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Aims & Scope
Aims

SUSTAINABLE AQUATIC RESEARCH (SAquaRes) aims to play an important role in advancing
and understanding of aquatic sustainability. The most important aim of SAquares is “to put the research on
aquatic sustainability at the focus of science. Sustainable life in the world will be realized with a sustainable
aquatic ecosystem."

Scope

The scope of SAquaRes includes papers from non-traditional scientific areas such as sustainability science,
social-ecological systems, ornamental, conservation, and restoration, and also the traditional priorities of its
sections related to aquatic environments (the list below is given in alphabetical order):

Alternate Aquatic Energy Technologies
Aquatic Sustainability

Aquaculture and Fisheries

Aquatic Environmental Interactions

Aquatic biochemistry

Aquaculture and environment

Aquaculture and risk assessment

Aquatic ecotoxicology

Aquatic living resources

Aquatic Biofuels

Aquatic Biotechnology

Climate Change and global warming
Coastal Zone Management

Ecofriendly aquaculture studies
Environmental impacts of aquaculture

Fish Health and Welfare

Human and Environmental Risk Assessment
Hydrology and Water Resources

Impacts of global environmental changes
Innovative livestock and farming systems
Marine and Freshwater Biology

Marine and Freshwater Pollution

Seafood Quality and Safety

Sustainable and Renewable Resources
Sustainable Aquatic Ecosystem
Sustainability assessment and design of aquacultural systems and decision support tools
Water Quality and Pollution

Wastewater Treatment

And more research focused on sustainability

"Sustainable life in the world will be possible with sustainable aquatic research."
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Where Have All the Good Editors Gone? - A Necessary Polemic

Christian E.W. Steinberg
Freshwater Ecology, Humboldt Universitdt zu Berlin, Germany
E-mail: christian_ew_steinberg@web.de, ORCID: https://orcid.org/0000-0002-3132-8901

Don’t be afraid: America’s greatest folksinger of all time, Pete Seeger (‘Where have all the flowers
gone?’), is not back as a zombie to critic aquaculture. It seems, however, that he was much more aware of
the evolution of different human societies and cultures than many aquaculture editors are of the appearance
and development of their journals.

In the new age, where a certain political elite has made alternative facts and fake news acceptable to
the public, it is not surprising that strange papers appear even in highly ranked aquaculture journals: articles
with fake bibliographies or missing or at least very poor identification of the organisms studied. They appear
without any sanction or commentary and even pretend to be peer-reviewed. Who knows if results or even
entire articles are homemade? Can we be sure that results or even entire articles are not just fabricated
fairytales? Is it of any surprise that Open Access (OA) journals, including those from major publishers, do not
fight these tendencies? Earning article processing charges appears to counts more than science! Where have
all the good scientific editors gone?

In some subscription journals, and even more so in OA journals, you will miss the ‘Letters to the Editor’
section — usally a sign of the lively scientific life of a journal and the contest for the best interpretation of
published results. Not so in many aquaculture journals. Which author wants to pay article processing fees in
an OA journal for something intrinsic to science, namely discussing the results presented by colleagues?
Discussion leads to paradigms being proposed and eventually recognized by a majority of scientists after
academic pros and cons (Kuhn 2012). Do these journals believe that they are close to the absolute truth, like
religions or communist and fascist ideologies, which not only don’t need any discussion but actively suppress
it? Where have all the good editors gone? And if they are still around, have they forgotten all about scientific
education and good scientific practice?

One of the foundations of scientific work, which is clearly distinguished from esoteric homeopathic
beliefs, is the traceability and reproducibility of studies from other laboratories. But how can this be
guaranteed when dog (or cod) Latin terms are used for supplements of botanical preparations that are at
best known regionally where the respective ethnopharmacy is applied, but are by no means in general use?
Why do aquaculture journals not require the actual common scientific terms? This requirement is not a
symptom of racism a la ‘oppression of ethnic minorities’ — it is the basis of scientific work and
communication, which every scientific author should have learned in university. It contributes to the general
understanding and acceptance of the more empirical science of aquaculture. Where have all the good editors
gone?

Similar criticism applies when aquaculture and related journals, mainly OA journals, allow the use of
product names instead of the usual, still rather superficial, characterization of the feed composition. This is
simply advertisement and not science at all! Where have all the good editors gone?
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If you believe the aquaculture journals, a Nile tilapia or any other farmed fish is the same all over the
world. However, with breathtaking speed, epigenetic changes alter the phenotype during domestication,
as recently summarized (Steinberg 2023). Studies of Nile tilapia provide evidence that such changes occur
even within a single generation. Konstantinidis et al. (2020) showed that muscle DNA hydroxymethylation
differs significantly between wild fish and their captive-bred offspring. Many differentially methylated sites
are

associated with genes involved in muscle growth, immunity, autophagy, and diet response. This shows that
phenotypic traits often related to domestic animals (e.g., higher growth rate and different immune status)
may be regulated epigenetically (Podgorniak et al. 2022). The tilapia example should suffice to illustrate
theinexcusable gap that is created when aquatic species are treated worldwide as a ‘monolith’ and the
study material is not further characterized. With this mindset, many studies are not comparable, as was
already mentioned more than a decade ago (Hua and Bureau 2012). Where have all the good editors gone?

When supplementing aquafeeds or replacing marine proteins and lipids with plant materials from
traditional medicine, the ‘scientific’ justification is always that this has a long tradition in ethnopharmacy.
Are the authors serious? Do they really think that fishes and shrimps are little humans? Or that humans are
fishes or shrimps that have come ashore? Against this background, it is not surprising that most authors
deliberately forget to test the supplemented ethnopharmaceuticals for ecotoxicity. After all, they have
already been tested on humans. Where have all the good editors gone? This nonsense must stop!

Algae or fungi? When large inedible phytoplankton species, often filamentous cyanobacteria, are
infected by chytrids, nutrients within the host cells are transferred to the zooplankton via zoospores
(Kagami et al. 2014). This loop may be important in shaping aquatic food chains and may be used technically
in the aquaculture industry to improve low-value aquatic lipid sources. Recent classification agrees that
these organisms, the chytrids, are parasitic unicellular fungi (Adl et al. 2005), rather than algae, and later
confirmed (Galindo et al. 2021; Thome et al. 2023). However, this does not impress the many authors, most
of them from the aquaculture business, who continue to consider the various chytrids in aquafeeds as
microalgae. But if such inaccuracies occur in these small things, what happens to the really important
things? Where have all the good editors gone?

Crassostrea gigas or Magallana gigas? This species, or rather the scientists who study it, has a long
history of persistence. Although there is convincing biomolecular evidence that the Atlantic and Pacific
species groups do not have the same origin, i.e. do not belong to a single genus (Salvi and Mariottini 2017;
Salvi and Mariottini 2021; Willan 2021), the Pacific oyster is still referred to as Crassostrea gigas in most
recent papers and the battle for the old name continues (Backeljau 2018). Can persistence perhaps be
translated as convenience or laziness? A clarifying word from the good editors could certainly help here.

Litopenaeus vannamei or Penaeus vannamei? The correct nomenclature has been, and still is, the
subject of heated and not always objective debate. In the meantime, molecular taxonomy seems to have
won the day (Hurzaid et al. 2020; Balasubramanian et al. 2021; Katneni et al. 2021) and the previous mor-
phological split of the genus Penaeus by Pérez Farfante and Ken (1997) seems obsolete. Thirty-one splinters
are now reunited in the genus Penaeus (Vance and Rothlisberg 2020) and the most cultivated shrimp
species is Penaeus vannamei, rather than Litopenaeus vannamei (Figueredo et al. 2023).

Taxonomic revisions, however, are often influenced by methodological progress and subsequent
acceptance or rejection, which can be based on personal rather than scientific arguments. This can make
the animal objects appear like a hunted game, rather than an object of scientific studies.

In all cases, workers suffering from ‘revision shock’ have used non-taxonomic courses of action to
express their dissidence by attempting to suppress the taxonomy of others (i.e., by recommending
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avoidance, personal attacks, or omission, respectively) (Willan 2021). If these studies are already negligent
in the selection and identification of their subjects, what can be expected in the actual experimental work
to find something new? The same carelessness? Who knows!

Yet, the current nomenclature hullabaloo in aquaculture journals, exemplified by three examples, can
be easily remedied if good editors would simply wake up or show up and specify which of the taxonomic
databases authors must refer to if they want their paper processed or even accepted. This request does not
impinge on scientific freedom; rather, it contributes significantly to scientific clarity, comprehensibility, and
acceptance by the scientific community and the public, which is what we should all want. Where have all the
good editors gone?

Now to conclude seriously, almost without any polemic. The concerns listed above are based on
experiences with editors and journals while writing my Aquatic Animal Nutrition (Steinberg 2018, 2022) over
the past 10 years, they are not homemade or fake, but are meant to stimulate discussion. Certainly, an editor
cannot know all the issues of aquaculture or aquatic ecology. However, journals usually have several editors-
in-chief, associate editors, or at least an editorial board of qualified scientists from different disciplines.
These scientists can set scientific standards and requirements for manuscripts to be submitted. To overcome
the nomenclature hullabaloo, taxonomic databases are available free of charge (my favorite taxonomic
database is AlgaeBase, which uses beautiful phrasing: ‘This name is of an entity that is currently accepted
taxonomically’ or “This name is currently regarded as a synonym of...’, indicating that taxonomy is a matter
of opinion, not absolute truth). The editors only have to indicate which database for fishes, invertebrates,
macrophytes or algae and microorganisms has to be consulted, as each journal mentions the style of
references in detail. In addition, the animals, plants, and microorganisms to be studied must be identified at
least to the species level, unless the genus is monospecific. Basic and applied ecology on the multi-species
genus level is scientific nonsense, because different species within a genus can have contrasting ecological
requirements — basic knowledge even for ecological freshmen. For probiotic microorganisms, even the strain
used must be reported. The same is true for aquafeeds and supplements. Simply providing product names
is not science, it is advertising.

To start or increase discussion in aquaculture journals, editors need only take a quick look at high-
impact or multidisciplinary journals. Then all they have to do is add another category of article types, namely
‘Letters to the Editor’.

| am convinced that good editors are still out there!
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Introduction Particles trapped in the gills are considered to be

pre-ingested particles (Widdows et al. 1979).
Particles are then transferred along the ctenidium
to the labial palps, which assists in particle
selection. After selection, some particles are
rejected as pseudo-feces while others are ingested
through the mouth (Gosling 2003). Suspension
feeders such as Cerastoderma edule, Mya
arenaria and Mytilus edulis take their food out of
the water column (Purchon 1968). In contrast,
others take their food both from the surface of the

Bivalves filter food particles from the water
column using their cilia-lined grooves sorting
system, while deposit-feeders use their modified
labial palps (Leal 2002). Their gills serve as sieve
and the particle retention depends on the
movement of the latero-frontal cilia, which varies
among species (Dral 1967). When resting on a
substrate, water is drawn into the bivalve through
the inhalant opening or siphon and the gills.
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sediment and out of the water column, like the
tellinid clams Macoma balthica, Scrobicularia
plana (Hummel 1985; Thompson and Nichols
1988), and Placuna placenta (Stella et al. 2010).

Bivalves feed on phytoplankton (Gosling 2003),
including species that vary in size and other
structural characteristics (Shumway et al. 1990), as
well as on bacteria, zooplankton, and detritus
organisms (Vakily 1989; Langdon and Newell
1990; and Lehane and Davenport 2002). Previous
studies reported that bivalve grazing might
influence phytoplankton abundance (Cloern 1982;
Noren et al. 1999), eutrophication (Officer et al.
1982), trophic dynamics (Huang et al. 2008), light
penetration (King and Mc Neal 2010), energy and
nutrient flux of benthopelagic communities (Dame
1996) and hypoxia in estuaries (Konrad 2014).
Several studies have reported that species in the
family Mytilidae demonstrate selective feeding
behavior towards phytoplankton with a higher
preference for dinoflagellates (Soon and
Ransangan 2014; Sivalingam 1977). Sidari (1998)
revealed that Mytillus galloprovincialis seemed to
feed on dinoflagellates rather than diatoms. M.
galloprovincialis in the Adriatic Sea ingested
Tintinnids (Jasprica 1997). Kreeger and Newell
(2001) showed that the mussel Geukensia demissa
preferred resuspended benthic microalgae over
phytoplankton. Cowden et al. (1984) observed
Mytilus edulis ingested larvae of polychaetes,
asteroids, gastropods, and echinoids in laboratory
settings. Mesozooplankton such as amphipods
(size up to 6 mm), nematodes, polychates and
Carcinus maenas zoea (2 mm) are being ingested
by M. edulis larvae (Davenport et al. 2000)
exhibiting particle selection (Kiorboe et al. 1980).
Riisgard et al. (1980) reported that M. edulis larvae
(5 and 13 days old with lengths 150 to 170 mm)
cannot ingest particles with diameters smaller than
1 um or larger than 9 um. The same result was
found by Sprung (1984) using 112—150 um mussel
larvae. In addition, Bass et al. (1990) found that M.
mercenaria can filter cyanobacteria and
picoplankton Nannochloris atomus 3 um in
diameter. The size of the mouth and esophagus
may have contributed to the size selectivity of the
veligers.

In early 2000, Mytella strigata, a non-native
species, affected wild green mussel spats and other
bivalves observed in the Philippines (Rice 2016).

M. strigata is an epifaunal estuarine species
colonizing rocky substrates in the Atlantic and
Caribbean coasts of South America (Scarabino et
al. 1975). Massive colonization of this species in
different areas in the country has become a
significant problem for the local farmers. This
study was conducted to identify the pre-ingested
phytoplankton in the gills of M. strigata as an
indicator of its initial food particle selection. The
influence of factors such as the size of M. strigata
and the phytoplankton composition of sampling
areas was also determined. The results of this
study may explain the cause of the rapid
proliferation of this organism in the waters of the
Philippines and may reveal its invasive
mechanism.

Materials and Methods

Sampling was conducted during November 2016
when M. strigata was abundant in (1) Abucay,
Bataan (N 14043.057'; E 120033.862"), (2)
Bacoor, Cavite (N14029.087'; E 120056.820") and
(3) Lucao, Pangasinan (N 16001.282';
E120018.848) (Fig. 1). Sites were selected based
on the abundance of charru mussel reported during
a preliminary interview with the mussel farmers.
Charru mussels were collected from bamboo, nets,
and rubber tire substrate at 2 to 3 m depth. Pooled
samples  from  different  substrates were
photographed with size reference, and 30 pieces
were preserved in 10% buffered formalin and were
further processed in the laboratory.

B
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Figure 1. Study sites in (A) Pangasinan, (B) Bataan and (C)
Cavite, Philippines.
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Triplicate water samples were collected using a
50-L plastic container from approximately 0.5-
meter sub-surface depth to determine the
phytoplankton abundance and composition of each
site. Pooled water samples were filtered in a 28-
um mesh phytoplankton net, preserved in Lugol's
solution, and added with distilled water in a beaker
to obtain 100 mL. One (1) ml of sub-sample was
collected  while  constantly  stirred  for
homogenization and transferred to Sedgewick
rafter or counting under a compound microscope
(Motic, USA). For replication, the same steps were
followed 5 times. Photos of phytoplankton were
captured using Motic software and identified using
the guidebook of Isamu Yamaji (1966). All
phytoplankton identified were pooled and
averaged (n = 5). The diversity index was
computed using Shannon and Simpson's diversity

index (Table 1). To determine the pre-ingested
phytoplankton, thirty (30) whole charru mussels
from each size class (<20 mm, 20-40 mm, and >40
mm) were partially opened using a knife and were
preserved in 10 % buffered formalin. In the
laboratory, meat was separated from the shell. All
gills were separated and scraped using a scalpel
and transferred to a petri dish. Samples were
homogenized and added to distilled water for a 10
mL volume. One mL of well-mixed samples was
pipetted and moved into the Sedgewick rafter in
triplicate. Phytoplankton was then counted and
identified using a compound microscope. Photos
were captured, and images of the samples were
identified (Yamaji 1966). Pre-ingested
phytoplankton abundance and composition were
calculated using standard formula (Table 1).

Table 1. Summary of formula used in the study to determine different variables.

Variable Formula

(no. of samples)

Description

References

PA = phytoplankton abundance
n = total count per taxa

N = total count of pooled taxa

Phytoplankton PA = (n/N) x 100%
Abundance

Phytoplankton PC = (n/N) x 100%
Composition

Phytoplankton Diversity
Index (n = 30)

Shannon Diversity
Index
H’ =-%((n1/N) In
(n1/N)

Simpson's Diversity
Index

D =N (N-1) /X [n(n-
]

Evenness
E=H/S

PC = Phytoplankton composition
n = total no. of species
N = total phytoplankton species

H = Diversity Index
nl = number of samples
N = total samples

D = diversity
N =total no. of organisms
n = no. of individual

E = Evenness

H = Value derived from Shannon
Index of Diversity

S = No. of taxa identified

Heip, et al. (1998)
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Results
Phytoplankton composition in mussel areas

Results showed diverse phytoplankton species in
water samples from Bataan, Cavite, and
Pangasinan (Table 2). Out of 1406 total
phytoplankton identified in Bataan, 66% were
Skeletonema spp., 14.01% were Ceratium spp.,
4.77% were Tintinnopsis spp., and 15.22 % of

which were species with lower than 3% abundance
including Dytilum spp., Chaetoceros spp.,
Thalasionema spp., Gonyaulax spp., Rhizosolenia
spp., Chaetoceros spp., Nitszchia spp., Hemialus
spp., Biddulphia spp., Coscinodiscus spp.,
Hyalodiscus spp., Melosira spp., Proroceratium
spp., Mougeotia spp., Eucampia spp., and
Coscinosira spp. (Fig. 2).

Table 2. Diversity profile of the phytoplankton community in three sampling sites (n = 30).

Diversity Bataan Cavite Pang
Index

Composition 18 11 14
Abundance 469 69 114
Shannon (H) 1.33 1.76 1.84
Simpson's 2.22 3.92 4.47
Evenness (e"H/S) 1.08 1.17 1.16

p-value Post Hoc
(p<0.05) (Tukey Test)
0.110 (Bataan=Cavite=Pangasinan)
0.000 (Bataan>Cavite=Pangasinan)
0.076 (Bataan=Cavite=Pangasinan)
0.016 (Bataan>Cavite>Pangasinan)
0.010 (Bataan<Cavite=Pangasinan)

14.01%

15.22%

66.00%

m Skeletonema

m Ceratium

m Tintinnopsis
Dytilum

m Chaetoceros

m Thalasionema

m Gonyaulax

m Rhizosolenia

m Chaetoceros

m Nitszchia

m Hemialus

m Biddulphia

m Coscinodiscus
Hyalodiscus
Melosira
Proroceratium

= Mougeotia

m Eucampia

m Coscinosira

Figure. 2. Relative abundance of phytoplankton species in Abucay, Bataan. The dominant species are Skeletonema spp. (66%),
Ceratium spp. (14.01%), and Tintinnopsis spp. (4.77%). The secondary bar graph reveals phytoplankton species with less than

3.0% abundance from a total of 15.22%.

Skeletonema spp. comprising 33.97%, was also
found to be the most abundant phytoplankton in
Bacoor, Cavite, followed by Thalasiosera spp.
(19.14%), Melosira spp. (10.05%), Gonyaulax
spp. (6.70%), Coscinodiscus spp. (5.74%),
Mougeotia spp. (5.26%), Dytilum spp. (4.31%)
and Cyclotella spp. (3.83%). Species with lower

than 3.0% abundance include Titinnopsis spp.,
Thalasionema  spp., Pleurosigma  spp.,
Hyalodiscus spp., Mougeotia spp., Proroceratium
spp., Biddulphia spp., Triceratium spp.,
Peridinium spp. A total of 17 phytoplankton
species were found in the water samples collected

(Fig. 3).
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10.05%
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= Melosira
Gonyaulax

m Coscinodiscus

= Mougeotia

m Dytilum

m Cyclotella

m Titinnopsis

m Thalasionema

= Pleurosigma

m Hyalodiscus

= Mo ugeotia

= Proroceratium
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Figure 3. Relative abundance of phytoplankton species in Bacoor, Cavite. Phytoplankton with higher abundance includes
Skeletonema spp. (33.97%), Thalasiosera spp. (19.14%), and Melosira spp. (10.05%). The secondary bar graph revealed
phytoplankton species with less than 3.0% abundance from a total of 11.0%.

In Lucao, Pangasinan, 22 phytoplankton species
were identified. Among them, Actinoptychus spp.
had the highest percentage of 37.54%, followed by
Coscinodiscus spp. (17.01%), Thalasiosera spp.
(16.12%), Bacteriastrum  spp.  (5.87%),
Triceratium spp. (5.28%) and Tintinnopsis spp.
(4.11%). Species with lower than 3.0% percentage

16.12%

17.01%
14.08%

37.54%

abundance include, Pleurosigma  spp.,
Leptocylindrus spp., Melosira spp., Gyrodinium
spp., Skeletonema spp., Rhizosolenia spp.,
Chaetoceros spp., Asterolampra spp., Biddulphia
spp., Ceratium spp., Dictyocha spp., Fragilaria
spp., Protoperidinium spp., Thalasionema spp.,
Gymnodinium spp., and Gonyaulax spp. (Fig. 4).

m Actinoptychus

m Coscinodiscus

m Thalasiosera
Bacteriastrum

m Triceratium

m Titinnopsis

m Pleurosigma

m Leptocylindrus

m Melosira

m Gyrodinium

m Skeletonema

m Rhizosolenia

m Chaetoceros

m Asterolampra
Biddulphia
Ceratium

m Dictyocha

u Fragilaria

m Protoperidinium

m Thalasionema

= Gymnodinium

m Gonyaulax

Figure 4. Relative abundance of phytoplankton in Lucao, Pangasinan. Phytoplankton with higher abundance includes
Actinoptychus spp. (37.54%), Coscinodiscus spp. (17.01%), and Thalasiosera spp. (16.12%). The secondary bar graph
revealed phytoplankton with less than 3.0% abuindance from a total of 14.0%.
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The majority of phytoplankton identified were
centric diatoms. Diatoms showed significantly
higher (p<0.05) abundance in the different sites
than dinoflagellates and chlorophytes (Fig. 5).
Phytoplankton abundance was significantly higher
(p>0.05) in Bataan (469) than in Pangasinan and

Pangasinan

Cavite

Sampling Sltes

Bataan
0% 25%

m Diatoms

Cavite (114). However, Shannon and Simpson's
Diversity Index showed significantly lower
diversity in Bataan (1.33 and 2.22) than in
Pangasinan (1.84 and 4.47) and Cavite (1.76 and
3.92).

Percentage

50% 75% 100%

m Dinoflagellates ® Chlorophytes

Figure 5. Phytoplankton abundance per group (Diatoms, Dinoflagellates, and Chlorophytes) in three sampling sites (Pangasinan,

Cavite, and Bataan) presented as percentage.

Pre-ingested phytoplankton of charru mussel

Pre-ingested phytoplankton of M. strigata varied
with size (p<0.05) and site (p<0.05).
Coscinodiscus spp. and Skeletonema spp. had the
highest abundance in different sizes and sites (Fig.
6). The same species were abundant in the water
samples collected in Bataan and Cavite. Navicula
spp. was also common but was not found in
Pangasinan in size 20-40 mm. Phytoplankton

= Navicula
m Pleurosigma
m Asterolampra

m Coscinodiscus
= Gymnodynium
m Thalasonema

100% -

90% -

80% - I
70% -

60% -
50% -
40% -
30% -
20%
10% A
0% 1

Phytoplankton Density

Skeletonema
mTintinnopsis
m Triceratium

composition was significantly higher in
Pangasinan than in Bataan and Cavite (p>0.05,
Tukey Test: Bataan=Cavite=Pangasinan) (Fig. 7).
Size affected phytoplankton abundance in Bataan
but not in Cavite and Pangasinan (p>0.05, Tukey
Test: <20mm = 20-40mm < >40mm). The
ingested material in the mussel samples ranged
from 26% to 46% of the total phytoplankton
composition in the waters of the different sites

(Fig. 8).

Chaetoceros
m Gonyaulux
Ceratium

m Nitzchia
m Peridinium

Bataan

10—20mm|20—40mm| >40mm 10—20mm|20—40mm| >40mm

10-20mm| 20-40mm| >40mm

Cavite
Slte

Pangasinan

Figure 6. Pre-ingested phytoplankton of M. strigata in different sites and size class (n = 10).
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Figure 7. Phytoplankton composition in different size groups shows that 20 — 40mm has more species than the lower size

classes (<20mm, >40mm).
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Figure 8. Total number of pre-ingested species in the gills compared to the total number of species in the water from different

sites ranged from 25 % — 45 % (n = 30).

Discussion

The present study identified three pre-ingested
phytoplankton genera in the gills of M. strigata
that include Coscinodiscus spp., Skeletonema
spp., and Navicula spp. Identified pre-ingested
particles are phytoplankton, specifically centric
diatoms, considered the most preferred food of
bivalves (Gosling 2003), together with bacteria,
zooplankton, and detritus organisms (Vakily
1989; Langdon and Newell 1990; and Lehane and
Davenport 2002). However, several studies have
reported that species in the family Mytilidea
demonstrate selective feeding behavior towards
phytoplankton with a higher preference for

11

dinoflagellates (Soon and Ransangan 2014,
Sivalingam 1977). Sidari (1998) revealed that M.
galloprovincialis seemed to feed on
dinoflagellates rather than diatoms. This study
also revealed that during water filtration, there is
already particle retention in the gills of M. strigata
that can also be affected by the movement of
latero-frontal cilia and gill structure and particle
concentration (Dral 1967; Jorgensen 1996). Ward
et al. (1998) revealed that ctenidia are responsible
for particle sorting in Crassostrea virginica and
Crassostrea gigas, which can also be true for
mytilid species. In addition, gills and labial palp
have been used to determine the efficiency of
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particle selection for marine bivalves with no
distinct visible gut (Owen 1966).

It was further revealed that body size significantly
affects the potential food preference of M.
strigata. According to Beecham (2008), particles
from 1 to 7 um were preferentially ingested, while
particles > 50 um were rejected because it does
not fit in the ctenidium, though they can be
ingested and processed. Rijsgard et al. (1980)
revealed that five and 13-year-old M. edulis
consume particles smaller than 1 um or larger
than 9um. Berry and Schleyer (1983) also
identified pre-injected particles (0.46 um in
diameter) in Perna perna. Further, digestible
particles are preferred over inorganic particles.
This study found higher phytoplankton
compositions in larger shell sizes (>40 mm) of M.
strigata, suggesting possible food and size
selectivity. This linear relationship may be due to
the increasing demand for food for mussels as it
grows. Bass et al. (1990) found that the size
selectivity of M. mercenaria veligers is linked to
the size of the mouth and esophagus, which get
larger (5-6 um in diameter) as they grow. Factors
such as chemotactic attractiveness, size, and
shape are believed to affect the active selection of
phytoplankton in bivalve larvae (Raby 1997).

The present study showed a wide range of
phytoplankton species filtered in the gills of M.
strigata, which varied with site depending on the
availability of phytoplankton in the area.
Coscinodiscus spp., Skeletonema spp., and
Navicula spp. are the most dominant species
found in the gills of M. strigata, which are also
the dominant species in the waters of Bataan,
Cavite, and Pangasinan. Coscinodiscus spp.
found most prevalent is a free-living saucer- to
petri-dish-shaped discoid with a valve mantle
deeper on one side common in marine waters
(Ehrenberg  1839). Five common species
identified include C. argus, C. centralis, C.
lineatus, C. minor, and C. patina. Lacuna et al.
(2012) also considered Coscinodiscus spp. one of
the four major phytoplankton identified in
Panguil Bay, Philippines. In this study,
Coscinodiscus sp. dominated in the month of
November with 53.21% compared to in
September and in October with only 11.51% and
13.05%, respectively. The abundance of
Coscinodiscus sp. in this study is similar to the

12

report of Lacuna et al. (2012), showing that this
species is most abundant in November. In
addition, Skeletonema spp. and Navicula spp.
were also dominant in the different sites and are
brackish water diatoms that have long been used
as food for aquaculture species. A combination of
this dominant species and some other culture
microalgae can serve as the primary food for M.
strigata, if the culture potential of this species is
taken into account. There were also harmful algal
cells such as Gymnodynium spp., Skeletonema
spp., Peridinium spp., and Navicula spp. It shows
that M. strigata, like any other bivalve, may still
be able to ingest algal cells, resulting in diuretic
or paralytic shellfish poisoning once eaten
(Hermes and Villoso 1983; Bajarias et al. 2006).
Aside from the phytoplankton identified, detritus
forming matrix termed as dust fine detritus by
Baker (1916) was also observed, which could not
be estimated. Filter feeder sediment trapped in the
gills may also serve as food for sessile bivalve
species like M. strigata. The availability of food
resources in the area is worth considering to
understand further the bioinvasion ecology of M.
strigata to control its likely further dispersal.

Conclusion

This study provided information on the particle
selection of Mytella strigata based on the pre-

ingested phytoplankton. A potential food
preference for centric diatoms such as
Coscinodiscus spp., Skeletonema spp., and

Navicula spp. was observed. These phytoplankton
species were dominant in the waters of Bataan,
Cavite, and Pangasinan, where there was a rapid
proliferation of M. strigata. Size influences the
pre-ingestion, as shown in the higher species
diversity in size 20— 40mm than in <20 mm and
>40mm. Further, pre-ingested particles present in
the gills can be used to determine the efficiency
of particle selection and preference for bivalves
with no distinct visible gut, such as that of M.
strigata.
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Abstract

The phytoplankton composition, TN:TP ratios as the limiting factor on
. phytoplankton and the trophic Status of Lake Karagol, a small volcanic-
Q\C/Z?g&de' Ozr?“';]/l:rgg iozrﬁ 2024 originated lake, were first investigated in this study. Additionally, the
) P physicochemical parameters of the lake were measured. As a result of the
Corresponding Author investigations, 21 dominant taxa from four divisions among phytoplanktonic
organisms were identified in Karagdl. Three taxa belonged to Cyanobacteria,
. - . eleven to Chlorophyta, six to Ochrophyta (only Bacillariophycea), and to one to
E-mail: hasim.somek@ikcu.edu.ir Myzozoa. The average depth of the lake was calculated as 8.7 m. In line with the
Tel: +90 505 577 25 91 atmospheric temperatures brought by the Mediterranean climate prevailing in the
Keywords region, surface water temperatures of the lake fluctuated between 23.0 °C
(summer) and 6.5 °C (winter). Conductivity ranged from 780 to 423 uS and
Phytoplankton dissolved oxygen ranged from 15.3 to 7.3 mg I'%. The average scores of TSI (SD),
Biodiversity TSI (Chl-a), TSI (TN) and TSI (TP) were calculated as 68.0, 55.1, 62.1 and 86.4
Small lakes ) respectively. These TSI scores indicated that Lake Karagol was at eutrophic or
TSI, TN:TP ratio hypereutrophic levels. TN:TP ratio of the lake ranged from 9.8 to 7.2 and in this
Eutrophication case, the Lake Karagdl food chain is nitrogen-limited because of the low TN:TP
ratios. Dolichospermum flosaquae (N2-fixing heterocystous Cyanobacteria) was
the dominant species in Lake Karagol phytoplankton during the summer months
when the high-water temperature. As a result of this study, based on
phytoplankton composition, dominant algae groups (especially Cyanobacteria)
and TSI scores, it was evaluated that Lake Karagol (Dikili) has suitable
environmental conditions for many algae species found in mesotrophic and
eutrophic lakes and is in a very rapidly progressing hypertrophication process.

Hasim Somek

Introduction supporting populations of waterfowl and other
birds (Schafft et al., 2023; Labat et al., 2022; Biggs
et al., 2017). In addition, these lakes, which are
recreation areas because they offer opportunities
such as fishing, boating, swimming and nature
observation, contribute to the physical and mental
health of local people, as well as providing
numerous ecological, social and economic benefits

Small lakes, typically stagnant water bodies with
surface areas ranging from a few acres to several
hectares, host highly diverse floristic and faunistic
communities. These lakes serve as vital habitats
for a variety of aquatic organisms such as fish,
amphibians and invertebrates, and also contribute
to the conservation of local biodiversity by
16
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(Meyerhoff et al.,2022). Although the protection
and management of these valuable aquatic
ecosystems have the potential to provide
sustainable contributions to the well-being of
current and future generations, until recently
research on the ecology or hydrobiology of small
lakes has lagged that of large lakes (Downing,
2010). Due to their limited morphometry, they
exhibit complex ecological dynamics affected by
factors such as water depth, nutrient availability
and surrounding land use, and are highly sensitive
to pressures such as anthropogenic pollution,
habitat modification and climate change (Koff et
al., 2016; Winslow et al., 2015).

Phytoplankton as communities of microscopic
algae, are important primary producers in lake
ecosystems and the basis of the aquatic food web
because of using sunlight and nutrients for
photosynthesis ~ (Reynolds,  2006).  Their
abundance and diversity serve as crucial indicators
of water quality and ecosystem health (Padisék et
al., 2006). According to the literature search,
curiosity about understanding the driving factors
of regulating the spatial and temporal
phytoplankton distribution and their functional
assemblages of small and shallow lakes started to
increase in the early 2000s. (O’Farrell et al., 2003;
Ortega-Mayagoitia et al., 2003; Padisdk et al.,
2003; Stoyneva, 2003). In the following years,
studies on the phytoplankton communities, other
primary producers, trophic conditions, and
ecology of these lakes have also risen in our
country (Celekli et al., 2007; Soylu and Géniilol,
2006; Tas et al., 2010; Altinsacl et al., 2014; Tas,
2012). When these studies from the past to present
are examined, it is evaluated that the most
characteristic problem of these valuable and
sensitive aquatic habitats is mostly pollution, and
the most common result of this is the
eutrophication phenomenon. Global warming and
its negative effects on lakes also play a booster role
in this dramatic process (Kosten et al., 2012). The
Total Nitrogen and Total Phosphorus ratio
(TN:TP) is a pivotal factor influencing
eutrophication dynamics in water bodies (Smith et
al., 1999). This ratio serves as a crucial indicator
of nutrient availability, with imbalances often
leading to excessive algal growth (especially
Cyanobacterial bloom) and subsequent oxygen
depletion (Jeppesen et al., 2005; Conley et al.,
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2009; Frenken, 2023). Such nutrient-driven
eutrophication can profoundly impact water
quality and ecosystem health (Paerl and Paul,
2012), emphasizing the necessity for effective
nutrient management strategies to maintain
balanced TN:TP ratios and mitigate eutrophication
risks (Elser et al. 2007). Moreover, the Trophic
Status Index (TSI) is a critical tool for swiftly
evaluating the nutrient levels and ecological health
of lakes. Through the analysis of parameters such
as nutrient concentrations and chlorophyll levels,
TSI provides a concise assessment of a lake's
trophic status, facilitating informed management
decisions to uphold water quality and ecological
equilibrium (Carlson, 1977).

The aims of this study were to reveal preliminary
knowledge of the phytoplankton composition, to
determine the limiting factor on phytoplankton by
calculating TN:TP ratios, and to evaluate the
Trophic Status of this small lake (Lake Karagdl).

Materials and Methods
Study area and sampling

Lake Karagol (38°57'29"N 26°50'55"E) is located
at an altitude of 430 m above sea level and 2.5 km
away from the Aegean Sea shores as the crow flies'
distance within the borders of the Dikili District of
Izmir in Western Anatolia. (Figure 1). Karagol is a
small lake with a surface area of approximately 3.5
ha and it is known that the lake was formed as a
result of volcanic activities. Four different
eruption phases were distinguished within the
volcanic piles on the Kardag Mountain, where the
lake is located, and it was reported that due to the
spread of lava flows away from the center of the
lake, the origin of the explosion was the lake pit,
and this stagnant water structure was a volcanic
lake (Karacik et al., 2007). Agricultural and
livestock activities were observed near the lake.
Biological and water sampling were made
seasonally from a single point determined in the
lake between 2012 and 2013 years. Phytoplankton
sampling was carried out using a Hydrobios
plankton net with a 55 um mesh size and drawing
circles for 15 minutes. The collected
phytoplankton samples were fixed with
formaldehyde to a final concentration of 4%.
Prefiltered (60 pum) surface water samples were
stored in polyethylene jars (1 L volume) and then
taken to the laboratory in freezers to protect them
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from atmospheric effects. The water samples for
chlorophyll a analysis were collected into 200-mL
amber-glass bottles.

 AEGEAN SEA
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Figure 1. Study location and sampling point
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Identification and physicochemical analysis

Monograph-level key books of various researchers
were used in the identification of phytoplankton
species (Huber-Pestalozzi, 1941, 1942; Philipose,
1967; Sims, 1996; Komdarek & Anagnostidis,
1999; John et al., 2003; Komarek & Zapomelova,
2007). The current positions of the identified taxa
in the systematic hierarchy were checked on the
algaebase.org website (Guiry & Guiry, 2014). All
the species identifications were made using an
Olympus BX53 upright microscope (Olympus
Corporation, Japan).

Measurements of temperature, light penetration
(with 30 cm O black/white Secchi disk), dissolved
oxygen (with WTW Oxi 330) and electrical
conductivity (with YSI 30 model SCT meter) from
the physicochemical properties of water were
carried out in situ. HACH LANGE spectrometric
test kits [Total Nitrogen (Koroleff digestion+ 2,6-
dimethylphenol method with LCK 138 range: 1-16
mg/L TN), Total Phosphorus
(Phosphomolybdenum blue methods with LCK
348 range: 0.5-5.0 mg/L POs-P)] were used to
analyze the chemical properties of water samples.
Analyzes were made with a HACH LANGE DR
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Spectrophotometer and HACH
LANGE BRB 200 Thermoreactor (for Total
Nitrogen). The fluorometric method (Madden &
Day, 1992) was used to determine chlorophyll-a
concentrations (10 AU Model Turner Designs
fluorometer). The Trophic State Index (TSI)
method was used to determine the trophic level of
the lake. Index results were calculated using the
values of Secchi depth, Chlorophyll-a, TP and TN
concentrations to the formulas given respectively
(Kratzer & Brezonik, 1981; Carlson and Simpson,
1996): TSI (SD) = 60-14.41 In(SD) (SD :Secchi
Depth ,m); TSI (Chl-a) = 9,81 In(Chl-a) + 30,6
(Chl-a : Chlorophyll-a, ug 17); TSI (TP) = 14.42
In TP+ 4.1 (TP: Total Phosphorus, pg 1™Y); TSI(TN)
= 54.45 + 14.43 In(TN: Total Nitrogen mg I'%).

Results and Discussion

As a result of the algological examinations, 21
dominant taxa from four divisions among
phytoplanktonic organisms were identified in
Karagdl. Three taxa belonged to Cyanobacteria,
eleven to Chlorophyta, six to Ochrophyta (only
Bacillariophycea), and to one to Myzozoa. (Figure
2).
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Figure 2. The distribution of phytoplankton divisions and number of taxa by seasons

Dominantly observed phytoplankton species and
their seasonal compositions in Lake Karagol are
listed in Table 1. Cyanobacteria (blue-green algae)
members were detected more commonly in
eutrophic lakes in our country (Cirik-Altindag,
1982; Goniilol & Comak, 1992; Albay et al., 2003;
Somek & Balik, 2009), and the members of this
section were found to be abundant in nutrient-rich
and eutrophic lakes in the summer months
(Vaitomaa, 2006). During this research, very few
taxa from Cyanobacteria were identified, but when
their density was evaluated, they were found to be
relatively dominant in phytoplankton in summer.
In a study conducted on the processes regulating
the dominance of planktonic diatoms and
cyanobacteria in several eutrophic lakes, it was
found that diatoms and, to a lesser extent,
Chlorophyta species were dominant in periods
when water temperature (<15 °C) and water
column stability were low, and in periods when
water temperature and water column stability were
high. It has been reported that cyanobacteria are
dominant (Zhang and Prepas, 1996). When the
seasonal change of phytoplankton of Karagol
(Dikili)  was examined, an analogous
phytoplankton dynamic was observed.

The Chlorophyta (green algae) division was the
phytoplankton group represented by the highest
number of taxa in our research area. The entire
Chlorophyta division consisted of Chlorococcales
members. This pattern is like the phytoplankton
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composition of many mesotrophic and eutrophic
lakes in our country. (Goniilol & Obali, 1998;
Isbakan-Tas et al., 2002; Ongun-Sevindik, 2010).
The presence of Chlorococcales members was
reported as a transition from the oligotrophic level
to the eutrophic level (Hutchinson, 1957). It is
known that species belonging to the
Monoraphidium genus are dominant in
oligotrophic and mesotrophic lakes (Legnerova,
1965). Scenedesmus and Pediastrum species,
which are other Chlorococcales members
frequently found in current study area, were
frequently encountered in oligomesotrophic
reservoirs and eutrophic lakes in our country
(Isbakan-Tas et al., 2002; Kivrak & Giirbiiz, 2005;
Ongun-Sevindik, 2010). Desmids, another group
of green algae whose species are found in many
oligotrophic and mesotrophic lakes in our country
(Akgdz & Giiler, 2004; Baykal et al., 2004;
Karacaoglu et al., 2004), were not observed in
Lake Karagol (Dikili). Palmer (1980) reported that
most Desmidiaceae species can be found in
oligotrophic water bodies, and a few in eutrophic
water bodies.

As a result of the examinations, diatoms
(Bacillariophyceae) in phytoplankton were the
second most dominant group after the members of
the Chlorophyta division. It has been reported that
the pelagic species, Ulnaria ulna (Nitzsch)
Compeére, which was frequently detected in our
research area, is one of the characteristic species of
eutrophic lakes (Hustedt, 1930, 1945; Reynolds et
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al., 2002). Centric diatoms are algal groups that are
best adapted to systems that are rich in nutritious

mineral substances and have high turbidity
(Izaguirre et al., 2001). Species of the Aulacoseira
and Cyclotella species were observed in Lake
Karagol (Dikili) in the autumn phytoplankton,
where water column stability was disrupted and
mixing increased. Species originating from
benthic were also identified among the diatom
members in the lake (Gomphonema olivaceum
(Hornemann) Ehrenberg, Pinnularia maior
(Kiitzing) Rabenhorst). It is known that pennate
diatoms of benthic origin are transported to the
pelagic region due to various water movements in

relatively shallow, small-area lakes and ponds
(Round, 1973). Similar situations were reported in
the lakes of our country (Sen et al., 2001; Akgoz
& Giiler, 2004). Most of the Bacillariophyceae
members identified in this research have a high
tolerance to environmental variables and are
widely distributed in many lakes and other water
bodies at different trophic levels in our country
(Aysel, 2005). In our research area, only
Peridiniopsis cunningtonii Lemmermann species
from the Myzozoa (Dinoflagellates) was
identified. P. cunningtonii is also found in
mesotrophic or eutrophic inland water ecosystems
in Tirkiye (Somek et al., 2005; Ongun-Sevindik,
2010).

Table 1. Dominant phytoplankton species and seasonal composition of Lake Karagél

Spring
Summer
Autumn
Winter

Cyanobacteria

J.Komarek

Dolichospermum flosaquae (Brébisson ex Bornet & Flahault) P.Wacklin, L.Hoffmann & +

=+

Merismopedia minima G.Beck

Limnothrix sp.

Chlorophyta

Actinastrum hantzschii Lagerheim

Botryococcus braunii Kiitzing

Desmodesmus communis (E.Hegewald) E.Hegewald

+

Desmodesmus opoliensis (P.G.Richter) E.Hegewald

Golenkinia radiata Chodat

Micractinium pusillum Fresenius

Monoraphidium griffithii (Berkeley) Komarkova-Legnerova

Monoraphidium irregulare (G.M.Smith) Komarkova-Legnerova

Pseudopediastrum boryanum (Turpin) E.Hegewald

Scenedesmus obliquus (Turpin) Kiitzing

Tetraédron minimum (A.Braun) Hansgirg

o o e S o R o oy o P s
+

+ |+ |+ |+

Ochrophyta (Bacillariophycea)

)Aulacoseira italica (Ehrenberg) Simonsen

Cyclotella meneghiniana Kiitzing

Gomphonema olivaceum (Hornemann) Brébisson

Nitzschia acicularis (Kiitzing) W.Smith

Pinnularia maior (Kiitzing) Cleve

+
+

Ulnaria ulna (Nitzsch) P.Compére

4|+ + |+ |+

Myzozoa

Peridiniopsis cunningtonii Lemmermann

Physicochemical parameters measured in Karagol
are given in detail in Table 2. During the study, no
dramatic changes were observed in the depth of the
lake and the average depth was calculated as 8.7
m. In line with the atmospheric temperatures
brought by the Mediterranean climate prevailing in
the region, surface water temperatures of the lake
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fluctuated between 23.0 °C (summer) and 6.5 °C
(winter). Conductivity ranged from 780 to 423 uS
and dissolved oxygen ranged from 15.3 to 7.3 mg
I1, according to, Turkish Surface Water Quality
Regulation (SWQR, 2016), the quality of Lake
Karagol surface water was class II (good) and class
I (very good), respectively. Carlson's Trophic
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State Index (TSI), developed by Robert G.
Carlson, is a method used to evaluate and classify
the trophic state of freshwater bodies such as lakes
and reservoirs, based on measurements of
chlorophyll-a concentration, total phosphorus and
Secchi disk transparency (Carlson, 1977). The
classification of freshwater bodies according to
TSI values ranges from oligotrophic (TSI < 40) to
hypereutrophic (TSI > 70), with mesotrophic (TSI
40-50) and eutrophic (TSI 50-70) classifications in
between. Secchi depth (SD), Chlorophyll a (Chl-
a), Total Nitrogen (TN) and Total Phosphorus (TP)
values were used to generate the Carlson Trophic
State Index scores. The average scores of TSI
(SD), TSI (Chl-a), TSI (TN) and TSI (TP) were
calculated as 68.0, 55.1, 62.1 and 86.4
respectively. These TSI scores indicated that Lake
Karagol was at eutrophic or hypereutrophic levels.

The TN:TP ratio is a key approach frequently used
to analyze the dynamics of lake ecosystems (van

Wijk et al., 2024). It has been reported that
nitrogen is limiting when the TN:TP ratio is <10,
phosphorus is limiting when the TN:TP ratio is
>17, and freshwater ecosystems are balanced
when the TN:TP ratio is between 10-17 (Smith,
1983). TN:TP ratio of the lake ranged from 9.8 to
7.2 and in this case, the Lake Karagol food chain
IS nitrogen-limited because of the low TN:TP
ratios. It has been observed in the studies that the
blooms of No-fixing (heterocystous blue-green
algae) cyanobacteria can be supported by low
TN:TP ratios or N-limited conditions (Moisander
et al, 2012; Gonzalez-Madina et al., 2019). This
succession dynamic was confirmed by the
presence of Dolichospermum flosaquae (Bornet &
Flahault) P.Wacklin, L.Hoffmann & Komarek as
the dominant species in Lake Karagdl
phytoplankton during the summer months when
the high-water temperature.

Table 2. Physicochemical parameters and Carlson’s TSI values of Lake Karagol

PARAMETERS Mean | Maximum | Minimum | TSI Mean | TSI Max TSI Min
Depth (m) 8.7 10.0 8.1
Temperature (°C) 14.8 23.0 6.5
Conductivity (25°C) pS 497.2 780 423
Dissolved Oxygen (mg I'Y) | 9.6 15.3 7.3
** **kk **
Secchi Depth (m) 0.58 0.70 0.35 68.0 75.1 65.1
** ** *
Chiorophyll a (ug I") 122 | 2l2 68 55.1 60.5 49.4
** ** **
TN (ug 1) 2846 4580 1400 62.1 66.7 58.2
*k*k **kk **kk
TP (ug1?) 300 466 195 86.4 92.7 80.2
TN:TP Ratio 9.5 9.8 7.2 N limitation | N limitation | N limitation

(*mesotrophic, **eutrophic, ***hypertrophic)
Conclusions

As a result of the study, it was evaluated that Lake
Karagol (Dikili) is eutrophic or hypereutrophic
based on phytoplankton composition, dominant
algae groups (especially Cyanobacteria), and TSI
scores and so environmental conditions of the lake
were suitable for many algae species commonly
observed in nutrient-rich inland waters of the
world. For this reason, the authors have predicted
that Lake Karagol (Dikili), which is the drainage
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area of the land it's around, was partially affected
by the agricultural and livestock activities nearby.
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Abstract

This study compared the growth performance, production, and quality of culture
environment of integrated multitrophic aquaculture (IMTA) systems with
different species combinations in earthen ponds. The experiment was designed to
assess the viability of using marine water acclimatized Nile tilapia (Oreochromis
niloticus) as the fed component of the IMTA system in combination with sea
cucumbers (Holothuria scabra) and Oysters (Sacostrea cucullata) as extractive
species. The control (C) experiment and a monoculture of O. niloticus. Treatment
1 (T1) had a combination of O. niloticus and H. scabra. Treatment 2 (T2) had a
combination of O. niloticus, H. scabra and S. cucullata and Treatment 3 (T3) had
a combination of O. niloticus and S. cucullata. Stocking was 2 ind./m?, 1.9
ind./m? and 2.1 ind./m? for tilapia, sea cucumber and oysters respectively and
replicated in all the treatments. During the 150 days culture period, S. cucullata
attained weight gain of 26.55 + 0.26 g and 23.74 + 2.6 g in T2 and T3
respectively. Weight gain of H. scabra in T1 and T2 was 146.7 + 6 g and 153.39
+ 2.04 g respectively. The final average body weight (ABW) of the fed species
O. niloticus was significantly higher (p < 0.05) in T2 at 218.82 + 1.55 which had
all the three species combinations. The findings of the study show that the IMTA
that had a combination of all three species outperformed those that had two
species.
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Introduction aquaculture production which has constantly been

Global fish consumption has been on the increase
at an annual rate of 3.1 % which is nearly twice
that of yearly world population growth of 1.6 %
and more than all other animal protein food like
meat and milk which increase at 2.1 % per year
(FAO, 2020). This has been as a result of world
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on the increase reaching 46 % in the year 2018 up
from 25.7 % in the year 2000 (FAO, 2020).
However, the rapid expansion in aquaculture has
raised several concerns mainly on environmental
and biosecurity issues resulting from accumulation
of nutrients and pathogens in aquatic ecosystems
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as a result of external inputs in form of fertilizers,
feeds and effluents directed to open culture
systems (Skriptsova and Miroshnikova, 2011,
Dong et al., 2018). A possible remedy is in situ
removal of organic and inorganic nutrients which
could be attained through biological means by
introduction of filter feeders and deposit feeders
(Neori et al., 2004, Samocha et al., 2015, Irisarri et
al., 2015). This approach comprises the concept of
integrated multi trophic aquaculture (IMTA)
(Neori et al., 2004). In IMTA systems the waste of
the main cultured species (the fed component) is
utilized by the introduced extractive species which
depend on it for energy and growth while at the
same time cleaning the culture environment
(Chopin, 2013). In addition to supporting
sustainable and resilient aquaculture, integration
has resulted in benefits like higher productivity,
improved resource—use efficiency, and reduced
environmental impacts (FAO, 2020).

In Kenya, marine aquaculture has mainly been
practiced as a single species (monoculture) venture
in most of the farms with most farmers growing
either shrimps (Penaeus monondon or Penaeus
indicus), milkfish (Chanos chanos), mud crab
(Sylla seratta) or recently Nile tilapia
(Oreochromis niloticus) in marine environment
(Mireraetal., 2022). There have also been trials of
polyculture of shrimp and milkfish in intertidal
ponds (Roonback et al., 2002; Mirera, 2011). The
main difference between polyculture and IMTA is
that whereas in polyculture the cultured organisms
are both fed species sharing the same chemical and
biological processes, in IMTA system the cultured
organisms usually feed at different trophic levels
provided by the system. The IMTA system thus, in
addition, has gained of higher nutrient utilization
efficiency and environmental mitigation as
compared to polyculture system (Biswas et al.,
2020).

Practice of IMTA has advantages of boosting
production and achieving environmental
sustainability, moreover the introduction of other
species enhances diversification of culture species
which is key towards resilience of marine
aquaculture sector. Previous studies by Largo et al.
(2016); Cunhaetal. (2019) and Chang et al. (2020)
have demonstrated viability of IMTA systems
established within the intertidal zone and as well
as those within sheltered bays. The studies used
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different species combinations of fed and
extractive species. A successful IMTA system
therefore requires identification of suitable
combinations of species which will yield better
returns on investment and mitigate some negative
environmental impacts of aquaculture.

The benefits derived from integrated multitrophic
aquaculture systems are both ecological and
economic in nature (Chopin, 2021) and involves
recovery and reuse of wastes through trophic
interactions by growing valuable complementary
species (Barrington et al., 2009). The farmer must
therefore understand the ecological dynamics of
the culture system and the organisms under culture
for better performance of the enterprise. In Kenya,
there has not been any studies on semi-intensive
mariculture in earthen ponds where IMTA
technologies have been applied. However,
promising results were reported in the first IMTA
trial in Kenya where shrimps (P. indicus) was the
fed organisms with sea cucumber and cockles
(Anadara antiquate) as extractive components
(Magondu et al. (2021). The present study was
designed to compare the performance of different
species combinations; a herbivorous fish, a filter
feeder, and a deposit feeder in earthen ponds in an
IMTA setup. The overall objective was to evaluate
the growth performance of three species: Nile
tilapia (Oreochromis niloticus), Sea cucumber
(Holothuria scabra and oysters (Sacostrea
cucullata); in different species combination in an
IMTA experimental setup.

Materials and Methods
Experimental design and study organisms

The study was conducted over a period of 150 days
using eight rectangular earthen ponds each
measuring 12 x 10 m and 1m depth hired from
Umoja self-help group located in Kilifi County,
Kenya (Figure 1). The study employed an IMTA
design with four treatments designated as C
(control), T1, T2, and T3 with different species
combinations. The first treatment (i) C (control)
had a monoculture of Nile tilapia, (ii) T1 had a
combination of Nile tilapia and Sea cucumbers
(iii) T2 had a combination of Nile tilapia, Sea
cucumbers, and oysters and (iv) T3 had a
combination of Nile tilapia and oysters. Each
treatment had two randomly assigned replicate
ponds.
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Figure 1. Site location for Umoja self-help group mariculture ponds in Kibokoni, Kilifi County, Kenya.

Preparation of experimental ponds

The experimental ponds were drained completely
and sundried for a period of two weeks to
eradicate predators and other living organisms.
Sand was added to ponds in treatment T1 and T2
so as to make their bottom substrate allow easy
burrowing by sea cucumbers as in their natural
habitat environment. Lime (CaCO3) was then
applied to each pond bottom at 300 g/m? and the
ponds allowed dry for 7 days. The ponds were
then filled with water during high tide coming in
through dug in channels from the creek. Screens
were put at the inlet to prevent predators getting
into the ponds. Three days after filling ponds with
water, the ponds were fertilized using a
combination of Urea and Diammonium Phosphate
fertilizers at 3 g/m? and 2 g/m? respectively. The
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ponds were left for 7 days to allow growth of
natural food organisms.

Collection and transportation of culture
organisms

Sea cucumbers and oysters used in this study were
collected from the wild while Nile tilapia were
obtained from the hatchery facility at KMFRI,
Mombasa. A total of 1000 juvenile sea cucumbers
were collected from Vanga (4°39°S, 39°13'E)
South Coast, Kenya. Collection was done by hired
fishermen who hand-picked the organisms during
low tide and placed them into inert polythene bags
for transportation to a holding tank at KMFRI,
Mombasa. A total of 1050 oyster spats settled on
mangrove plant trunks were gathered by hired
experienced oyster collectors during low tide from
Kilifi creek (3°36°S, 39°50E) North Coast, Kenya.
Collected oyster spats were placed in open basins
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filled with sea water for transportation to the A low cost formulated feed of 30% crude protein
culture baskets mounted in the experimental was given as supplementary feed to the Nile
ponds. A total of 1950 juvenile Nile tilapia tilapia which were the fed species in the IMTA
obtained from the hatchery at KMFRI Mombasa setup for this study. Fish were fed at 5% body
together with the acclimatized sea cucumbers weight of the formulated feed twice daily at 9:00
were transported in separate containers to the AM and 3:00 PM by casting the feed over the
experimental site for stocking into the culture pond surface to achieve even distribution. The
ponds. quantity of feed was adjusted at 20 days interval

based on the body weight of fish calculated from

Stocking and management of ponds periodic sampling. An assumption of 90 %

Each pond was stocked with the culture organisms survival was made during the culture period,
according to the stocking numbers as illustrated in which might have occurred due to unavoidable
Table 1 and according to the species combinations mortality during sampling and undetected
in the four treatments. Among the stocked species, predation. Net screens were placed at the pond
Nile tilapia (O. niloticus) was the fed species, inlets and outlets and strings on top across the
whereas oyster (S. cucullata) and sea cucumber ponds to prevent bird predation. Desirable
(H. scabra) were the extractive species. Oysters alkalinity levels, water quality, and primary
were put in perforated plastic baskets used for productivity were maintained by monthly
shell fish culture and suspended in water column application of lime and inorganic fertilizer at 300
from horizontally fixed poles in respective g/m? and 2 g/m? respectively. Pond water level
experimental ponds following Higgins et al. was maintained at 1 m depth during high spring
(2011). tide after compensating for evaporation and
seepage.

Table 1. Number of individuals of the cultured species stocked in control (C) and IMTA treatments (T1, T2 and T3)

Species C T1 T2 T3
Oreochromis niloticus 240 240 240 240
Holothuria scabra 228 228

Sacostrea cucullata 252 252

using a meter ruler and weighed (to the nearest

Sampling - and measurement  of - cultured 0.01 g) using a digital balance (Watanabe et al.,

organisms 2014). Sampling of oysters involved hand picking
Determination of length and weight of cultured of 50 pieces from each replicate pond and placing
organisms was done during sampling which took them in a basin with clean water. Shell length of
place after every 20 days subsequent to the next the oyster was determined to the nearest 0.1 mm
high tide. A 20 % sample size of the stocking using a vernier caliper and later converted to cm
numbers of the different organisms was measured. during calculations. Individual weight of the
The weight of 50 individuals of Nile tilapia from oysters was determined on a digital weighing
each replicate were measured using a digital scale balance to the nearest 0.01 g (Comeau, 2013).

(Aslor model) to the nearest 0.01g. Total length
was measured to the nearest 0.01 cm on a ruler
scale. A sample of 45 sea cucumbers from each
replicate were handpicked, placed in small buckets
to reduce shock and allow water come out of their
body, where necessary paper towels were used to
dry out excess water. The organisms were further
measured for body length (to the nearest 0.01 cm)

Determination of growth parameters such feed
conversion ratio (FCR) and specific growth rate
(SGR) were calculated from the data obtained.
FCR is the ratio of the quantity of food distributed
(9) to the weight gain of fish (g), over the culture
period. This was used to judge the efficiency of
feed utilization by fish for both diets. It was
calculated by dividing the total amount of feed
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used (dry matter basis) by the weight gain.
Specific growth rate (%body weight/day) was
calculated using the formula, SGR = (INWTg-
INWT,)*100/T where WTr= average final fish
weight (g), WT, = average initial fish weight (g),
T= duration of the experiment (days).

Harvesting of cultured organisms

At the end of the experiment all organisms were
harvested; measured for total length and weighed.
Each experimental pond was first drained to 0.25
m level by opening the outlets to allow the water
out while retaining the screens to prevent the
organisms from escaping. Nile tilapia in the
control were first partially harvested using a drag
net. A scoop net was then used to harvest the
remaining fish. In the IMTA ponds, harvesting of
the oysters was first conducted by emptying the
oyster culture baskets and placing them in labeled
basins with water, Sea cucumber were then
harvested by handpicking from the pond bottom
and placing them in separate labeled basins for
later measurement and weighing. All harvested
organisms were counted and recorded. Harvested
organisms were sold at prevailing market rates for
respective species and data recorded for economic
analysis.

Determination of water quality parameters

Sampling for water quality parameters was done
on monthly basis preceding the next high or low
tide. The main parameters monitored were;
salinity, water temperature, transparency, pH,
dissolved oxygen, total dissolved solids which
were done in-situ using a multi-parameter Kit
Hanna instruments model. Light penetration as a
measure of water transparency from each sampling
station was determined using a white Secchi disk.
Water samples from each pond are collected for
determination of  Nitrite-nitrogen  (NO2-N),
Nitrate-nitrogen  (NOs3-N), Nitrogen-ammonia
(NHs3-N) (TAN) and phosphate-phosphorous
(PO4-P) using a horizontal water sampler from
three sampling points in each pond and preserving
samples at 10:00hrs at each sampling day. In the
laboratory, the water samples were filtered
through microfiber glass filter paper (Whatman
GF/C) using a vacuum pressure air pump (Shemer
et al., 2017). The samples were then subjected to
an auto analyser for nutrient analysis using the
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Continuous Flow Analysis technique following
standard procedure outlined in APHA (2005).

Evaluation of economic performance

Data on expenditure and income from sale of
harvested organisms were used in an economic
analysis based on the developed IMTA system in
comparison to the marine tilapia monoculture
system. The economic performance of the
treatments and their comparison were analyzed
with estimation of gross returns, net income, and
Cost Benefit Ratio (CBR) as shown below and
according to (Biswas et al., 2012).

Net income = Total income — total expenditure

CBR was determined as CBR=Total income/total
expenditure

Expenditure comprised of costs of inputs including
the cost the different seeds (O. niloticus, S.
cucullata, and H. scabra), feeds administered,
labour, fertilizers, lime, netting material, and other
operational costs like purchase of tools for pond
maintenance, payment for security hire and pond
attendant. The cost of production was estimated
based on local market value price in the current US
Dollar equivalence (1USD =105 Kenya currency).
Produced crop of marine tilapia was sold at the
local market outlet and in hotel, oysters were
harvested for local consumptions at farm level
while taking into consideration their market price
while the sea cucumbers were sold to a local dealer
for export. Total return from the crop produced
was estimated by price of organisms sold. Gross
margin was estimated by subtracting the total
production cost from the total return. The costs did
not include the initial investments but rather the
routine farm operations. The outcome of the
economic analysis was used to determine the
viability of both systems.

Statistical analyses

Comparisons of the different IMTA treatments and
the control were analyzed by calculating the mean
and standard error of the mean of length and
weights of replicated biomass using the descriptive
statistics tool in Microsoft Excel 2013.
Comparisons for water quality parameters among
the four treatments was done by one-way ANOVA
and repeated measures ANOVA respectively
followed by post hoc Tukey HSD test (Zar, 1998).
Data were checked for normality and homogeneity
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of variance using Shapiro-wilk’s and Levene’s
tests respectively. Statistical analyses were done
using Excel version 2013 and SPSS statistical
software IBM version 22. In all statistical testing,
differences were considered to be statistically
significant at p < 0.05.

Results

Growth performance of the cultured organisms
among the different treatments

The final average body weight (ABW) of the fed
species (Nile tilapia) was significantly higher (p <
0.05) in T2 which had a full integration of both fed

and extractive species. The other two IMTA
treatments (T1 and T3) showed higher final ABW
of the fed species as compared to the control which
had a mean of 160.75 £+ 3.75 g (Table 2). There
were no any significant differences among the
treatment groups (p > 0.05). During the 150 days
culture period, there was a weight gain of oyster of
26.55 £ 0.26 g and 23.74 + 2.6 g in T2 and T3
respectively. Over the same period sea cucumber
in T1 and T2 had respective weight gain of 146.7
+ 6 gand 153.39 £ 2.04 g. Results in the graphical
plot indicate that harvesting weight gain of the fed
species (Nile tilapia) was highest in T2 and lowest
in the control (Figure 2).
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Figure 2. Weight gain in (g) of the fed species (O. niloticus) in the four treatments. Values are means (£ SEM) of pooled data

of replicates in each pond per sampling.

The highest survival was recorded among the Nile
tilapia in T2 at 92.9 % compared to those in other
treatments which ranged from 79.16 % to 85.40 %
in T3 and the control respectively. Survival of
oyster was 87.5 % and 79.2 % for the T2 and T3
treatments respectively. Lower survival was
recorded for sea cucumber at 53.2 % and 45.6 %
for T1 and T2 treatments respectively. Food
conversion ratio determined for the fed species,
Nile tilapia, was lowest in T2 at 1.78 + 0.04 and
highest in T3 at 2.32 + 0.3. Mean food conversion
ratio was significantly different (t = -13.67, p =
0.046) for Nile tilapia in the control but not for
those in the other treatments.
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Results in Table 2 show that the growth of
experimental organisms was highest in IMTA
treatment T2 which had a combination of Nile
tilapia, sea cucumber, and oysters. The fed
component, O. niloticus in T2 had a weight gain of
182.11 + 16.6 g, which was followed by T1 that
had 173.85 +2.05 g and then T3 that had 164.62 +
6.9 g. The fed species (O. niloticus) in the control
had the lowest mean weight gain of 136.5 + 2.8 g.
Among the extractive organisms; H. scabra in T2
attained higher mean weight gain of 153.39 +2.04
g than those in T1 which had 146.7 + 6 g. S.
cucullata in T3 had slightly higher weight gain of
26.55£0.26 g as compared to T2 that had a weight
gain of 23.74 + 2.6 g. The daily growth rate was



Magondu et al 2024

Sustainable Aquatic Research (2024) 3(1):26-44

high for H. scabra and O. niloticus in T2 as
compared to those in T1 and control. Specific
growth rate (SGR) was lowest for oysters, 4.1 %
in both T2 and T3. Figure 3 shows the growth of
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the organisms in treatment 2 from stocking to
harvesting that had full IMTA combination. O.
niloticus and H. scabra performed better as
compared to S. cucullata.
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Figure 3. Growth of organisms in full IMTA treatment (T2) from stocking to harvesting.

Water quality parameters

Among the physico-chemical parameters of
culture water from the experimental ponds,
transparency differed significantly (p < 0.05)
between treatments being higher (32.72 + 0.25) in
T2 than in the control that had a transparency of
24.84 £ 0.2 (Table 3). Over the 150 days study
period, water temperature in the culture facilities
varied between 21.4 and 32.6 °C, while salinity
ranged from 28.5 to 40.5 ppt throughout the
experimental period.

Dissolved oxygen levels were within suitable
ranges for culture and was significantly higher (p
<0.05) in the IMTA treatments as compared to the
control. T2 had the highest dissolved oxygen at
3.901 + 0.01 mg/lI* whereas the control had the
lowest at 3.25 £ 0.01 mg/I™X. The pH values did not
vary much between the treatments, ranging from
7.6inT2t08.0in T3. Both T1 and the control had
a pH 7.9. The lowest value of TAN (ammonia
nitrogen) was observed in T2 0.024 + 0.007 mg/1™
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which was significantly different (p < 0.05) from
that of T3 0.076 + 0.007 mg/1"* but not from T1
and control (p > 0.05). The Nitrate—nitrogen
differed significantly (p < 0.05) being lower in the
IMTA treatment T2 (0.025 + 0.007) mg/1"* which
had the three species than in the control (0.057 +
0.007 mg/IY) that had tilapia monoculture. Mean
value of nitrite- nitrogen was lowest in T2 (0.023
+ 0.004 mg/l1l). There were no any significant
differences on phosphate phosphorous
concentrations among the treatments.

Economic performance evaluation

Results of the economic analysis showed that, net
income, and CBR were significantly better (p <
0.05)in T2, T1, and C as shown in Table 4. T1 and
T2 had similar CBR which was higher than the
control (p < 0.05). Net income was highest in the
IMTA T2 with a value of USD 77.5 followed by
IMTA T1 that had a value of USD 33.9. Higher
production and better selling price of the harvested
organisms in T2 and T1 contributed to higher
profit in IMTA system.
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cabra and S. cucullata in the control (C) and the IMTA treatments (T1, T2, and T3).

Treatments C T1 T2 T3

Experimental organisms O.niloticus O.niloticus H.scabra O.niloticus H.scabra S.cucullata O.niloticus S.cucullata
Growth and yield parameters

Stocking density (Ind/m2) 2 2 1.9 2 1.9 2.1 2 21
Total Stock (n) 240 240 228 240 228 252 240 252
Initial ABW (g) 2151 2540.5 535 £2.5 195+1 535+1 435+1.5 21.5+1 415+1
Final ABW (g) 160.8 +3.8 198.85+2.5 199.7+3.5 218.81 £1.54 206.86 = 3.04 68.4+£0.07 186.12 £7.9 65.96 £0.75
Initial stocking length (cm) 1397+1.5 12.66 +0.85 1441 £1.66 13.08 +0.63 7.93 £0.42 8.94 £0.11 8.26 £0.41 7.69 £0.15
Final stocking Length (cm) 21.07 £0.48 20.35 £0.14 21.22 £1.01 22.19 £0.72 15.44 £0.78 14.55 £0.13 14.32 £0.35 14.07 £0.11
Individual net weight gain (g) 136.5 + 2.8 173.85 £2.05 146.7+6 182.11 +£16.6 153.39 £2.04 26.55+0.26 164.62 + 6.9 2327.2 :
AFCR 2.09+0.3 1.97 £0.09 1.78 £0.04 2.32+0.3

Survival % day 85.4 81.25 53.26 92.91 45.6 875 79.16 79.2
Daily growth rate (g day-1) 0.91 +£0.18 1.15+0.01 0.97 £0.04 1.21+0.11 1.02 £ 0.01 0.15=0.01 1.09 +0.05 0.17 £0.001
Specific growth rate (% day-1) 5.04 £0.23 5.28+£0.012 5.28 £0.017 5.29+0.78 5.31+0.01 4.17 £0.02 5.21 £0.043 4.18 £0.011
Production (Kg/treatment 150 days-1) 3378 £1.6 38.80 +2.4 24.47+0.9 45.03 +4.5 21.75+2.3 14.63 +1.08 3540+24 13.44 £0.32
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Table 3. Mean (+SEM) values of various water quality parameters of pond water collected at 30 day interval from the monoculture (C) and IMTA treatment ponds (T1, T2, and

T3).

Water quality parameters

Parameter Treatments Sampling time

C T1 T2 T3 2/20/2021 3/26/2021 4/25/2021 5/24/2021 6/25/2021
Dissolved oxygen (mgl™?) 3.25+0.011 3.32+0.01° 3.901+0.01* 3.51+£0.01° 3.53+£0.01 326+0.25% 332+0.11 3.59+0.067 3.38+0.06
Temperature (°C) 29.37+£0.309 28.28+0.3 29.22 +£0.31 2891+£0.31 27.32+£0.27° 29.22+0.16° 32.15+£0.56 32.62+0.23% 21.39+0.34¢
Turbidity (NTU) 282 +1.72 28.4+£1.78% 223+£1.7° 179+£1.78° 20.11+£1.14 2055+121 21.91+£058 22.73+£0.76° 23.23+0.952
Salinity (ppt) 36.95+03  35.81+031 36.57+032 3481+03  36.53+0.55 40.47+049° 37.86+0.51 36.8+027 28.51+045"
pH 7.9+0.12 7.93+0.1 7.76 £0.13 8.06+0.12 8.02 +£0.262 7.6 +0.034° 7.64 £0.16" 82+0.112 8.1 +£0.752
Transparency 24.84+0.2 25.34+ 025 32.71+£0.25%  30.56+0.2 22.35+0.39  29.78+0.79% 2549+0.58 2549+0.58 252+0.36
Phosphate phosphorous (mgl?)  0.157+0.04  0.142+0.047 0.053 +£0.05 0.057+0.04 0.076£0.005 0.277+0.15 0.057+0.016 0.056+0.013 0.045+0.013
Nitrate-nitrogen (mgl?) 0.057+.007%  0.052+0.007 0.025+0.007° 0.048+ 0.007 0.059+0.005% 0.051+0.003 0.042+0.004 0.045+0.01 0.031£0.005°
Ammonia nitrogen (mgl?) 0.067 £ 0.007 0.043+£0.007 0.024+0.007° 0.076+.007% 0.052+0.002 0.06+0.005 0.053+0.004 0.048+0.004 0.05+0.007
Nitrite nitogen (mgl™) 0.041+£0.004 0.036+.004 0.023+£0.004% 0.034+0.004 0.029+0.006° 0.028 +0.004 0.037+0.0032 0.041+ 0.003 0.033+ 0.002

Means with different superscripts in a row differ significantly (p < 0.05).
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Table 4. Operational costs and economic returns among monoculture (C) and IMTA treatments (T1, T2, and T3).
Calculations were for 150 days experimental duration. Currency indicated in USD (1USD=Ksh 105). (T1 is Total Income,

TE is Total Expenditure, and NI is Net Income)

Price
Rate

Items Quantity (USD) C T1 T2 T3
Operational costs
Oreochromis niloticus seed 240 0.19 457 457 45.7 45.7
Holothuria scabra seed 228 0.28 63.84 63.84
Sacostrea cucullata seed 252 0.14 35.28 35.28
Lime (CaCO3) (kg) 120 0.21 25.1 25.1 25.1 25.1
Fertilizer (kg) DAP 4.8 0.62 3.01 3 3 3

UREA 7.2 0.51 3.7 3.7 3.7 3.7
Feeds (kg) 117.5, 88.8, 106, 107 1 118 88.8 106 107
Pond hire 2 28.5 57 57 57 57
Casual labour 5 19.04 95 95 95 95
Total operational Cost 3475 382.14 434.7 372
Economic returns
O. niloticus advanced sale (fingerling) 300,220,180,200 0.19 57 42 34.2 38
Sale of harvested O. niloticus (kg) 34,38.8,45,35.4 2.4 81 93 108 84.96
H. scabra sale (kg) 244,217 19.04 465 413.16
S. cucullata sale 13.4,14.6 3.8 50.92 55.6
Gross return 138 600 606.28 177
Net income (TI-TE) -209 217.8° 171.32 -193
Cost Benefit Ratio (CBR) TI/TE 0.4 1.572 1.392 0.47
Return on Investment (%) NI/TE*100 -60.2 56.7 39.4 -52.1

Means with different superscripts in a row differ significantly (p < 0.05).

Treatment T3 and the control had the lowest
income which did not breakeven with USD values
of (193) and (209) respectively. The calculated
CBR was 1 for both IMTA T1 and T2, a zero value
for T3 and 0.4 for the control. The determined
return on investment was highest in T2 at 17.6 %
while IMTA T1 had 8.6 %. IMTA T3 and the
control showed negative rates.

Discussion

Growth performance of the cultured organisms
The comparison of IMTA system and the control
made in this study tested the feasibility of culturing
fin fish, oysters, and sea cucumbers together in an
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intertidal earthen pond ecosystem. The results
showed that organisms cultured in the IMTA set
up realized better growth and production than
those in the control monoculture system.
Individual weight gain and total production
differed among cultured species in the different
treatments which concurs with studies by Cunha et
al, (2019). Nile tilapia which was the fed
component of the IMTA set up in the study showed
good performance during the 5 months culture
period compared to the co-cultured extractive
species; sea cucumbers and oysters.

The low production of sea cucumber observed
among the different treatments could be attributed
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to predation from the Nile tilapia, the fed
component in the IMTA set up. Sea cucumbers are
deposit feeders that consume mud particles
(Tresnati et al., 2019), a feeding habit that helps
reduce the organic load from the bottom of earthen
ponds while being integrated with other organisms
(Funge-Smith and Briggs, 1998). This attribute,
coupled with the species high market value makes
sea cucumber a good candidate for multitrophic
aquaculture systems (Magondu et al., 2021).

In the present study, the fed component of the
IMTA T2 showed significantly (p > 0.05) high
individual body weight of Nile tilapia at 218.82 +
1.6 g, which was followed by T1 and T3 that had
an integration of tilapia and sea cucumber at 198.9
+ 2.6 g and tilapia and oysters at 186 + 7.9 g
respectively. Nile tilapia in the control achieved
relatively lower individual weight of 160.75 + 3.8
g. The better growth of Nile tilapia in IMTA could
be attributed to efficient removal of nutrient
wastes from the culture environment as nutrient
waste, fecal waste and uneaten feeds were
extracted from the system and utilized by the
extractive organisms such as filter feeders and
deposit feeders (Samocha et al., 2015).

The specific growth rate of cultured organism
ranged from 4.18 % day* among oysters to 5.3 %
day? among sea cucumbers. Given the water
quality parameters were within optimal range,
these findings indicate the conditions for growth
and species combinations tested the three IMTA
treatments in this trial were favorable. In
aquaculture, feed conversion ratio (FCR) is used to
determine efficiency of utilization of fed feed that
is converted to flesh. Nile tilapia in IMTA
treatment T2 in this study had an FCR of 1.78 +
0.04 compared to T1, T3 and the control which had
slightly higher levels Table 2. This might have
been as a result of better feed utilization by the
cultured organisms. Waite et al. (2014) showed
that FCR is related to environmental performance
as it provides indications of nutrients loss to the
environment and any undesirable output. A lower
FCR shows an efficient system (Hasan and Soto,
2017). A similar study reported that ‘species
combination in an IMTA reduced FCR by 12-15%
compared to monoculture’ (Shpigel et al., 2016).
Bivalves have been used in IMTA systems based
on their potential to directly filter organic
particulates from the culture site and also nutrient
extraction from the system (Chopin, 2013). Being
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suspension feeders, bivalves alter the plankton
structure which promotes nutrient cycling in the
culture environment (Smyth et al., 2013; Murphy
et al., 2016). In this study oysters were used as
filter feeders and contributed to increased biomass
and efficiency of the system. In the current study,
integration of oysters was found to be feasible in
the co-culture IMTA pond system with Nile tilapia
through improving water quality and increasing
production in tilapia and sea cucumbers
integration. Several studies have shown that
extractive species in IMTA systems grow faster
than in monoculture which implies that IMTA
farms can provide greater economic gains and
environmental benefits (Whitmarsh, et al., 2006;
Sara et al., 2009; Sanderson et al., 2012).

Survival of culture organisms in different
treatments

IMTA treatment (T2) achieved the highest
survival for the fed species at 92.2%. Results of
water quality and the culture environment in T2
were suitable for culture of the different
organisms. Integration led to pond ecological
balance that ensured high survival of tilapia as the
fed organisms and sufficient nutrients that were
captured by the oyster filter feeders which also
showed high survival rates of 87.5 % and 79.2 %
in T2 and T3 respectively Table 2. Sea cucumber
was used as one of the extractive organisms due to
its bio-mitigation ability and potential to reduce
excess accumulation of waste from the pond
bottom (Purcell, 2015; Cubillo et al., 2016). In this
study survival of sea cucumber was lowest in
treatment T2 that had 45.6 % and T1 that had 53.26
%. Some sea cucumbers were observed with
injuries which were likely caused by predatory
attacks by Nile tilapia, and it is possible that severe
wounds may as well explain the higher overall
mortality of this species reported in this study.
Incidences of predator attack on H. scabra has
earlier been reported in studies by Lavitra et al.
(2009) and Tresnati et al. (2019). In sea cucumber
farming, challenges related to biotic and abiotic
parameters are normally experienced (Purcell,
2004; Wang et al., 2004). These include; salinity
drops against the optimum of 28 to 31 ppt, Xilin
(2004) that occurs in seasons of heavy rainfall
(Chen, 2004) and especially during low tides a
situation that makes the organisms to burrow
underground even when they are supposed to be
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active and foraging for food. Abnormal occurrence
of high numbers of parasites such as Isopods in
ponds during hot season has been a cause for sea
cucumber mortality (Pitt and Duy, 2004). In
addition, abundance of crabs near the culture
environments has been blamed for attack on both
juveniles and adult sea cucumbers and cause of
high mortality (Magondu et al., 2021). Skin
ulcerations were also evident which were followed
by mucus secretions on the body, skin
discoloration and behavior changes as reported by
Purcell and Eeckhaut (2005).

The observed mortality of sea cucumber in T1 and
T2 could be attributed to the presence of Nile
tilapia. These attacks were more serious during
foraging for feeds from the pond environment.
Nile Tilapia has been categorized as herbivorous
fishes (Getachew and Fernando, 1989), which
mainly feed on algae, while other workers have
classified them as omnivores with food
composition dominated by zooplanktons like
copepods and rotifers (Bwanika et al., 2004). Such
feeding habits may also have contributed to the
observed attacks on sea cucumber as the tilapia
forage for food at the pond bottom where the sea
cucumbers dwell. Dorsal and ventral injuries and
skin ulcerations were observed on most injured sea
cucumbers. “Other possible predators were mud
crabs and mangrove snails which were found to be
present in some of the experimental ponds
concurring with findings by Tresnati et al. (2019).
However, these were removed physically during
the pond preparation before stocking and by use of
lime to kill any predator eggs and larvae present.
Another plausible explanation for the low number
of sea cucumber harvested is that some individuals
burrowed into the substrate to avoid predator
attack by tilapia (Pitt and Duy, 2005). Such
burrowing  caused  substrate  disturbance
(bioturbation) leading to better nutrient recycling
and utilization benefiting the overall culture
environment.

Water quality

The water quality parameters in this study showed
better results in the IMTA system as compared to
the control monoculture. The parameters were
stable throughout the experimental period and
within acceptable range of finfish mariculture
(Biswas et al., 2019). The dissolved oxygen levels
shown in the three IMTA treatments could have
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been attributed to the species combinations that
filtered the culture water by consuming the algae
available making the culture water less turbid.
Presence of fish, oysters, sea cucumber, and
phytoplankton contributed to pond ecological
balance due to the synergies created. The enhanced
water quality led to better fish performance and
higher biomass production. Further, less amount of
energy was needed to maintain pond oxygen levels
which improved the system efficiency. The
photosynthetic activity within the systems was
dependent on the type of treatment whereby ponds
without oysters (T1) and (C) showed significantly
lower dissolved oxygen production in comparison
with the treatments that had oysters (T2 and T3).
The treatments without oysters had lower Secchi
disk readings which implied higher turbidity due
to suspended particulate matter in the water
column which prevented light penetration that
hampered photosynthetic activity and
consequently feed accessibility. In other studies,
poor water quality has often been blamed for lack
of sustainability and profitability in aquaculture
enterprises (Biao, 2007; Cao et al., 2007). Studies
by Newell (1988) showed that oysters filter water
at a rate of 0.12m3g* dry weight per day which has
shown potential to extract large amounts of
organic particles from the culture water. There
were lower nutrient levels in terms of nitrates,
nitrites and ammonia in the treatments that had sea
cucumber as they prevented formation of
anaerobic conditions by consuming high amounts
of organic matter in the sediment that caused
reduction in ammonia levels hence accelerating
nitrification and denitrification processes which
improved water quality in the ponds (Uthicke,
2001; Isgdren-Emiroglu and Giinay, 2007).

Economic performance

The current study found that IMTA had a higher
net income, cost benefit ratio and return on
investment than either of the monoculture
operations. Despite these encouraging results,
IMTA is likely to be justifiable for investors only
if there is additional profitability (Whitmarsh et
al., 2006; Ridler and Ridler, 2011). Whitmarsh et
al. (2006), Ridler et al. (2007), and Shi et al.
(2013) all suggested that higher profitability is
possible with IMTA than with monoculture
aquaculture farms, ascribing it to higher growth
rates of co-cultured extractive IMTA species, the
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ability to spread some of the IMTA’s
administrative and operational expenses over a
wider range of products (e.g. marketing and sales
costs, salaries and wages, utilities), and access to
additional income streams.

Clearly, economic sustainability is a key objective
to be considered before venturing into commercial
aquaculture practices. Hishamunda et al. (2014)
showed that without economic viability,
aquaculture ventures can only continue if
subsidized. Higher profitability in IMTA farms
has contributed to its more preference to
monoculture practices by farmers attributing it to
higher growth rates of the co-cultured extractive
species, possibilities of spreading costs over a
wide range of products in addition to access to
different income streams (Whitmarsh et al., 2006;
Ridler et al., 2007b; Shi et al., 2013). Presence of
co-cultured items in an aquaculture enterprise can
contribute to water quality improvement,
additional productivity, and profitability of the
farm operation (Fantini-Hoag et al., 2022).

A comparative economic performance analysis
between three IMTA treatments (TI, T2, T3) and a
control monoculture (C) made in this study
indicated the possibilities of farming a fin fish,
oysters and sea cucumber together in brackish
water intertidal ponds. One complete (T2) and two
partial IMTA treatments (T1 and T3) were tested
in this study in comparison to fin fish monoculture.
The full IMTA (T2) performed better in terms of
production and economic returns as compared to
the other treatments. Gross returns, net income,
and cost benefit ratio (CBR) showed significant
differences with highest values in T2 followed by
T1. This was as a result of increased total
production and higher selling price of harvested
fin fish and sea cucumbers that had better weight
gain in T2. In addition, the estimated market price
of oysters increased the net income further for T3.
The results of economic analysis show the
viability of the IMTA system as a suitable farming
option. Under the two scenarios, the analysis
revealed that the IMTA system was more
profitable, looking at the benefits of product
diversification, reduction of production risk and
reduced cost of inputs. Review studies by Knowler
et al. (2020) showed that economics of IMTA has
been mainly focusing on financial analysis on
profitability, economics of environmental
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externalities and market analysis on consumer
perceptions and acceptability of IMTA systems
and products.

Conclusions

The IMTA set up involves maintaining a clean
culture environment at reduced costs of inputs
such as feed and fertilizers to facilitate improved
efficiency  while  supporting  sustainable
production. Growth performance of Nile tilapia
(the fed species) was better in the IMTA
treatments than in the monoculture (control). The
co-cultured species sea cucumber and oysters also
exhibited good growth in the IMTA ponds. In the
present study, Nile tilapia as the fed component of
the system contributed to the overall production of
the system in addition to providing food and
energy that the co-cultured organisms depended
upon. The production costs, net incomes, CBR and
ROI were higher in IMTA setups. This indicated
IMTA production system is a profitable business.
The species combination and pond environment
were important factors for increasing production
suggesting more attention should be paid to these
parameters for more economic gains. Sea
cucumbers experienced predation attacks from the
tilapia leading to their low survival rates. This
finding thus recommends further analysis of the
Nile tilapia stomach contents. Therefore, the
findings of this study revealed that use of Nile
tilapia as fed species in an IMTA system with sea
cucumbers as an extractive component is not
viable due to predation attacks. Possibilities of
using other fed species for IMTA studies need to
be explored and provision of appropriate
substrates that the sea cucumbers can burrow in to
escape predation.
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Abstract

The Indian Major Carp, Labeo rohita was stocked in four different resource
environments namely, Periphyton monoculture, Periphyton polyculture,
Plankton monoculture, and Plankton polyculture. Bamboo substrates were used
as periphyton colonizers in culture ponds. In polyculture stocks, the Catla catla
and Cirhinus mrigala were used as companion crop. The on-farm experiment was
conducted for 210 days, and gut contents of rohu were collected and analyzed
throughout the stocking period. The gut abundances of rohu showed an
inclination towards algal food organisms, especially Cyanophyceae,
Chlorophyceae, Baccillariophyceae, and Eugelophyceae, towards the later period
of stocking when the fish attains a considerable total length. Results from the
Shanon Diversity index supported higher algal diversity in the fish gut in
periphytic conditions. The Diet breadth index also clearly indicated that rohu has
a strong preferences towards periphyton than plankton. Such preferences are
more prevalent in polyculture than in monoculture conditions. In conclusion, it
can be accepted that rohu has clear preference towards periphyton over plankton
when it is available in the environment. Stocking of other planktonic feeders in
polyculture conditions may have no impact on the feeding pattern of rohu if
periphytic resources are made available in the environment.

Surjya K Saikia
E-mail: surjyasurjya@gmail.com
Tel: +91 7432030340
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Introduction catla) and mrigal (Cirrhinus mrigala) made it an

Labeo rohita (rohu) is an important freshwater fish ideal candidate for polyculture (Jhingran, 1991).

species normally cultured in Asia particularly in
the Indian subcontinent (Khan et al., 2004). This
Indo-Gangetic riverine species is distributed
throughout South Asia, South-East Asia, Sri
Lanka, the former USSR, Japan, China,
Philippines, Malaysia, Nepal and some countries
of Africa. Its compatibility for resource utilization
with other freshwater carps, mainly catla (Catla
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During the last decade, voluminous studies have
been done on the feeding habit of rohu with regard
to aquaculture management (Rahman et al., 2006;
Majumder et al., 2018; Saikia et al., 2013; Mishra,
2020; Biswas and Mandal, 2021). Few of these
studies on its feeding habit has forwarded
interesting outcomes in the field of aquaculture
research in rohu. For example, Majumder et al.
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(2018) has reviewed that it follows ontogenic
shifting of food habits from zooplanktivorous to
phytoplanktivorous during its growth. Further,
Saikia et al. (2013) reported its periphytophagous
feeding habit under the availability of periphytic
resources. These outcomes are important since fish
meal nowadays have become the most expensive
protein ingredient in aquaculture research. Several
animal protein sources were evaluated to
formulate the diets for fish including rohu to
accomodate the objective of low input and high
produce in aquaculture (De Silva and Gunasekera,
1991; Rangacharyulu et al. 2003; Asimi et al.,
2017).

As an alternative way, a concern of growing fish
in  periphyton-based conditions has been
popularized by a group of aquaculturists (Wahab
etal., 1999; Azim et al., 2001a; Gangadhara et al.,
2004; Azim et al., 2004a). Their studies have
shown that rohu attained a profitable growth in
periphytic condition when stocked in combination
with other cultivable major carps. Subsequently,
similar fish culture practices of common carp
(Cyprinus carpio) has also been reported in India
(Saikia and Das, 2009; 2014). Very recently,
Biswas et al. (2022) proposed utilization of the
periphytic biomass as a replacement of artificial
feed in brackishwater polyculture and suggested
that periphyton grown on 75% surface area
provides a cost-effective  production in
polyculture. In view of the available reports of
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feeding habit of rohu and its potential use as a
candidate in periphyton based aquaculture
conditions, this is necessary to evaluate its
comparative performance in feeding under
periphyton-free and periphyton-based conditions.
The present study has been design to understand
such choices by rohu. In most of the periphyton-
based fish culture experiments with carps, rohu
constituted major part of the composition of fishes
stocked (Wahab, 1999; Azim et al., 2001la;
Gangadhara et al., 2004; Azim et al., 2004a).
Being planktonic feeder, the synergistic effect that
helps rohu grow under periphytic condition is not
known. These studies performed in periphytic
condition concluded that rohu feeds on periphyton
under substrate-based condition and hence growth
is accelerated. However, such shifting of food
from plankton to periphyton by rohu were not
based on direct evidence from the gut content and
other feeding ecological tools. The present study,
therefore, is based on gut content analysis as direct
evidence of feeding on available resources under
the periphytic monoculture as well as in
polyculture conditions.

Materials and Methods
Pond preparation and experimental set up

The present study has been performed in two
conventional fish ponds for 210 days separated by
an earthen embankment at Jaydeb, Birbhum, West
Bengal (23° 38' 0" N, 87° 26' 0" E, Fig 1).

S

BIRBHUM

Inter district border

) Study area

Figure 1. Study area in Birbhum, West Bengal, India. (Not to scale)
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Each pond was divided into two areas with the help
of fine nylon nets (mesh size <10mm). Along with
the rohu, two other fishes (Catla, Catla catla
(Hamilton, 1822), Mrigal, Cirrhinus mrigala
(Hamilton, 1822)) were selected because they are
compatible for polyculture with rohu (FAO, 2009).
For the growth of periphytic organism, bamboo
poles (lengths 2.53+0.21 m and diameters
5.2+0.37 cm) were implanted in the two areas of
the first pond (depth 1.87 £ 0.25m) vertically at a
distance of 1m from each other (4 poles/ m?) (Fig.
2A and B). Both the areas partitioned in the second
pond (depth 1.89 + 0.28m) remained free i.e.
without any bamboo substrates. In one of the
bamboo substrate implanted areas of the first
(Size: 903 sqg. ft.) pond, fingerling of rohu
(average wt. 8.15 +1.75 g, average length 7.3 +
0.81 cm) were introduced and this area was
considered as the periphytic monoculture (PR-M)
area. In the second area (Size: 1058 sq. ft.) of the
first pond, along with rohu, fingerlings of catla

©

(average wt. 8.91 £1.89 g, average length 7.6 +
0.75 cm) and mrigal (average wt. 4.53 + 0.76 g,
average length 5.2 £ 0.62 cm) were introduced and
this area was considered as the periphytic
polyculture (PR-P) area. In the second pond, the
first area (Size: 923 sq. ft.) was stocked with
fingerlings of rohu (average wt. 8.15 +1.75 g,
average length 7.3 + 0.81 cm) and was considered
as the planktonic monoculture (PL-M) area. In its
second area (Size: 1025 sg. ft.), along with rohu,
Catla catla (average wt. 8.91 £1.89 g, average
length 7.6 = 0.75 cm) and Cirrhinus mrigala
(average wt. 4.53 + 0.76 g, average length 5.2 +
0.62 cm) were introduced and this area was
considered as the planktonic polyculture (PL-P)
area (Fig 2C and D). All fishes were released in
May 2014. Stocking density in both the
monoculture areas was 400 fingerlings of rohu and
in polyculture area, 200 fingerlings of rohu, 150
fingerlings of catla and 100 fingerlings of mrigal.
Fishes were released 15 days before first sampling.

®

Catla —
. Rohu _m
Mrigal i

®)

Figure 2. Experimental design. (A) Periphytic monoculture (PR-M) in first pond, (B) ) Periphytic polyculture (PR-P) in first
pond, (C) ) Planktonic monoculture (PL-M) in second pond, (D) Planktonic ployculture (PL-P) in second pond. (Figures are

not to scale)

Fish capture technique and collection of gut
content

In every sampling, 15-20 fishes (rohu) were
captured using fish net from the four experimental
plots in 30-day intervals starting from June 2014
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to November 2014. All fishes were collected
before 9:00 AM Ethical procedures for experiment
with animals were maintained throughout the
period of research work.

The fishes (n=15-20) were sacrificed and guts
were cut from the oesophagus region to first major
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constriction of the alimentary canal to obtain
identifiable food items ingested by the fish
(Haroon and Pittman, 1998). This length is around
4.5-12.6 cm (proportionately to TL 11.7-36.5 cm).
Before gut collection, every fish was weighed and
the total length was recorded. Immediately after
collection, guts were transferred to 10% formalin.
In the laboratory, each gut along with the content
was blotted uniformly with tissue paper and
weighed accordingly. In spite of measuring gut
weight, guts were cut longitudinally and the
fullness index was measured (Haroon 1998). Gut
contents from samples with considerable food
(Gut fullness index > 0.5) were removed with the
help of a fine scalpel visible to the naked eyes.
These were then preserved in 4% formalin in 10
ml glass vials (Borosil) for further analysis. After
that, empty guts were again weighed to obtain gut
content weight.

Identification, quantification, abundance,
diversity and dominance of gut samples

Gut-content organisms were identified up to
generic level using standard manuals (Pentecost,
1984; Edmondson, 1992; Perumal and Anand,
2009) and online resource
(https://www.algaebase.com) and  wherever
possible, identified up to species level. The whole
gut content collected from each gut were analyzed.
These were estimated following Lackey’s (1938)
drop count methods under an inverted microscope
(Victory plus, Dewinter, Italy). Abundance was
expressed as L/gut sampled for analysis. Shanon’s
Species diversity measure was performed for
documenting taxonomic diversity of gut contents.
In addition to relative abundance and Shanon
diversity, dominance measure was computed as
follows:

Dominance Index (Odum 1971) C = (ni/ N)?

Where, ni is the total number of individuals of
species.

N is the total number of individuals of all species
in hand.

Diet breadth analysis

Three indices of diet breadths were considered.
The selection of diet breadth indices was made to
obtain a clear understanding of the resource use
and mode of selection of resources. The first index
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was the popularly used Levin’s (1968) diet breadth
measure. It is calculated as-

_ (@)t
BA_ n—1
where, Ba is Levin’s diet breadth, pj is the fraction
of items in the diet that are of food category j and
n is the number of resource states. As Levin’s diet
measure does not take resource availability in the
environment into consideration while determining
diet breadth, the second index i.e. Hulbert (1978)
diet measure was calculated. It is-
_ 1
= weieran

Where B” is Hulbert’s standardized diet breadth, pi
is the fraction of items in the diet that are of food
category 1 (3 (pi =1.0), aj is the proportion of total
available resources consisting of resource |j
(3;aj=1.0). B" ranges from 1/n to 1.0.

The third index considered was Db(y?) (Saikia,
2012). Statistically, this measure not only
considers resource utilization along with diet
breadth, but also sensitive to variation within
resources and resource utilized by the organism.
As Levin’s and Hulbert diet measures are based on
proportional availability of food item to the total
foods and Hulbert is a product of fraction of
resource and gut content, they are insensitive to
variations within the sample. The Db(y?) is
computed as follows-

DB(x2) = Xit,

Here, the DB(y?) is the diet breadth, logO;i and
logEi are the log value of observed and expected
food abundances of i category respectively. The
expected food abundance in DB(y?) is constituted
of available food resources in the environment.
The DB(y?) value ‘0’ indicates a complete overlap
of gut content abundance on resource abundance
from environment. This value is termed as
Resource Db(x) or Rpg(2). Theoretically, Rpgp)
=0.0.

Determination of factors
preference of rohu

Ba

(log Oj—logEj)*
logEj

influencing food

To examine which factor is responsible for such
preference of food organisms by rohu, three
primary factors viz. resource type (Plankton and
Periphyton), season (across months) and culture
type (monoculture and polyculture) and two
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secondary factors viz. mono-poly resource and
mono-poly season were analyzed.

Statistical analysis

One-way ANOVA was computed to analyze
differences among means of  samples.
Homogeneity measure was tested before
computing ANOVA. If ANOVA showed any
difference among the means, Tukey’s post hoc test
was used to identify means with difference. The p
value of 0.05 or smaller is considered as
significant. The Software Minitab, version 17.0
was used for all statistical analysis.

Results

Community composition of food organisms in
the gut of rohu

In the periphytic culture condition of rohu, a total
51 genera of food organisms including 17 genera
of Chlorophyceae followed by 13 genera of
Bacillariophyceae, 6 genera of Cyanophyceae, 3
genera of Euglenophyceae, 5 genera of and 7
genera of Cladocera-Copepoda and other
zooplanktonic organisms (CCO) were recorded
(Table 1). From the planktonic culture condition, a
total of 48 genera of food organisms which
includes 16 genera of Chlorophyceae followed by
12 genera of Bacillariophyceae, 5 genera of
Cyanophyceae, 3 genera of Euglenophyceae, 5
genera of Rotifera and 7 genera of CCO were
recorded. The fraction of these food items used by
the fish showed great variation with the progress
of the season.

Abundance of food organisms in the gut content
of rohu from the culture pond

The abundances of Cyanophyceae organisms in
PR-M conditions are shown in Fig 3a. In the initial
months i.e. in June and July, Cyanophycean
abundance did not show any significant difference
(p>0.05). But with the progression of time starting
from September onwards the abundance of
Cyanophyceae was significantly
increased(p<0.05) in the gut of rohu as compared
to the initial months. In the case of PR-P
conditions there was a significant increase in
abundance during the later period of months
compared to June and July. In planktonic culture
conditions (PL-M, PL-P) also there was no
significant difference (p>0.05) in abundance
during the initial months, but from August
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onwards there was a sharp increase in number.
When the abundance of Cyanophyceae was
analyzed among the four culture conditions, in the
initial months starting from June to August, the
abundance did not show any significant difference
(p>0.05). among all the four culture conditions.
But from September onwards, both the PR-M and

PR-P conditions showed significant
difference(p<0.05) with the PL-M and PL-P
conditions  showing  significantly  higher

abundances in the periphytic culture conditions in
comparison to the planktonic culture conditions.
Although statistically not significant (p>0.05),
Cyanophyceae showed higher abundances in the
PR-P condition compared to the PR-M condition
with the progression of time.

Abundance studies of Chlorophyceae showed
great variations of periphytic and planktonic food
organisms in the gut of rohu (Fig 3b). In the month
of June and July in PR-M conditions, the
abundance of Chlorophyceae organisms did not
show significant difference (p>0.05). But from
August onwards, significantly (p<0.05) higher
abundance of Chlorophyceae organisms were
observed compared to the initial months. Similar
abundance pattern of Chlorophyceae was observed
in the other three culture conditions viz. PR-P, PL-
M and PL-P. From August onwards, guts of rohu
from all these three areas showed significantly
higher (p<0.05). abundance of Chlorophyceae
organisms. When abundances of Chlorophyceae
were analyzed among the four culture conditions,
in the initial months of June to July, the
abundances did not show any significant
difference (p>0.05) among the four culture
conditions. But from August onwards the PR-M
and PR-P showed significant difference (p<0.05)
with the PL-M and PL-P conditions, indicating
significantly highest (p<0.05) abundances of gut
Chlorophyceae from the periphytic culture
conditions in comparison to the planktonic culture
conditions. Here too, although statistically not
significant  (p>0.05), the abundance of
Chlorophyceae organisms from the gut of rohu
were higher in the PR-P conditions compared to
the PR-M conditions with the progression of time.
Similar pattern was observed for the abundances
of gut Bacillariophyceae too (Fig 3c) and
Euglenophyceae (Fig 3d). Like the gut abundances
of Cyanophyceae and Chlorophyceae, the
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Bacillophyceae and Euglenophyceae also showed
significantly higher abundances in periphytic in
comparison to planktonic conditions.

Cyanophyceae
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Figure 3. Mean abundance of gut contents of Labeo rohita. Abundances of Cyanophyceae (a), Chlorophyceae (b),
Bacillariophyceae (c), Euglenophyceae (d), Rotifer (e) and Cladocera, Copepoda and other zooplanktonic organisms (CCO) (f)
in Periphytic Monoculture (PR-M), Planktonic Monoculture (PL-M), Periphytic Polyculture (PL-P) and Planktonic culture (PL-
P) conditions. MeantSD, one way ANOVA followed by Tukey’s test (p<0.05), n=9, Means that do not share any letter are

significantly different.

In case of Rotifera, in the initial months i.e. in June
and July there was no significant difference
(p>0.05) in abundance in all the four culture
conditions (Fig 3e). But with the progression of
time starting from August onwards the abundance
of Rotifera significantly decreased (p<0.05) in the
gut of rohu as compared to the initial months in all
the four culture conditions (PR-M, PR-P, PL-M,
PL-P). When the abundance of Rotifera was
analyzed among the four culture conditions, the
abundance did not show any significant difference
(p>0.05) among all the four culture conditions
throughout the months, although there was a sharp
decrease in abundance during the later period of
months.

Similar to Rotifera, abundances of Cladocera,
Copepoda and other zooplanktonic organisms
(CCO) showed insignificant differences (p>0.05)
among all the four culture conditions during June
and July (Fig. 3f). But with the progression of time
starting from August onwards the abundance of
CCO was significantly decreased (p<0.05) in the
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gut of rohu as compared to the initial months in all
the four culture conditions. Like Rotifera, when
abundance of CCO was analyzed among the four
culture conditions, the abundance did not show
any significant difference among all the four
culture conditions throughout the months,
although there was a sharp decrease in abundance
starting from August onwards.

Dominance index of food organisms from gut
content of rohu

As found in Table 1, a total of 51 species in the gut
content of rohu from the periphytic culture
conditions and a total of 48 species of gut content
organisms of rohu from the planktonic culture
conditions were recorded. Among all food
organism, only the most dominant species from
both periphytic as well as planktonic conditions
were identified through species dominance index
for analysis and presented in Fig 4. From the

dominance analysis in periphytic culture
conditions, 12 genera viz.  Anabaena,
Aphanocapsa, and Chroococcus from the
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Chlorella, Closterium,
Scenedesmus and Oedogonium from
Chlorophyceae, Navicula and Diatoma from
Bacillariophyceae, Phacus and Euglena from
Euglenophyceae and  Arcella, the only
representative from the zooplanktonic organisms
were identified which showed highest abundance

Cyanophyceae,

@

Dominance index

0s ©

mJune ®July = August September m QOctober mNovember

among all the gut content organisms of rohu
throughout the study period. Except Oedogonium
all the other 11 dominant species from the
periphytic conditions also showed highest
dominance in case of planktonic culture conditions
throughout the months.

@
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Figure 4. Dominance index of gut content of Labeo rohita from Periphytic Monoculture (PR-M) (a), Periphytic Polyculture
(PL-P) (b), Planktonic Monoculture (PL-M) (c), and Planktonic Monoculture (PL-P) (d) conditions.

Factors influencing the food preference of rohu

When resource was considered as a factor (Table
2), most of the dominant organisms except
Diatoma and Arcella showed statistically
insignificant (p>0.05) results. Similarly, when
season was considered as a factor, all of the
dominant organisms except Arcella showed
statistically significant (p<0.05) results. Whereas,
when culture condition (monoculture/polyculture)
was considered as a factor, none of the dominant
organisms showed statistically significant results.
But interestingly, when resource was considered
as the combined factor with culture conditions,
most of the dominant organism showed
statistically significant (p<0.05) results. When
season was considered as the combined factor with
culture type, all of the dominant organisms except
Arcella showed statistically significant results.

Diversity of food organisms and diet breadths
in the gut of rohu

Shanon-Wiener diversity

The diversity (H") values were low during the
initial months but increased gradually with the
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progression of time in the gut of fish (Fig 5a). In
the month of June and July, the diversity (H") of
the food organisms showed no significant
difference(p>0.05) among all the four culture
conditions. With the progression of time, starting
from August onwards, the diversity of the food
organisms in the gut content of rohu showed
significantly higher (p<0.05) values in both the
periphytic monoculture and polyculture conditions
over planktonic culture conditions. The diversity
of the gut food organisms in the gut of rohu from
periphytic polyculture condition was significantly
higher (p<0.05) than the periphytic monoculture
condition during the later period of months.
However, for planktonic conditions, the diversity
of food organisms in the fish gut was significantly
higher (p<0.05) in polyculture compared to the
monoculture condition during the month of August
and September only. In all other months there was
no significant difference (p>0.05) in diversity of
gut content organisms between planktonic
monoculture and polyculture condition.
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Diet breadth

The Levin’s diet breadths (Ba) are presented in Fig
5b. The Ba values were low during the initial
months but increased gradually with the
progression of time in the gut of fish. In the month
of June and July, the Ba values of the food
organisms showed no significant difference
(p>0.05) among all the four culture condition.
Whereas, with the progression of time, starting
from August onwards, the increment of diet
breadth of rohu was significantly higher (p<0.05)
in both the periphytic monoculture and polyculture

Shannon-Wienner Diversity
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condition in comparison to both the planktonic
culture condition. The Hulbert diet breadths (B")
are also presented in Fig 5c. The B” values also
were low during the initial months just like the
Levin’s diet breadth, but increased gradually with
the progression of time in the gut of rohu. The
Hulbert’s diet breadth behaves more or less similar
to the Levin’s diet breadth throughout the period
of culture of the fish. In general, both the Levin’s
and Hulbert diet breadth showed higher values of
diet breadth in periphytic polyculture condition
over periphytic monoculture condition during the
later part of the study (in months).
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Figure 5. Diversity and diet breadth measures of gut contents of Labeo rohitaunder different culture conditions, (a) Shanon-
Wiener diversity measure, (b) Levin’s diet breadth , (¢) Hulbert’s diet breadth and (d) DB (¥2). Mean+SD, one way ANOVA
followed by Tukey’s test (p<0.05), n=9, Means that do not share any letter are significantly different.

Fig 5d represents DB(y?) values from all the
culture condition. When plankton were considered
as food resource, the DB(y?) values of PR-M and
PR-P were significantly higher (p>0.05) in
comparison with the PL-M and PL-P during the
later months. In the month of June and July, the
DB(y?) values in the periphytic PR-M showed
indifference with PR-P condition but was
significantly higher(p<0.05) compared to the PL-
M and PL-P condition. However, from August
onward the DB(y?) value in PR-P condition was
significantly higher (p<0.05) compared to the PR-
M, PL-M and PL-P area. The PR-M area again
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showed significantly higher (p<0.05) DB(x?)
value compared to the PL-M and PL-P condition
from September onward. In case of the planktonic
culture condition, there was no significant
difference (p>0.05) among the monoculture and
polyculture condition throughout the months
except in the month of September.

Discussion

The earlier reports with rohu as an active
periphyton feeder (Gangadhara et al., 2004; Azim
et al.,, 2004a) did not consider gut analysis to
confirm the diet shift of rohu from plankton to
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periphyton. The present report is the first of its
kind to understand resource utilization by rohu
under a substrate-based condition. In June and July
ronu fed more zooplankton irrespective of
monoculture and polyculture conditions, however,
in the later months, it inclined mostly towards
plankton of plant origin (four major algal groups).
This situation happened in both periphytic and
planktonic resources. From August onward,
abundances of food organisms of plant origin in
the gut of rohu increased in PR-M and PR-P
conditions. Although statistically not significant,
the abundance of food organism in the gut of rohu
in PR-P condition is relatively higher compared to
PR-M condition. Also, in comparison to the other
two plankton-only condition, the gut content of
rohu showed significantly higher (p<0.05) plant-
origin food in the periphyton based condition.
These results indicate that rohu has the preference
for periphytic resources in substrate-based
condition.

During the experiment, two resource types, i.e.
plankton and periphyton in the pond conditions,
were available for the fish. Even, as discussed for
the ontogenic shifting of food habit of rohu, its
feeding nature was repeated from the
zooplanktivorous to phytoplanktivorous nature all
the culture conditions.

Rohu showed an overall narrow diet breadth in the
case of plankton throughout the months. The
greater the diet breadth, the greater the possibility
for fish to access the resource types. A smaller diet
breadth is the indication of either resource
partitioning (Haroon and Pittman, 2000) or less
affinity of the fish towards the resource type on
which diet breadth was measured. Small-sized
fishes are generally less opportunistic and
occasional feeder of different resource types
(Haroon and Pittman, 2000), exhibiting feeding
activity in a limited zone of the environment,
resulting in insignificant narrow diet breadth. Less
periphytic productivity during the early months on
the bamboo substrates might have some effect on
such values of diet breadth. Moreover, it is also
evident that the smaller forms of the carp mainly
fed on zooplankton.

The Levin’s diet breadth was compared for two
different resource types, namely, plankton and
periphyton in the fish culture condition to draw a
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more meaningful conclusion about the food
accessibility by rohu. The lower diet breadth
resulting from plankton compared to periphyton
indicated the fish's grazing nature considerably on
periphyton biomass. From August onward,
Levin’s diet breadth of rohu showed a greater
value when periphyton was ingested as a food
source. This difference increased with the
progression of the season showing a maximum
diet breadth during October-November.

With the progression of time, Levin’s and Hulbert
diet breadth increased for the periphytic food
organisms, indicating its nature of accessibility to
brows on the attached organisms (Fig 4A, B).
Simultaneously, the shift towards periphyton
resource caused a gradual decline in feeding
activity on plankton. The increasing resource
availability in the form of periphyton might have
positive effect for such findings. Therefore, during
later period of months the fish consumed
maximum number of available food items through
random selection.

Under substrate-based conditions, it was
repeatedly reported that the rohu shows faster
growth compared to substrate-free conditions.
Azim et al. (2001a) reported that its growth was
77% higher in substrate-based conditions than
substrate-free conditions. Azim et al. (2001b)
observed that periphyton biomass significantly
decreased with increasing biomass of rohu in a
substrate-based condition. Although rohu has been
reported as an exclusive plankton feeder, these
observations suggest that rohu is an opportunistic
periphyton feeder because when rohu was
subjected to a periphytic condition, it preferred
periphyton over plankton. In  periphytic
conditions, from August onwards, Levin’s diet
breadths for rohu were significantly higher
(p<0.05) compared to planktonic conditions,
indicating rohu as a successful feeder on both
resources i.e., periphytic and planktonic. Thus,
there is an condition-specific effect on the feeding
behavior of rohu when gut contents were
considered. However, Levin’s measure of diet
breadth has been criticized for excluding resources
in the environment while enumerating the diet
breadth of an organism (Saikia, 2012).
Significantly higher (p<0.05) Hulbert diet breadth
under periphytic condition than plankton condition
indicates its exclusive preference for periphyton.
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Such result concurs with the findings of Azim et
al. (2004b). Earlier, Das and Moitra (1955)
reported it as a phytoplankton feeder. Probably for
the same reason, in the following stage of growth
(during later months) the Hulbert values from the
periphytic area for both resources (plankton and
periphyton) remained higher, suggesting increased
accessibility of the fish on periphytic and
phytoplanktonic resources when substrates are
installed. From Hulbert’s values, it is difficult to
conclude that the fish exploited only one resource
or both since plankton and periphyton have
common algal members in them (Saikia and Das,
2009). Though Hulbert diet breadth suggests
increased feeding preference of rohu in substrate-
based condition, its specific selection towards any
of the both resources could hardly be ascertained
from this index. Considering such variations
existed within resource data to gut content data,
the newly reported diet breadth Db(y?) is discussed
to understand the real situation.

Similar to Hulbert, Db(y?) values also reflected
that, initially, there was no difference in diet
breadth in both periphytic and planktonic
conditions. In August, the fish successfully fed on
plankton and periphyton from the periphytic
polyculture condition, and as a result it showed
significantly higher (p<0.05) Db(y?) value than
other culture conditions. However, the preference
was more from periphytic than planktonic
resources as evident from the abundance study.
One reason behind such preference may be the rate
of colonization of periphyton on the substrates
which increased during the later period of months.
Alikunhi (1958) observed that the structure of gill
rakers in rohu is such that they are not adapted to
filter minute planktonic organisms. For this
reason, the early periphytic colonizers, which are
mainly bacteria and blue-green algae, might have
escaped from the mouth cavity and could not be
retained in the fish gut. Therefore, initially, the
Db(y?) values were more or less similar in the
periphyton and plankton based condition. With the
precedence of the stocking period, the
successional progression  of  colonizing
communities was occupied with algal forms like
diatoms, filamentous algae, etc. This has enhanced
its preference towards periphytic food rather than
plankton. The fish, being basically column
feeders, favored maximally to brows probably on
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substrate at this period and hence received
maximum food items from the substrate than an
actual planktonic resource. When periphyton
arrives at late successional stage, the colonization
rate reduces with the occurrence of self-shading in
periphytic layers. This might have enhanced
rohu’s preference on periphytic communities
leading to significantly higher (p<0.05) Db(x2)
values in substrate-based condition. Thus, it is
evident that the fish actually prefers periphyton in
substrate-based condition. This could be the
reason why Azim et al. (2001a, 2001b) and
Keshavanath et al. (2001) observed a correlation
of increased biomass of rohu with periphytic
condition. Azim et al. (2004a) also reported that
lower periphyton biomass in ponds with lower
amounts of substrate indicated a higher grazing
pressure on the substrates. This is probably
because rohu, being opportunistic in nature,
exploits the periphytic resource available on the
substrate. Hence, rohu's feeding rate increases,
affecting reduced colonization of algae on the
substrate.

Rahman et al. (2008) observed that rohu spends
65-85% of swimming time grazing in water
column. Such a longer grazing time could be
explained by the dependency of the rohu on
planktonic food (Rahman et al., 2006). Compared
to plankton, periphyton is a static type of
community on substrate, enhancing feeding rate of
fish through two-dimensional exploration of food
(Horne and Goldman, 1994). It is reported that the
feeding of rohu is deliberate and selective in nature
(Alikunhi, 1958).

Studies on the feeding habit of rohu always
suggests it to be an opportunistic feeder. It was
reported as a plankton feeder (Das and Moitra,
1955), phytoplankton and zooplankton feeder
(Khan and Siddique, 1973), zooplankton feeder
under fed and fertilized ponds at fry stage (Miah et
al. 1984) and detritus feeder in shallow ponds (Das
and Chakrabarty, 2006). Ramesh et al. (1999),
Wahab et al. (1999) and Azim et al. (2001a)
reported that under fed and polyculture condition,
rohu is a very active periphyton grazer. In the
present study, all diet breadths measures suggest
that in most of the cases the fish explored resources
common in both the water column and substrate in
periphyton based condition thereby increasing in
diet breadth measure in periphytic based condition
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as compared to the plankton based conditions
where only one resource i.e. only plankton is
present. As observed in Table 2, the seasonal
influence on the significance abundances of
resources (plankton and periphyton) in periphytic
and planktonic culture conditions may also have
led to wider diet breadth of rohu. The probability
of occurring common food items in periphytic
condition could be possible if planktonic
organisms with periphytic intensity appear in close
association with the substrate. When colonization
of periphyton was initiated on substrate, the fish
started feeding on such colonizing resources.
Earlier, Saikia et al. (2013) proposed a ‘sub-
periphytic’ zone from which rohu explores the
periphytic  resources. With precedence of
colonizing event, the successional stages of
periphyton varied and algae with different
colonizing ability started to attach on the
substrates that facilitates the increased feeding of
rohu on periphytic organisms.

Conclusions

The present study confirmed that the rohu is a
potential candidate for culture in planktonic and
periphytic ambiances. When both resources are
available, it was observed to be inclined towards
periphytic biomass. Although exploration from
such a hypothetical periphytic zone has not been
confirmed physically, the present study on feeding
ecology through diet breadth measures has
reaffirmed its choice of periphytic resources. The
fish can be, therefore, featured as a generalist
feeder in terms of plankton and periphyton
resources and the best fit to such a cultivable
system. The area of research needing further
attention is the probability of maximum
assimilation of nutrients and growth of rohu under
such ambiances. Feeding on periphytic and
planktonic organisms might induce assimilation of
food-dependent nutrients to fish. Since the fish is
mainly cultured as a source of animal protein, a
confirmation on protein gain compared to the
conventional practice through periphyton based
rohu culture would additionally credit the fish for
polyculture in rice-fish or pond conditions.
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Abstract

Boracay island is a world-famous beach located in the Philippines. Its beaches
. are economically important due to its unique “white sand” characteristics
ﬁ\c/;?g&% srﬁia):?grg%;rﬁozzgz 4 popular for swimming and other recreational activities. Studies on

) macrobenthic organisms and sediment characteristics in the area are still
Corresponding Author lacking. This study assessed the diversity, abundance, and distribution of the
benthic macrofauna and the characteristics of the sediments in Stations 1, 2,
o ; and 3 of Boracay Island. Tide lines from various times of the day: high tide —
E-mail: jbnaciongayo@up.edu.ph morning (HTM), low tide (LT), high tide — evening (HTE); and at 0.5m water
Tel: +033 3158381 depth at high tide morning (0.5) were assessed. Overall, there were 474
Keywords individuals belonging to 5 classes, 10 families, and 10 genera collected from
the three stations. The major taxa groups found were Bivalvia, Gastropoda,
Malacostraca, Polychaeta, and Sipuncula. Donax sp. (wedge shell) was the

Jesseree Joyce B. Naciongayo

Benthic Macrofauna

Abundance most dominant species in the study area with 266 total individual counts.
D!strlputlon Among the three stations, Station 1 was the most diverse (H, 1.21) while
Diversity Station 2 had the most abundant macrofaunal presence (relative abundance,
Sediments 82.07%). In terms of area, HTE was the most diverse and abundant (H, 0.22;
relative abundance, 60.97%). Most of the species found are known to be
highly tolerant to wide conditions making it easier for them to adapt with less
ideal conditions. The Armandia sp., found dominant in the area, is highly
sensitive to marine pollution, making it an excellent indicator for future
monitoring of Boracay Island and other similar sandy beaches.
Introduction the beach. Meanwhile, dissipative beaches are

distinguished by finer sediments, a smooth slope,
and a large wave breaking zone (Wright & Short,
1984). The difference in sediment composition of
these beaches affects their ability to support
particular biological groups (Alongi, 1990). Only
a few taxa, predominantly crustaceans, can settle
and flourish in harsh reflecting habitats where
turbulent hydrodynamic regimes predominate,
especially at supralittoral beach levels. As a result,
sandy beach settlements are primarily shaped by

Sandy beaches is one of the most famous spots for
tourist destinations, accommodating various
human activities (Maguire et al., 2011). With this,
beaches become one of the most exposed spaces to
various physicochemical activities (Defeo &
McLachlan, 2013). These exposed sandy beaches
are categorized along a morphodynamic gradient,
from dissipative to reflecting beaches. Reflective
beaches are small, have rougher sand, a steeper
slope, and have waves that crash along the front of
58
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their physical surroundings (Wright & Short,
1984).

Sandy beaches' biological communities can
undergo various spatial and temporal scale
changes (Defeo et al., 2009). According to Defeo
et al. (2007), species identities vary between and
within large geographic regions. The intertidal
zone exhibits the widest distribution on a small
scale, both vertically and horizontally, leading to a
scattered dispersion of organisms especially of
benthic macrofauna. Animals in the macrofauna
class are categorized by their size. They often live
in soft sediments, such as sands and muds, and
occasionally gravel. These organisms can be
obtained on a 0.5-1.0 mm mesh sieve and typically
range from 1 mg to 2 g dry tissue weight. Benthic
macrofauna resides on the top of the sediment
(epifauna) or in the sediment (infauna). The study
of Watling (2019) shows the majority of infauna
live in the top few centimeters of the sediment due
to their dependence on tiny organic particles that
drop from the upper water column to the ocean
floor. Furthermore, oxygen concentration is more
abundant in the upper layers of the sediment. Their
notable trait is a significant level of mobility,
which includes the capacity to burrow quickly.
The intertidal and surf zones of beaches include
populations of these species that change through
time. Although polychaete worms, mollusks, and
crustaceans typically predominate, all major taxa
are represented such as nemerteans, anthozoans,
platyhelminthes, sipunculids, echiurans, insects,
and echinoderms. Some of these taxa are restricted
to protected beaches. In descriptions of sandy
beaches, insects are frequently disregarded, but
they can occasionally be the most numerous
groups found on the shoreline (Cochran et al.,
2019; McLachlan & Defeo, 2017).

It has long been understood that sediment
properties have a significant impact on the
composition and diversity of benthic infaunal
populations (Gray, 1974). Numerous habitats and
sizes have been investigated while examining the
relationships between sediment properties and
infaunal communities. It has been demonstrated
that salinity, water depth, habitat shape, food
abundance, and sediment grain size all affect the
composition of infaunal populations (Lindegarth
& Hoskin, 2001; Ellingsen, 2002). In the same
manner, benthic macrofauna also have various
impacts on the sediment’s physicochemical
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properties. The activity of macrofauna is a crucial
biological buffer against disturbances like excess
organic matter and nutrient loadings, maintaining
an oxidized upper sediment layer. In addition to
preventing sediment dystrophy and sulfide release
to the water column, it promotes mineralization
and dissimilatory processes like denitrification.
Macrofauna also expedites solute release and
promotes benthic-pelagic coupling (Andersen &
Pejrup, 2011). Moreover, seabed roughness and
sediment buildup are both influenced by
macrofauna. Animals usually cause the bed's
roughness to intensify due to their own tubes or
traces, which results in higher bed shear stress and
the potential for bed erosion. Additionally, the
macrofauna’s eating and movement change how
the sediment is accumulated, which has an impact
on the sediment's erodibility (Nowell et al., 1981,
Grant & Daborn, 1994).

One of the most well-known sandy beaches in the
Philippines is Boracay Island, renowned for its
crystalline blue ocean and fine white sand.
Boracay is one of the top tourist destinations in the
Philippines, which increases economic output,
generates a large number of employment
opportunities, improves infrastructure, and fosters
cross-cultural interaction among visitors and
locals. Due to its great socioeconomic worth, the
island has been the focus of numerous scientific
studies that have evaluated its water quality,
nutrient intake, mangrove ecosystem, plankton
dispersion, and many other factors. However,
information about the presence of benthic
macrofauna and the assessment of the sand's
physicochemical characteristics is rarely available,
which should have been given much attention
because benthic macrofauna in sandy beaches is a
good indicator of ecological status (Schlacher et
al., 2008), especially in Boracay where it has
become ecologically fragile and susceptible to
pollution due to increased developments and
tourism activities. With this, the study aims to
assess the benthic macrofauna and the sediment
characteristics of Boracay Island. Specifically, this
aims to compare the diversity, abundance, and
distribution of the benthic macrofauna in the three
stations of Boracay Island as influenced by tide
level, time, and area; and describe the sediment
characteristics where the benthic macrofauna was
observed.
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Materials and Methods

In this study the diversity, abundance, and
distribution of benthic macrofauna and sediment
characteristics was assessed in the three stations of
Boracay Island (Fig. 1). Samples from each station
were collected from two areas: within the tide line
(TL), and within the 0.5m water depth (0.5).
Different sets of samples are also collected during

the high tide - morning (HTM), low tide (LT), and
high tide - evening (HTE). The macrofaunal
samples were subjected for faunal identification,
computation of diversity index; and total and
relative abundance. Sediment samples were
measured based on its salinity, redox potential
level, sediment color and smell, total organic
matter (TOM), and grain size.

Sample Collection

Stations 1. 2. and 3

Tide Line

0.5m Water Depth

High Tide (Moming) Low Tide

Macrofaunal Hand Macrofaunal Hand
Combing Combing

Macrofaunal Sediment
Sieving

Sediment Color and
Smell

Macrofaunal Sediment
Sieving

Redox Potential

Sediment Color and
Smell

Grain Size Analysis

Grain Size Analysis

Pore Water Salinity

High Tide (Evening)

High Tide (Evening)

5 Corers

Macrofaunal Hand
Combing

{acrofaunal Sediment|
Sieving

i

Macrofaunal Hand
Combing

Macrofaunal Sediment 3 e
Sieving
Sediment Color and
Redox Potential
Grain Size Analysis
Sediment Color and
Smell 3 Water Samples
Beach Water Salimity

Figure 1. Sampling design for the assessment of benthic macrofauna and sediment characteristics in Stations 1, 2, and 3 of

Boracay Island.

Description of Study Area

Boracay Island is situated in the Municipality of
Malay, Aklan, northwestern tip of Panay, Western
Visayas (Fig.2). The land mass has a maximum
width of 3.3 km and a maximum length of 6.8 km,
with greatest heights between 50-105 m above
mean sea level. The total land area of Boracay
Island is 1,006.64 hectares. The island is divided
into three barangays - Manoc-Manoc, Balabag,
and Yapak - and has over 17 beaches, with White
Beach being the most popular (Limates et al.,
2016).

The sampling sites of the study were located at the
three stations (Figure 2). Station 1, with
coordinates of 11° 58 '5.47"N Latitude and 121°
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55' 7.08"E Longitude, is the farthest station from
the Cagban Port (Boracay Port). According to
classification, it has the best and finest stretch of
white sands among all stations. This is also the
station where the majority of the luxury hotels and
resorts are located. Station 2, with coordinates of
11° 57 '39.43"N Latitude and 121° 55' 28.72"E
Longitude, is located in the middle area of the
beach. It is known as the busiest region of the
beach because this is where most shops and
restaurants are located. Station 3, with
coordinates of 11° 57 '12.11"N Latitude and 121°
55'44.51"E Longitude, is the nearest station from
the port. This station houses mid-range and more
affordable hotels and resorts (Morales, 2022).
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Figure 2. Map of Boracay Island indicating the three-sampling sites Stations 1, 2, and 3

Sampling Method

Sampling was was conducted in October 2022 in
the three stations of Boracay Island. In each
station, samples were collected in two different
areas and at different points of the day to fully
cover the occurrence and presence of the benthic
organisms. The two different areas were within the
tide line (TL) and at 0.5-meter water depth (0.5)
while the different points of the day were one
during the peak of high tide in the morning (HTM),
one on the peak of low tide (LT) in the afternoon,
and one on the peak of high tide in the evening
(HTE). To collect the samples in the tide line, a
100-meter transect was placed within each station.
Then 10 quadrats were equally distributed within
the 100-meter distance. Each quadrat has a
dimension of 0.5 x 0.5 meter. Samples were then
collected within the quadrat using small shovels.
To collect samples in the 0.5-meter water depth, a
100-meter transect was placed within the station.

Then, 5 transect points were equally distributed
within the given distance. In each point, a corer
was used to collect the samples.

Macrofauna Collection

To collect the macrofauna in the tide line, two
methods were used: hand-combing and sieving.
For hand-combing, visible macrofauna within the
top 5 cm layer of sediments were hand-picked and
were manually counted. Then all collected
macrofauna were placed in a container and were
preserved with 10% formalin. For sieving, a depth
of 5 cm of sediments were collected and were
stored in a zip lock. In the laboratory, the
sediments were sieved using a stack of 5 mm, 3
mm, 2mm, 1mm, and 0.5 mm sieve mesh. All
sieved macrofauna were then preserved with 10%
formalin. All the collected samples from two
methods, hand-combing & sieving, were
combined to get the total individual count per area
and station.
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To collect the macrofauna at 0.5m water depth, a
corer was pushed directly into the sediment at 15
cm depth. Then, the corers were retrieved and
observed if visible macrofauna was found. After
that the sediments were transferred to a clean basin
and were homogenized. A subsample of the
homogenized sediment was then kept to be used
for macrofaunal sieving. All visible macrofauna in
the corer and those collected from the sieve were
combined to get the total individual count per area
and station.

For the identification of these samples, all
collected macrofauna were initially sorted into
major taxonomic groups. They were then placed in
separate sample vials with identification labels.
Taxonomic guides and literatures were used to
identify each group at the lowest taxonomic level
possible.

Sediment Characteristics

Sediment colors were analyzed using Munsell Soil
Color Chart. The depth at where the sediment
changed in color was also recorded. Black
sediment with rotten egg smell was observed for
the presence of hydrogen sulfide. Redox potential
was measured using a redox meter (Horiba) where
its Ag/AgCI probe was inserted in the top 1 cm
layer of the sediments in the quadrat or core. For
samples with both white and gray colors, both
layers were measured for redox. Values were
corrected with +150 mV. The salinity of the
sediment was determined by excavating the
sediments close to the tide line until pore water
was visible. The pore water was filtered in situ
using a plankton sieve to remove sediments. Then
the filtered pore water was placed in the
refractometer to determine salinity.

For grain size analysis, sediments were collected
using small shovels or corer. Samples were
homogenized before they were kept in airtight
plastic bags. Samples were then brought to the
laboratory for sieving. For dry sieving, 25 g of the
sample was weighed and was dried in the oven for
24 hours at 110 degree Celsius. Samples were then
transferred to the desiccator and cooled for 15
minutes. The samples were then added on a sieve
stack with mesh sizes of Wentworth Scale
classifications as follows: 5.66 mm, 4.76 mm,
3.36 mm, 2.83 mm (Granule); 1.41 mm (very
coarse sand); 0.84 mm (coarse sand); 0.350 mm
(medium sand); and 0.053 mm and 0.037 mm
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(coarse silt) (Holme and Mcintyre, 1984). The
weight for all fractions were recorded.

To measure for TOM, 3g of samples were dried for
24 hours in the oven at 80 degree Celsius then
placed in the desiccator to cool. Samples were
weighed. Combustion was done using a furnace
for eight hours at 500 degree Celsius transferred in
desiccator and weighed. The difference in the
weight of the sample prior and after combustion
was recorded as the total organic matter content of
the samples.

Data Analysis

Mean values were calculated for salinity level,
redox potential, and TOM in three different
stations. Diversity index was computed using the
formula of Shannon-Wiener Index (H) and Percent
Relative Abundance (R) using the formula below:
H = p; * In(p;)
where
H = Shannon-Weaver diversity index

p; = the proportion of individuals (n/N) of one
species (n) divided by the total number of
individuals found (N)

In = Natural logarithm

X = Summation from the first species to the last
n
R = leOO%

where

R = percent relative abundance

n = Number of individuals of one species
N = Total number of individuals found

One-way ANOVA and Independent T-test were
used to assess significant differences in sediment
characteristics including salinity, total organic
matter, and redox potential. Post Hoc Test was
performed in the results of TOM to further
quantify the observed differences.

Results and Discussions

Distribution, Abundance, and Diversity of
Benthic Macrofauna

The distribution of the individual species collected
from the study area presents the occurrence of the
collected macrofauna based on tide level, time,
and area (Table 1). It was observed that various
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taxa reside in each station and certain species are
only present in particular locations during a
specific time. For instance, during HTM, no
macrofauna was observed in both Station 1 and
Station 3, but a few  gastropoda,
specifically, Monetaria sp. (Cowrie) were
collected in Station 2. During the LT, bivalvia,
gastropoda, and polychaeta are observed in Station
1 and Station 2 while malacostracans like Emerita
sp. (Pacific Mole Crab) and Ocypodidae (Ghost
Crab) are seen to be settling in Station 3. It can also
be noted that there are certain genera of
polychaetes such as Aonides sp. and Nephtys sp.
and bivalves like Pinctada sp. (Sea Mussel) that

are observed in Station 1 but are not present in
other stations. During the HTE, Donax sp.
(Wedge Shell), Nassarius sp. (Nassa Mud Snails),
and Armandia sp. are abundantly observed in both
Station 1 and 2. Meanwhile, in Station 3, only
Ocypodidae species are found. Ocypodidae are
also found in Station 2 but none have ever been
observed in Station 1 over the whole sampling
period. A species from the class Sipuncula was
also found solely in Station 1. Lastly, only one
species of macrofauna was observed at 0.5m and
was collected in Stations 1 and 2. This species was
identified to be Armandia sp. and can also be
observed in the tide line area.

Table 1. Distribution and composition of macrofauna in Stations 1, 2, 3 of Boracay Island. HTM = High Tide in the Morning,

LT = Low Tide, HTE = High Tide in the Evening.

Station 1 Station 2 Station 3
HTM Gastropoda:
Monetaria sp.
Bivalvia: Gastropoda: Malacrostaca:
Pinctada sp. Nassarius sp. Emerita sp.
Ocypodidae
Gastropoda: Polychaeta:
Nassarius sp. Armandia sp.
Tide _ _
Line Polychaeta:
Armandia sp.
Aonides sp.
Nephtys sp.
Bivalvia: Bivalvia: Malacostraca:
Donax sp. Donarx sp. Ocypodidae
HTE Polychaeta: Malacostraca:
Armandia sp. Ocypodidae
Sipuncula
Polychaeta: Polychaeta:
at 0.5m Water Armandia sp. Armandia sp.

Depth

The summary of abundance and diversity index of
macrofauna in the three stations are shown in
Table 2. In Station 1, most benthic macrofauna
appeared in LT with a total of 49 individuals and a
relative abundance of 77.89% while the least
abundant area was observed in HTM with 0
individual counts and O relative abundance. The
table also shows that the dominant genera in this
station is Armandia sp. with a total count of 39
individuals and most of them also appeared during
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the low tide. Meanwhile, the least dominant
species include Pinctada sp., Aonides sp., and
Sipuncula sp. which only have 1 total count for
each species. In Station 2, it can be observed that
most benthic macrofauna appeared during HTE
with a total of 261 individuals and a relative
abundance of 67.10% while the least abundant was
observed to be during HTM with only 2
individuals and a relative abundance of 0.51%.
The table also shows that the most dominant
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species in this station is the Donax sp. with a total
count of 257 which are only found during the
evening. Meanwhile, the least dominant species in
this station is the Monetaria sp. with a total of 2
individuals. In Station 3, most benthic macrofauna
can be found during HTE with a total individual
count of 17 and a relative abundance of 77.27 %
while no macrofauna was observed during HTM
and at the 0.5m. The table also suggests that the
dominant species in this Station is Ocypodidae
while the least dominant is Emerita sp. with a total
count of 21 and 1, respectively.

Table 2 also shows the comparison of abundance
per station and per area and time. This indicates
that in terms of station, Station 2 is the most
abundant with a total of 389 individuals and a
relative abundance of 82.07% while Station 3 is
the least abundant with only 22 individuals and a

relative abundance of 4.64%. In terms of area,
most macrofauna appeared in the HTE with a total
of 289 individuals and a relative abundance of
60.97% meanwhile the least benthic macrofaunal
presence was observed in the HTM with a total
count of 2 individuals and a relative abundance of
0.42%. Furthermore, Donax sp. dominated the
three stations with a total count of 266.

In terms of area, all stations show low diversity,
with HTE having the highest diversity with H =
0.22, based on the Diversity Index Criteria (Table
3). However, the diversity index per station shows
that Station 1 is moderately diverse with a
diversity index of 1.21 while Stations 2 and 3
remain to be at low diversity with Station 3 being
the least among the three of them with only 0.18
diversity index.

Table 2. Occurrence, Composition, Relative Abundance, and Diversity Index (H) of benthic macrofauna in Stations 1, 2, 3 of

Boracay Island

Class Genus Species Station 1 Station 2 Station 3 Over-all
HIM LT HTE 0.5 Total | HTM LT HTE 0.5 Total | HTM LT HTE 0.5 Total Total
Bivalvia Donax sp. Spl - - 9 - 9 - 257 257 - - - - - 266
Pinctada sp. Sp2 - 1 - - 1 - - - 1
Gastropoda  Monetaria sp. Spl - - - - . 2 2 2
Nassarius sp. Sp2 - 4 - - 4 3 3 7
Malacrostaca  Emerita sp. Spl - - - - - - 1 | 1
Ocypodidae Sp2 - - - - . 4 4 4 17 21 25
Polychaeta  Aonides sp. Spl - 1 - - 1 - - - - - 1
Armandia sp. Sp2 - 35 1 3 39 119 - 4 123 162
Nephtys sp. Sp3 - 8 - - 8 - - - - 8
Sipuncula Spl Spl - - 1 - | - - - - - - - 1
Total 49 11 3 63 2 122 261 4 389 - 5 17 22 474
Relative Abundance per Area 77.78% 17.46% 4.76% 100% | 0.51% 31.36% 67.10% 1.03% 100% 22.72% 72.27% 100%
Diversity Index (H') per Area 0.88 0.60 0 0 0.16 0.08 0 0.50 0 -
Relative Abundance per Station 13.29% 82.07% 4.64%
Diversity Index (H’) per Station 121 0.51 0.18

Table 3. Diversity Index Criteria by Wibowo et al., (2021) used to assess the diversity status of macrofauna in Stations 1, 2, and

3 of Boracay Island.

Value of H’ Indication
H'<1 Low Diversity
1<H'<3 Moderate Diversity
H'>3 High Diversity

The abundance per species in each station is also
presented in Tables 4-6. As shown, Armandia sp.
is the most abundant species in Station 1 with
61.90% abundance while Pinctada sp., Aonides
sp., Nephtys sp., and Sipuncula are the least
abundant with 1.59%. For Station 2, Donax sp. is

64

the most abundant species with 66.06% relative
abundance while Monetaria sp. is the least
abundant. For Station 3, Ocypodidae is the most
abundant species with 95.45% abundance while
Emerita sp. is the least abundant with 4.5%
abundance.
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Table 4. Total abundance of individual species and their relative abundance in Station 1, Boracay Island. Ind=Individual.

Class Genus No. of Ind Relative Abundance (%0)
Bivalvia Pinctada sp. 1 1.59

Donax sp. 9 14.29
Gastropoda Nassarius sp. 4 6.35
Polychaeta Armandia sp. 39 61.90

Aonides sp. 1 1.59

Nephtys sp. 8 12.70
Sipuncula Spl 1 1.59
Total 7 63 100

Table 5. Total abundance of individual species and their relative abundance in Station 2, Boracay Island. Ind=Individual.
Class Genus No. of Ind Relative Abundance (%)
Bivalvia Donax sp. 257 66.06
Gastropoda Monetaria sp. 2 0.51
Nassarius sp. 3 0.77
Malacostraca Ocypodidae 4 1.03
Polychaeta Armandia sp. 123 31.62
Total 6 389 100
Table 6. Total abundance of individual species and their relative abundance in Station 3, Boracay Island. Ind=Individual.
Class Genus No. of Ind Relative Abundance (%0)
Malacostraca Emerita sp. 1 4.55
Ocypodidae 21 95.45

Total 2 22 100

The benthic macrofauna of sandy beaches
comprises members of numerous phyla, although
crustaceans, mollusks, and polychaetes are
typically dominant and can be separated into
intertidal and supralittoral forms (Brown &
McLachlan, 1990). These macrofauna are
influenced by the tidal cycle, wave pattern, and
sediment composition (Defeo & McLachlan,
1991). Previous assessment of the Dbenthic
macrofaunal assemblages in the southern beaches
of Philippines also shows the occurrence of
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sipuncula, polychaetes, and bivalves in the study
area (Leopardas et al., 2014). In a study conducted
in west portion beaches of Guimaras, Philippines
most macrobenthic invertebrates include hard and
soft coral, gastropods like cowrie, bivalves, and
malacostracans. These organisms live in sandy-
silty types of substrates with salinity range of 28-
30 ppt (De La Cruz et al., 2012). These
observations are also parallel to the results of this
study which shows the occurrence of the same
classes of benthic macrofauna.
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The benthic macrofauna living in these sandy
sediments are essential for the mixing, ventilation,
oxygenation, and irrigation of sediments
(bioturbation) (Meysman et al., 2005; Snelgrove et
al.,, 2018). The bioturbation activity enhances
benthic-pelagic connection, substrate
permeability, food resource redistribution,
buffering against nutrient enrichment, and nutrient
cycling (Kristensen et al., 2012). The chemical
reactions in general such as redox potential are
positively influenced and the depth of the oxic
layer is extended over the anoxic one (Koike &
Mukai, 1983; Snelgrove et al., 2018).

The high productivity of certain sandy beaches is
mainly due to the density of interstitial fauna.
Species diversity is usually low and confined to a
few species of polychaetes, molluscs, and
crustaceans. Among the invertebrates, molluscs
are the most important taxa in terms of biomass
(McLachlan, 1983). The ecological dominance of
some species depends on various factors such as
environmental parameters, competition or the
physiological and behavioral adaptations of these
species. Bivalves of the genus Donax are an
important constituent of the fauna of sandy
beaches. Because of their physiological makeup,
they can stay in the intertidal zone and reduce their
risk of stranding and desiccation (Ansell et al.,
1980). They tend to be particular about their
substrate, therefore they only dig in sand with an
appropriate grain size. These bivalves burrow
more quickly as grain sizes get smaller
thus significant numbers of this species are
observed where grain sizes are smaller (De La Huz
etal., 2002). Furthermore, Donax sp., specifically
D. trunculus, has resistance to low and high
salinity levels (Neuberger-Cywiak et al. 1989).
The majority of bivalve species can also endure
anoxic environments by lowering metabolic
energy expenditures (Yusseppoine et al, 2018).
Another feature of bivalve is the presence of
alternate oxidase in their mitochondria which
renders bivalves tolerant to hydrogen sulfide and
low redox potential (Fenchel & Finlay, 1995). A
prior study explored the distribution of Donax sp.
which demonstrates that in response to regular and
seasonal environmental fluctuations such as tides,
waves, and currents, they typically undergo patchy
but aggregated distribution (Neuberger-Cywiak et
al., 1989). Interspecific competition with Emerita
sp. may have contributed to the aggregated pattern
in Donax. A patchy distribution may also be the
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result of other interactions with other organisms
(Leber 1982).

Patchy distribution is also observed in filter
feeders such as polychaete worms for the same
reasons. Polychaete worms like Armandia sp.,
Aonides sp., and Nephtys sp. generally favor fine
sands with little to no mud content for their
habitats. Since a compacted substrate or low
porosity hinders their capacity to burrow, these
species, especially the Armandia sp., are
extremely sensitive to sediment textures (Saes et
al., 2018). These marine worms can also tolerate
lower salinities up to 20 ppt (McLachlan & Brown
2006; Woodin, 1974). Additionally, the majority
of polychaete species probably aren't extremely
resistant to hypoxia, but they have life-history
traits that make it possible for them to quickly
adapt after better oxygen conditions. For instance,
family of polychaete worms such as the Spionid
reveals that it can endure severe episodes of
hypoxia for at least two weeks without suffering
any significant mortality (Llanso, 1991).
Additionally, in the work done by Saes et al.
(2018), species from the genus Armandia, notably
the Armandia agilis, were tested as model
organisms for sediment toxicity assessments. The
outcome shows that A. agilis responses are
comparable to other sensitive benthic animals
revealing that this polychaete is responsive to
contaminated sediments and may not be a
pollution tolerant. With  this, the abundant
presence of Armandia species in the study area
may indicate the current environmental health
status of the island.

Gastropods like Monetaria sp. and Nassarius sp.,
are also among the benthic macrofauna that
usually resides in the intertidal zones. Generally,
gastropods are one of the most competitive
scavengers on sandy beaches. Species like
Nassarius sp. plays a crucial part as a cleaner of an
area (Morton, 1994). Like bivalves, these
gastropods also reside in finer sand, typically 2mm
or less grain sizes, as they don’t burrow well in
larger sediment sizes. Previous studies on
physiological energetics of Nassarius sp. also have
shown that this species is tolerant to environmental
stresses, including low salinity and hypoxia
(Morton, 1997). However, continuous exposure to
such stress increases susceptibility of gastropods
with diseases (Wittmann & Portner, 2013).

A distinct species that was discovered along the
tide line of Station 1 can be traced into the class of
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Sipuncula. Sipuncula is also considered as a
marine worm, however, unlike polychaetes, this
species is unsegmented. Many of the sipunculan
worms live in soft substrates and are deposit
feeders. They frequently reside inside the shells of
specific molluscs or the unfilled tubes of
polychaetes and mostly play a role as significant
bioturbators. Sipuncula are rarely abundant, yet
occasionally they can dominate other species. In
the study conducted by Ferrero-Vicente et al.
(2011), there is a negative link between the
quantity of sipuncula and fine sand and a
substantial positive correlation between medium
sand. There are also few investigations on the
reaction of sipunculans to rapid changes in salinity
and organic matter. However, some species have
been found to have osmoconformers with limited
ion regulating abilities in response to salinity
change events (Chew et al., 1994).

Unlike the above mentioned macrofauna,
malacostracans like Emerita sp. and Ocypodidae
can withstand coarser sediments because of their
burrowing mechanism and locomotory abilities
(Lastra et al., 2002). The study of Dugan et al.
(2004) also observed that crabs dug faster in
coarser sand and slower in finer sand, contrary to
the theory that Emerita analoga is a generalist in
terms of sediment. The study also noted that while
grain size affects burrowing speed, it has no
immediate impact on crab mortality. A defining
ecological trait of this class is its fossorial habit
where the crabs excavate deep, voluminous and
complex burrows alternating between activity on
the beach surface and underground. They also
have evolved to a range of physiological,

+ Y

morphological, and behavioral adaptations which
results in the increased tolerance in fluctuating
environmental parameters. Decapod crabs can
endure a wide range of salinity but their survival
rate is optimal at salinity level of 30 ppt and higher
(Varadharajan et al. 2013). These species also
flourish in areas with higher organic matter
content as revealed in the study of Frusher et al.
(1994). According to Rahim et al. (2021), crabs
actively aid in the cycling of organic matter as
these crabs bury the organic matter in the
sediments.

Sediment Characteristics

The sediments in the three stations of Boracay
were subjected to different parametric tests such as
color, smell, salinity, redox potential, total organic
matter content (TOM), and grain size
analysis. The results revealed that sediments in the
sampling area have two distinctions: white and
odorless sand, and gray and sulfide-smelling sand
(Figure 3). The sulfide odor was described to smell
like a rotten egg. Generally, the sediments in
Boracay are white and odorless. However, in
Station 1 and in some parts of Station 2 (at low tide
line and 0.5m water depth), sediments start to
change in color and smell 5 cm below the surface.

Pipes partly buried in the sand were observed in
the sampling areas. Previous reports of inadequate
sewage and wastewater management systems is
one of the prevalent issues in Boracay island.
Wastewater discharge may have a negative impact
on the ecosystem, such as reducing aquatic
biodiversity, altering the color and smell of
sediments (Peng et al., 2021).

Figure 3. Collected sample of white and odorless sand (A) and gray and sulfide-smelling sand (B) in Boracay Island.
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Figure 4A presents the results of the in-situ
measurement of the salinity of beach water which
was collected from the 0.5m water depth and pore
water which was collected from the sediment in
the tide line. Among the three stations, Station 1
has the highest beach water salinity level with
32.33 ppt while Station 3 has the lowest salinity
with only 30.33 ppt. However, with regards to pore
water salinity, Station 2 has the highest salinity
level while Station 1 has the lowest salinity level
with 24 ppt and 20.33 ppt, respectively. One-way
ANOVA was used to determine whether there is a
difference between mean values in each station
and the p values show no significant difference for
all stations. Over-all, beach water salinity has an
average of 31.22 ppt and a range from 30.33 ppt -
32.33 ppt. Meanwhile, pore water salinity has an
average of 22.55 ppt and a range from 20.33 ppt —
23.33 ppt. These indicate that pore water salinity
is slightly lower than beach water salinity. An
independent T-test was used to test if there is a
significant difference between the salinities in
beach water and pore water. The result shows a p-
value of 0.002 indicating that there is a significant
difference between the two.

The normal range of salinity for sandy beaches is
between 30-35 ppt. Waska et al. (2021), also
mentioned that salinity level decreases in deeper
sediment depth which suggest that seawater has
higher salinity level than beach porewater. This
particular trend is observed in the result of this
study where the salinity level of beach water is
higher than that of pore water. Changes in salinity
can be observed when there is a change in some
ecological parameters such as the fluctuation of
climate conditions because of low and high
pressure or the runoff of freshwater and sewage
(Wear et al., 2021). The study of Lercari & Defeo
(2006), shows that with higher salinity, species
richness was also evidently higher and it
significantly decreased when the salinity range
also decreased.

For the redox potential of white sand, results are
summarized in Figure 4B. In Station 1 and 2, redox
is highest at 0.5m with 938 mV and 974.67 mV,
respectively and lowest in LT with 376 mV and
436 mV. For Station 3, redox is highest at HTM
and lowest at LT with 896.67 mV and 726 mV.
Over-all, Station 3 has the highest redox while
Station 1 has the lowest with 826 mV and 704.41
mV, respectively. In terms of area, 0.5m has the
highest redox with 923.56 mV while LT has the
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lowest with 512.67 mV. One way ANOVA was
also used to test if there is a significant difference
among the areas in each station, the p-values (p =
0.179; p = 0.185) show no significant difference in
HT and 0.5m. However, a low p-value in the LT
(p < 0.001) suggests that there is a significant
difference among the three stations in this area.
Thus, to further investigate this difference, a
Tukey Post-Hoc test was performed which later
revealed that the difference can be observed
between Station 1 and 3 and Station 2 and 3.
Figure 4C summarizes the redox potential for gray
sand. In Station 1, the highest redox is at 0.5m with
702.67 mV while lowest at LT with 149.33 mV. In
Station 2, redox is highest at 0.5m with 855.33 mV
and lowest at LT with -9.67 mV. No data was
recorded for Station 3 because there was no
observed gray sand in the area. Overall, the highest
redox potential was observed in Station 1 with
476.58 mV while Station 2 is the lowest with
422.83 mV. In terms of area, 0.5m is the highest
and LT is the lowest with 779 mV and 69.83 mV,
respectively. White sand redox potential is greater
than the gray sand at p<0.008.

Positive value of redox potential (+1 mV to 100
mV) indicates aerobic sediment or oxic conditions
and larger benthic fauna accumulation while
negative values (< -100 mV) indicate anaerobic
sediments or anoxic conditions which contributes
to the decline in environmental condition thus
limiting biological processes (Holmer et al. 2005).
High redox potential gradient is taken advantage
of by a diverse microbial community in an
undisturbed sediment. For instance, the top few
millimeters of sediment, where oxygen is
abundant and redox potentials are high, is
inhabited by aerobic bacteria and other aerobic
organisms. As the redox potential drops farther
down, the aerobic organisms will no longer be
observedand are replaced by fermenters.
Anaerobic respiration takes over when the soil gets
less oxygenated (McLachlan et al., 1979). Poorly
oxygenated sediments can also occur in sandy
beaches characterized as gray or black color
sediment and emit a rotten egg smell of Hydrogen
Sulfide (H2S) (Burone et al. 2003). Previous study
revealed that gray sand with rotten egg smell has
lower redox potential (McLachlan et al., 1979).
These observations are parallel to the result of the
study which revealed that as sediments change
from white sand to gray sand, the redox potential
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decreased with rotten egg smell, characteristics of
anoxic conditions.

The TOM results are summarized in Figure 4D. In
Station 1, TOM is the highest at 0.5m and lowest
in LT with 1.38% and 0.87% respectively. In
Station 2, TOM is highest in LT with 1.68% and
lowest at 0.5m with 0.98%. Meanwhile in Station
3, TOM is highest in HT and lowest in LT with
3.42% and 2.94%. Overall, TOM is the highest at
0.5m with a mean percentage of 1.92% while
lowest in LT with a mean percentage of 1.83%. In
terms of station, Station 3 has the highest TOM for
all areas with mean percentage of 3.26% while
Station 1 has the lowest TOM in all areas with
1.09%. Results show p < 0.05 for all areas
suggesting that there is a significant difference
between the three stations.

A number of factors, including sedimentary
characteristics, the rate of microbial degradation,
column water productivity, and terrestrial inputs,
affect the amount of organic carbon in surface
sediments (Burone et al., 2002). The density of
meiobenthic fauna is characterized by organic
matter concentrations (Gierre, 2009). An increase
in organic matter in sediments promotes the
richness and diversity of many organisms (Lercari
and Defeo, 2003). However, there is a community
shift if there is a presence of high total organic
matter especially in sandy beaches where most
species are under aerobic processes and prefer oxic
conditions. High TOM stimulates anaerobic
processes which is less ideal for sandy beach
species. Thus, in this context, TOM is inversely
related to the abundance of beach organisms
(Khan et al., 2012). This is further supported by
another study which states that TOM is negatively
correlated with redox potential because the aerobic
bacteria involved with the absorption of dissolved
oxygen in the breakdown of organic matter
depletes oxygen which results in lower redox
potential level (Xia et al., 2022). It was also
observed that the concentrations of organic matter
were much higher on protected beaches than on
exposed ones, and the protected beaches' low
hydrodynamic  conditions  encouraged the
accumulation of sedimentary organic matter
(Incera et al., 2003). These findings corroborate
the study's result which shows a low diversity and
abundance in Station 3 and at 0.5 where TOM was
recorded to be the highest.

For grain size analysis, each station shows a varied
dominant proportion of sizes. Figure 4E shows that
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coarse silt has the highest percentage in all areas
of Station 1, with a mean percentage of 82.57%,
94.53%, and 72.29% for HT, LT, and 0.5m
respectively. Station 1 is mostly covered with
coarse silt with a total percentage of 83.13%. Silt
is a granular material between sand and clay which
means that the sand in Station 1 is very fine.

On the other hand, the grain size analysis in Station
2 suggests a variation in size per area. For instance,
in HT and 0.5m, most of the sediments are
classified as medium sand with a mean percentage
of 52.61% and 43.93%. While in LT, most
sediments are coarse silt with a mean percentage
of 81.72%. This shows a trend where sediments go
from coarse to fine to coarse again. However,
overall, Station 2 is still mostly composed of
coarse silt with a total percentage of 45.75%.
Lastly, Station 3 has a lot of coarser sand
compared to Station 1 and 2. The station is mostly
covered with medium sand in HT and LT with a
mean percentage of 57.97% and 51.74%. While
coarse sand covers most of the area in 0.5m with a
mean percentage of 35.33%. Over-all, Station 3 is
dominated by medium sand with a total percentage
of 47.06%.

Grain size has an influence on the diversity and
number of species of macrofauna (Soto et al.,
2017). According to the study of Rodil and Lastra
(2004), the same pattern appears from exposed to
very exposed sandy beaches where biomass of
macrofauna decreases as the average grain size
increases. These patterns are consistent with
earlier research on several coastlines across the
globe where coarse sands restrict the benthic
macrofauna. Furthermore, the study of Barboza &
Defeo (2015), mentioned that reduced sand
particle size and wider, flatter beaches led to a
large increase in species richness. At a worldwide
level, species richness was mostly predicted by
grain size and beach slope, which increased from
reflective to dissipative beaches. This pattern is in
line with the Swash Exclusion Hypothesis, which
claims that species richness, abundance, and
biomass steadily increase when circumstances
shift from reflecting to dissipative. Because of the
constancy of these patterns across the globe and
the close connection between morpho dynamics
and species richness at regional scales, it is
possible to forecast the species richness of sandy
beaches based on the physical characteristics of
beach habitats.
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Benthic macrofaunal composition, structure, and
distribution are highly influenced by the sediment
characteristics. For instance, most of the benthic
macrofauna, such as the bivalves, polychaetes, and
gastropods, reside in Stations 1 and 2, specifically
in the low tide line because these are the areas in
the site with smaller sediment sizes. Finer
sediments make the burrowing capacity and the
locomotion activities of these species faster and
more efficient. Meanwhile, malacostracans mostly
occurred in station 3 and at 0.5m water depth
because their mobility is quicker in bigger grain
sizes. Living in a sandy beach where there are
fluctuating environmental conditions and high
exposure predators and other anthropogenic

activities, these species need to develop fast
burrowing behavior to protect themselves.
Furthermore, diversity and abundance of species is
higher in Station 1 and Station 2 where TOM is
lesser. TOM stimulates anaerobic processes which
are less ideal with beach organisms which live
through aerobic processes and in oxic conditions.
The result of the redox potential level in this area
also shows high positive values which indicates
that the sediments are in oxic conditions.
However, there are also areas in the sampling site,
notably in Station 1 and 2, that contain gray sand
with sulfide odor and a comparatively lower redox
potential which could indicate anoxic conditions
that are still inhabited by some benthic
71
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macrofauna, commonly by Donax sp. and
Armandia sp. These two species are also found to
be the top two most abundant species in the whole
sampling area. The dominance and occurrence of
these species may be attributed to their ability to
thrive in both anaerobic and aerobic conditions.

Conclusion

The study showed the benthic macrofauna
composition and distribution in the sandy beach of
Boracay Island; as well as the sediment
characteristics where these benthic macrofauna
reside. Overall, there are 474 individuals
belonging to 5 classes, 10 families, and 10 genera
collected from the three stations. The major taxa
groups found are Bivalves, Gastropods,
Malacostracans, Polychaetes, and Sipuncula.
Donax sp., under the class of Bivalvia, was the
most dominant species in the study area with an
overall count of 266. Some taxa were only
observed in some stations and areas at a certain
period of time. Pore water salinity only measured
at 23.33 ppt. Gray and sulfide-smelling sand were
present in all areas of Station 1 and in some parts
of Station 2, starting from 5 cm below the surface.
The dominance of some species can be attributed
to their ability to be non-selective and to thrive in
anaerobic and aerobic conditions. Some of the
macrofauna, specifically the Armandia sp., is also
studied to be highly sensitive to marine pollution
making it a good indicator of the health status of a
certain study area.
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