30 active back
20 were found to | 17 were paralyzed | 18 were paralyzed | 16 were paralyzed
45 be active
f 1 1
60 12)2 ;A(/:(teirfe ound to | 19 were paralyzed | 18 were paralyzed 15 was paralyzed
20 were found to 19 were paralyzed . .
75 be active 19 were paralyzed All insects died
90 20 were active 20 were paralyzed | 20 were paralyzed All insects died
Sappan
Seed
ethanol
extract free
area

Figure 3. Rice weevils moved to the edge of petri dish (Sappan seed ethanol
extract free area) after 15 minutes of exposure to SSEE.
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L dk
Figure 4. Dead rice weevil (magnified 20 x) in crooked position after 9o
minutes of exposure to Sappan seed ethanol extract (SSEE).

DISCUSSION
Mortality of Rice Weevils per Treatment for 1.5 h Observation

Several studies can attest to the mortality of rice weevils in this study.
The mortality of the rice weevils may have resulted from the biocidal effects of
the plants which contains active components, tannin in particular (Al-Saady
2001). Crude plant extracts cause toxicity (Hiremath and Ahn 1997) and
feeding inhibition of insects (Wheeler and Isman 2001). Wu et al. (2011)
identified the compound, diterpenoids and flavones in C. sappan. Nguyen et
al. (2004) isolated a new cassane-type diterpene, named Phangininoxy A (1)
and one known Phanginin A (2) from the exact of seeds of Caesalpinia sappan
Linn. Catherine et al. (2009) stated that effects of higher doses of flavonoids
in insects alter normal body functions. The presence of these phytochemical
alters some biochemical functions of organisms. The effects of flavonoids on
the transhydrogenation, NADH oxidase, and succinate dehydrogenase
reactions suggest that compounds of this nature may prove valuable in the
control of insect populations by affecting mitochondrial enzyme components.
Furthermore, Tran et al. (2015) found out that the compound 3 (phanginin D)
is one of the main active components of the seed of C. sappan activating
caspases-3 which contribute to apoptotic cell death. These studies can attest,
to the result of this study, that the premature seeds of Sappan can cause
mortality of insects.

Behavior of Rice Weevils Every 15 Minutes of Observation
It can be gleaned from Table 3 that rice weevils were affected by the
biochemical components of SSEE. Acero (2017) reported that the insects will

tend to evade areas with pungent odor and with tannin content. Edori and
Ekpite (2015) reported that “Tannin enters the epidermal tissues of insects
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and causes off-feeding of insects thereby affecting its body movements.” The
conspicuous/abrupt change in their locomotion is characterized by weakness
as early as 15 minutes of exposure to SSEE. After 30 minutes of exposure,
paralysis was observed in treatments with SSEE. Touching the abdominal
regions of the rice weevils, with glass rod indicates that they are still alive, by
movement of the legs even if the insects lie on their back. Paralysis of the entire
body except the limbs indicated that the physiologic functions were already
disturbed. The paralyzed insects later on die after 1.5 h of observation. Tannin
present in Sappan seeds is characterized by astringent, bitter plant
polyphenols that either bind and precipitate or shrink proteins. Tannins are
astringent (mouth puckering) bitter polyphenols and act as feeding deterrents
to many insect pests (War et al. 2012).

Another phytochemical component of Sappan seed is dipentene. It is
found in pesticides. It is a colorless liquid with a lemon-like odor, and exposure
of insects to dipentene causes allergic contact dermatitis (Rycroft 1980).
Dipentene is a known skin and eye irritant. Ingestion of dipentene in insects
can irritate the gastro-intestinal tract (Xu et al. 2013). Dipentene also called
D-Limonene. Dipentene in human has different effect as reported by Kim et
al. (2013), “d-Limonene has been designated as a chemical with low toxicity
based upon lethal dose (LD50) and repeated-dose toxicity studies when
administered orally to animals. In experimental animals and humans,
oxidation products or metabolites of d-limonene were shown to act as skin
irritants. Painting infested rice sacks with SSEE to eradicate rice weevils is
suggested.

With the highest mortality in Ts, it is imperative that Sappan seeds can
be used as insecticide (rice weevil) at 45% to attain significant result. Studies

on the use of Sappan seeds in different concentrations shall be explored on
other insect pests.
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ABSTRACT

The impact of road mortality on freshwater turtle populations on a
global scale could be significant enough to cause the extinction of sensitive
species. Essential data on roadkill abundance, composition, spatial patterns,
and temporal distribution is needed for crafting mitigation strategies. To
provide such information, a survey was conducted along the highway section
(67 km) connecting Aborlan and Puerto Princesa City in Palawan,
Philippines. Collection of data was done four times a month from January
2010 to December 2015. A total of 1277 road-killed turtles belonging to two
species of the Geoemydidae family were recorded, 102 (80.3%) of which
were classified as the Southeast Asian Box Turtle (Cuora amboinensis) and
25 (19.7%) were identified as the Asian Leaf Turtle (Cyclemys dentata). The
increase in road traffic noticed during the survey period possibly caused the
corresponding increase in the roadkill counts of C. amboinensis, which is a
more common species. Concurrently, the decline in the road-kill counts of
C. dentata may indicate a severe drop in the population of this less common
species. Roadside habitat types, time of the day, and presence of water
bodies are found to be important predictors of road-killed turtles. High
densities of road-killed turtles clustered in short segments of the road which
identified as hotspots. Effective mitigating measures to curve down the
impact of road mortality on turtle populations must be implemented and
focusing the conservation strategies along the hotspots is considered an
efficient and practical option.

Keywords: freshwater turtle, roadkill, road ecology

INTRODUCTION

The continuously expanding road networks traversing across the
different terrestrial ecosystems cause considerable habitat degradation and
fragmentation. To some extent, paved roads act as a barrier that causes
separation of wildlife populations across the habitat fragments. Keyghobati
(2007) explained that prolong genetic isolation brought by habitat
fragmentation has an overall detrimental effect on the wildlife population.
Likewise, the growing number of motor vehicles pose direct threat to wildlife
species that cross the roads in search for food, mate, shelter and breeding
grounds (Gibbs and Shriver 2002; Ament et al. 2007; Coelho et al. 2008;
Glista et al. 2008; Bernardo 2011; Kociolek et al. 2011; Langen et al. 2012;
Cook and Blumstein 2013; Crump et al. 2016). In some places where large wild
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animals are involved in vehicle collisions, the accidents caused considerable
damage to vehicles and sometimes even result in human fatalities. Litvaitis
and Tash (2008) suggested that the incidence of a wildlife-vehicle collision is
not only a threat to the survival of wildlife population, but is also a concern for
human safety, especially if it involved large wildlife species such as deer and
moose.

Wildlife roadkill cases are getting more common nowadays. Restaurants
offering meals prepared from the meat of road-killed wildlife are gaining
popularity in countries where large mammals are involved in vehicle
collisions. The increasing number of wildlife mortalities resulting from vehicle
collisions also caught the attention of some scientists and conservationists.
Some of them investigated the different aspects of road ecology to understand
the causes (Cook and Blumstein 2013; Sosa and Schalk 2016), impacts (Coelho
et al. 2008; Glista et al. 2008; Kociolek et al. 2011) and to come up with
possible mitigating measures that can be implemented to curve down the
volume of affected wildlife (Van Manen et al. 2001; Schutt 2008; Ford et al.
2011; Rytwinski et al. 2016).

Among the wildlife species affected by vehicle collisions, freshwater
turtles are considered as one of the most frequently affected (Gibbs and
Shriver 2002; Steen and Gibbs 2004; Langen et al. 2007; Langen et al. 2012).
Being sluggish, turtles are exposed to road traffic much longer as compared to
other fast moving wildlife. Moreover, the cryptic coloration of most turtle
species makes them less noticeable to drivers, particularly during nighttime.

Turtles are also usually associated with bodies of freshwater (Lim and
Das 1999; Diesmos et al. 2008; Schoppe 2008). Thus, the proximity of the
road to freshwater habitats such as swamps, ponds, rice fields, streams, and
rivers is one of the important predictors of road mortality among turtles
(Langen et al. 2012). The high density of turtles crossing along particular road
segments and the high number of vehicles passing along the area might result
to a high concentration of road-killed turtles on specific locations called hot
spots (Langen et al. 2007). Furthermore, they also mentioned that road
mortalities along the hotspots might reach a scale that could endanger the
local turtle population. Similarly, Gibbs and Shriver (2002) declared that the
resulting mortalities from the simulation of turtle movements in areas with
many road networks and high traffic volume are high enough to cause
substantial population decline in the area.

Road mortality is another addition to the countless threats that greatly
affect the turtle population in the wild. Some of the persistent problems that
take a significant toll on turtle populations are global warming (Converse et
al. 2005), habitat destruction (Sirois et al. 2014), food and medicine trade
(Cruz et al. 2007; Diesmos et al. 2008; Schoppe 2008; Krishnakumar et al.
2009) and pet trade (Cruz et al. 2007; Diesmos et al. 2008; Schoppe 2008;
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Lyons et al. 2013). The declining trend of the turtle population globally is
much alarming as they are poorly studied and are given less conservation

priority.

The prospects of developing more road networks soon coupled with the
increasing volume of road traffic in places with high biological diversity such
as the island of Palawan, highlight the need to study the impact of vehicle-
induced mortality to freshwater turtles and other wildlife species as well.
Palawan is considered by many as the last frontier in the Philippines because
of its pristine environment and unique biological diversity. The province is
also endowed with many beautiful tourist spots and abundant natural
resources which attract a huge number of tourists and migrants annually. The
ballooning population of the province is estimated to be growing at a rate of
2.66% annually (NSO 2013). Developments in the different municipalities
resulted in clusters of developed areas in both the southern and northern part
of the province. To reach these sprawling developments in the countryside,
more road networks are built. Although most of the roads cut across a variety
of habitat types such as forest, wetlands, grasslands and mixed agricultural
areas, very few studies mentioned the incidence of roadkills in the province
(Esselstyn et al. 2004; Tabaranza et al. 2008; Bernardo 2011).

Preliminary investigation of wildlife road mortalities along the national
highway in central Palawan revealed an overwhelming number of road-killed
bird and mammal species (Bernardo 2011). However, the previous study did
not include reptiles particularly freshwater turtles in the report. Hence, the
study was conducted to provide baseline information on species composition,
relative abundance, spatial patterns, and temporal trends of road-killed
turtles. It also identified important predictors of road mortality among
freshwater turtles. Finally, road segments with a high number of roadkills
were identified as roadkill hotspots. These pieces of information could be used
in crafting effective mitigation strategies in the future.

METHODS
Time and Place of the Study

The roadkill survey was conducted in the national highway segment
stretching between Puerto Princesa City and the municipality of Aborlan in
the province of Palawan, Philippines. The concrete road which spans to about
67 km along the eastern coast of the province served as the transect for the
survey. The selected road section traverses different kinds of habitats such as
forests, grassland, lowland rice fields, a mixed agricultural area, ponds, creeks,
rivers, and streams. The survey was conducted four times a month at regular
intervals and lasted from January 2010 to December 2015.
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Data Collection

The survey was done on board a motorcycle travelling at a regulated
speed of 40 km hr-. All the freshwater turtles killed by motor vehicles found
lying in the road were counted, identified, and the exact locations were
determined using a Global Positioning System (GPS) transceiver. Roadside
habitat types which are categorized as either forest habitat or open habitat (no
trees or very few stranding trees) and the presence of bodies of water were also
determined. Data gathering was made early in the morning, to record the
nighttime roadkills and another run in the afternoon to record daytime
roadkills. Specimens recorded during the morning run were removed from the
road to avoid being counted again in the afternoon run. The combined counts
of the morning and afternoon run comprised the sample.

Data Analysis

The roadkill data were reported using descriptive statistics, which
includes frequency counts and percentages. The relationship between times of
the day when the collision happened (daytime and nighttime), and roadside
habitat types (forested habitat and open habitat) with the species of road-
killed turtles were analyzed using the Chi-square test of independence. Road-
kill hotspots were identified based on the abundance and clustering of
roadkills along specific road segments.

RESULTS

The only two species of freshwater turtles known to be present in the
study area were both recorded during the survey. These are the Southeast
Asian Box Turtle (C. amboinensis) and Asian Leaf Turtle (C. dentata), both of
which were members of the Geoemydidae family. A total of 127 road-killed
freshwater turtles were recorded during the six years’ survey period. Among
these, 102 (80.3%) were identified as the Southeast Asian Box Turtle (C.
amboinensis) while the remaining 25 (19.7%) were identified as the Asian Leaf
Turtle (C. dentata) (Table 1).

The data clearly show that relatively more C. amboinensis individuals
were killed by motor vehicles than C. dentata annually within the 6-year
sampling period. Moreover, the total number of road-killed turtles within the
six-year sampling period showed a substantial increase of 26%. However, the
observed frequencies of the two recorded species exhibited different trends.

All road-killed freshwater turtles were adults except for one specimen of
a juvenile C. amboinensis. The sex distribution of the roadkills was not
included in the analysis as many samples were crushed, and sex identification
becomes difficult and may lead to erroneous results. Roadkills were easily
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identified down to species level because of highly recognizable body markings.
The C. amboinensis can be easily identified by the yellow-green lines marking
the head region while the C. dentata has unmistakable orange stripes in the

head region and the plastron is yellowish brown with many dark-brown
stripes (Figures 1 and 2).

Table 1. Abundance of the road-killed turtles recorded in the study area for the
sampling years 2010 to 2015.

Sampling Year o
Turtle Species Total | %
2010 | 2011 | 2012 | 2013 | 2014 | 2015
Coura 1 1 1 18 1 2 102 | 80
amboinensis 3 5 4 9 3 3
Cyclemys dentata 6 5 7 4 2 1 25 19.7
Total 19 20 21 22 21 24| 127| 100

Figure 1. Road-killed Asian Leaf Turtle (Cyclemys dentata).
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Figure 2. Road-killed Southeast Asian Box Turtle (Coura amboinensis).

The frequency of C. amboinensis killed by motor vehicles showed a
noticeable increase of 77% from 2010 to 2015. In contrast, the frequency of
road-killed C. dentata exhibits a remarkable decline of 83% within the six
sampling years.

The study unfolded that the two species of road-killed turtles were
mostly found in road sections with different roadside habitat types. Among
the 25 road-killed C. dentata that were recorded during the survey, 23
carcasses (92%) were found in road sections near streams with forest cover.
Meanwhile, the remaining two specimens (8%) were recorded in the sections
of the road with non-forested roadside habitat but closed to slow flowing rocky
streams which are connected to the nearby forest in its upstream and
downstream sides. On the contrary, most of the C. amboinensis carcasses were
found in more exposed roadside habitats such as creek, ponds, rice fields,
waterlogged grassland, and small exposed streams. Out of the 102 road-killed
C. amboinensis, 89 carcasses (87%) were found in non-forested roadside
habitats. The Chi-square test of the data revealed a significant relationship
between the road-killed turtle species and roadside habitat types [X2(1,
N=127)=62.09, p<.05] (Table 2).
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Table 2. Chi-square test for species of road-killed turtles by roadside habitat
types [X2(1,N=127)=62.09, p<.05].

Roadside Habitat Type
Splf,ﬁleg of rload- Forested Non-forested | Total
llled turtles roadside roadside
habitat habitat
Coura amboinensis 13 89 102
Cyclemys dentata 23 2 25
Total 36 91 127

The study also revealed that most of the carcasses found during the
survey were accidentally killed during nighttime (1800 to 0600). Out of the
total of 127 recorded roadkills, 115 (90.5%) were accidentally killed during the
night. Both of the affected species followed a similar pattern. Among the 102
C. amboinensis carcasses, 91 (89%) were road-killed during nighttime.
Similarly, out of the 25 recorded carcasses of C. dentata, 24 (96%) were also
road-killed during the night. The Chi-square test of the data revealed a
significant relationship between the turtle species and the time of the day
when the vehicle collision happened [X2 (1, N=127)=147.41, p<.05] (Table 3).

Table 3. Chi-square test for species of road-killed turtles by the time of day
when the road collision happened [X2(1,N=127)=147.41, p<.05] .

. . Time of the day when the
Species of road-killed road collision happened | 4]
turtles
Daytime Nighttime
Coura amboinensis 11 91| 102
Cyclemys dentata 1 24 25
Total 12 115 | 127

The spatial distribution of road-killed turtles was analyzed by plotting
the coordinates of all the spotted roadkills in every one-kilometer segments of
the surveyed road using the Global Positioning System (GPS). The results
revealed that all the road-killed turtles were found only in 38% of the road
segments hence exhibiting a non-random pattern. Moreover, it was also found
out that the cases of turtle and vehicle collisions clustered in high densities
along specific short segments of the road with nearby bodies of water such as
streams, ponds, canals, rice fields, swamps, and waterlogged flats. These
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specific road segments with a high density of roadkills were considered as
roadkill hotspots for freshwater turtles (Figure 3).

Roadkill “Hotspots”
14
12 B Coura amboinensis
> W Cyclemys dentata
E 10
3 8
5 [
8 6
o
o
a
]
: I L M
. | l ||| I
Puerto Princesa City > Aborfan
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Location along the road(Km)

Figure 3. Abundance of road-killed turtles along specific segments of the road
connecting Puerto Princesa City and Aborlan in Palawan for sampling years
2010 to 2015.

DISCUSSION

The result of the study revealed that several numbers of freshwater
turtles were killed in motor vehicle collisions. Considering the frequency of
data collection, the findings of this study only showed a small proportion of
the total number of individual turtles affected by vehicle collisions. The annual
figure is expected to be much higher if daily roadkills would be accounted.

Out of the four known species of freshwater turtles in Palawan, only two
species were recorded in the study area. The roadkill data confirmed the
presence of C. amboinensis and C. dentata in this particular geographic
location. Two other freshwater turtles, namely Dogania subplana and
Siebenrockiella leytensis, which are also known to be found in Palawan
(Diesmos et al. 2008) were not recorded in the study area. Dogania subplana
is commonly found in the southern municipalities of Palawan while the S.
leytensis is mostly found in the northern part of Palawan (Diesmos et al.
2008). These species were not found in the study area despite rigorous
searching in the roadside habitats.
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Within the six years study period, C. amboinensis always have higher
annual roadkill counts than the C. dentata. One of the possible reasons for the
disparity of roadkill counts between the two species of turtles is the presence
of more C. amboinensis individuals in the study area relative to the C. dentata
(pers. obs.). Diesmos et al. (2008) noted that C. amboinensis is a reasonably
common species in areas within its habitat range. This species is also known
to thrive in a variety of natural and man-made bodies of water (Lim and Das
1999; Diesmos et al. 2008; Schoppe 2008, Schoppe and Das 2011). On the
other hand, Diesmos et al. (2008) stated that the C. dentata is a relatively less
common species that is usually restricted to bodies of water associated in
forested habitats and less likely found in altered habitats and man-made
bodies of water.

The increasing trend of roadkill incidences involving C. amboinensis
could be attributed to the increase in the volume of vehicles traversing the
road section surveyed. Based on personal observation and accounts of
terminal dispatchers, passenger van drivers and police officers manning the
checkpoints, a noticeable increase in road traffic were observed within the six-
year survey period. The rise in motor vehicles plying the road was primarily
contributed by passenger shuttle vans, delivery vans, and new private motor
vehicles. This observation concurs with the results of the simulation of
collision models done by Litvaitis and Tash (2008) where they asserted that
the increasing traffic volume would result to a corresponding increase in the
estimated probability of wildlife and vehicle collisions and the risk for slow
moving animals such as turtles are considerably higher. However, given that
the actual counting of motor vehicles was not included in this study and the
roadkill cases of C. dentata showed a declining trend, then the impact of traffic
volume remains a possible answer that needs to be verified.

Contrariwise, the trend of C. dentata roadkill cases declined within the
six-year sampling period. One of the possible explanations is that a
considerable reduction in the population of C. dentata along the roadside
habitats could have occurred during the survey period, and it affected the
density of the roadkills. The abundance of this turtle species in habitats near
the road may not be as many as that of the C. amboinensis which can thrive
well in man-made habitats (Lim and Das 1999; Diesmos et al. 2008; Schoppe
2008). Several studies in the past attested that high densities of road collisions
adversely affected the population of sensitive turtle species (Gibbs and Shriver
2002; Beaudry et al. 2008; Litvaitis and Tash 2008). The difference in size
and connectivity of habitats preferred by these species of turtles are also
presumed to affect the roadkill patterns. The habitat preference of the C.
dentata appears to be restricted to areas with bodies of water and have
relatively good forest cover. This species usually prefers swamps and small
streams with forest vegetation (Diesmos et al. 2008). The distance of
separation and lack of connectivity between these streams limit the
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replenishment of new individuals, particularly on roadside populations which
are severely affected by vehicle collision mortalities.

On the other hand, open wetlands preferred by C. amboinensis are
usually wide and connected to other wetlands far from the road. In-migration
of turtles from adjacent habitats to roadside areas is likely contributing to the
stability of C. amboinensis population in the roadside habitats. Langen et al.
(2012) asserted that the population declines resulting from road mortality
would be less if the roadside habitats have high connectedness with other
suitable wetland areas because the spillover of individuals moving in from
distant habitats will restock the roadside population.

Another point to consider is the habitat modification that took place in
some portions of the surveyed road. Within the 6-year sampling period, it was
noticed that some portions of the forested roadside habitats underwent
agricultural and agroforestry developments. Clearing the roadside forest
vegetation could have driven the C. dentata turtles in the upstream or
downstream part which is already far from the road. This scenario is plausible
because, unlike the C. amboinensis which prefers many open wetlands, the C.
dentata is associated with forested streams and does not thrive well in human-
altered habitats (Diesmos et al. 2008).

The relatively high incidence of road-killed turtles despite low traffic
volume during nighttime is an indication that more turtles cross the road
during the night. Although C. amboinensis is also active at daytime, the hot
road pavement most likely prevented the turtles from crossing the road during
the day. Among the 11 recorded C. amboinensis killed during the daytime, 10
(91%) were found during rainy or extremely cloudy days wherein the road
pavement is relatively cool and wet. The only C. amboinensis roadkill
specimen recorded during the sunny day was most likely killed in the morning
when the temperature of the road pavement is still tolerable. Similarly, the
only recorded C. dentata which died during daytime was also recorded on a
rainy day when the nearby stream was flooded with storm runoff. The flooding
of nearby stream might have disturbed and driven the turtle to cross the road.
This turtle species is known to be active at night and usually hiding in rocks,
sand, gravel, and crevices in the stream banks during daytime (Diesmos et al.
2008). Being active at night might explain why almost all C. dentata was killed
during nighttime.

The significant relationship between the road-killed turtle species and
the roadside habitat types [X2(1,N=127)=62.09, p<.05] and significant
relationship between the turtle species and the time of the day when the
vehicle collision happened [ X2(1,N=127)=147.41, p<.05] strongly suggests that
the types of roadside habitats and the time of the day may serve as important
predictors of road mortalities among freshwater turtles.
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The presence of high density of roadkills in road segments near bodies
of water confirmed the dependency of these species of turtles to aquatic
habitat (Lim and Das 1999; Diesmos et al. 2008; Schoppe 2008). Moreover,
the clustering of roadkills, along certain road, segments strongly suggests that
the presence of bodies of water near the road could also be considered an
important predictor of road-kill incidences among freshwater turtles. This
finding concurs with the observation of Langen et al. (2012) who claimed that
the proximity of roads to bodies of water is one of the important predictors of
road mortality among three species of freshwater turtles (Chelydra
serpentina, Chrysemys picta, and Emydoidea blandingii) in St. Lawrence
County, New York State, United States of America.

Identifying the turtle roadkill hotspots is an important baseline in site-
specific implementation of conservation efforts (Langen et al. 2012). Focusing
the road mortality mitigations along hotspots could be a useful and practical
option because it prioritizes high impact areas in much shorter road segments.

The number of roadkills encountered during this study is only a small
proportion of the actual number of individuals affected by road mortality. If
daily counts were made, the figures could be several folds higher which could
be high enough to compromise the effective breeding population size of
vulnerable species of turtles in the roadside habitats in the long term (Gibbs
and Shriver 2002; Beaudry et al. 2008; Litvaitis and Tash 2008). Also, the
exploitation of turtles for food, medicine and pet trade (Gavino and Schoppe
2004; Cruz et al. 2007; Diesmos et a. 2008; Krishnakumar et al. 2009) along
roadside habitats could be much higher than in other locations due to the ease
of access to the area. Turtles are very slow growing animals which take a
considerably longer time before they reach sexual maturity as compared to
other vertebrates. Moreover, the matured reproducing individuals lay only a
small number of eggs (Ernst et al. 2000).

As a consequence severe exploitation, habitat reduction or alteration,
and high incidence of road mortality through time might seriously reduce the
sufficient population of these turtles in roadside habitats which may
eventually end to localized extinction. Currently, the two species of turtles
affected by road mortality accounted in this study are protected by the
Philippine Wildlife Act (R. A. 9147). Likewise, both turtles are also listed in the
Red List of Globally Threatened Species by the International Union for the
Conservation of Nature. The Southeast Asian Box Turtle (C. amboinensis) is
listed as “Vulnerable” while the Asian Leaf Turtle (C. dentata) is listed as
“Near-Threatened” (IUCN 2016). The geographic distribution of these turtles
is considerably wide, but the anthropogenic activities taking place within their
known geographic range are severely affecting the population of these species.
Aside from habitat degradation, these turtles are also commonly collected for
medicine, food and pet trade (Cruz et al. 2007; Diesmos et al. 2008; Schoppe
2008; Krishnakumar et al. 2009; Lyons et al. 2013). Because of the rampant
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illegal trade, both species are listed under Appendix II of the Convention on
International Trade of Endangered Species of Wild Flora and Fauna (CITES
2017).

The high volume of road-killed turtles and the increasing trend in the
overall roadkill frequency observed in this study suggest that road mortality
resulting from vehicle collision is one of the emerging threats to the population
of the freshwater turtles living in the roadside habitats. The prospects of road
development and the growing traffic volume in Palawan might endanger the
existence of these turtles in the long run, particularly the species that already
showed a decreasing roadkill count. Moreover, identified predictors of road
mortality among freshwater turtles such as types of roadside habitat, presence
of bodies of water and time of the day are worth considering in crafting
mitigating strategies. Focusing on the implementation of mitigation and
conservation efforts on identified roadkill hotspots will ensure its effective and
efficient implementation.

This study recommends immediate implementation of effective
mitigating measures such as road users’ education in the form of billboards,
warning signage, and pamphlets. These measures will improve the drivers’
awareness, alertness, and behaviour towards crossing turtles and other
wildlife as well. Installation of barrier fences or steep concrete ramps and
bypass channels are also recommended particularly in hotspot areas.
Furthermore, assessment of roadside habitat and habitat fragmentation must
also be conducted to understand its impact on turtle populations. Lastly,
additional studies on road-killed turtles in the northern and southernmost
part of Palawan is also recommended to know if the road mortality also affects
the two other species of freshwater turtles, namely D. subplana which is found
exclusively in Southern Palawan and S. leytensis which is found solely in
Northern Palawan.
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ABSTRACT

The first record of Tridacna noae in the province of Palawan,
Philippines was documented on June 21, 2018, at Paraiso Resort,
Albaguen Island, Port Barton in the municipality of San Vicente. The
single specimen measured 4.5 cm in shell length and was partly buried
in a massive coral rock. The mantle edge of the species is lined with
teardrop-like patches with white margins. This recent finding is an
addition to the seven previously reported giant clam species in Palawan
and confirms new sighting location in the existing geographic range.
The habitat of the species is a semi-protected cove, about 1 m deep at
high tide, with massive coral rocks generally covered with the seaweed
Sargassum spp. Potential threats include the shading effects of macro
algae and the constant presence of tourists visiting the resort who might
accidentally step on the clams. Buoy demarcation to exclude the area
from disturbance may help protect the species and other boring giant
clam species. Continued assessment may provide information on the
status of T. noae in Palawan and in other parts of the country.

Keywords: first record, giant clam, Palawan, Philippines, Port Barton,
Tridacna noae

The Noah'’s giant clam, Tridacna noae was first described by Roding
in 1798 based on the spacing of the scales on the shell, but later, lost its
recognition as a distinct species when it was treated as a variant of Tridacna
maxima. However, the recent use of genetic characterization reaffirmed T.
noae as a distinct species (Su et al. 2014).

Recent studies show that T. noae has a wide geographical distribution
range. It extends from the Ryukyu Archipelago in the north to Ningaloo Reef
(western Australia) in the south, and from Kiritimati (northern Line Islands)
in the east to East Indian Ocean in the west (Borsa et al. 2014; Neo and Low
2017). Its presence in the Philippines has only been alluded by Lizano and
Santos (2014) which was later confirmed through published DNA records of
specimens from eastern Negros (see Borsa et al. 2014). Viray-Mendoza (2018)
recently showed a photo of live T. noae from Negros, Philippines and
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mentioned that the species can grow up to 40 cm shell length and 9 kg in
weight.

The first record of T. noae in the province of Palawan, Philippines was
documented on June 21, 2018 at Paraiso Resort (10°29.839’N; 119° 8.790’ E),
Albaguen Island — one of the several islands in the sheltered bay of Port Barton,
municipality of San Vicente in the north-western side of Palawan. The mantle
edge of the single specimen is lined by teardrop-like patches with white
margins as also shown in Borsa et al. (2014), Neo et al. (2017) and Viray-
Mendoza (2018). The clam measured 4.5 cm shell length and was partly buried
in a massive coral rock (Figure 1a). Judging from its size and reported
maximum shell length, the species could be in its juvenile stage suggesting the
occurrence of breeding populations in nearby reefs within the bay. This
finding is an addition to the seven previously reported giant clam species in
Palawan (Dolorosa et al. 2015), and confirms new sighting location in the
existing geographic range. It also suggests connectivity of corridor for
dispersal and recruitment of species to Palawan region.

The habitat of this individual is a semi-protected cove, about 1 m deep
at high tide, with massive coral substrate generally covered with the brown
seaweed Sargassum spp. Potential threats include the constant presence of
tourists visiting the resort who might accidentally step on it, and the massive
growth of Sargassum spp. which may cover and deprive the individual of
sunlight. Buoy demarcation to exclude the area from disturbance may help
protect the species and other boring giant clam species such as Tridacna
crocea (Figure 1b) and T. maxima (Figure 1c and d). Continued assessment
may provide information on the status of T. noae in Palawan and in other parts
of the country.
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Figure 1. Tridacna noae, shell length = 4.5 cm (a), Tridacna crocea, shell
length = 8.0 cm (b), Tridacna maxima, shell length = 4 cm (c¢) from Albaguen
Island, Port Barton, San Vicente, Palawan, Philippines, and Tridacna maxima,
shell length about 20 cm from Tubbataha Reefs Natural Park, Cagayancillo,
Palawan, Philippines (d).
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