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1. Introduction

In marine environments, bacteria play roles that
include driving biogeochemical cycles " and supplying
materials and energy to higher trophic levels . Although
genotypic evolution may contribute a significant selective
advantage to environmental stimuli, phenotypic plasticity
allows bacteria to grow and thrive under fluctuating,
challenging conditions . In addition, bacterial biofilm
forms a highly structured community of cells that are
attached to each other and/or on a surface through the

*Corresponding Author:
Samia S. Abouelkheir,

Surfaces submerged in seawater are colonized by various microorganisms,
resulting in the formation of heterogenic marine biofilms. This work aims
to evaluate the biofilm formation by Cobetia marina alex and doing a
comparative study between this promising strain with the two bacterial
strains isolated previously from the Mediterranean seawater, Alexandria,
Egypt. Three strains; Cobetia marina alex, Pseudoalteromonas sp. alex, and
Pseudoalteromonas prydzensis alex were screened for biofilm formation
using the crystal violet (CV) quantification method in a single culture.
The values of biofilm formed were ODy,,= 3.0, 2.7, and 2.6, respectively
leading to their selection for further evaluation. However, factors affecting
biofilm formation by C. marina alex were investigated. Biofilm formation
was evaluated in single and multispecies consortia. Synergistic and
antagonistic interactions proved in this work lead to the belief that these
bacteria have the capability to produce some interesting signal molecules
N-acyl Homoserine Lactones (AHLs).

production of an extracellular polymeric substance (EPS)
matrix that enable bacteria to colonize different habitats
3, Biofilms have several terms, including periphytons
and Microphytobenthos

The cell-to-cell communication process between
bacteria, generally known as quorum sensing (QS),
controls several vital features of biofilm development
between other phenomena . The bacterial cell envelope
plays a crucial role in the intercellular signalling as well
as communication between neighbouring cells in small
microcolonies that help in decision-making processes. Part
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of this communication occurs through quorum sensing
(QS), a phenomenon that involves cell density-dependent
control of gene expression. For QS to be possible, a
minimum number of bacteria must be aggregated within a
specific volume sensed by increasing the concentration of
autoinducers .

Cobetia marina is a Gram-negative, aerobic, slightly
halophilic, rod-shaped bacterium extensively used as a
model in marine biofouling research and as multi-species
biofilm formation in natural seawater ', It is distinct from
the genus Halomonas and is one of eleven genera of the
family Halomonadaceae """, Historically, Cobetia marina
was first described as Arthrobacter marinus by Cobet et
al. (1970) ", but was later identified as Pseudomonas
marina ", Almost 10 years later, it was reclassified once
again within the genus Deleya " and then transferred
to the genus Halomonas "". Delineation of the species
in this genus was performed based on 16S and 23S
rRNA sequence similarities and additional phenotypic
evidence that supported the inclusion of Halomonas
marina in the novel genus Cobetia as Cobetia marina
(1315 On the other hand, Pseudoalteromonas is a genus
of Gammaproteobacteria present in various marine habitats
that is widespread in the world’s ocean "'”. Many strains of
this genus are surface colonizers on marine eukaryotes and
produce a wide range of pigments and bioactive compounds
that inhibit settling of several fouling invertebrates and algae
during biofilm formation "*.

Therefore, it was thus aimed in this study to explore and
identify biofilm-forming bacteria attached to rock surfaces in
seawater. It was also aimed to evaluate whether synergistic
or competitive interactions occur during multispecies
biofilm formation. Moreover, some factors affecting biofilm
formation by C. marina alex were studied.

2. Materials & Methods
2.1 Media

Seawater (SW), Modified Vaitanen Nine Salts Solution
(VNSS), Luria Bertani medium (LB) and Synthetic
medium (SM) used to evaluate the biofilm formation and
to explore the role of nutritional status were prepared
as previously described by Abouelkheir et al. (2020) .
YMG Medium ' used for screening for EPS production
contained in g/L: glucose, 10; yeast extract, 3; malt
extract, 3; peptone, 5. All components were dissolved in
500 ml distilled water and 500 ml aged seawater (ASW),
pH adjusted to 7.0.

2.2 Identification of Bacterial Isolate

Isolate ER7 was selected for phylogenetic analysis

2 Distributed under creative commons license 4.0

using 16SrRNA in addition to phenotypic characterization.

2.3 Bacterial Strains

Cobetia marina alex used in this study was isolated
from rock surface submerged in Mediterranean
seawater, Alexandria, Egypt and identified by 16SrRNA.
Pseudoalteromonas prydzensis alex with accession
number JF965506 and Pseudoalteromonas sp. IN592714
were isolated and identified in a previous work ",
Agrobacterium tumefaciens was secured from the faculty
of Agriculture, Alexandria University. Escherichia coli,
Pseudomonas sp., Staphylococcus sp., Bacillus sp., Vibrio
sp. N1, Vibrio sp. N2, Streptococcus sp., and Candida
albicans were obtained from Department of Botany and
Microbiology, Faculty of Science, Alexandria University
and National Institute of Oceanography and Fisheries,
Alexandria branch.

2.4 Biofilm Development and Assessment in Glass
Tubes

Biofilm formation technique was adopted after
Hassan et al. (2011) *" and quantification of biofilm was
performed using the method described by Haney et al.,
(2018) ™ based on staining the biofilm with crystal violet
(Figure 1).

2.5 Factors Affecting Biofilm Formation by C.
marina alex

Effect of pH on biofilm formation was examined
by adjusting portions of SW medium to different pHs
from 5 to 7. Simultaneously, biofilm formation was
evaluated at different temperatures (20, 30, and 37 °C).
The role of NaCl concentration on biofilm formation
was examined by supplementing the SW medium with
different concentrations (5, 10, 15, 20 and 25%). Carbon
sources (glucose, lactose, galactose, maltose or sucrose)
were separately added to SW medium at two different
concentrations (0.25 and 0.5 g/L) to elucidate their effect
on biofilm formation.

2.6 Progression of Biofilm Formation

The biofilm formed in test tubes was quantified
at different time intervals from 1 to 4 days. Biofilm
formation was also monitored microscopically by
examining cell attachment to glass coverslips as described
by Walker & Horswill (2012) **,

2.7 EPS Production

The ability of bacterial strains to produce EPS was

DOL: https://doi.org/10.30564/jms.v3i3.3397
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4 N

in 5 ml SW broth

~
[ Pure bacterial culture

N" Incubated 48 h at 30 °C >

Broth was centrifuged and
cells (ODegoo = 0.15) were
suspended in another 5 ml SW
broth in test tube,

~
Attached bacteria
were rinsed 3 times Incubated 24 h at 30 °C |H|
with 3 ml PBS
J

4

Biofilm was fixed
with 3 ml CV (1 %)
for 20 min

removed and

biofilm was
rinsed with PBS

Excess CV was

o )

3 ml of 95 % ethanol were added
and biofilm was quantified
spectrophotometrically at 600 nm

Figure 1. A schematic diagram shows the formation and quantification of biofilm using the test tube method

investigated by the method adopted by Casillo et al.,
(2018) ™. Each bacterial strain was grown in 50 ml YMG
broth and incubated at 25 °C for 24 h. 200 pl were used
to inoculate 50 ml of the same medium and incubated
at 25°C for 5 days at 120 rpm. Cells were removed
by centrifugation at 10000x g for 20 min. Cold ethyl
alcohol (3 ml) was added to cell free supernatant and left
overnight at 10 °C. The precipitated EPS was air dried and
weighed.

2.8 Bioassay for Acyl Homoserine Lactone (AHL)
Production by Agar-plate

Agrobacterium tumefaciens was used as a reporter
strain to screen for AHL- like signalling molecules **'.
Agar plate-based bioassay was carried out by streaking
50 pl of the reporter strain on the surface of LB medium
supplemented with 50 pl X-Gal (5-Bromo-4-Chloro-3-
Indolyl-D-Galactopyranoside) solution (Appli Chem.
GmbH, Darmstadt, Germany) prepared by dissolving 20
mg of X-Gal in Iml of 100 % dimethylformamide (DMF)
and stored at -20 °C in the dark. 50 pul of each tested strain
were spotted on top of the plates. Plates were checked
after incubation at 28 °C for 48 h. The development of
blue colour (catabolism of X-Gal) in the plates indicated
the presence of AHL like substances.

2.9 Biofilm Formation by Multispecies Consortia

Species interaction was studied in single species
using one bacterium, in dual combination of two strains
or triple combination of the three strains (Cobetia
marina alex, Pseudoalteromonas prydzensis alex, and
Pseudoalteromonas sp. alex). This was performed by
mixing equal inoculum of each organism and allowing the
biofilm to be formed and quantified. Biofilm formation

Distributed under creative commons license 4.0

was also assessed in a consortia of Cobetia marina alex
and one of several marine bacteria. These included 3
Gram +ve (Staphylococcus sp., Streptococcus sp., and
Bacillus sp.) and 4 Gram-ve (E. coli, Pseudomonas sp.,
Vibrio sp. N1, and Vibrio sp. N2), as well as Candida sp.
In mixed species consortia, equal cell densities were used.
Biofilm was measured as previously described.

2.10 Data Analysis

All investigations were performed in triplicates. The
results were statistically analyzed and accomplished by
using Past3 software and Origin Pro 8.1. The data were
expressed by means + SE and + SD. The significant values
were determined at P-value < 0.05.

3. Results and Discussion
3.1 Biofilm Formation

Pseudoalteromonas sp. alex, P. prydzensis alex, and
Cobetia marina alex (ER7) were screened for biofilm
formation in single culture **. The values of biofilm
formed in test tubes ranged from ODG6,, 0.5 to 3 which
are in good agreement with those reported by other
investigators in natural environments *”. The highest
value (ODg,,= 3.0) was recorded for isolate ER7 leading
to its selection for further evaluation.

3.2 Phylogenetic Analysis of ER7

The partial sequence of amplified 16STRNA gene of
isolate ER7 was aligned with closest relatives of sequences
on NCBI database and showed 99% similarity to several
sequences of Cobetia marina strains (Figure 2). Cobetia
marina is a member of the family Halomonodaceae,
Gammaproteobacteria together with eight other genera **

DOL: https://doi.org/10.30564/jms.v3i3.3397 3
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Its ecophysiological diversity was studied by Tang et al.
(2018)*”. The sequence was deposited in GenBank with
accession number JF965505. It was thus designated as
Cobetia marina alex. Members of Gammaproteobacteria
are the most abundant group of readily cultivable
heterotrophs in the marine environment ",

DQ270729 Halomonas sp. B-1043
——— ABL167069 Cobetia sp. ARDMI11

—— DQ356955 Cobetia sp. KO-28-003

ER7
FR750932 Cobetia marina isolate NSP484

FI161356 Cobetia marina strain D7065
AF212205 Halomonas sp. Msw1.1556b

AM110925 Bacillus subtilis isolate B-1042

AY745837 Halomonas sp. JL-S8

DQ357013 Cobetia sp. K4-4L-006
DQ357014 Cobetia sp. K4-4L-007
EF198244 Cobetia sp. MACL02

DQ356994 Cobetia sp. KO-4L-002
DQ356995 Cobetia sp. K0-4L-003

FJ461432 Halomonadaceae bacterium SCSWA22

FJ015023 Halomonadaceae bacterium M48-7.2

DQ356956 Cobetia sp. K0-28-004

AY0628694 Cobetia marina strain KMM 734
AY628693 Cobetia marina strain KMM 296

0.01

Figure 2. Phylogenetic tree of ER7, the dendrogram
based on partial 16S rRNA gene sequencing shows the
phylogenetic position of ER7 among representatives of

related bacterial species

3.3 Phenotypic Characterization

The three bacterial strains formed off-white mucoid
colonies on seawater agar plates. Cells were Gram
negative, non sporulating short rods (arranged in pairs
for Cobetia marina) and unable to grow in absence of
seawater referring to their halophilic nature. All strains
tolerated up to 10% NaCl in the medium. Only C.
marina alex grew at 10 °C indicating its psychrotolerant
nature. All were catalase and oxidase positive except
for C. marina alex (oxidase negative). Although strains
of Pseudoalteromonas produced hydrolytic enzymes
and degraded several substrates such as cellulose,
carboxymethyl—cellulose (CMC), xylan, pectin,

4 Distributed under creative commons license 4.0

and soluble starch, C. marina alex did not show any
degradative capability to the same substrates.

All strains showed variability to utilize different
carbon sources and sensitivity to the tested antibiotics
(Figure 3). In this context, the phenotypic features of C.
marina alex isolated from the Mediterranean Sea, and
Alexandria were compared to other C. marina strains
isolated from other habitats. Strains used for comparison
were C. marina LMG2217T (type strain) isolated from
seawater, Atlantic Ocean, C. marina KMM?296 isolated
from Mussel (Grenomytilus grayanus), the Sea of Japan,
Pacific Ocean and five strains isolated from brown alga
(Fucus evanescens), the Sea of Okhotsk, Pacific Ocean.
Data used for comparison were all taken from Ivanova et
al. (2005)"".

Data given in Figure 4 depict a number of phenotypic
characteristics that distinguish the Mediterranean Sea
strain from other Cobetia strains. Sodium ion was
required for growth in all except for C. sp. KMM296.
They all shared the property of reducing NO, and inability
to produce lipase. Only C. marina alex could not grow
in 20% NaCl, whereas LMG2217 and KMM?734 grew at
this level. Our strain shared the ability to grow at 10 °C
together with KMM296. Maltose was used as a carbon
source by C. marina alex only.

3.4 Factors Affecting Biofilm Formation by C.
marina alex

3.4.1 Effect of pH and Temperature

The psychrotolerant, moderate halophilic bacterium
was allowed to grow stagnant on portions of SW medium
adjusted to different pHs from 5 to 10 and incubated
under static conditions at 20, 30 and 37°C; biofilm was
measured after 24h.

Figure 5a reveals that the biofilm values formed at neutral
or slightly alkaline pH were comparable (OD ~ (,, 4.5)
but a higher value (OD ~ (,, 7.6) was recorded at alkaline
pH. Similar data were obtained with Stenotrophomonas
maltophilia **'. On the contrary, optimal biofilm formation
by Cobetia crustatorum sp. nov was recorded at pH 5.0-
6.0. However, it was observed that biofilm formation was
sensitive to pH changes with Streptococcus gordonii and
S. meliloti ™). Taken together, these results suggest that pH
effect in terms of establishing a biofilm, may differ from one
bacterial species to another, thereby, enabling each bacterial
species to efficiently colonize its preferred environment.

Moreover, Anderson (2016) ** examined the effect of
increasing temperatures on biofilms in coastal waters and
reported that the increase in water temperature enhanced
biofilms at the warmer station compared to the colder one.

DOL: https://doi.org/10.30564/jms.v3i3.3397
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In general, effective temperature is dependent on bacterial

strain B,

3.4.2 Effect of Osmolarity

The present investigation was undertaken to study the
effect of adding different concentrations of NaCl to the
culture medium on biofilm formation. Data provided in
Figure 5b show that biofilm formation by C. marina alex was
dramatically affected by osmolarity. The value was doubled
upon the addition of 5 % NaCl in the medium compared to
medium with seawater only. Moreover, supplementing the
medium with 10% NaCl caused an almost 1.5 fold increase
in biofilm value. Further increase in NaCl concentration was
obviously deleterious to biofilm formation. Osmolarity was
reported to clearly influence P, flourescens biofilm formation
by Kimkes & Heinemann (2020) ", Similarly, Amaya-
Gomez et al. (2015) ** found that growth at high osmolarity
inhibited biofilm formation. Biofilm formation by Cobetia
crustatorum sp. nov was best in presence of 6.5 % (W/v)
NaCl ",

3.4.3 Effect of Carbon Source

Data given in Figure 5c show that among tested
carbon sources, only maltose (0.25 g/L) enhanced biofilm
formation with an increase of about 30 % compared to SW
medium free from the carbon source. However, glucose
addition did not significantly improve biofilm formation.

3.5 Single Species Biofilm Progression

Biofilm development was monitored in test tubes of a
monoculture of Cobetia marina alex, P. prydzensis alex,
and P. sp. alex. A similar pattern for biofilm development
was observed for all strains. Cells began to attach to
substratum after inoculation and well developed as
indicated by OD,, values (7.9, 7.2 and 6.9, respectively)
after 12 h of incubation and remained stable till 18h.
Detachment of cells from biofilm was clearly observed by
the drop in ODy, values after 16h (Figure 6).

The attachment and colonization experiments
conducted to monitor biofilm formation microscopically
on glass coverslips depicted that cells of C. marina alex
formed a well-defined spherical microcolony after 6 h
and was well developed after 12 h (Figure 7). The same
pattern was characterized for the marine bacterium Vibrio
cholerae which also formed microcolony ", On the
other hand, it was observed that P. prydzensis alex and
P. sp. alex cells were not randomly scattered but rather
distributed in batches after 6 h of attachment. Similar
observations were reported for P. tunicola "***. The
biofilm formation by P. spongiae was performed in static

6 Distributed under creative commons license 4.0

Biofilm formation (OD,)
3 S
=
H/
\*
Hﬁ/
o

\

NaCl (g/1)

C
—&— Glucose
—O— Galactose

—A— Maltose
—e— Sucrose
—— Lactose

= =
o o =1 ]

Biofilm formation (OD,, )

025
Sugar concentration (g/l)

Figure 5. Effect of temperature and pH on biofilm
formation by C. marina alex. (a), Effect of NaCl
concentration on biofilm formation by C. marina alex
on seawater medium at 30 °C for 24 h. The error bars
represent the standard error of the means (SEMs) and the
null hypothesis of the analysis of result; the samples came
from the same population and biofilm formation at the 0.05
level is not significantly different. Statistics were achieved
by a Kruskal-Wallis ANOVA test (b), Values of ODy, as
a measure of biofilm formation by C. marina alex grown
on seawater medium supplemented with different carbon
sources at 30 °C for 24 h (c); The error bars represent the
standard error of the means (SEMs)
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condition for a short period of time (10 h) ™.

3.6 Extracellular Polysaccharides (EPS) Production

EPS is produced as a secondary metabolite that plays a

role in biofilm formation ", The amount of EPS produced

10
—1  Cobetia marina alex

—  Pseudoal pryd: is alex
+

Pseudoalteromonas sp. alex

- L -

Biofilm formation (0D )

] 12 24 36 4 (] 72 84 6
Time (h}

Figure 6. Single species biofilm progression on seawater
medium at 30 °C at different time intervals; The error bars
represent the standard error of the means (SEMs)

_____________________________________________________________

C. marina alex (a)

P. prydzensis alex (a)

P. sp. alex (a)

is determined by the biomass yield beside other factors,
therefore, the amount of EPS produced per unit biomass
(productivity) varied among the tested strains (Figure
8). Under our experimental condition, C. marina alex
produced equal amounts of dry weight and EPS (0.26
g/100 ml) and therefore exhibited the highest productivity
(1.0 g/cells) compared to other tested species. The two
Pseudoalteromonas species gave almost the same amount
of dry weight but P. prydzensis alex produced a higher
amount of EPS (0.34 g/100 ml) compared to P. sp. alex
(0.24 g/100 ml) and consequently, the EPS productivity
of P. prydzensis alex was 50% higher than that of P. sp. alex.
Same observation was reported by Al- Nahas et al. (2011)
for Pseudoalteromonas species.

3.7 Quorum Sensing Molecules

A variety of different molecules can be used as signals.
Common classes of signalling molecules are oligopeptides
in Gram-positive bacteria, N-Acyl Homoserine Lactones
(AHLs) in Gram-negative bacteria and a family of
autoinducers known as Al-2 in both Gram-negative and
Gram-positive bacteria. AHLs signals are involved in the
regulation of a range of important biological functions,
including luminescence, antibiotic production, plasmid

____________________________________________________________

Figure 7. Biofilm development of C. marina alex, P. prydzensis alex, and P. sp. alex grew on cover slide as observed by
Phase-contrast light microscope (x1000) with scale bar of 0.06. (a) Planktonic cells and biofilm development after (b) 6
h (c) 12 h and (d) 24 h incubation

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jms.v3i3.3397 7
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oA

EPS Dy (gf00ml)

Productivity (g EPSig Cell)

7

02

Call Dy (g/100miy

00

C. marina alex

P. prydzensis alex

P. sp. alex

Figure 8. Cell mass, EPS mass, and EPS productivity after incubation on YMG broth at 25 °C for 5 days at 120 rpm; the
error bars represent the standard deviation of the means (SDMs)

1 In

transfer, motility, virulence and biofilm formation
the present study as a sequential step to EPS production,
detection of quorum sensing molecules was essential. The
reporter strain (Agrobacterium tumefaciens) was used in
order to test the production of AHL signalling molecules.
The strain produces a blue colour in the presence of
S5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside

B4 Ppositive

(X-Gal) in response to a wide range of AHLs
results were obtained with the three tested bacterial strains
as indicated by the appearance of blue colour surrounding
the colonies (Figure 9). This only occurs as a response to
the production of AHLs as quorum sensing molecules.
Our data are in agreement with other data which indicate
that most AHL-producing bacteria belong to Vibrio and
Pseudoalteromonas species and Rhodobacteraceae family >
frequently found to be dominant in early marine biofilm
communities ). Moreover, Dobretsov et al. (2009)
screened about forty-three bacterial isolates from marine
snow and associated planktonic diatoms, for production of

AHLs in the laboratory using Agrobacterium tumefaciens

as bacterial reporter strain. Ibacache-Quiroga et al. (2013)
"7 used Agrobacterium tumefaciens NTL4 as a biosensor
in which a blue colour indicated X-gal hydrolysis was
recorded as positive for presence of HSL in cell-free
supernatant of 4. salmonicida. Our results indicate that
quorum sensing molecules may play a role in biofilm

formation by the tested strains.

3.8 Interspecies Interaction

The interspecies interactions in dual, triple and mixed
species biofilms were investigated to find out whether
synergistic interactions occur during multispecies biofilm
formation and whether multispecies biofilms offer
enhanced fitness compared to single-species biofilm.
Therefore, this approach was an attempt to get closer to
the reality of naturally occurring biofilms. Each of the
three strains was grown as single-species biofilm and in
a possible combination of two or three species biofilm
consortia in replicates of four. The results obtained reveal
that when the three species (C. marina alex, P. prydzensis

Figure 9. Screening for AHL molecule in C. marina alex (a), P. prydzensis alex (b) and P. sp. alex (c) grown on LB agar
plates-based bioassay. Blue color refers to the presence of quorum sensing molecule (AHL)

8 Distributed under creative commons license 4.0
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alex, and P. sp. alex) coexisted in a biofilm, the value
of biofilm after 24h increased by more than three-fold
compared to the value of each single species (Figure 10).
A surprising result was that a mixed culture of C. marina
alex and P, sp. alex yielded a biofilm of a value similar to
that of the triple biofilm. It also observed that dual-species
biofilms were of more or less similar values and higher
than those of single species (Figure 10).

The previously obtained data refer to the presence of
synergism between the three marine bacterial species and
between C. marina alex and P. sp. alex. No antagonistic
interaction was observed among the tested strains. These data
are in agreement with that obtained by Rao et al., (2010) **
who suggested that Pseudolateromonas tunicata required
the presence of diverse bacteria for effective colonization.
The phenomenon of cooperative biofilm formation in mixed
consortia has been described . Synergy between species
present in dual-or multispecies biofilms has been reported
several times, mostly in description of biofilm-forming
bacterial isolates from the oral cavity *”. Guillonneau et al.
(2018) "Vinterestingly found that the two strains Persicivirga
mediterranea TC4 and Shewanella sp. TC10 produced
a newly secreted compound when grown in dual species
versus mono-species biofilms. Moreover, the roles played
by multispecies biofilms in resistance to disinfectants due to
more EPS secretion compared with mono species biofilms
was reviewed by Reuben et al. (2019)".

In an extension to the species interaction investigation,
an experiment was conducted to evaluate the possible

7

Biofilm formation (ODm)
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Figure 10. Interaction between the three marine bacteria
in single, dual and triple biofilms; (1) C. marina alex,
(2) P. prydzensis alex, and (3) P. sp. alex. The error bars
represent the standard error of the means (SEMs)

interaction that might exist between C. marina alex and some
marine bacteria in addition to a clinical isolate of Candida
sp. C. marina alex was allowed to form single and dual
biofilms with each of the tested organisms. Data in Figure
11 indicate that a negative effect (antagonism) was observed
with all strains. The most notably antagonism was recorded
in the dual combination of C. marina alex and Vibrio spp.
where almost 90-100 % inhibition in biofilm formation was
found compared to the single biofilm of C. marina alex.

717

i

a+ Staphylococcus. sp.
a+ Streptococcus sp.

a+ Bacillus sp.
at Candida sp.

a+ E. coli

Figure 11. Antagonism in biofilms formed by C. marina alex as a control and in dual combinations with some marine
bacteria. The error bars represent the standard error of the means (SEMs)
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Percentages decreases of 60 and 40% were recorded with
Pseudomonas sp. and E. coli, respectively. Same observation
was found with the Gram- positive bacteria. Although 35%
biofilm inhibition was recorded with Staphylococcus sp.,
much more existed with Streptococcus sp. and Bacillus sp.
(almost 90 and 75%, respectively). Biofilm formed in a dual
combination of C. marina alex and Candida sp. was 35%
less than that formed by C. marina alex. The antagonistic
interaction found in this work is surprising because all tested
microorganisms were able to form biofilms in single culture.
Therefore, more detailed studies are still needed to provide
more explanation to such interaction.

4. Conclusions

There is widespread occurrence of microbial biofilms
in marine ecosystems, but the factors that affect the
configuration of these microbial communities are still a
matter of current consideration. This study highlights the
biofilm-forming bacteria in the Mediterranean seawater,
Alexandria, Egypt as well as cell-to-cell communication
and interactions among species which will provide a clearer
picture that could improve current understanding of these
microbial structures inhabited the Mediterranean seawater in
Alexandria, Egypt. Biofilm forming bacteria have gained a
great attention due to the recent biotechnological applications
of biofilms in wastewater treatment, bioremediation
technology, and enzyme function.
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1. Background

Dragonflies have sharp teeth on the jaws. According to
the latest information a total of 7,000 species have been
reported. Both nymphs and adult stages are predators of
mosquitoes. The adults of dragonflies are scooping the
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Mosquitoes belong to order of Diptera. The main important vectors are
genus Aedes, Culex and Anopheles. They transmit different agents such
bacteria, viruses, and parasites. According to the latest information around
7 hundred million people around the world are suffering from mosquito-
borne illness resulting over one million deaths. The main important
disease transmitted by Anopheles is malaria. Other genus of mosquitoes
including Aedes and Culex species transmit different arboviral disease to
human. According to guideline of World Health Organization, the mina
control of disease is vectors control. The main important vector control is
using different insecticides. Using chemical insecticides for controlling
mosquitoes is limited because they develop resistance against these
insecticides. So, efforts have been made to control the mosquito vectors
by eco-friendly techniques. In this research all, the relevant information
regarding the topic of research is research through the internet and used in
this paper. An intensive search of scientific literature was done in “PubMed”,
“Web of Knowledge”, “Scopus”, “Google Scholar”, “SID”, etc Results
shows that one of important environmental friendly vector control is
biological control, using different predators and other microorganisms for
vector and pest control. Dragonflies do eat mosquitos and serve as mosquito
predators. They feed on mosquitos and reduce their number in outdoor
areas. The dragonflies are scary biters, but they are dangerous to mosquitos.
Worldwide results showed that dragonflies are able to control Aedes, Culex
and Anopheles mosquito species. The artificial rearing of these predators
and releasing for biological control is an appropriate measure for vector
control worldwide.

mosquitoes by their legs and eat from them. They fly on
sunny and warm days near fresh water (Figure 1). There
are some reports indicating that nymph could survive for 5
years. Life span of adult stage varied and depend on species

of insects. Dragonflies comprise ten families among which
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the Libellulidae, with 140 genera and about 962 species is
the largest. This cosmopolitan family, considered to be the
family of most recent origin, contains about a quarter of
the known species of living Odonata. Dragonflies migrate
from different parts of the world to complete the migration.
They are known as farthest migrations of all insect species.
The dragonfly’s speed and agility contribute to its being
one of the most effective aerial predators. Dragonflies
included several families including Corduliidae, Aeshnidae,
Libellulidae, Cordulegastridae, and Gomphidae. The adult
dragonflies eat insects especially mosquitos and control their
population. Each adult dragonfly feeds upon hundreds of
mosquitos within a day. The adult dragonflies can feed on all
the insects by using their legs that form the basket to clutch
their prey into a slushy mess. These dragonflies then use their
mandibles for swallowing the creatures. The adult dragonflies
catch the insects during their flight and feed on gnats,
mosquitos, mayflies, moths, bees, ants, termites, butterflies
and other flying insects. They fly up and down in the air
like a helicopter. The mosquitos are the bulk component of
their diet. The larger the size of a dragonfly, the larger the
prey it will catch. They can consume large prey and eat 15%
diet equal to their body weight. The dragonflies eat various
mosquitos each day. The nymphs feed on mosquito larvae
when in water. The larvae stage of mosquitos is the better
predator of mosquitos. The adult dragonflies feed on insects
during the daytime when the mosquitos keep hiding in the
bushes or timberlines. The adult dragonflies feed on adult
mosquitos while basking themselves in sun and sitting on flat
rocks.

Nymph usually capture the prey by extending the
mouthparts (Figure 2). The nymphal stage is 9-17. Different
species of odonate have different nymphal stages. In dry
condition they have one generation, while in tropical
situation they have multiple generations and those depend
on habitat situations. At the nymph stage, they suck the
water into their abdomen and then spitting it out. Nymphs
usually absorb oxygen by their gills from the water. In the
abdomen they draw water in and pump it out again through
the anus. The have around 6-15 nymphal stages. Adults
which hunt the mosquitos, and midges live about a month.
Their legs could catch the mosquitoes and scoop up prey in
flight. These insects live in the conditions with stable oxygen
levels and clean water. They are considered as bioindicators
for environment as well as ecosystem and health. Dragonfly
nymph could act as sprawlers, burrowers, hiders, or claspers.
Microhabitat they occupy effect on the shape, metabolism,
and respiration.

There are some reports indicating that dragonflies fossils
belong to the Carboniferous period. They show a wingspans
of over one meter and look like a modern hawk (Figure 3).
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Figure 1. Adults of dragonfly a) Darner Family b)
Emerald Family c¢) Skimmer Family d) Clubtail Family
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Figure 2. Nymphal stage of dragonfly a) nymphal stage of different families b) mouthparts of nymph c) eyes of nymph
(Google search)

Figure 3. dragonfly fossil (Google search)
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Dragonfly at the adult stage has bristle-like shape. They
have large compounds eyes which cover most of the head.
They have four membranous wings include veins and
cross veins. On the wings they have pigment cell which
is important for their identification. Base of hind wing
broader than forewing. Their abdomen is long and slender.
Their compound eyes are very big and have appropriate
and excellent eyesight due to their eye structure. A total
of 30,000 facets have been recorded from their compound
eyes. Each of facets is a separate light-sensing organ
which is called ommatidium. The can see nearly a 360°
field of vision (Figure 4).

Males of many of dragonflies are considered as
territorial. They have responsibility to defend the territory
against other creatures even other species of dragonflies.
After laying eggs by females, the males normally set up
a territory. The used their good oviposition for defending
the breeding places from other males and challenge
other dragonfly species and other animals (Figure 5).

The mating wheel form is shown in dragonflies when
they mate. They have second sexual organ which is
located in the second parts of their abdomen. The wheel
is formed when the male grasps the female behind the
head and the female raises the tip of her abdomen forward
to come in contact with the secondary genitalia of the
male. Odonates are able to fly in tandem form. The adults
dragonfly of dragonflies is around 6 to 8 weeks during
the summer. Adults appear to be constantly hunting.
Prey is scooped out of the air and consumed in flight.
Dragonflies can consume too many and large numbers of
mosquitoes. Most dragonflies are regarded as beneficial
insects because they feed on small flying insects such as
mosquitoes. The main predators of dragonflies are: birds,
amphibians, spiders, wasps, lizards, small rodents, other
odonata, adults of ceratopogonoidae, carnivorous plants
like sundew.

Figures 6-9 show the global distribution of mosquitoes
in the world. From these figures it should be concluded

Figure 4. Compound eyes of adults of dragonfly a) compound eye, b) ommatidium of compound eye (Google search)

16 Distributed under creative commons license 4.0
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b
Figure 5. Territory of Male dragonfly to protect the laid eggs by female a) male dragonfly territories over breeding site b)
flying of male over territory (Google search)

Anopheles - .
No vector . R ) funestus and arabiensis - melas - pulcherrimus .
@ albimanus -barh'rnmis " funestus, arabiensis and gambiae s.s. @000 @ quadrimaculatus
- _- ~ annularis @ culicifacies ‘funestus and gambiae s.s. - minimus - sacharovi
@ anthropophagus @ dirus ‘gﬂmbme 5S. < multicolor @ sergentii
4D -gﬂmbine ss. and funestus -. nunez-tovari @ sinensis
is | labranchiae i 'punctulatusgroup @D stephensi
- fluviatilis ‘ maculatus @ pharoahensis @ sundaicus
| @ deringiand mars @ oscuiopunciipenis @@ superpicus

Figure 6. Global map of Anopheles species as the vector of malaria (Google search)

Figure 7. Global distribution of Culex mosquitoes (Google search)
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Figure 9. Global distribution of Aedes albopictus mosquito(Google search)

that nearly main parts of the world are mainly important
breeding places of the mosquito, so that people are at risk
of mosquito-borne diseases. According to the report of
World Health Organization, more than half populations of
the world are at risk of vector-borne diseases.

2. Methods

In this research all, the relevant information regarding
the topic of research is research through the internet
and used in this paper. An intensive search of scientific
literature was done in “PubMed”, “Web of Knowledge”,
“Scopus”, “Google Scholar”, “SID”, etc.

3. Results and Discussion

There are several reports on efficacy of dragonfly for

18 Distributed under creative commons license 4.0

control of mosquitoes ""'*. In a study odonata nymphs
have been releases for control of vector of dengue
diseases, Aedes aegypti. The release of this dragonfly
reduced the mosquito larval production and thereby
control dengue epidemics. Due to high longevity of
odanata, their predatory habitats, trophic position and
laying eggs in mosquito habitats at the immature stages
are important factors for biological control of mosquitoes.
Mandal et al., (2008) “'used the five Odonate species
in semi field conditions. They observed significantly
reduction of mosquito larval density after 15 days of
introduction. In West Benga. Similarly, the nympha
of 5 odonate species deshna flavifrons, Coenagrion
kashmirum, Ischnura forcipata, Rhinocypha ignipennis
and Sympetrum durum in were evaluated in West Bengal,
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India under the semifield conditions. Results showed, the
mosquito density after 15 days of introduction reduced
(Mandal et al., 2008). They suggested use of odonate
nymph for reducing in the breeding places of mosquitoes
reduced the larval population. They could be releases in
the temporary pools or larger habitats, where they can
be a potential biological resource in regulating the larval
population of the vector and pest mosquitoes. In another
study, the efficacy of the dragonfly nymphs on dengue
vector. Aedes aegypti were studied under laboratory and
field conditions. The results showed that Nymphs act as
predator against larvae and pupae of species Ae. aegypti.
Complete elimination of immature stage of mosquitoes
were achieved between day 4 and 9, depending on density
of aquatic stages. In container habitats. Sebastian et al.
(1980) ™! found that dragonfly nymph calling, Labellula
sp., eliminate all aquatic stage of Ae. aegypti larvae and
pupae in day 4 and 9. They suggested the use of this
predators for biological control of 4dedes mosquitoes.
Sebastian et al. (1990) 'Y conducted a pilot field study.
They released nymph of a dragonfly for suppressing Ae.
aegypti population during the rainy season in Yangon,
Myanmar. The results showed reduction of larval population
of Ae. aegypti in 2 to 3 weeks. The predator suppressed the
population of mosquito until the end of trial. The reduction
of adult mosquito population was also observed after about 6
weeks. The study was carried out by Chatterjee et al. (2007)
" They used dragonflies for control of malaria vector,
Anopheles subpictus in concrete tanks under field conditions
in India. Results showed a significant decrease in Anopheles
subpictus larval density in dipper samples after 15 days of
introduction of dragonfly nymph.

4. Conclusions

More than half populations of the world are at risk
of vector-borne diseases. Nearly all parts of the world
are favorite breeding places for mosquitoes. According
to these results, it is shown that the Odanata species are
able to control of Anopheles, Aedes and Culex species of
mosquitoes at the adult and larval stages. These mosquito
species are the main important vectors of disease to
human. Due to insecticide resistance of the vectors to
different insecticides, the using of biological control is an
appropriate as Integrated Vector Management program.
Therefore, artificial rearing of this predator insects and
releasing of them in the mosquito-borne diseases area
could reduce the mosquito-borne diseases.
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1. Introduction

Benthic foraminifera have been used to reconstruct
environmental conditions in all marine and transitional
environments, from hypersaline lagoons "' and coral

*Corresponding Author:
Patricia Pinheiro Beck Eichler,

We use the excellent sediment recovery of International Ocean Discovery
Program (IODP) Exp. 363, in the Western Pacific Warm Pool (WPWP) to
assess down-core variations in the abundance of warm versus cool benthic
foraminiferal species through a warm benthic foraminifers (WBF) curve.
The total percentage of the “warm” shallower species group (Laticarinina
pauperata, Cibicidoides kullenbergi, C. robertsonianus, Cibicidoides
sp., Hoeglundina elegans, and Bulimina aculeata) and of the “cool”
species group from deep waters (Pyrgo murrhina, Planulina wuellerstorfi,
Uvigerina peregrina, and Globobulimina hoeglundi, Hopkinsina pacifica)
at all sites is used to assess paleo temporal and spatial variations in
preservation and marine temperature. Our study sites span water depths
ranging from 875 m to 3421 m and our results indicate that well-preserved
living and fossil foraminifera characterize mudline and core sediments at all
water depths attesting the wide environmental tolerance of these species to
temperature and pressure. Using magneto-and biostratigraphy datum, these
sediments are of Oligocene age. Our low-resolution study showed that with
the exception of core 1486B which the linear tendency of warmer species is
toward cool sediments in old times, all of them show that older sediments
indicate warmer periods than today, which is expected from Miocene to
Recent. Our results provide evidence for the preservation potential of
deeply buried sediments, which has implications on climate reconstructions
based on the population dynamics of calcareous benthic foraminifera.

4 along the coast to deep sea . Relative abundances

reefs
of foraminiferal species and assemblages have been
calibrating recent environmental characteristics of

. . . 3 6-9
marine environments in mangrove and estuaries ' and
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%M I the Atlantic

restricted environments of Delaware inland Bays, USA,

in upwelling in continental shelves !

) traced East-West gradient salinity using Ammonia and
Elphidium species, and have resolved both temperature
and salinity variations in Rehoboth Bay. These recent
studies show balance of thermohaline features and
productivity of shelf-water masses using the stable
isotopic composition of benthic foraminiferal. Three
major assemblages of benthic foraminiferal from slopes
of Ashmore Trough (Gulf of Papua) provided information
about the paleo environmental history of modern tropical
mixed siliciclastic-carbonate system, in the last ~83 kyr,
which, is likely to be linked to sea level-driven changes in
the amount of siliciclastic, carbonate, organic matter, and
bottom water oxygen concentrations .

Here we deal with faunal fluctuations related to cool
or warm phases, in the same faunal groups proposed
by Lutze in 1977. In these studies "'
percentages proportion of “warm” benthic species
(Laticarinina pauperata, Cibicidoides kullenbergi, C.

uses total

robertsonianus, Cibicidoides sp., Hoeglundina elegans,
and Bulimina aculeata) and of “cool” species group
(Pyrgo murrhina, Planulina wuellerstorfi, Uvigerina
peregrina, Globobulimina hoeglundi, and H. pacifica)
while percentages of all other species were ignored,
resulting in the warm benthic foraminifera (WBF) curve”.
Relative abundance of above mentioned warm species and
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.
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cool species collected in the Expedition 363 sites in the
Western Pacific Warm Pool (WPWP) from the continental
slope of northwestern Australia and of Papua New Guinea
by the International Ocean Discovery Program (IODP)
provides insights on the WBF curve and preservation
state. These data track reconstruction of temporal and
spatial variations from late Oligocene (~24 mya) to
Recent in water depths ranging from 875 to 3421 m,
and in sediment columns (at least up to 550 m) allowing
convenient comparison. Our data reflect past interglacial
and glacial cycles in the last 23 Myr tracking paleoclimate
variations with well preserved material.

2. Study Area

We investigated the mudlines and cores of nine sites
drilled during Exp. 363 (Figure 1, Table 1).

Two of the sites U1482A (Lat. 15°03.3227’S, Long.
120°26.1049°E) and U1483A (Lat. 13°05.2382’S, Long.
121°48.2424°E) are located at 1467.70 and 1732.93 m
water depth off northwestern Australia at the southern part
of the WPWP. Four sites lie in the Manus basin on the
northern border of Papua New Guinea: U1484A at 1030.93
m water depth (Lat. 03°07.9228’S, Long. 142°46.9699°E);
U1485A at 1144.75 m (Lat. 03°06.1585°S, Long.
142°47.5750’E); U1486B at 1333.83 m (Lat. 02°22.3368’S,
Long. 144°36.0794’E), and U1487A at 873.93 m (Lat.
02°19.9979°S, Long. 144°49.1627°E). Three further sites

—400

—B00

-1200

-1600

—2000

Bathymetry (m)

-2400

—2800

—3200

—3600

—4000

Figure 1. Bathymetric map with three areas cored in the IODP WPWP Exp. 363: Northwestern Australian shelf, Papua
New Guinea/Manus Basin, Eauripik Rise.
Yellow circles = Expedition 363 sites, purple and green circles = earlier on cored DSDP and ODP sites. Source and analysis from

Amante and Eakins (2009).
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Table 1. Expedition 363 Hole summary DSF=drilling depth below seafloor.

Water Cored  Recovered Drilled  Drilled  Total APC  HLAPC  XCB Date Time Date Time  Time on
depth  Penetration  interval length Recovery  interval  interval cores cores cores cores started  started  finished  finished haole
Hole Latitude Longitude im) (m DSF) i) ) %) {m) N N N N N [2016) {hUTC) (2016) {h UTC) (days)
UT482A 15"3.3227'S 120°26.1049'F 1467.70 490.0 490.0 505.88 103.24 0.0 a 58 37 8 13 16 Oct 0730 19 0ct 0810 303
U14828 15°3.3142'S 120°26.0988'E 1464.45 366.6 349 365.82 10479 175 5 40 35 5 o 19 0ct oa1o 200t 1600 1.33
u1482c 15°3.3298°S 120°26,1135'F 1465.1% 534 5171 53586 103,63 170 4 56 34 0 22 200ct 1600 24 0ct 1500 39
U14820  15°3.3305'S 120°26.0920'E 1466.13 2130 804 8277 10295 1326 1 9 g 0 a 24 0ct 1500 350ct 1000 079
U1483A  13°05.2382'S 121°48.2424'F 173283 2933 2933 30858 10521 00 [ n 3 0 0 250ct 2230 270 1650 1.76
U14838  13°052371°5 121748 2538°E 1734.01 287.0 2870 30162 105.09 00 Q N 3 0 Q 27 Oct 1650 280ct 1810 1.06
U1483C 13°05.2479'S 121°48.2537'E 1731.19 2848 2818 29241 10377 30 1 30 30 0 o 280ct 1810 300ct 0000 1.24
Ul484A  03°07.9228'S 142°46,9699'F 1020.93 2232 2232 22060 98.34 00 0 27 21 6 0 6Nov 1245 7 Now 1755 122
Ut4g4s  03°07.9223'S 142°46.9809'F 1030.48 2228 2209 22051 99.82 20 1 30 7 13 o TNov 1755 B Now 2250 1.2
Ul484C  03°07.9335'S 142°46.9822'E 102077 2214 2194 22546 102.76 20 1 3 17 14 1] & Nov 2250 9 Now 3345 1.04
UT485A  03°06.1585'S 142°47 5750°F 1144.75 3008 008 31236 103.84 00 [ 44 20 24 1] 9 Nov 2345 11 Nov 1210 1.52
U14858  03°06.1524'S 142°47 5854'E 114534 2977 2957 29118 98.47 20 1 46 20 26 a 11 Now 1210 12 Nowv 2125 139
U1485C  037°06.1574'S 142747 5991'E 114583 i 275 2935 106.73 00 [ 3 3 0 0 12 MNow 2125 13 Nov 0255 0.23
UT4B5D  03°06.1574'S 142°47 5867 'E 1144.43 639 629 68.22 108.46 10 1 7 7 0 Q 13 Mov 0255 13 Nav 1330 0.44
Ul4BEA  02°22.3375'S 144°36.0796'E 133033 95 a5 995 10474 00 ] 1 1 0 a 13 Now 31 14 Nowv 0600 0.28
U14868  02°22.3368'S 144°36.0794'E 1333.83 2112 2112 1549 102.03 00 0 23 23 0 0 14 Nov 0600 15 Nov 0250 0.87
U1486C  02°22.3478'S 144'36.0798'E 133450 2013 1973 17270 8753 40 2 21 21 0 a 15 Nov 0250 16 Nov 0010 0.89
UT486D  02°22.3484'S 144°36.0690'E 133400 186.5 1627 166.53 10235 238 1 12 18 0 1] 16 Mov 0010 17 Nowv oms 1.01
UI4874 021999795 144°49,1627'F 87363 144.2 1442 146.43 10155 00 0 16 1% 0 0 17 Now 0145 17 Nov 2040 0.79
U14873  02"19.9975'S 144°49.1746'E B73.63 1443 1443 14873 103.07 00 a 18 14 4 a 17 Nov 2040 18 Nov 1215 0.65
Ul488A  02°02.5891'N 141°45 2864'E 2603.40 3145 3145 32720 104.04 00 0 35 32 3 0 1% Nov 1800 21 Nov 1520 1.85
UT4888  02°02.5901'N 141745, 2966'E 2604.40 304.9 3049 3577 103.57 00 Q 33 33 0 Q 21 MNov 1520 23 Nov 0140 143
UT483C  02°02.5793'N 141°45 2974'E 2604.00 1593 1593 15360 96.42 00 a 17 17 0 a 23 Nov 0140 24 Now 0030 0.95
Ul4894  02°07.1976'N  147°01.6654'F 3419.80 95 95 953 100.32 00 0 1 1 0 0 24 Now 0442 24 Nov 1515 0.44
UT4898  02°07.1984'N 141°01 6757'E 341950 129.2 1292 120.66 93.39 0.0 Q 14 14 0 Q 24 Nov 1515 25 Nov 1355 0.94
U1489C  02°07.1772'N 141°01 6746'E 3423 68 38586 3856 37635 97 .80 00 a 42 29 2 1" 25 Nov 1355 37 Nov 1900 m
U14890  02°07.1761'N 141°01,6651'F 3421.55 3858 2388 22924 96.00 1468 1 6 14 0 12 27 Now 1500 29 Now 1612 1.88
U1490A  05°48.9492'N 142°39.2599°E 2341.03 g2e 3sze 367.35 9596 00 Q 44 27 4 13 30 Nov 1400 2 Dec 1635 212
U14508  05°48.9507'N 142°39.2698'F 2339.72 2629 2589 26760 10336 40 2 3 24 7 a 2Dec 16855 4 Dec 0040 1.32
U1490C  05"B.9385'N 142°39.2690'F 231127 170.0 164.0 168.24 102.59 6.0 2 18 18 0 [ 4 Dec oo40 5 Dec 1942 1.79
Totals: 7227.5 68658 6956.00 617 23 801 614 18 hl

APC= advanced piston corer, HLAPC = half-lengh APC, XCB=extended core barrel

lie on the Eauripik Rise in the heart of the WPWP U1488A
at 2603.40 m (Lat. 02°02.5891°S, Long. 144°45.2864’E),
U1489B at 3419.80 m (Lat. 02°07.1976°S, Long.
141°01.6654’E), and U1490A at 2341.03 m water depth (Lat.
05°48.9492°S, Long. 142°39.2599’E).

Together these sites span a wide spatial and bathymetric
range that will allow us to compare sediment cores in
the largest source of water vapor to the atmosphere, the
Western Pacific Warm Pool (WPWP). Variations in the
strength of convection in the WPWP, therefore alter heat
and moisture delivery to extra-tropical regions and may
amplify changes in global climate ">'*" Today WPWP
hydrological cycle variability is dominated by (1) the
seasonal relocation of the Intertropical Convergence
Zone (ITCZ) and subsequent interactions related to the
Asian-Australian monsoon and (2) the El Nino Southern
Oscillation """, The sedimentary sequences of these sites
capture the past 23 Myr at varying burial depths due to
differing sedimentation rates allowing us to compare
spatial and temporal environmental changes and potential
effects of diagenesis on foraminiferal test preservation.

3. Methods
3.1 Sediment Processing

Mudline and core catcher samples from the nine study
sites were examined for benthic foraminiferal assemblages.
Samples from mudline were sampled by unloading the
matter from the top of each core into a bucket, washed

Distributed under creative commons license 4.0

with water through a 63-um wire mesh sieve. One gram
of Rose Bengal diluted in one liter of alcohol was applied
to stain living organisms in the mudline samples.

From each core, a catcher of 20-30 cm’ of sediment
was washed with water over a 63-um wire mesh sieve and
were looked at for the presence of organisms. Consolidated
sediments were immersed in a 3% hydrogen peroxide (H,0O,)
solution, with little amount of Borax, prior to washing, to
aid disaggregate hard material. Samples were dried in filter
paper in low-temperature oven at ~50°C, and picked up with
a fine brush under a binocular stereomicroscope. To prevent
mixing of organisms between samples, sieve was cleaned, set
into a sonicator for 15 minutes, and inspected for organisms.
Species picking and identification were made on the >150
um size fractions.

3.2 Foraminiferal Counts

Total benthic foraminiferal assemblage composition
was built on counts of around 100 specimens. The
distribution of lower bathyal and upper abyssal species
is set apart into two different groups. Foraminifera
belonging to the high carbon flux (>3.5 g C m—2 year—1),
‘warm’ (>3.5°C) group are Bolivina robusta, Hoeglundina
elegans, Globobulimina pacifica, Laticarinina pauperata,
Bulimina aculeate, and Cibicidoides pachyderma; and
the lower carbon flux, ‘cold’ group includes Oridorsalis
umbontus, Uvigerina bifurcata, and Planulina
wuellerstorfi ', We counted the relative abundance
of “warm” water species and “cool” water species and

DOL: https://doi.org/10.30564/jms.v3i3.3516
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calculated the warm benthic foraminifers (WBF) curve.
All abundances of other species was counted but is not
part of the interpretations.

Figure 2 (a -j) shows preservation status of benthic
foraminifera was assessed and classified as: VG = Very Good
(zero evidence of abrasion, dissolution, overgrowth); G =
Good (low evidence of abrasion, dissolution, or overgrowth);
M = Moderate (abrasion, dissolution, overgrowth were
common but insignificant); P = poor (considerable abrasion,
dissolution, overgrowth, and many fragments).

The illustration shows representative SEM images of the
different preservation states at the nine sites. The colors on
the back panel of the foraminiferal species (left panel, A) are
to visually assign them to different down-core settings (right
panel, B). Pictures were taken from the following samples
a.1 HCC (0-2mbsf) U1483A; b. 12HCC (100-104mbsf)
U1490A; c. 13HCC (104-108 mbsf) U1482A; d. 22HCC
(191-195 mbsf) U1490A; e. 43XCC (379-380.1119 mbsf)
U1490A; f. 1 HCC (0-2mbsf) U1482A; g. IHCC (0-2mbsf)
U1482A; h. 22HCC (198-202 mbsf) U1486B; i. 35SHCC (310
-314.5) U1488A; and j 22HCC (198-202 mbsf) U1490A.

4. Results

4.1 Sedimentological Setting and Microfossil
Preservation

U1482A

The core measures ~535 m going to upper Miocene to
Pleistocene, rates of sedimentation averaging 5.9 cm/kyr in

the upper Miocene, lessening to ~3.3 cm/kyr in the lower
Pliocene. Pleistocene has more elevated sediment rates
of ~7.0 cm/kyr "”. The sediment of this site is composed
of nannofossil ooze and chalk with assorted amounts of
foraminiferal bathyal forms in a clayed environment.
Calcareous species (Pyrgo spp., Laevidentalina spp.,
Uvigerina spp., Planulina wuellerstorfi, and Hoeglundina
elegans) dominates with lower number of agglutinated
forms, the latter representing <5% of the benthic
foraminifer assemblages. Diversity ranges from 10 to
26 among studied samples. Sample 26H-CC (240.92
mbsf) shows the highest species diversity and the lowest
diversity is from Sample 57X-CC (515.88 mbsf). Paleo
depth established from the benthic foraminifer genera and
species found in this core, rate as a bathyal bathymetric
zone !, Shells are very well preserved and rare evidence
of mineral overgrowth, abraded tests, and recrystallization
was noted (Figure 2a).

U1483A

The sedimentation rate at this site is ~9.0 cm/kyr *'!

almost double the rate of Site U1482A, and its location
is ~264 km northeast of Site UI1482A. This site is
composed of nannofossil ooze with different quantities
of foraminifers, clay, and diatoms and radiolarians.
Calcareous species with lower numbers of agglutinated
species (<5% of the assemblages) dominate the
assemblages. The most dominant genera and species
are Hoeglundina elegans, Pyrgo spp., Uvigerina spp.,
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Figure 2 (a - j). Foraminiferal preservation as a function of sediment depth based on visual inspection of planktonic
(Globigerinoides ruber) and benthic (Planulina wuellerstrofi) foraminiferal and nannofossil species (not illustrated)
(modified figure from Exp.363 Preliminary report).
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Laevidentalina spp., Planulina wuellerstorfi. Diversity
ranges from 10 to 26 within samples. Sample 10H-CC
(94.60 mbsf) shows the highest species diversity and the
lowest diversity found in Sample 20H-CC (189.57 mbsf).
Paleo depth estimates a bathyal bathymetric zone with
shells very well preserved with scarce or with no evidence
of abraded shells (Figure 2b).

U1484A

The core presents ~224 m of middle Pleistocene to
Recent terrigenous, hemipelagic sediment, containing
well-preserved nannofossils, benthic and planktonic
foraminifers and it differs from the two previous sites
(U1482A and U1483A) because instead of having a deep
benthic foraminifera fauna we can see habitats transition
in down core catchers samples. This site also differs
from previous sites due to the increased abundance and
diversity of benthic foraminifera. Benthic foraminifers
between Samples U1484A-7H-CC and 17H-CC (62.27-
156.48 mbsf) are more dominant than other parts of
the hole, and the ratio between benthic foraminifer
to planktonic reaches 70:30. Alterations in benthic
assemblages are observed downhole, which deeper water
benthic foraminifers dominate upper and lower parts of
the core; and shallow water benthic foraminifers including
reef-dwelling taxa mixed up with deep, dominate the
middle section. Alterations in the constitution of the
assemblages are described in detail below. Samples
U1484A-1H-CC to 6H-CC (5.00-52.95 mbsf) and 17H-
CC to 27F-CC (156.48-223.62 mbsf) are mainly constitute
of deep-water species: Cibicidoides pachyderma, Bolivina
robusta, Uvigerina prosbocidea, U. hispida, Bolivinita
quadrilateral, identified as bathyal forms, from depths
down to 3500 m ***** Samples 7H-CC to 9H-CC (62.27-
81.21 mbsf) and 15H-CC to 17H-CC (138.62-156.48),
are constituted of deep-water species mixed up with the
shallow water species Rotalinoides compressiusculus,
from water depths of 4-70 m *?. Reef-dwelling benthic
foraminifers as Operculina complanata and rare
specimens of Amphisorus hemprichii, Coscinospira
arietina, and Peneroplis planatus are noted between
Samples 10H-CC and 15H-CC (90.58-138.62 mbsf).
These species, which are mostly found at water depths
<45 m ' were probably carried to this specific site with
other debris. This transition will be detailed below. The
assemblage changed downhole, with deeper water taxa
dominating in the upper and lower parts of the sediment
core, while middle sections present deep and shallow-
water benthic foraminifers mixed with reef-dwelling
forms. Preservation is excellent with no calcification or
abrasion (Figure 2c¢).
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U1485A

The core length is ~300 m from middle Pleistocene
to recent terrigenous and hemipelagic sediment. The
upper ~225 mbsf of this site is very similar to Site
U1484A, located ~3.2 km distant. Site U1485A contains
well-preserved benthic and planktonic foraminifers,
and calcareous nannofossils (Figure 2d). Sediment is
composed of clay rich foram nanno ooze, sand, and silt.
Assemblages are alike to Site U1484A, with less influence
from downslope transport. Sandy shallow-water and reef
dwelling benthic foraminifers are less frequent at this
site comparing to Site U1484A, whereas wood and shells
pieces are far more frequent. Hardly any intervals present
the shallow-water species Rotalinoides compressiusculus,
while typical bathyal forms dominate the bulk of the
assemblage. Planktonic/benthic foraminifer ratios at this
site are around 99:1. Assemblages differ from those at Site
U1484A by the presence of deep-water forms without any
large contribution from shallower water or reef faunas.
A high abundance of volcanic ash in some samples
increases the composition of the cool benthic foraminifer
assemblage.

U1486B

Sequence of ~211 m of upper Pliocene to recent
volcanogenic sediment, authigenic minerals, and
biogenic sediment. The sedimentary sequence is signed
as late Pliocene linking ages of 2.49 and 3.33 Ma. The
sediment core at this site contains benthic and planktonic
foraminifers, and nannofossils in extreme excellent
preservation, with few foraminifera fragments and
cementation or yet incipient recrystallization. Generally,
there is no change in the state of shell’s preservation with
depth (Figure 2e). The assemblage indicates upper bathyal
depths all over the core, and ratios around 99:1. It is
worthy to mention that the remarkable amount of volcanic
ashes a tephra in the sediments below ~130 mbsf most
likely influence the diversity and number of foraminifer
species.

U1487A

Sequence of ~144 m from upper Pliocene to Recent
volcanogenic, biogenic and authigenic sediment, similar
to Site U1486B, located 25 km distant. The sedimentary
sequence cored shows affinity to Site U1486B. The
two sites show the past ~2.7 Myr with reduction in
volcanogenic input through time. The sediment core
recuperated shows affinity to Site U1486B. The two sites
show a decrease in volcanogenic activity through time. A
deep-water bathyal environment with a planktonic/benthic
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ratio of 99:1, and shell preservation is excellent to very
good (Figure 2f) along the core.

Even with sedimentology similarities between the two
sites, there are important differences between Site U1487A
and Site U1486B, which are lower sedimentation rates,
coarser grain size (with different oozes foraminifer versus
nannofossil), intensified reworking and bioturbation, with
thicker tephra layers and huge fragments.

U1488A

A sequence of~315 m of upper Miocene to recent,
and bio stratigraphic and magnetostratigraphic horizons
indicate pelagic sediment from the last ~10 Myr. A
foraminifer-rich nannofossil to foraminifer-nannofossil
ooze with different proportions of clay in an intermediate
to deep bathyal depths ****. Shell preservation at this site
shows recrystallization (foraminifers) and fragmentation,
overgrowth (foraminifers and nannofossils) and etching
throughout the core (Figure 2g).

U1489B

A sequence of ~386 m of lower Miocene to Recent
consists of nannofossil ooze, chalk, and different
proportions of clay. Radiolarians are a large composition
in the lowermost part of the core. This site show similar
increase in recrystallization, fragmentation, etching, and
overgrowth seen in site U1488A (Figure 2h).

U1490A

A ~380 m of upper Oligocene to Recent based primarily
on downhole variations in biosilica, clay minerals, ashes
and tephra. Siliceous microfossils (diatoms, sponge
spicules, and radiolarians), calcareous microfossils
(nannofossils and foraminifers), clay minerals, and
volcanic ashes and tephra dominate this site. Planktonic
foraminifers and calcareous nanofossils are present
throughout the whole sequence. Benthic foraminifera
species show evidence of a deep-water environment,
and the planktonic/benthic foraminifer ratio is <99:1
throughout the sequence. The increase in recrystallization
(foraminifers), fragmentation, etching, and overgrowth,
and the assemblage in general seen downhole are alike
to that from Eauripik Rise sites (U1488A and U1489B)
(Figure 2h).

4.2. Warm and Cool Benthic Foraminiferal
Apecies

In our low-resolution study of WBF curve it was
possible to notice that with the exception of core 1486B,
all of them show that older sediments indicate warmer
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periods than today, a tendency of what is expected from
Miocene to Recent (Figure 3A to 3P, Supplementary
Tables 1 to 9 shows abundance of foraminifera species
and are available upon request).

Graphs show core catchers samples numbers versus
abundance through time.

U1482A

The fauna inversions (cool to warm and vice versa)
recorded on Figure 3 shows that upper Miocene (23 to 5.3
Ma) warmer sediments with warm foraminiferal species in
rich chalk (Figure 3A) are replaced by cooler foraminifera
species in the Pliocene (5.3 to 2.6 Ma) in clay rich nano
ooze (Figure 3B). During this time climate became cooler
and drier, seasonally similar to modern climate. Towards
the end of early Pliocene (3 Ma), a warm foraminifera
species rich nano ooze substitute the clay rich nano ooze
(with cool foraminifera species) showing fauna inversion.
The average temperature in the world during the mid-
Pliocene (3.3 Ma-3 Ma) was 2 to 3 °C higher than now
and sea level rise of 25 m. In the Northern Hemisphere
ice sheet was short-lived before the extensive glaciation
over Greenland that took place in the late Pliocene (around
3 Ma) detected by a warm-cool species fauna inversion
(Figure 3C). During the early to late Pliocene from 3.6 to
2.2 Ma, the Arctic was warmer than today (with summer
temperatures 8 °C warmer than today in the 3.6-3.4 Ma).
This is of extreme importance because it is a late Cenozoic
marine-based sedimentary record. Later on, in the early
to middle Pleistocene (2.5 Ma to 11.7 ka), a nanofossil
ooze with cooler foraminifera species is again replaced by
warmer species rich nano ooze (Figure 3D).

U1483A

The same fauna inversion in the end of early Pliocene
3.6 to 2.2 Ma when the Arctic was much warmer than
today (with summer temperatures 8 °C warmer than
today in the 3.6-3.4 Ma, same as U1482A) was recorded
on this core (Figure 3A). A fauna inversion on the late
Pliocene show the beginning of the extensive glaciation
over Greenland that occurred around 3 Ma, and then
a clay foram rich nano ooze is changed to diatom
foraminifera rich nanno ooze with warmer foraminifera
species, same as U1482A (Figure 3B). This epoch is
marked by an Arctic ice cap formation noted by a sudden
alteration in oxygen isotope ratios and ice-rafted cobbles
in the North Atlantic and Pacific Ocean beds, and Mid-
latitude glaciation was likely occurring before the end of
this Pliocene. The global cooling that happened during
the Pliocene may have decreased forests and increase
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Figure 3 (A - P). Data on spatial abundance (e.g., within each depth transect) of warm and cool species plotted against
temporal scale and geological events of sites from Expedition 363 (Stages A to P). Graphs show core catchers samples
numbers versus abundance through time.

the spread of grasslands and savannas and a cooler
foraminiferal fauna shows it. The Early Pleistocene
(=Lower Pleistocene) reaches the time between 2.588 +
0.005 Ma and 0.781 + 0.005 Ma (Figure 3C). The base
of the Gelasian is designated as the Matuyama (C2r)
chronozone (the Gauss-Matuyama magnetostratigraphic
boundary, isotopic stage 103). Ice sheets in the Northern
Hemisphere started to grow during the Gelasian, in the
beginning of the Quaternary glacial stage. The Middle
Pleistocene, known as the Ionian stage, from 781 to 126
ka succeeds the Calabrian Stage (the Brunhes-Matuyama
reversal) which in turn shows from the beginning of the
last interglacial (Marine isotopic stage- MIS 5) to the
base of the Holocene (~10.5 ka) and it was verified by the
faunal shift from cool to warmer species (Figure 3D).

U1484A

At least two inter glacial and two glacial cycles
were recognized on U1484A based on the increase of
warm foraminiferal species, and ten major volcanic ash
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horizons coinciding with climatic cooling and increase
of cool species in this middle-late Pleistocene core. They
are therefore representative of cold (glacial) and warm
(interglacial) past periods.

The top part of the core in the Late Pleistocene is
associated with Tarantian stage, and the age is the end
of the Pleistocene epoch or glacial stage (Figure 3E).
Sediment is composed of clay rich foraminifer’s nanno
ooze, and sand, silt and clay. Before that, it is possible
to see that the last maximum glacial ends with the cold
period, known as the Younger Dryas sub stage which
sediment is composed by sand, silt, clay and cool
foraminiferal species at 12.900 to 11.700 ka (Figure 3F).

The starting of the stage is the Eemian interglacial
phase (Figure 3G) prior to the final glacial episode in the
Pleistocene at 126.000 ka (Figure 3H). The Eemian (also
called the last interglacial) was the interglacial period,
which started around 130.000 ka and ended about 115.000
ka. It corresponds to Marine Isotope Stage Se and it
shows increase of warm foraminiferal species in sediment
composed by sand, silt, and clay with periods of clay rich
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Foraminifera nanno ooze. Before the Holocene, the last
interglacial period has temperatures at at the minimum
2°C warmer, mean sea level of 4-6 m higher than today,
with decreases in the Greenland ice sheet. Microfossil and
fossil reef proxies indicate mean sea level fluctuations of
up to 10 m. This information are important to understand
current climate, because mean temperatures around the
world during MIS-5¢ were close to the projected climate
change nowadays. The oldest sediments are upper part
of middle Pleistocene, in the lonian stage, reaching a
period of geologic time of 0.29 Ma. (Figure 3I). This
stage happens after a series of volcanic ash horizons and
foraminiferal fauna is colonized by cool species in sand
and silt sediments (Figure 3J). It is important to notice
that after volcanic ash episodes cool foraminiferal species
tend to colonize.

U1485A

Even though U1485A sedimentation rate is twice higher
than 1484A, the inter glacial and glacial cycles were
similar and based on the increase of warm foraminiferal
species, and the seventeen major volcanic ash horizons
recorded coincides with climatic cooling and increase of
cool species in this middle-late Pleistocene core. The top
part of the core in the Late Pleistocene is associated with
Tarantian stage, representing the end of the Pleistocene
epoch or glacial stage.

In U1486B the Early-Middle Pleistocene transition
(c. 1.2-0.5 Ma), or the ‘mid-Pleistocene revolution’, is a
vital episode in the history of Earth. Low-amplitude 41-ka
obliquity-forced climate cycles of the earlier Pleistocene
were substituted in the later Pleistocene by high-amplitude
100-kyr cycles suggestive of ice build-up slowly
(increase of global ice volume at 940 ka) with following
rapid melting. These climate alterations, especially the
increasing severity and duration of cold stages, had a huge
consequence on the biota and landscape in the Northern
Hemisphere (Figure 3E) The Matuyama-Brunhes
palacomagnetic Chron border (mid-point at 773 ka) is
view as Early-Middle Pleistocene Subseries boundary with
warm species (Figure 3F). In terms of foraminiferal fauna,
there is an inversion of cool-warm-cool species (Figure
3G). Eemian interglacial phase began about 130,000 ka
and ended about 115,000 ka, and it corresponds to Marine
Isotope Stage 5e, showing increase of warm foraminiferal
species in sediment composed by sand, silt, and clay, rich
foraminifera and Nano ooze with ash. Figure 3H shows
Calabrian, in the Pleistocene, established as ~1.8 Ma—
781,000 ka + 5,000 years supporting cool foraminiferal
species. The last magnetic pole reversal (781 + 5 Ka) is
the end of this stage diving into a glacial and drying stage
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around the world, which is probably colder and drier
than the late Miocene (Messinian) in the Zanclean (early
Pliocene) cold period. It has become the second geologic
age in the Early Pleistocene.

U1487A

Climate alterations, especially the increasing gravity
and duration of cold stages had a profound effect on the
microfossils of this site. The same events from U1486 are
observed: Figure 3 (E), (F), (G), and (H). Besides that,
it is also possible to observe that the bottom of this site
exhibits more events such as the Gelasian Stage (Figure
3]), first of four stages of the Pleistocene Series, enclosing
deposits during the Gelasian Age (2.588,000 to 1.806,000
ka) of the Pleistocene in the Quaternary Period with
warm species (Figure 3J). The Piacenzian is the latest
age of the Pliocene, and it reaches the time between 3.6
+ 0.005 Ma and 2.588 + 0.005 Ma (Figure 3K). Climate
of the Piacenzian is wet, moist, and warm period in
North America colonized by warm foraminiferal species,
occurring after a small chilling period of the Zanclean,
which cool species dominating fauna, is similar to sites
U1482A and U1483A.

The more recent events from Figure 3F to K are
observed at the upper part of the U1488A. This core also
shows other events: The Early Pliocene warmth (Figure
3L), at about 4 to 5 Ma, carth had a warm, temperate
climate, when the Artic was 8§°C warmer than today in a
permanent El Nino state and increase of warmer species.
The cooling conducted to the setting of temperature
patterns of the present, responding to a reduction in
atmospheric CO, concentration, (100 parts per million)
of preindustrial values. The early Pliocene climate had
lower austral and zonal temperature gradients but alike
maximum ocean temperatures . During the Zanclean
flood (Figure 3M), a hypothetically one to have refilled
the Mediterranean Sea at 5.33 Ma, ended the Messinian
salinity crisis, and marked the beginning of Zanclean age.
Sea-level rise may have reached rates at times greater than
10 m per day. In the Pliocene (5.3 Ma to 2.6 Ma) climate
set off drier and cooler, and seasonal, similar to today’s
climate. The mean temperature in the mid-Pliocene (3.3
Ma-3.0 Ma) was 2-3 °C elevated than today, sea level rise
25 m, and the Northern Hemisphere ice sheet was short
lived prior the beginning of the major glaciation above
Greenland during the late Pliocene around 3 Ma. The
formation of the Arctic ice cap occurs by an abrupt change
in oxygen isotope ratios and ice-rafted cobble in the North
Atlantic and Pacific Ocean beds. The global cooling
that happened in the Pliocene may have stimulated the
disappearance of wet forests and the spread of grasslands
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and savannas. The equatorial Pacific Ocean sea surface
temperature gradient was lower than the present day,
and the sea surface temperature in the East were warmer
than nowadays but alike in the west. This condition has
been described as a permanent El Nifio state. The Alps in
Europe halt outward expansion suitable to the increase
in erosional flux and as a response to the climatic shift
to wetter conditions in Europe during the Mediterranean
desiccation at the end of the Miocene (Figure 3N). Zone
M13 show Bio horizon base with Pulleniatina primalis
(6.6 Ma) (Figure 30). The Tortonian age of the Miocene
(11.6-7.25 Ma) present changes in the vegetation
compared to modern natural (Figure 3P). Warm and
temperate forests covered much of Europe, coastal North
America and South-East Asia at this time. Our findings
show evidences of the dryness spread in the savanna in
central USA, the Middle East and on the Tibetan Plateau.
The tropical forests in South America were reduced,
however enlarged in the Indian sub-continent and East
Africa. Mean annual temperature around the world
is probably as much as 4.5 °C higher than today with
many sites undergoing higher than modern quantity of
precipitation. The foraminiferal assemblages are from
intermediate to deep bathyal depths, and both cores
U1489B and U1490A show evidence of the same phases
(Figures 3F to P) evidenced in U1488A.

5. Discussion

Paleo environmental reconstructions found on down-
core variations in the geochemistry of foraminifera
depend on the availability of pristine samples.
Recrystallization in the sediments tends to homogenize
the original geochemical signature affecting, in particular,
down-core surface temperature reconstructions **. The
reconstructions of the deep ocean are less affected by this
diagenetic effect because the calcification temperature
of benthic foraminifera is closer to the recrystallization
temperature in the sediments. However, limiting
reconstructions to clay-rich sediments would severely limit
the spatial coverage of geochemistry-based reconstructions
of surface ocean properties. Thus, other indicators of
the state of foraminiferal preservation are important
contributor to paleo climatic and paleoceanographic
reconstructions. Therefore, if preservation of foraminiferal
species is good, these data are accurate tool to understand
both natural and geomorphologic evolution and changes.
The excellent preservation and the remarkable physical
tolerance of the species to higher physical pressure in
water and in sediment provided data on at least 11 glacial
and interglacial cycles from different cores. These cycles
correlated well in all depths from late Oligocene (~24
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Mya) to Recent were evidenced by WBF fluctuations
recorded by shallower “warm” benthic species (Bulimina
aculeate, Laticarinina pauperata, Hoeglundina elegans,
Cibicidoides kullenbergi, C. robertsonianus, Cibicidoides
sp.,) and deeper “cool” species (Pyrgo murrhina,
Globobulimina hoeglundi, Uvigerina peregrina Planulina
wuellerstorfi) (Figures 4, 5, 6 and 7).

Figure 4. Views of Laticarinina pauperata.
la. Spiral view; 1b. Umbilical view; lc. Side view (Retired from

Cushman, 1931).

Figure 5. Different views of Laticarinina pauperata.
1. Spiral view of a Miocene form of L. pauperata found in 23

Mya. 2. Umbilical view of a modern dead specimen found in
1022.77 m depth. 3. Umbilical view of modern living specimen
in 1022.77 m. 4. Umbilical view of modern living specimen in
3421 m depth. 5. Spiral view of a modern living specimen in
3421 m depth. 6. Side view of the modern dead specimen found
in 3421 m depth.
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500 pm

Figure 6. Deep-water foraminiferal species
1. Planulina wuellerstorfi (Schwager, 1866) 363-U1482A-1Hcc; 2. Ceratobulimina jonesiana (Brady 1881) 363-U1482A-1Hcc;

3. Oridorsalis umbonata (Reuss, 1851) ventral view 363-U1482A-6Hcc; 4. Oridorsalis umbunata (Reuss, 1851) 363-U1482A-
6Hcc; 5. Gyroidinoides soldanii (d’Orbigny 1826) 363-U1482A-7Hcc; 6. Pleurostomella brevis (Schwager, 1866) 363-U1482A-
7Hcce; 7. Uvigerina aculeata (d’Orbigny 1839) 363-U1482A-7Hcc; 8. Uvigerina auberiana (d’Orbigny 1839) 363-U1482A-7Hcc;
9. Rectuvigerina multicostata (Cushman and Jarvis, 1929) 363-U1482A-15Hcc; 10. Fissurina lacunata (Burrows and Holland 1895)
363-U1482A-13Hcc; 11. Pyrgo lucernula (Schwager, 1866) 363-U1482A-15Hcc; 12. Osangularia bengalensis (Schwager, 1866)
363-U1482A-11Hcc

30 Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jms.v3i3.3516



Journal of Marine Science | Volume 03 | Issue 03 | July 2021

Figure 7. Shallow and reef-dwelling foraminiferal species
1. Rotalinoides compressiusculus (Brady 1884) (ventral view) 363-U1484A-15HCC; 2. Rotalinoides compressiusculus (dorsal

view) 363-U1484A-15HCC; 3. Elphidium advenum (Cushman 1922) 363-U1484A-5HCC; 4. Planularia australis (Chapman 1915)
363-U1484A-8HCC; 5. Planularia australis (Chapman 1915) 363-U1484A-8HCC; 6. Bulimina marginata (D’ Orbigny 1826)
363-U1484A-11HCC; 7. Peneroplis planatus (Fichtel and Moll 1798) 363-U1484A-15HCC; 8. Coscinospira arietina (Batsch 1791)
363-U1484A-15HCC; 9. Amphisorus hemprichii (Ehrenberg 1839) 363-U1484A-15HCC; 10. Operculina complanata (Defrance
1822) 363-U1484A-15HCC; 11. Bolivinita quadrilatera (Schwager 1866) 363-U1484A-4HCC; 12. Bolivina robusta (Brady 1881)
363-U1484A-4HCC; 13. Bulimina aculeata (D’ Orbigny 1826) 363-U1484A-3HCC
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Sites 1482A and 1483A are in the hydrographic
transition that divides the warm tropical water of the
Indian-Pacific Western warm pool (IPWP) from the
Subtropical water masses. They are located in an area
affected by the oceanographic front between cool,
nutrient-rich water transfer towards North in the Eastern
Indian Ocean by the West Australian Current, and warm,
oligotrophic Leeuwin Current waters, resulting in a
steep north-south SST gradient. Together, these two
sites located along the route of the Indian Through Flow
(ITF) as it exits into the Indian Ocean through the Timor
Strait between northwestern Australia and Java allow
reconstruction of the southwestern extent of the IPWP
since early late Miocene. The Timor Strait is one of the
main exits of the ITF to the Eastern Indian Ocean .
Thus, U1482A and U1483A are easily located to facilitate
monitoring changes in the intensity and thermal structure
of ITF water masses entering the Eastern Indian Ocean *°.

In the southern reefal area of Abrolhos (BA, Brazil)
BT found Laticarinina pauperata in 1.100 m of water
depth, and ¥ used benthic foraminiferal biotas to track
changes in the strength and seasonality of the monsoons.
During the dry boreal winter monsoon with northeasterly
winds, low biological productivity in the Indian Ocean
provides low food to deep-sea fauna. As opposed to the
intense, wet, southwesterly winds of the southwest (boreal
summer) monsoon cause widespread upwelling and high
surface productivity ***”, and therefore a high supply of
organic particles to the seafloor. This monsoon-linked
productivity is large in the Arabian Sea, and in the Bengal
Bay, as seen in satellite images collected by the Coastal
Zone Color Scanner and SeaWIFS (http://bluefin.gsfc.
nasa.gov/chi/level3.pl). Deep-sea benthic foraminifera are
responsive to total export flux of food to the seafloor and
seasonality 'Y,

Laticarinina pauperata is from cool, strongly pulsed
high seasonality, low to intermediate organic flux
sites **. In according to the Encyclopedia of life, its
chronostratigraphic ranges from Mioceno to Recent;
its evolution and systematics show first appearance for
older bound is at 28.1 Mya (Chattiano Age), and the first
appearance for younger bound is 23.03 Mya (Aquitaniano
Age). The last appearance (older bound) is at 3.6 Mya
(Piacenziano Age), and the last appearance (younger
bound) is at 2.59 Mya (Gelasiano Age). This species
lives in all mudlines of the nine cores and it has defined
limits of appearances in the past. The environmental
ranges for modern habitat are wide for depth (m): O -
3100, temperature (°C): -1.260 - 29.191, nitrate (umol/L):
0.038 - 42.384, salinity (PSU): 31.836 - 36.672, oxygen
(ml/1): 0.206 - 7.696, phosphate (umol/l): 0.047 - 3.105,
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and silicate (umol/l): 1.067 - 125.649 showing species’
tolerance.

Among the benthic indicator species studied,
Laticarinina pauperata ' is unique by its beautiful
appearance, cosmopolitan, calcareous epifaunal
foraminifera species " with biconvex trochospiral form
being common in bioturbated horizons . The presence
of these specimens under this huge physical pressure is
amazing. Can you imagine 3000 m of water plus 500 m
of sediment? Can you imagine the sum of perpendicular
force put in to the surface of this species per arca? The
pressure a liquid applies depends on its depth. This
pressure in open conditions is approximated as in “static”
or non-moving conditions (even in the moving ocean),
because the currents and waves generate only insignificant
changes in the pressure. Besides that, foraminiferal tests
can suffer taphonomic process known as diagenesis,
where sediments are compacted and buried under layers
of sediment and stick to minerals that precipitate.

Here we show that preserved foraminifera were able to
contribute to paleoceanographic reconstructions of at least
11 glacial and interglacial cycles correlated with depths
from late Oligocene to Recent showing that foraminiferal
fluctuations track tropical and subtropical fronts, in
the Miocene, and that besides the delicate Laticarinina
pauperata morphology it has great tolerance to physical
pressure and is a remarkable paleo indicator.

6. Conclusions

Excellent preserved microfossils with scarce evidence
of mineral overgrowth, recrystallization and abraded
shells, show that the sedimentological setting with varying
amounts of facies and foraminiferal forms from different
paleo depth are very suitable for this research. Sites
composed of nannofossil ooze with different amounts of
siliceous microfossils (diatoms and radiolarians), and clay
ranging from the Miocene to Recent day, are dominated
by foraminifers calcareous species and less than 5% of
the assemblages is composed by agglutinated forms. A
mixed fauna shows alterations in the middle Pleistocene
to Recent present terrigenous and hemi pelagic sediment
with well-preserved calcareous nannofossils, benthic and
planktonic foraminifers which unravels habitat transition
in down core catchers’ samples. The habitat change
observed downhole show that deeper water benthic
foraminifers inhabits upper and lower parts of the core;
while middle part of the core consists of a mix of deep
and shallow water benthic foraminifers, including reef-
dwelling species in a 1000 m deep, including Operculina
complanata, Amphisorus hemprichii, Coscinospira
arietina, and Peneroplis planatus. These species are

DOL: https://doi.org/10.30564/jms.v3i3.3516



Journal of Marine Science | Volume 03 | Issue 03 | July 2021

characteristic of water depths shallower than 45 m, and
probably were carried to this site with other debris.

The presence of deep-water and cool forms without
any large contribution from shallower water or reef faunas
in a high abundant volcanic ash environment is also a new
finding. Our low-resolution study of the relation of WBF
shows that with the exception of core 1486B, all of them
show that older sediments indicate warmer periods than
today, a tendency of what is expected from Miocene to
Recent.

The excellent preservation and the remarkable physical
tolerance that species present to higher physical pressure
from water column and sediment provided data on at least
11 glacial and interglacial cycles from different cores.
These cycles correlated well in all depths with occurrence
from late Oligocene (~24 million years ago) to Recent were
evidenced by WBF fluctuations recorded by the shallower
warm benthic species (Cibicidoides sp., Laticarinina
pauperata, Cibicidoides kullenbergi, C. robertsonianus,
Bulimina aculeata, Hoeglundina elegans) and deep-
water cool species (Uvigerina peregrina, Pyrgo murrhina,
Globobulimina hoeglundi, Planulina wuellerstorfi).
Laticarinina pauperata is unique by its beautiful and
delicate appearance, but it is also an excellent calcareous
epifaunal foraminifer from strongly pulsed, high
seasonality, cool, low to intermediate organic flux, ranging
from Mioceno to Recent. It is also living these days in all
mudlines of the nine cores that we collected and we show
that this form is common in bioturbated horizons and
tolerant to high physical pressure. In addition, taphonomic
process known as diagenesis can prevent the studies by
destroying the tests through time, and our findings were
able to unravel many interesting information because of
the tolerance and preservation of the shells.
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1. Introduction

Management of water along the coastal zone of India,
has been a matter of great concern to the administrators
and policy makers, in spite of having some of the most
potential aquifer systems in the region. However, major
part of the aquifers particularly the Tertiary to Recent
ones are highly exploited and needs well defined scientific
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In coastal areas of our country, in spite of having excess rainfall (more than
3000 mm), groundwater become a rare commodity during summer. Number
of researchers have discussed the issues related to water scarcity of coastal
areas where there is a huge pressure on environment due to increased
population, tourism, agriculture and industrial growth. Fast depletion of
groundwater is also reported in coastal districts due to continuous discharge
of direct runoff and also through subterranean flow which is termed as
Submarine Groundwater Discharges (SGD). Large quantity of contaminants
enter the ocean system through runoff. This necessitated a detailed
investigation to understand the hydrological processes involved and the
source of contaminants. The present investigation is an attempt to make
quantitative and qualitative assessment of SGD based on hydrological,
hydrogeological and hydrochemical components. Accordingly, water
balance components were evaluated based on hydrological and
hydrogeological investigations. Hydrochemical parameters were also
evaluated to understand the impact of seawater intrusion in pre and post-
monsoon of 2019. Study revealed that, there are signatures of considerable
quantity of submarine groundwater discharge in parts of Honnavara,
Kumta, Ankola and Karwar talukas. The influence of seawater in coastal
aquifers is quite rare all along the coast of Uttara kannada district which is
attributed to high groundwater recharge (15-20%) occurring in catchment
areas.

approach to resolve the issues related to overexploitation
and pollution of water bodies. The problems associated
are primarily due to rapid urbanization, industrialization,
infrastructure development and climatic uncertainties
that seriously affects the spatio-temporal distribution
of water. Along the coastal tracts, there is a continuous
interaction between groundwater and seawater either
leading to seawater intrusion or submarine groundwater
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discharge '". Surface water inputs are through rivers and
streams and discharge a large quantity of water received
from the catchment and hence, the contribution of
surface water discharge to the ocean, its hydrodynamics,
geochemical cycles of elements and its influence on the
ocean ecosystem has been well recognised . On the
contrary, groundwater discharge typically has a smaller
water flow rate compared to river flow and hence not well
demarcated.

Most of the studies conducted in the coastal region are
focused on water quality aspects and radon concentration
and for some of the studies in East coast, barium and
strontium were also applied "7\, A detailed study was
conducted using hydrogeological modelling to quantify
SGD from the coastal aquifers of Vizhinjam (Kerala) .
According to the various studies conducted in India and
elsewhere, the primary factors that influence the discharge
of groundwater into adjoining oceans is due to water table
fluctuations resulting from variations in recharge, pumping
rate, tidal surges and transmissivity of the aquifers.

2. Methodology
2.1 Study Area

The coastal district of Uttara Kannada lies between north
latitudes, 13° 55” 02” to 15°31° 01” and east longitudes

74°00°35" to 75°10°23" (Figure 1). Study area is mainly
covered by lateritic soils with underlying geological formation
which include Pre-cambrians (Dharwar Super group) dominated
by granitic gneisses, schists, greywackes and phyllites. There
are basically two types of aquifers encountered in the study
area, namely confined and unconfined aquifers. Ground water
occurs under unconfined condition in alluvium, laterite soil
cover and weathered crystalline rocks like granites, basic
rocks and Deccan traps. Confined layers located at deeper
depth which includes shear zones, fractured and jointed
crystalline rocks, iron ore and chert, kankar, sand and gravel.

In the present investigation, the following methodologies
were adopted.

2.2 Estimation of Hydrological Components Using
Soil and Water Assessment Tool (SWAT Model)

SWAT is a physically based, semi distributed river
basin or watershed scale model ""* was applied to
estimate the hydrological components such as Runoff,
Evapotranspiration (ET) and Groundwater recharge.

2.3 In-situ Determination of Soil Hydraulic
Properties

In-situ infiltration rate and saturated hydraulic
conductivity (Ks) of the soils were determined by using
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Figure 1. Uttara Kannada district
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disc permeameter. Soil hydraulic parameters such as
infiltration, sorptivity and saturated hydraulic conductivity
were derived by the method developed by ',

2.4 Geophysical Investigation

In the current study, using resistivity meter, VES
(Vertical Electrical Sounding) soundings were taken in
selected locations. Apparent resistivity were calculated by
multiplying apparent resistance and geometric factor ',
A log-log plot was drawn between apparent resistivity and
half current electrode separation (AB/2). Curve-matching
technique was applied (Schlumberger array master curve
and auxiliary curves) to determine the layer resistivity
values and thicknesses.

RESIST software was applied to estimate true geological
section of the study area. The logged depths were comp-
ared with VES data using linear regression analysis.

2.5 Estimation of Groundwater Recharge by
Empirical Methods

Groundwater Recharge was calculated using the
following formula:

a) Chaturvedhi "' derived an empirical equation to
calculate groundwater recharge as.

Rg=2(P-15)"* (1)

Where, Rg is the Groundwater recharge and P is the
annual precipitation.

(b) Krishna Rao "*! developed an empirical relation
to calculate groundwater recharge based on climatic
conditions.

Rg =K (P-X) @

Where, Rg = groundwater recharge, K is constant
(based on climatic homogeneity), P is annual precipitation
(in mm), X is normal annual average rainfall zones,
accordingly, the following equation was adopted. Rainfall
recharge (Rr) = 0.35(P-600) for areas with rainfall more
than 600 mm.

Physical parameters such as electrical conductivity,
temperature and pH were measured using a handheld pH
and Electrical conductivity meter (HANNA HI—9828,
USA). Major anions such as bicarbonate, chloride,
calcium, magnesium sodium and potassium were

determined by the methods suggested by .

3. Results
3.1 Soil Characteristics

Soil profile investigations have been carried out in
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selected locations along the coast of Uttara kannada.
Major soil types identified in the study area are
leguminous laterites underlain by hard sandy clay to
medium dense sandy layer. In some of the areas slightly
weathered granites are the basement rocks. The soil
types across the profile play a significant role in holding
moisture content as well as it influences the groundwater
recharge. Textural analysis of the soil showed that the
soils between Murudeshwar and Honnavara are relatively
more permeable than the adjoining northern taluks
of Uttara kannada. Typical soil profile (approximate
thickness of each layer is given in meters, m) observed
along the Uttara kannada coast is presented in Figure 2.

Highly Laterite {5-61m})
Weathered

o to Donsc
(8<9m)

M oedium C
Sandy

-

Slighthy Weathered Granite

Rt s

Hard Sandy Clay

(b)
Figure 2. Soil Profile observed at Murudeshwar and
Honnavara

Infiltration, sorptivity and saturated hydraulic
conductivity were determined with reference to soil type
and land use/land cover change. Rate of infiltration is
significantly high in lateritic area covered with forests and
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acacia plantation. Highly weathered laterites were found
in parts of Kumta and Ankola taluks. In Hattikeri, laterite
cover exhibited very high infiltration rate and hydraulic
conductivity (Table 1). This could be attributed to the
land cover such as forest and acacia plantation which
open up the top soil layers and influence the development

of preferential flow paths leading to high groundwater
recharge and pipe flow "*).

Three sets of resistivity data obtained through field
investigations were plotted on log-log graph (Figure 3) for
three different sections of the study area representing Q, H

and K type curves.

Table 1. Range of Field determined Hydraulic properties of different soils along the coast of Uttara kannada

~1/2

SI No Soil type along the coast Infiltration rate mm/hr  Sorptivity mm/hr Saturated Hydraulic conductivity mm/hr
1 Laterite in forest catchment (Honnavar) 60 -192 30-120 70-80
2 Laterite in acacia plantation 120-175 80-120 40-50
3 Barren land (laterite cover) 12-24 6-8 6-12
4 Laterite (Hattikeri) 25-245 10-130 85-120
5 Beach sand with plantation (transitional 70-280 20-60 60-180
zone between beach and land area)
6 Shrubs 28-76 12-40 8-18
7 Leguminous laterites 22-88 0-4 6-14
8 Clay dominated laterites 2-18 1-15 1-9
1000 '
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Figure 3. Typical Resistivity curves of the study area

a. Q Type (p1> p2> p3)

Figure 3a shows the cross-section of the coastal zone with
varying apparent resistivity. This is the most common section
found in hard lateritic terrain occupying the top layer.

b. H Type(p1> p2 <p3)

Figure 3b indicate the H-type curve with initial
fluctuation and having relatively high resistivity at the
top which is followed by a water saturated and weathered
layers of low resistivity and then a compact hard rock of
high resistivity at the bottom.

c. K-Type (p1> p2 >p3)

Though these types of curves (Figure 3¢) are common

Distributed under creative commons license 4.0

in basaltic area, and in the present case, it indicates the
fresh water zone between clay layer and saline zone.

The resistivity data were converted to 2D images and
presented in Figures 4a, b & C. Comparison of the ERT
image and field observations indicated reasonably good
agreement. The profile up to Sm depth with a very low
resistivity in range of 0.2 to more than 4000 Qm has been
observed which indicate the presence of the top soil and
sand within the clay formation. The high resistivity values
could be attributed to the extension of lateritic plateau in
the deeper layer.
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Figure 4c¢. ERT profile of K type curves

The occurrence of groundwater in the study area is found
to vary with the depth of weathered layer and thickness of
over burden. In major part of the district, well depth varied
from 16 m to 47 m. Lithologically, the zone consists of
fine to medium sand with alternative layers of silt and clay.
Groundwater level data of thirty three wells monitored by

40 Distributed under creative commons license 4.0

Central Ground Water Board (CGWB) were analysed and
found that the depths range from 89 to 200 meters with
an effective porosity of about 1-3%. The transmissivity of
aquifer material in general range from 2.09 to 24.41 m*/day.
The yield of the wells ranges between 1.88 and 2.25 lpm (litres
per minute) and drawdown reported was 1.6 to 10.39 meters.
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Groundwater levels in the pre monsoon vary between
5 and 10 mbgl (metres below ground level) in 2017 and
2018. Low water table (less than 2 mbgl) was observed
around Karwar town and towards southern part (Kumta
and Ankola), water table showed fluctuation between 2
m and 5 m. In the coastal zone, groundwater levels range
between -0.19 and 13.03 m. The maximum recorded was
13.15 m in Honnavar and negative fluctuation of -0.19 m
was found in Murudeshwara.

Water balance components were estimated by using
calibrated SWAT model (Table 2). Model was run for a
representative watershed available in each taluka. It is
observed that, the runoff estimated is higher for Kumta
region whereas minimum was observed in Ankola.
Groundwater recharge (shallow) was also found to be
maximum in Ankola and Karwar tauka in comparison
to other three talukas (Bhatkal, Honnavara and Kumta).
Variation in runoff and recharge could be presumed
due to increased deforestation followed by urbanization

Pre-Monsoon 2017

Legend

@ Obsenationwels
[ oncay
Contour

Value
— o 460775

B ow: 93512

and conversion of forest land to agriculture (however,
to conclude specific investigation is required). In all
watershed of each taluka showed high lateral flow
which is attributed to highly porous lateritic soils below
moderately weathered laterites.

Table 2. Water Balance Components Estimated using

SWAT Model

‘Water Balance

Bhatkal Honnavar Kumta Ankola Karwar
Components
Surface Water 45.170 45.996 46.849 37.749 39.758
Groundwater 18.218 18.680 17.862 23.536 23.956
Lateral flow Q 4.503 3917 3471 4128 4.513
Evap"tiaEnTsflmmn 29405 29415  28.858 28.894 28.706

Recharge values estimated by SWAT model was
also compared with that obtained from using empirical
methods. Chaturvedi and Krishna Rao formulae showed a
significant correlation between each other (Table 3).
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Figure 5(a to d). Groundwater levels of Uttara Kannada district
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Table 3. Comparison of Estimated Ground Water
Recharge using SWAT with Conventional methods

Year Rainfall % Recharge % Recharge % Recharge
inmm By SWAT model (Chaturvedi) (Krishna Rao)
2002 2361.1 19.37 18.17 18.07
2003 2688.30 18.28 15.76 19.53
2004 2607.7 17.48 17.24 19.74
2005 3223.30 18.55 19.22 22.01
2006  3410.7 19.28 15.94 21.86
2007 3657.50 13.55 23.22 15.90
2008 32715 20.02 19.86 22.46
2009 3694.0 16.43 14.83 20.75
2010  4668.8 19.39 19.57 18.28
2011 4236 19.65 17.57 22.65
2012 3886.88 17.34 16.90 19.27

The above estimated recharge values demonstrate the
applicability of SWAT model to the present study area.

3.4 Groundwater Quality Evaluation

Groundwater samples were collected during pre-
monsoon and post-monsoon seasons of year 2019. Sixty
two sites have been identified for water sampling and
tested for physical parameters. Among the collected
samples, based on the site characteristics, detailed analysis
for both major anions and cations were carried out.

3.4.1pH

pH is a primary indicator of water quality status of a
surface or groundwater body. The pH in coastal aquifers
of Uttara kannada, vary between 6.49m and 7.70m in
premonsoon and 6.50m to 7.53m during post-monsoon.
Acidic water is a characteristic of lateritic cover and
alkaline water shows the human impact on water quality.

3.4.2 Electrical Conductivity and TDS

The EC values varied between 54.7 pmhos/cm and
5060 umhos/cm during the pre-monsoon and 32 pmhos/
cm to 3025 pmhos/cm during the post-monsoon (Figure
6 a & b). According to the classification of EC, 94%
of the total groundwater samples fall under type I (low
enrichment of salts) and the remaining 6% were grouped
as type III indicating high enrichment of salts. Similar
classification was adopted by "%,

Total dissolved solids showed a significant correlation
with Electrical conductivity. TDS values varied from 31.6
mg/l to 2430 mg/l (pre-monsoon) and 17 mg/l to 1739 mg/
1 during post-monsoon. From the analysis it is evident that
all water samples have low TDS which demonstrated the
influence of rock-water interaction in relation to recharge

42 Distributed under creative commons license 4.0
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Figure 6 (a) & (b). Spatial Variation of EC during pre-
monsoon and post-monsoon

water except for one well. The concentration of bicarbonate
is observed from 70 to 520 mg/l during pre-monsoon and 46
to 414 mg/l during post-monsoon (Figure 7 a & b).

3.4.3. Chloride

The chloride content is found to vary between 19 and
1116 mg/1 in pre-monsoon and 19 to 700 mg/1 during post-
monsoon (Figure 8 a & b). 83.3 % of the groundwater
samples lie within the permissible limit whereas remaining
16.6 % were exceeding the permissible limits.

The concentration of Cais between 17 mg/l and 244 mg/1,
and Mg varied from 5 mg/l to 56 mg/l during pre-monsoon.
In the post monsoon, Ca content vary between 10 mg/L and
166 mg/l, and concentration of Mg varied from 6 mg/l to 25
mg/l. Majority of the water samples collected from the study
area fall under moderately hard to hard category during both
pre and post-monsoon. The hardness values range from 22
mg/1 to 260 mg/l with an average value of 157.1 mg/l during
pre-monsoon. Similarly during post-monsoon the hardness
values range from 16 mg/l to 186 mg/l with an average value
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ion among the cations and is present in most of the natural
waters, which contribute approximately 53 to 69 % of the
total cations.

of 117.7 mg/l. The concentration of Na varied from 3.09
to 85.5 mg/l during pre-monsoon (Figure 9a) and 0 to 81
mg/l during post-monsoon (Figure 9b). Na is the dominant
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Figure 7(a) & (b). Spatial variation of HCO, (pre and post monsoon)
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Figure 9(a) & (b). Spatial Variation of Na during pre-monsoon and post-monsoon
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3.4.4 Phosphorous

The phosphorous content observed during pre-monsoon
varied between 0.46 mg/l and 1.82 mg/l. Analysis of post-
monsoon water quality data showed that the concentration
of P, vary from 0.37 mg/I to 1.60 mg/1.

3.4.5 Salinity

Salinity is the total amount of inorganic solid material
dissolved in any natural water, and water salinization
relates to an increase in TDS and overall chemical content
of water. The salinity concentration in the study area
ranges between 0.02 and 2.48 mg/l during pre-monsoon
and 0.03 to 1.65mg/I during post-monsoon.

3.4.6 Sodium Adsorption Ratio

The analytical data plotted on the US salinity diagram

suggest that groundwater samples grouped in the
domain of C1S1, C2S1, indicate water of low-medium
salinity and low sodium, which can be utilized for
irrigation in all types of soils. Few samples fall in the
C3S2 domain with one sample exhibiting C4S2 type. At
the outset, the study area can be classified as of good to
moderate category irrespective of the rainfall seasons.

[17]

3.4.7 Permeability Index

In the present study, water suitability classification
for irrigation developed by " has been adopted. The PI
values vary from 18.65 to 345.92 (pre-monsoon) and in
the post monsoon, PI values varied between 25.28 and
253.672. Accordingly, 88.88 % of the samples fall under
the class 1 (PI>75) and 11.11 % of the samples fall under
class 3 (PI< 25 %) during pre-monsoon period. However
considerable variation was observed in post monsoon
2019. It was observed that 33.33 % of the samples fall
under class 3 (PI >75) and 66.66 % belong to class 2 (PI
ranged between 25 and 75 %).

A ratio namely index of magnesium hazard was
developed by "”. Magnesium hazard values fall in the range
0f 9.75 t0 49.41 (pre-monsoon) and from 11.65 to 49.72 (post
monsoon). All the samples showed MH ratio <50 % (suitable
for irrigation) during pre-monsoon and post monsoon. The
variation of Mg content is shown in Figure 10a & 10b.

3.4.8 Kelley Ratio

KR more than one is a sign of an excess level of
sodium in waters and less than one, is an indication
of suitability of water for irrigation. During both pre-
monsoon and post-monsoon, KR values were less than
one, indicating water is suitable for irrigation.

44 Distributed under creative commons license 4.0

Pre-Monsoon

Legend

@ Obzervation Vgl
MgHardness
Value

—— h

S ow:s

Posi-Monsoon

Legend
@ Observation Walls
Magnesium Hardness

Value
ey High 2539

S Low 803

(b)

Figure 10(a) & (b). Spatial Variation of Mg during pre-
monsoon and post-monsoon

3.4.9 Ionic Ratios

According to *”, EC alone cannot determine the
salinity status of aquifers. Ionic ratios were used *"**
to identify the source and nature of the salinity present.
In the present study, ClI/(HCO5+CO,), Kelly’s ratio and
permeability indices were used to understand the impact
of seawater intrusion. CI/(HCO,+CO;) ratio which is also
known as Simpson’s ratio classify the groundwater into
five category-good quality (< 0.5); slightly contaminated
(0.5 - 1.3); moderately contaminated (1.3 - 2.8); highly
contaminated (2.8 - 6.6); and extremely contaminated
(6.6 - 15.5). Majority of the samples were found to be
under good category except two samples which grouped
as extremely contaminated during pre-monsoon and post-
monsoon seasons.

4. Conclusions

Hydrogeological investigations have shown that the
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coastal aquifers of Uttara kannada do not show any
signature of seawater intrusion as observed during the
study period. From the study, it is understood that the
recharge to groundwater is very high (15-20% of annual
rainfall) due to which, the possibility of seawater intrusion
become rare. However, there are chances of temporary
phenomena which occur mainly due to advancement
of sea towards the land during heavy monsoon causing
enormous losses due to coastal erosion and fishery
resources.

River flow characteristics of some of the rivers
have been analysed based on the discharge data. Base-
flow estimated indicate that, submarine groundwater
discharge occurs during dry seasons mainly due to high
rainfall (average rainfall more than 3000 mm) and high
groundwater recharge. The estimated saturated hydraulic
conductivity showed that the soils are highly permeable
in lateritic areas, particularly below the top soil due to
which the infiltrated water flows to sea continuously.
From the present study, a rough estimate of about 0.15%
to 0.18% of rainfall quantity enter the sea as submarine
ground discharge from March to May. This is mainly
based on monthly moisture trend which were observed at
three sites and found a reasonably high moisture content
in three locations namely, Murudeshwar, Kumta and north
of Karwar taluks. Groundwater quality investigations
carried out in more than thirty wells all along the coast
also demonstrated that, the coastal aquifers are safe for
drinking, irrigation and domestic purposes.
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Marine environment represents a very important and
actual topic. Water bodies cover more than two thirds
of the earth’s surface and even after thousands of years,
scientists have yet to fully uncover their mysteries. At
the same time climate, change has visible effects with
a growing dynamics in the last decades and the marine
environment is very sensitive to these changes. In order
to mitigate the effects of the climate change there is
an increasing need of reducing the CO, emissions and
from this perspective the marine environment represents
an important source of clean renewable energy. In this
respect, the Journal of Marine Science represented even
from the beginning an open framework dedicated to the
presentation of the discoveries and insights in marine
science research.

If we refer only to this year, we can notice that in 2021
several valuable works have been published in Volume
3 of Journal of Marine Science. Thus, in the first issue,

*Corresponding Author:
Eugen Rusu,

based on the incompressible RANS equation, the first
work " presents a ship’s resistance field’s numerical
simulation. The bare hull (calm water resistance and
wave resistance) and hull-propeller rudder models are
studied and compared with the values of the Hydrostatic
resistance test. In the hull-propeller-rudder system’s
performance analysis, the body force method is used to
replace the real propeller model. The new calculation
domain is set for the hull-propeller-rudder system model
and meshed again to obtain the highly reliable numerical
simulation results. Further on, in '’ having as target the
semi-enclosed basin of the Black Sea, the objective
of the paper is to present an overview of its extensive
physical features and circulation patterns. To achieve
this goal, more than five decades of data analysis - from
1960 to 2015 - were taken into consideration and the
results were validated against acknowledged data, both
from satellite data over the last two decades and in-
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situ measurements from the first decades. Based on the
perspective of marine tourism, in ' various types of
marine pollution are discussed as well as high-quality
development solutions and future extension directions
of marine tourism. Through the research, it is found that
the main culprits of marine pollution mainly include the
following seven points: human activities produce garbage;
white pollution; ship pollution; exploration of marine oil
and gas resources and mineral pollution highlighted. The
causes of marine pollution and countermeasures are also
discussed. Starting from the facts that red tides are a major
public hazard in the global oceans and that the coast of
the East China Sea is the sea area where red tide disasters
are the most frequent and serious in China, ¥ deals with
these aspects. Thus, in order to accurately grasp the
occurrence of red tides in the coastal waters of the East
China Sea, and to understand the microbial communities
in the waters during the occurrence of red tides in the
East China Sea, a special survey of red tides in the coastal
waters of Zhejiang, China which was carried out in June
2018 is described. Finally, the last paper of this issue, "
presents a mass spectrometry-based sequencing of venom
peptides (conotoxins) from vermivorous cone snail, conus
loroisii. Conus loroisii is a marine vermivorous snail
found profusely in the southern seas of India. They harbor
several toxic peptide components commonly called as
‘conotoxins’. In this study, the authors have identified and
sequenced five conotoxins using proteome based tandem
mass spectrometry analysis through Data analysis 4.1
software.

The second issue of Volume 3 contains also very
interesting works. Thus, ' presents a study related to
thermal front variability during the El Nino Southern
Oscillation (ENSO) in the Banda Sea using remotely
sensed data. The Banda Sea is one of the routes of
global ocean currents that move from the Pacific Ocean
to the Indian Ocean. This flow is known as Indonesian
Through Flow (ITF). The Banda Sea is an area where
warm and cold water masses meet, so it has the potential
for a thermal front. This study aims to understand the
variability of thermal front in the Banda Sea during the El
Nino Southern Oscillation period. Southern Oscillation
Index (SOI) and sea surface temperature (SST) data in
2010, 2012 and 2015 were used in this study. Further
on, ' presents a study of the coastal vulnerability in
Indramayu Regency, Indonesia. Coastal vulnerability is
a condition of a coastal community or society that leads
to or causes an inability to face the threat of danger. The
level of vulnerability can be viewed from the physical
(infrastructure), social, demographic, and economic
vulnerabilities. Physical vulnerability (infrastructure)

48 Distributed under creative commons license 4.0

describes a physical condition (infrastructure) that is prone
to certain hazardous factors. The coastal vulnerability
areas can also be interpreted as a condition where there
is an increase in the process of damage in the coastal
area which is caused by various factors such as human
activities and factors from the nature. This research aims to
determine the level of coastal vulnerability in Indramayu
coastal Regency with a Coastal Vulnerability Assessment
(CVA) analysis approach and a Geographic Information
System (GIS). Mapping the status of the vulnerability
level of the Indramayu coastal area using the CVA method
where the index range generated from the calculation of
the four physical parameters mentioned above is between
2.887-3.651 or are in moderate vulnerability. In order to
solve the technical problems of autonomous berthing of
the Unmanned Surface Vehicle (USV), in ¥ is presented a
research that has met the requirements of manoeuvrability
berthing under different conditions by effectively using
the bow and stern thrusters, which is a technological
breakthrough in actual production and life. Based on the
MMG model, the manoeuvrability mathematical model of
the USV with bow and stern thruster was established. And
the motion simulation of USV manoeuvring was carried
out through the numerical simulation calculation. Then the
berthing plan was designed based on the manoeuvrability
analysis of the USV low-speed motion, and the simulation
of automatic berthing for USV was carried out. The
research results of this paper can be of certain practical
significance for the USV based on the support of the
bow and stern thruster in the berthing. At the same time,
it also provides a certain theoretical reference for the
handling of the USV automatic berthing. ”’ describes a
hydrocarbon detection based on phase decomposition
in Chaoshan Depression, Northern South China Sea.
Located in the northern South China Sea, Chaoshan
Depression is mainly a residual Mesozoic depression,
with a construction of Meso-Cenozoic strata over 7000m
thick and good hydrocarbon accumulation conditions.
Amplitude attribute of -90°phase component derived by
phase decomposition is employed to detect Hydrocarbon
in the zone of interest (ZOI) in Chaoshan Depression.
And it is found that there are evident amplitude anomalies
occurring around ZOI. Phase decomposition is applied to
forward modeling results of the ZOI, and high amplitudes
occur on the -90°phase component more or less when
ZO0l is charged with hydrocarbon, which shows that the
amplitude abnormality in ZOI is probably caused by oil
and gas accumulation. Finally, in the last paper of this
second issue, '” a simulation of deep water wave climate
for the Indian Seas is presented.

Finally, issue 3, which is still open for submissions,
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presents for now two interesting works. Thus starting
from the fact that surfaces submerged in seawater are
colonized by various microorganisms, resulting in the
formation of heterogenic marine biofilms, """ aims to
evaluate the biofilm formation by Cobetia marina alex
and doing a comparative study between this promising
strain with the two bacterial strains isolated previously
from the Mediterranean seawater, Alexandria, Egypt.
Three strains; Cobetia marina alex, Pseudoalteromonas
sp. alex, and Pseudoalteromonas prydzensis alex were
screened for biofilm formation using the crystal violet
(CV) quantification method in a single culture. The
values of biofilm formed were OD600= 3.0, 2.7, and
2.6, respectively leading to their selection for further
evaluation. However, factors affecting biofilm formation
by C. marina alex were investigated. Biofilm formation
was evaluated in single and multispecies consortia.
Synergistic and antagonistic interactions proved in
this work lead to the belief that these bacteria have the
capability to produce some interesting signal molecules
N-acyl Homoserine Lactones (AHLs). Finally, in '?
a study is presented about dragonflies as an important
aquatic predator insect and their potential for control of
vectors of different diseases.

The above mentioned articles constituting volume 3 made
various analyses related to marine science issues. Finally,
we strongly believe that the works included in this volume
are useful for many scientists, researchers and industries
working on marine issues. At this final point, it has to be
also highlighted that the topics targeting marine sciences
remain very actual, especially if we take into account the
great expectations from the marine environment in short and
medium term, expectations requiring very rapid scientific
and technical advances while at the same time significant
challenges have to be faced.
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