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ARTICLE INFO ABSTRACT
Article history The issue of bycatch in the fisheries sector has been a major concern for
Received: 31 November 2019 the marine biologists over few decades in terms of conservation of marine

eco-system and sustainability of the fisheries sector and marine biodiver-

Accepted: 28 December 2019 sity. As far as the concept of Bycatch is concerned, these are the unwanted

Published Online: 28 February 2020 species having less commercial importance, which in most of the cases
disposed into the seas onboard or are caught during fishing. The article
Keywords: discusses the social, economic, cultural, and environmental impacts in ad-

dressing the issue of bycatch. The concern regarding bycatch is relatively
new in the horizon in Indian perspective though it is often considered a
major issue faced by developed nations since long. The problem of bycatch
Sustainability poses a serious threat to livelihoods and food security as it acts as a pre-
Marine fisheries cursor to depletion of the food sources for local consumption with adverse
social, economic, cultural, and environmental impacts. The adverse effects
of by-catch can be mitigated through commercialisation of bycatch and
making profits from the sale of bycatch, opening up of new markets for
bycatch species or products, uses of bycatch as fishmeal and application of
bycatch reduction devices (BRDs). Reorientation of the present monitoring
system to collect fisheries data, strengthening technical know-how, bring-
ing effective policy intervention, efficient co-management, and sincere and
honest efforts in reducing bycatch and discards may provide a considerable
impact towards sustainability of marine eco-system.

Marine eco-system
Bycatch and discards

1. Introduction incidentally caught along with the targeted species. The

. o ) concept of bycatch can be stated as catching of non-target-
he issue of sustainability in fisheries has become a

lobal concern and ecosystem-based approaches are ) .

&0 . ooy PP nss;  most of the cases disposed into the seas onboard or at fish
getting wider recognition through-out the world ="

The issue of bycatch in the fisheries sector has been a major

concern for the marine biologists over few decades in terms

ed species having less commercial importance, which in

landing centres. It is estimated that 7.3 million tonnes of
the catch are globally discarded as bycatch per annum !

of conservation of marine eco-system and sustainability and 16.7 million tonnes in world shrimp fisheries. The term

of the fisheries sector. Heavy commercial fishing creates ~ ‘discards’ is synonymously equated with the word ‘bycatch’
disequilibrium not only in terms of the catch of targeted  in different countries which describes a portion of the tar-
species, but it also encompasses other species, which are  geted catch that is discharged on boards or at landing cen-
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tres. There are different impacts of by-catch can be seen in
the fisheries sector which are: overexploitation of target and
non-target fish stocks, the environmental damage caused by
fishing gears which are lost or discarded, “ghost fishing”
and pollution as a consequence of discards, as well as the
“carbon footprint”. There are various effects on the function
of the marine ecosystem due to removal of some species
as a consequence of bycatch. The decrease in numbers of
several predatory species such as dolphins, sharks and sea
snakes may lead to sudden rise in populations of various
prey species, whereas population of predatory species may
decrease if there is a sudden decrease of prey species in-
cluding many sea birds and marine mammals ),

The article discusses the social, economic, cultural, and
environmental impacts in addressing the issues of bycatch.

2. Impacts of Bycatch in Biodiversity

Threats of bycatch are perceived to be a major issue con-
cerning marine biodiversity. However, the real magnitude
of this problem is masked by the different estimates which
may be misleading . It may be introspected that, further
in-depth study in the same line can reveal some additional
facts.

The concern regarding bycatch is relatively new in the
horizon in Indian perspective though it is often considered
a major issue faced by developed nations since long .

The issue of bycatch became relevant in India after
independence due to gradual mechanisation of fisheries
sector due to introduction of trawl fisheries, which made
a drastic change in fishing behaviour. Trawl fisheries
were mainly driven by demands from export markets in
comparison to artisanal fisheries, as it is prominent in
different parts of the world. Trawl fisheries resulted in the
capture of a large number of non-target species as bycatch
which unfortunately the largest share of the catch. There
is a compulsion to the fishers as they have limited space
available for storing the bycatch as the major storage
spaces are occupied by commercial catches. As a result of
this fishers have to discard the whole quantity of bycatch
altogether. In tropical countries like India with diverse
characteristics of fisheries and social groups, the problems
of bycatch are perceived to be the utmost factual and nor-
mative and the stakeholders frequently seek the in-depth
implications of bycatch so as to bring equity and justice
in fisheries. The problem of bycatch poses a serious threat
to livelihoods and food security as it acts as a precursor to
depletion of the food sources for local consumption with
adverse social, economic, cultural, and environmental im-
pacts. As delineated by Gibinkumar ", the followings are
some of the direct/indirect impacts of bycatch-

2 Distributed under creative commons license 4.0

2.1 Environmental Impacts

Apart from impacts on fish populations, the upwelling of
benthic organisms to the surface can cause habitat modifi-
cations. The reduction of oxygen level in water bodies due
to the decomposition affects the benthic community. Dis-
cards may have positive effects on the scavengers’ popula-
tions, by making inaccessible food available with minimal
efforts or otherwise. Habitat modification resulting from
discards may at times be confused with habitat modifi-
cation resulting from the fishing gear itself or with unob-
served fishing mortalities because habitat and individuals
can be damaged but not brought to the surface. Thus the
extent of discards versus gear induced mortalities may be
difficult to quantify.

2.2 Economic Impacts

Economic impacts though have got much significance, is
one of the least discussed and studied aspects of bycatch.
Following are the classifications of the economic impacts:

(1) Mortalities of commercially important economic
species during discard of bycatch

(2) Economic losses due to additional expenses asso-
ciated with catching, sorting, and discarding of unwanted
catch, higher fuel consumption, greater wear and tear of
the fishing system, and as well as the associated opportu-
nity costs.

(3) Costs associated with monitoring, surveillance, and
control for reducing discards.

2.3 Socio-cultural Impacts

Socio-cultural impacts of bycatch are difficult to quantify
as the significance of conservation of marine biodiversity
equilibrium and management of commercially important
fish stocks in the maintenance of livelihoods of the poor-
est sections of the fishing community, is having a relative-
ly higher level of difficulties.

3. Possible Solutions

Though the problems and issues of bycatch are relevant
in a global perspective, the thrusts towards reducing its
impacts in the marine ecosystem have been seen as in the
nascent stage. The following probable solutions are being
discussed herewith to derive a concrete comprehension
to get rid of the menace of bycatch, especially associated
with the marine fisheries.

3.1 Endowing a Commercial Value to Bycatch

There is a silver lining as the positive trends of bycatch
commercialisation are being noticed amidst the ongoing

DOI: https://doi.org/10.30564/jfsr.v2i1.1394
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practice of discarding bycatch, even for some protected
species. This trend is also conspicuous even in trawl fish-
eries. There is an utmost need for adoption of this trend in
India due to the following reasons:

3.1.1 Diminishing Returns from Target Catch

Due to overfishing and depletion of target stocks near the
shoreline in India, there is a considerable reduction in the
profit margin for the fishing industries. To compensate for
the reduction of profit margin, fishers are being compelled
to sell the bycatch, which was earlier discarded. It is also
beneficial for livelihood and food security, and sustain-
ability of the marine ecosystem.

3.1.2 Emerging Markets for Selling of Bycatch
Products

There is a changing pattern in food habit in India are be-
ing noticed. Increasing market demand for seafood pro-
vides a clear indication of this changing food habit. Thus,
it helps to explore the marketing opportunity by utilizing
the bycatches as potential target catch.

3.1.3 Uses of By-catch as Fishmeal

There is a prevalent practice of discarding bycatches
at landing centres and seas, which is detrimental to the
marine ecosystem. But presently by and large the major
portion of trash fishes are being landed by trawlers, are
being dried up for use as a fish meal in aqua and poultry
industries.

3.1.4 Reluctance in the Usage of Bycatch Reduc-
tion Devices (BRDs)

There are several instances of reluctance in the usage of
Bycatch Reduction Devices by fishing communities in dif-
ferent parts of the world. As an example, adoption of Tur-
tle Excluder Devices (TED) faced strong resistance from
some coastal states of India due to loss of other valuable
fishes in the process of conserving endangered species of
olive ridley turtle which is often discarded as bycatch .
Thus, commercialization of bycatch becomes more perti-
nent as an alternate solution for the adoption of BRDs as
an innovation.

3.2 Reorienting the Present Monitoring System
for Collection of Fisheries Data

For coping up with the loopholes in the present mech-
anism of fisheries data generation that only enumerates
the fisheries data generated in landing sites but not taking
into account the catches that are discarded onboard. It cer-

Distributed under creative commons license 4.0

tainly gives the incomplete figures of bycatch and lot of
endangered marine species are being pushed to the level
of extinction without any clues, which is a tremendous
threat to the marine ecosystem and biodiversity. Thus, it
demands a reorientation of the present monitoring system
for collection of error-free fisheries data.

3.3 Development and Adoption Relevant of Tech-
nological Innovations in Bycatch Reduction

It is allegedly said that the using bycatch reduction devis-
es like, TEDs, SONAR etc. reduce the quantity of targeted
catch, which resulted in the non-adoption of these devices.
Hence, it is introspected as a need of the hour to strength-
en the innovation development process for the conserva-
tion of marine ecosystem in general, and addressing the
issues of bycatches in particular to make it more compati-
ble with the demand of fishers.

3.4 Policy Implications

There are several rules, regulations and laws framed by
different nations all over the world to address the issue of
bycatch for the conservation of the marine ecosystem. But
the lack of uniformity in the rules, regulations and laws is
posing a major hindrance in implementation and enforce-
ment. Even the honest intention by the different nation for
implementation of laws is not at all conspicuous with their
existing efforts. Moreover, lack of implementation and
enforcement of rules and regulations and weak monitoring
system in the Exclusive Economic Zone (EEZ) in address-
ing the issue of bycatch made it more complex. Thus, a
global policy formulation, enforcement and strategy for
surveillance is required to address the issue.

4. Conclusion

Hence, bycatch and discards are the common problems
faced by all fisheries stakeholders globally, and it is a ma-
jor component of the negative impacts of fishing in marine
ecosystems. It is an extremely complex set of scientific
and ecosystem-based issue and includes many economic,
political, and moral factors. Bycatch is recognized as un-
avoidable in any kind of fishing, but the quantity varies
according to the gear operated. Bycatch quantity also
varies. Thus, efficient management in reducing bycatch
and discards, and sincere and honest efforts to address the
issue may provide a considerable impact towards sustain-
ability of marine eco-system.
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ARTICLE INFO ABSTRACT

The study was carried out to find the prevalence and severity of Argulus sp.
in Indian Major Carps (IMCs) collected from Bhangore block of South 24
Parganas district of West Bengal during November 2018 to August 2019.
January (2019) recorded the highest parasitic prevalence (PFI, 83.33%)
and the month of August (2019) recorded the lowest parasitic prevalence
(PFL, 9%). The identities of selected parasites were further confirmed by
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Keywords: molecular identification through 18S rDNA analysis. The study revealed
Argulus that Argulus sp. infestations had great economic implications especially in

the winter months and is one of the most prevalent problems in fresh water
Bhangore

aquaculture systems.
Indian major carps

Parasites
Prevalence
Severity

and development in West Bengal. The availability of safe
and unique pathogen-free fingerlings and carp fry is of

1. Introduction

he aquaculture sector of India is a potent food
producing sector providing nutritional security,
supporting livelihoods, providing employment and

utmost importance. Literature cautioned that diseases,
especially the parasitic diseases caused great damage to
carps affecting their fry and fingerlings . The intensity

contributing to a major portion of agricultural exports. a4 severity of parasitic contamination in fishes show

West Bengal’s complete water area supports the state’s
potential fish farming and provides a variety of nutritional
and dietary resources. West Bengal is popularly known
as “rice — fish society” for the love of the people towards
fish. Farming of the IMCs mainly takes over the state’s
freshwater aquaculture system in promoting fish culture
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substantial variation within the distinctive environmental
situations wherein they live . Certain environmental con-
ditions encourage diseases, among which water tempera-
ture is a crucial criteria”’. Disease being the key problem
for the fish culture causes a catastrophic effect both in
economic and social growth. The upliftment and pro-
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motion of healthy and sustainable aquaculture practices
face a number of problems, of which, emergent parasitic
diseases pose a major threat to the production of fishes.
Such emergent parasitic diseases endanger the economic,
financial and nutritional security of the fish farmers and
the consumers of the aquaculture products.

Carps are the mostly cultured fish species in West Ben-
gal. One of the key problems for productive aquaculture
is parasitic infestations of cultured freshwater carps caus-
ing severe economic losses in the industry. To study fish
diseases, it is important to attain knowledge on different
parasites, their biology and life cycle. Cultured carps are
susceptible to myriad parasitic diseases of which Argulus
sp. predominates.

The current study investigated the prevalence of Argu-
lus sp. in IMCs from Bhangore block of South 24 Parga-
nas District, West Bengal and the molecular identification
of the same.

2. Methodology
2.1 Species and Area of Study

The study was carried out on Indian major carps namely
Mrigal (Cirrhinus mrigala), Catla (Catla catla) and Rohu
(Labeo rohita) for a period of 10 months from Novem-
ber’ 2018 to August’ 2019. The diseased fish samples
were collected from Bhangore block [22°30°45.36”(N);
88°36°34.92”(E)] of South 24 Parganas District of West
Bengal.

2.2 Sampling

100 numbers of each species were collected for a period
of 10 months. A total of 300 species of Catla (Catla catla),
Rohu (Labeo rohita) and Mrigal (Cirrhinus mrigala) were
screened for the experiment of juvenile stage (Average
250 — 500 gm weight). The strategies used for collection
and preservation of the samples for parasitic examination
were followed as described by Soota, 1980 . The fishes
were examined immediately after collection. Prior to col-
lect the affected fish samples, its behaviour and clinical
signs were recorded.

2.3 Parasitic Prevalence Study

The length and body weight of the fishes along with date
and site of collections were recorded. The gills and body
surface were checked thoroughly. Microscopic exam-
inations were done from the smears taken from gills and
body surface & photomicrographs of ectoparasites were
taken using Olympus microscope (model no. BX51, made
of Japan) with in-built digital camera (top view version

6 Distributed under creative commons license 4.0

3.5). Phenotypic characterizations of parasites have been
studied as defined and described by Soulsby (1982) ¥\
The Parasitic prevalence has been calculated with the
aid of Parasitic Frequency Index (PFI, %), the formulae
suggested and proposed by Margolis et, al. (1982) 1°!

No. of hosts infected 8
No. of hosts examined

Prevalence (%) = 100

Srivastava (1980) "' suggested that the frequency index
could be further classified into rare (0.1-9.9%), occasion-
al (10-29.9%), common (30-69.9%) and abundant (70-
100%). Determination of the Severity of infection was
characterized for assigning numerical qualitative value
to severity grade of infections, surface infestations and
disease syndrome severity, through the following scale
suggested by Lightner (1993) *:

Table 1. The Scale by Lightner (1993)

Disease Syndrome Severity Remarks
0.5 Non infective
1 Mild
2 Moderate
3 Infective
4 Excessive

2.4 Parasitic DNA Extraction and PCR Amplifi-
cation of 18S rDNA Gene

Genotypic identification of selected parasitic isolates was
done by 18S rDNA sequencing. The genomic DNA of
parasitic isolates were extracted by using genomic DNA
isolation kit (Macherey-Nagel, Germany) as per the man-
ufacturer’s protocol. The 18S rDNA gene was amplified
through PCR reaction that was performed in a Master
cycler Pro S system (Eppendorf, Germany). The univer-
sal primers (forward primer UEP-F and reverse primer
UEP-R) of amplification size 1900 - 2100bp were used.

2.5 Agarose Gel Electrophoresis & DNA Analysis

The PCR products were analysed on 1.0%agarose (HiMe-
dia, India) gels containing 0.5 pg/ml ethidium bromide
in 1X Tris-acetate- EDTA (TAE) buffer. The parasitic
isolates were randomly selected for further identification
through 18S rDNA analysis. This assay involved DNA
isolation, amplification and sequencing of the gene coding
for 18S rDNA. The result of sequencing is yet to derive
(awaiting results).

3. Results

The Prevalence, Frequency Index and severity of infection

DOI: https://doi.org/10.30564/jfsr.v2il1.1423
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of the Argulus sp. (Figure 1) were presented in Table 2.
The infestation reached its peak in the winter (from De-
cember to February) which was described as “abundant”.
January recorded the highest infestation showing a PFI %
of 83.33% (abundant) and lowest in the month of August
(PFI, 9%) which was “rare” in terms of frequency index.
During the ten (10) months study period Argulosis was
almost always present in IMCs, which was “common” in
most of the cases (Table 2).

Table 2. Prevalence, Frequency Index and Severity of
Infection of Argulus sp. in Indian Major Carps (IMCs)

Months PFI (%) Frequency Index |Severity of infection
November 2018 |66.67 + 11.30° Common 2
December 2018 |75.00 + 10.10°|  Abundant 2

January 2019 |83.33+11.21°)  Abundant 3
February 2019 |72.30 £ 09.30°/  Abundant 2
March 2019 44.00 + 10.30° Common 2
April 2019 41.68 £ 11.04° Common 2
May 2019 36.67 £ 10.62° Common 2
June 2019 33.33 £09.70° Common 2
July 2019 28.67 +10.43°|  Occasional 1
August 2019 09.00 + 10.23° Rare 0.5

Note: Parasitic Frequency Index: a — rare (0.1-9.9%); b — occasional (10-
29.9%); ¢ — common (30-69.9%); d — abundant (70-100%).

Sucker Maxilla

Ventral Legs
Proboscis

"~ Abdomen

Thorax
Figure 1. Identified Parasite — Argulus sp.

Following the research works of Lightner (1993)
severity grade of infection was calculated in Argulus sp.
It was observed that severity of infection was “moderate”
almost throughout the year (November, December, Feb-
ruary-June). The month of January showed “infective”
severity grade due to extreme seasonal variation. July and
August recorded “mild” & “non-infective” severity grades
respectively (Table 2).

Randomly selected Argulus sp. were further identified
through 18S rDNA analysis. In 1% agarose gel electro-
phoresis, approximately 1.9 kbp bands were obtained with
18S universal primers for parasitic isolates through PCR
(Figure 2).

Distributed under creative commons license 4.0

1.9 Kb
1kb

Figure 2. 18S rDNA PCR product from Argulus sp.
[M-1kb ladder, 1 & 2-Samples]

4. Discussion

All fishes are potential hosts to different species of par-
asites. With the increase in the interests of the fisheries
potential, the awareness of the fish farmers and their
experience with parasites have also increased. Though
meagre amounts of parasites are ubiquitous in the culture
system, they do not pose serious threats. However, all pi-
scine parasites have a tremendous reproductive potential
and can, under ideal conditions, quickly overwhelm the
host.

The parasitic infestation influenced by the seasons
had been portrayed by many researchers. Due to chang-
es in water temperatures and poor fish immunity during
the months of Winter and Spring, parasitic infestations
tends to increase. The results of the current study were
in agreement with the works of Bhuiyan ef al. and Hoole
et al. " who worked on disease incidence in relation
with seasonal variations in aquaculture. In this context it
can be said that in winter due to fall in temperature, fish
species were more susceptible to diseases. The period of
November-February recorded the highest parasitic prev-
alence.

The identities of selected parasitic strains were further
confirmed by molecular characterization through 18S
rDNA analysis (Figure 2). Modern scientists have been
using a variety of kits which provide better progress at
molecular level and are highly sought in the field of aca-
demic research. This evolving field accomplish the needs
of the both laboratory and clinical study.

A lot of works had been done by researchers based
on parasitic infestations and their seasonal influences.
Crustacean parasites dominated most of the seasons. The
current study clearly indicated that the month of winter is
the most vulnerable time for the fishes *'”. Fish parasites
when in higher concentrations can cause heavy mortalities
and huge economic loss. Argulosis is one of the problems
in fish culture program in Bhangore, South 24 Parganas,
West Bengal.

DOI: https://doi.org/10.30564/jfsr.v2il1.1423 7



Journal of Fisheries Science | Volume 02 | Issue 01 | March 2020

5. Conclusion

Argulus sp. were more severe in winter. The current study
highlighted the infestations of Argulus including their mo-
lecular identity. In winter lower temperature along with
other factors made the fishes more vulnerable towards
parasitic infestations.
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approaches, different amplicons were obtained, and analyzed in silico. A
165 rDNA taxonomic classification was carried out through phylogenetic trees. Results
Halobacteria revealed different bacteria according to the evaporation grade of crystallizer
Halobacterium ponds in saline works. It is worthstanding the presence of the genus Halo-

bacterium in all crystallizer ponds. This opens an interesting framework for
further studies and continuative molecular characterization approaches of
bacterial communities in solar salterns of Gran Canaria.

Solar Saltern Pond

1. Introduction

raditional solar salterns still have a high socioeco-
nomic impact due to their primary and secondary
products. There are numerous ways of extracting

salt from seawater, however this work is focusing on salt
extraction from seawater using multipond solar salterns
(salt works or salterns). This process involves the selective
recovery of pure NaCl, whilst seawater is evaporated in
artificial pond systems through natural evaporation driven
by insolation and wind.

Multipond salterns create a gradient of salt concentra-

tions which has an impact on the environment and their
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microbial population !". Ponds not only serve as refuge
zones for migratory birds, but also host the halophilic uni-
cellular green algae Dunaliella grown as a source of valu-
able chemicals *. There have been various studies regard-
ing the microbial populations of crystallizer ponds around
the world "), the contribution of halobacterial pigments
to the color of the water of crystallizer ponds " and the
interrelationships between Dunaliella and halophilic pro-
karyotes in saltern crystallizer ponds ¥, just to mention a
few of them.

Furthermore the increase in salinity in different ponds
is accompanied by a decrease in prokaryotic diversity,
from the marine biota to the dense populations of halo-
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philic Archaea and bacteria ”'. High salinity and long-

term selection pressure, as a result of evaporation, have
resulted in specific metabolic mechanisms that render
biologically active substances which are directly related
to their halophilic behavior . Halophilic bacteria and
archaea are, for instance, useful biological sources of ca-
rotenoid pigments "',

Evaporation of seawater also leads to crystallization of
salts contained, process based on their varying solubility.
The thin layer on the surface of the salt tide only forms in
traditional salt works during the continuous evaporation
and has to be harvested daily by hand. Provision of salt
for consumption to the marketplace, “flower of salt” can
be obtained from this thin layer. Even more, it is highly
valuable and offers wealth and work to the local popula-
tion.

Moreover, secondary salts, so called bitterns, which are
used for chemical industry can be obtained and betacaro-
tenes and glycerol can be extracted from microalgae and
halobacteria inhabiting pond systems . Red bacteria of
the Halobacterium — Haloferax — Haloarcula group con-
tribute to the red color of saltern crystallizer ponds which
increases light absorption by the brine. This leads to an
increase of temperature and enhances the salt production
process so that the microbial composition is of interest for
operating solar salterns. Even purely aesthetic consider-
ations make it interesting to study the highly diverse com-
munities of microorganisms in salterns, since the broad
range of red shades beautify the landscape and attracts
tourism 7,

No screening of the bacterial community in solar salt-
works of Gran Canaria (Spain) has been conducted until
now. The hypothesis of this work is that halophilic bacte-
ria can be characterized in order to thereupon isolate and
identify specific species with biotechnological methods.
Since the source of water, the Atlantic Ocean, as well as
the conditions of wind and temperature are nearly the
same for both solar salterns, it is presumed that the or-
ganisms contained in the crystallizer ponds of Vargas and
Tenefé are equal. The aim of this work is to screen bac-
teria from crystallizer ponds featuring different salinities,
fatty layers, and dried salt in order to characterize specific
bacteria.

2. Methodology and Methods

2.1 Solar Salterns on Gran Canaria

The Canary Islands are located in the southeastern sector
of the North Atlantic Ocean, approximately between 27 °
to 29N and 14 °to 18°'W and are closed to the occidental
African coast. They are highly influenced by the dominant

10 Distributed under creative commons license 4.0

northeast trade winds associated with the Azores High
Pressure Area resulting in strong and frequent wind and
a high number of hours of sunshine. Gran Canaria Island
(Figure 1A), with its area of 1560 km” is located between
27.7°28.2°N and 15.3°15.9°W and features perfect condi-
tions for solar salterns '*. Samples processed in this work
were taken on Gran Canaria southeast coast (Figure 1B) at
the solar salterns of Vargas (Figure 1C) and Tenefé (Figure
1D).

Figure 1. (A) Satellite images of Gran Canaria Island; (B)
Southeast coast Gran Canaria Island; (C) The solar salt-
erns of Vargas; (D) The solar salterns of Tenefé

2.2 Collection of Samples in Local Saltworks

Solar saltworks consist of a single series unconnected
ponds. Ponds were selected according to their progress of
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evaporation, representing habitats of different specificity
due to the changing salt concentrations. The selection and
classification were carried out through previous visual-
ization and photographic recording. These were ordered
by increasing salinity and denoted as station 1 (ST1; Sup-
plementary Figure 1A), station 2 (ST2; Supplementary
Figure 1B), and station 3 (ST3). The latter was subdivided
into station 3.1 (ST3.1; Supplementary Figure 1C) repre-
senting lipid layers on the surface and station 3.2 (ST3.2;
Supplementary Figure 1D) representing water and lipids
from the crystallizer pond. Moreover dried salt was also
analyzed (SAL2; Supplementary Figure 1E)

One liter of water was taken at each sampling site and
subsequently centrifuged (BECKMAN Avanti™ J-25) at
20000 rpm for 10 min. Pellets were then pooled and two
grams (c.a.) were put into a 5 ml screw cap tube, filled up
with lysis buffer (50 mM TRIS HCI, 2 mM EDTA, 0.1%
SDS and 1% TRITON X-100) and afterwards stored at
-20 °C until use.

2.3 Isolation of DNA

DNA extraction was performed following the previously
described in Garcia-Jimenez et al. ", DNA from each of
sampling site were separately isolated. This way, water
was centrifuged and resulting pellet was homogenised
in liquid nitrogen and then incubated in 800 pl of isola-
tion solution containing 100 mM Tris-HCI (pH 8.2), 4 M
NaCl, 20 mM EDTA, CTAB (2%, w/v), PVPP (0.1%, w/
v), SDS (0.1%, w/v) and mercaptoethanol (2%) in a water
bath at 65 °C for 1 h. A volume of chloroform:isoamyl
alcohol solution (24:1 v/v) was added and the samples
were gently mixed by inversion at intervals of 20 s. The
mixture was then centrifuged for 10 min at 3000 rpm in
a Beckman Coulter Allegra X-22R centrifuge (Beckman
Coulter Inc. Brea, CA USA). Successive washings with
chloroform:isoamyl alcohol (24:1 v/v) solution were per-
formed. The supernatant was then placed in a fresh tube
and an equal volume of n-propanol (-20 °C) was added,
mixed gently and centrifuged at 13000 g for 30 min. The
resulting pellet, containing DNA, was washed with etha-
nol (80%, v/v, molecular grade), dried and suspended in
sterile deionised water. DNA yield were assessed using a
Nanodrop ND-1000 spectrophotometer (NanoDrop Tech-
nologies, Wilmington, Delaware, USA). All samples were
in triplicate. Purity DNA was valued by smear absence
migrating on a 0.8% (w/v) agarose gel.

2.4 Amplification with 16S rRNA and Specific
Primers

DNA (90-95 ng) was amplified using oligonucleotide
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pairs, 16S rRNA-F as a forward primer, and 16S rRNA-R
as a reverse primer (Table 1).

Table 1. Sequences of the forward (F) and reverse (R)
primers, for 16S rRNA gene

Target | Direction Prin.ler Nucleotide Sequence Reference
Pair 5—-3
Forward | BF27 | AGAGTTTGATCCTGGCTCAG
Archaea [14]
Reverse | BR1462 | TCCAGCCGCAGATTCCCCTAC
Forward | BF27 | AGAGTTTGATCCTGGCTCAG [14]
Bacteria
Reverse | B765R | CTGTTTGCTCCCCACGCTTTC [15]
Forward | B704F | GTAGCGGTGAAATGCGTAGA [15]
Archaea
Reverse | BR1462 | TCCAGCCGCAGATTCCCCTAC| [14]
Forward | B22F ATTCCGGTTGATCCTGC
Bacteria [15]
Reverse | B1521R | AGGAGGTGATCCAGCCGCAG
TTGATCCTGCCGGAGGC-
Forward | BF8
Archaea CATTG [14]
Reverse | BR1462 | TCCAGCCGCAGATTCCCCTAC

Amplification was performed in a GenAmp 2400
thermal cycler (PerkinElmer Inc., USA) with 30 cycles
consisting at 95 °C for 1 min, 48 °C for 1 min, and 72 °C
for 1.5 min, followed by a final extension step of 5 min at
72 °C. Each PCR reaction mixture contained 0.5 U Taka-
ra Ex Taq DNA polymerase (TaKaRa Shuzo Co., Shiga,
Japan), 2.5 mM dNTP, 10 pl Takara Ex Taq PCR buffer
with MgCl2, 10 uM each forward and reverse primers and
DNA template.

Amplification products corresponding to 16S rRNA
were purified through QIAEX agarose gel extraction kit
(Qiagen Inc., Hilden, Germany) according to manufactur-
er. Sequences were used for designing new primer pair for
nested PCR. The specific primer pairs used and annealing
temperatures, including putative bacterial species associ-
ated, are shown in Table 2.

Table 2. Specific Primer Pairs design in this study with
correlating Bacterial Species

Target Direc- | Primer | Tm | Ta Sequence
8 | tion | Pair |[°C]|[°C] 5.3
Halobac-| FO™ | 5\ g | 605 GTCCGGGGTAGGAGTGAAAT
terium | ward 5
salini- Re-
BACTR |56.4 CCCGCCAATTCCTTTAAGTT

bacter

Halobac-| For- | yop |70 ATTCCGGTTGATCCTGCCGGAGGTC

terium | ward 5]
cutiru- | Re-
brum HCR |64,6 GATCCAGCCGCAGATTCCCC
verse
Halo- VFVZ:d HSALIF | 60,5 GGTAGTCCTGGCCGTAAACA
rubrum R 52
salinum Vefs'e HSALIR | 60,5 AGGTCATCAACCTGGTCGTC
For | S ALIBF | 58,4 CAGGAATAAGCACCGGCTAA
Salino- | ward 5]
bacter Re-
SALIBR|56,1 ACATGCTCCACCGCTTGT

verse
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PCR products were visualised by agarose gel electro-
phoresis. In addition, amplification products were obtained
and purified using the QIAEX agarose gel extraction kit.
The fragments were then ligated to the pGEM-T-easy
cloning vector (Promega, Wisconsin, USA) and cloned in
IJM109 cells according to the manufacturer’s instructions
(Promega). Plasmids were isolated using a plasmid puri-
fication kit (Qiagen Inc.). The insert in the plasmid was
checked by PCR using primers M13F and M13R (Prome-
ga). The insert was then sequenced on both strands using
an ABI-310 DNA automated sequencer (Applied Biosys-
tems, Foster City, CA, USA) and BigDye Terminator v3.1.
Nucleotide sequences were submitted to NCBI GenBank
BLAST search and identified through similarity values.
Alignment of sequences was performed with ClustalX
v.1.7 " using the default settings and was further refined
by visual inspection. The alignment output was used to
generate a phylogenetic tree based on the Maximum Like-
lihood method and General Time Reversibility model "7
as implemented in MEGA X "*, The bootstrap consensus
tree inferred from 1000 replicates is taken to represent the
evolutionary history of the taxa analysed !"”. Branches
corresponding to partitions reproduced in less than 50% of
the bootstrap replicates collapse. The percentage of repli-
cate trees in which the associated taxa clustered together
in the bootstrap test (1000 replicates) are shown next to
the branches " Initial tree(s) for the heuristic search
were obtained automatically by applying Neighbour-Join
and BioNJ algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood ap-
proach, and then selecting the topology with superior log
likelihood value. A discrete gamma distribution was used
to model evolutionary rate differences between sites (2
categories (+G, parameter = 0.1000)).

3. Results and Discussion

The saline waters of the solar salterns in Gran Canaria
have a marine origin with a gradient of salt concentrations
according to evaporation. The appearance of salt pro-
duced in Vargas and Tenefé (Gran Canaria) ranged from
a pink color gradient to strong intense pink in relation to
the salinity increment in different ponds. It has also been
observed those ponds, whose color intensity is high, brine
become oily and viscous.

Despite diverse microbial groups inhabit multi-pond
solar saltworks, in which a gradient of salinities ranges
from seawater to NaCl precipitation, little is known about
bacterial communities in saltworks. Thus an approach to
characterize them via 16S rDNA gene sequencing method
was conducted. In order to determine the bacteria popu-
lation in different ponds, we identified bacteria through

12 Distributed under creative commons license 4.0

16S DNA-molecular technique. It is worth be aiming that
the objective was only a 16S DNA-bacteria screening. An
approach to study structure of microbial communities and
biodiversity cultivation is needed onwards.

Amplified 16S rDNA gene sequences with a molecular
size of approximately 1500 bp serve as genetic marker and
can be used to study bacterial phylogeny and taxonomy by
further processing combined with biocomputing analysis
9 Universal primers (Table 1) have been validated for
high-salinity bacteria on isolated DNA derived from crys-
tallizer ponds in different stages of evaporation. Different
universal primers match different positions of the genome,
identifying different areas of the 16S region ', Since
a broad range of primer combinations was already tested,
successful results were obtained with all primer pairs in
different sampling stations. In general, bacteria biodiver-
sity detected in ponds is quite similar although a bacteria
genus is remarkable over others.

Furthermore internal-PCR amplifications were con-
ducted as consequence of combinations of sequences
obtained by universal PCR and different specie-specif-
ic primer pairs (Table 2). Twenty-nine sequences of in-
ternal-amplifications were obtained and 18 out of them
allowed successfully identifying. 16S rDNA-internal
sequences ranged from 133 to 223 bp were most close-
ly annotated to three genera namely Halobacterium sp.,
Halorubrum sp., and Salinobacter sp. All of three genus
have been described as extremely halophilic bacteria that
grows in saturated sodium chloride **.

Bacterial community fluctuated depending on the prog-
ress of evaporation and concomitant change in salinity
and environmental conditions. Moreover, the increasing
salinity leads to a progressive specification of species be-
ing uninhabitable for unspecified organisms . Halobac-
terium genus was always reported in all crystallizer ponds
and salt whilst Halorubrum sp. and Salinobacter sp. were
unreported in solid salt. Halobacterium sp. species get
benefits from increasing salinity.

As this Halobacterium species have a cell membrane
red-color ®%, presumably the red shade in ponds comes
from cell membrane. Additionally, since the red color is
correlated to the presence of these kind of halophilic bac-
teria, an increasing habitability and improvement of living
conditions can be assumed .

Other authors have also shown that Halobacterium im-
parts red coloration to the brine and favor evaporation of
brine *”'. Likewise viscosity levels promote the formation of
larger salt crystals and thereby improve the salt quality ">

The phylogenetic analysis positioned the Halobacteri-
um sequences in a clade within Halobacterium salinarium
and Halobacterium sp. (Figure 2). Evolutionary analysis
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Figure 2. Phylogenetic trees created with MEGA X for nested PCR amplicon sequences. (A) ST1P; (B) ST3.1SP; (C)
SAL2G

Note: The evolutionary history was inferred by using the Maximum Likelihood method based on the General Time Reversible model, with the per-
centage of trees in which the associated taxa clustered together shown next to the branches "”'. The trees are drawn to scale, with branch lengths mea-
sured in the number of substitutions per site.
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using Maximum Likelihood method involved 24 nucleo-

tide sequences (Table 3).

Table 3. Sequences retrieved from NCBI database to
design phylogeny tree of Halobacterium

Species Strain Accesion Number

Halalkalicoccus tibetensis JCM 11890 NR 113416.1
YPL22 KX898195.1
o RM-G15 KP076310.1
H”"’b”;’lf;':s’:””’””' JCM 13558 NR 113425.1
JCM 13558 NR 112860.1
JCM 13558 AB663359.1
JCM 15102 AB663360.1
lob . . HmC1 KM258002.1
Halobacterium noricense PaM?2 KM258055.1
H4 DGR JF802162.1
Halobacterium rubrum TON-42-51 NR 1347431
TGN-42-S1 K(C914879.2
. . HJ-6 KY084540.1
Halobacterium um 03 KY084537 1
Uncultured AM947500.1
NRC-1 AB663363.1
BIHGY150/14 AM902591.1
Al AJ548827.1
. FIC146 3 EU308204.1
Halobacterium sp. M1 AY232299 1
P102070208-30 FJ609943.1
SP-2 KF697237.1

Y12 D14127.1
YI180-2 KJ917624.1

All in all, assuming the criterion for differentiating
bacteria with a 16S rDNA gene sequence similarity value
of over 85% ™, the phylogenetic trees of Halobacterium
were consistent with the molecular characterization and
their affiliations to the respective genus.

In conclusion, Vargas and Tenefé¢ saltworks are only
such biotope in Gran Canaria, which is done only for salt
production, but there is unlimited scope for commercial
exploitation of salts.

Nonetheless knowledge acquired in this work opens
up an interesting framework for further biotechnological
studies concerning revealed bacteria and the composition
of the bacterial community, as well as for studies inves-
tigating hypersaline habitats of crystallizer ponds from
Gran Canaria solar salterns. The commercial exploitation
of putative bacterial rhodopsin could lead to value added
by product.
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Supplementary Figure

Pink color of the liquid phase
Salt in suspension

Orange/red color of the liquid phase
Beginning of salt precipitation without fats

Fatty supernatant on the surface
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Fatty supernatant inluding water of the
crystallizer

' salt from the corner of the crystallizer
Pink color
Supplementary Figure 1. Sampling sites order by in-
creasing salinity and their properties
Note: A) Station 1 (ST1); Station 2 (ST2); Station 3 with fatty superna-

tant on the surface (ST3.1); Station 3 with fatty supernatant including
water of the crystallizer (ST3.2); Dry salt (SAL2).
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ARTICLE INFO ABSTRACT
Article history This study evaluated the effect of enriched artemia nauplii with commercial
Received: 17 December 2019 probiotic for angelfish larvae determining growth perfomance, survival and

modulation of the intestinal microbiota. Therefore, it experiment occurred

Accepted: 31 December 2019 in completely randomized design with five treatments (T1- 0.0, T2- 1.5, T3-

Published Online: 28 February 2020 3.0, T4- 4.5 and T5- 6.0g of commercial probiotic) and four replaces during
20 days. After larvaculture, post larvae passed by biometric procedures to
Keywords: determine productive performance and then microbiological analysis. Oc-

curred reduction of total heterotrophic bacteria while increased lactic acid
bacteria in the intestinal tract from the post larvae for treatments T3, T4 and
T5. The commercial probiotic also increased the survival and performance
Larvaculture as final weight, weight gain and specific growth rate. For these reasons, the
use of 3g of commercial probiotic promotes greater performance and intes-
tinal modulation for angelfish larvae.

Ornamental fish
Probiotic

1. Introduction In freshwater ornamental fish, the larvaculture remains

as the most problematic phase of production with highest
rnamental fish trade around the world has be-

comes a profitable activity moving approximate-

ly US 15 million ""*. Currently, it market look
for several fish species with highest quality, different
shape and colors **. Among the native fish species from
Amazon, the angelfish Pterophyllum scalare has econom-
ic potential into national and international market due to ~ Currently, the ornamental fish sector use widely artemia
this varied patterns and colors required by the ornamental ~ nauplii due to the size, protein and lipid profile as well as
market ">, enzymes that aid its digestion process "' In the last de-

mortality rate caused by management, inadequate nutri-

tion and stocking density *”*. These factors can reduces

its productive performance and health of the larvae >,
The larval phase, live feed have an important paper to

supply the nutritional requirement and its development ™.
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cade, fish farmers has applied different strategies for lar-
vaculture to improve the performance and health '>'*'¥,
Among the new strategies, enriched artemia nauplii with
probiotic showed nice results about the productive perfor-
mance, survival, improvement of immunological system
and intestinal modulation *'>'*"71%1%,

In front this, enriched diets for ornamental fish larvae
becomes an efficient strategy in captivity rearing. None-
theless, still missing scientific data about the use of pro-
biotic for larval diet. Thus, this study evaluated the effect
of enriched artemia nauplii with commercial probiotic for
angelfish larvae Pterophyllum scalare determining perfor-

mance, survival and intestinal modulation.

2. Material and Method
2.1 Experimental Design

This study used larvae of angelfish Pterophyllum scalare
(1.10+£0.01 mg and 4.70+0.25 mm) from natural repro-
duction, placed 10 fish per polyethylene tanks (total ca-
pacity for one liter). Therefore, it experiment occurred in
completely randomized design with five treatments (C-
0.0, T1- 1.5, T2- 3.0, T3- 4.5 and T4- 6.0 g of commercial
probiotic) and four replaces during 20 days.

The feeding management have four daily frequencies
(08, 11, 14 and 17 hours) providing one hundred artemia
nauplii per larvae . After the last daily feeding, it was
carried out water exchange (30%). The water quality
parameters were: temperature (28.6+0.35 °C), dissolved
oxygen (5.89+0.11 mg.L™") pH (6.56+0.42) total ammonia
(0.18+0.04 mg.L™") and electric conductivity (168+28.32
uS.cm™).

2.2 Biological Culture and Enrichment Process

To obtain the artemia nauplii, it used cyst 1g into the tank
(1 liter) with constant aeration during 24 hours . After
hatching time, artemia nauplii placed in becker (50mL)
received commercial probiotic Lactobacillus acidophilus
(1.1 x 10* CFU.g" and Enterococcus faecium 7.7x 10’
CFU.g" during 40 minutes before feeding management >,

2.3 Intestinal Microbiota

For determine bacterial amount in the intestine from post
larvae, its intestinal tract (pools of five larvae) macerated
with sterile saline solution 0.65% passed by serial dilu-
tion (1:10 factor). An aliquot (100 pL) from each of three
dilutions (10", 10° and 10”°) was used to inoculate petri
dishes containing either Triptone Soy Agar (TSA - incu-
bated at 30 °C for 24 hours) to obtain counts of total het-
erotrophic bacteria, or MRS Agar (incubated at 30 °C for

18 Distributed under creative commons license 4.0

48 hours) to obtain counts of lactic acid bacteria "

2.4 Growth Perfomance

At the end of experiment, all post larvae passed per bio-
metric procedure to determine weight and length evalu-
ating: Total length (TL), final weight (FW), weight gain
(WQG), specific growth rate (SGR), survival (S), uniformi-
ty (U) ' and relative condition factor (Kr) .

2.5 Statistical Analysis

Data was tested for normality (Shapiro-Wilk) and ho-
moscedasticity (Levene’s). Subsequent analysis of vari-
ance tests were performed applying post hoc Tukey tests
for separation of means (P<0.05) **). Microbiological
counts showed non-parametric characteristics and were
therefore log transformed [logX10 (x+1)] and arc sen
square root (X).

3. Result

At the end of experiment, occurred reduction (p<0,05)
of total heterotrophic bacteria (T2= 3.41+0.061; T3=
3.43+0.078 and T4= 3.36+0.04 Log CFU.g"), while in-
creased (p<0,05) lactic acid bacteria in the intestinal tract
from the post larvae for treatments T2 (3.81+£0.06 Log
CFU.g"), T3 (3.95+0.08 Log CFU.g") and T4 (3.950.12
Log CFU.g"), compared to control treatments (Figure 1).

® Lactic acid bacterial " Total heterotrophic bacterial

wn

b

3 2 2 :
a a a3
= e s
b
C Tl T2 T3 T4

Figure 1. Heterotrophic and lactic acid bacterial count-
ing from intestinal tract of angelfish larvae Pterophyllum
scalare

[¥] W 4

Bacterial count (log CFU.g")
]

(=]

Note: Different letters mean statistical difference (p<0.05) among the
treatments.

After 20 days, With regard to the productive perfor-
mance, larvae fed with the enriched artemia nauplii with
T2, T3 and T4 treatment, increased (p<0,05) final weight
(FW), weight gain (WG) and specific growth rate (SGRw)
for when compared to the control (table 1). Furthermore,
larvae mortality significantly increased (p<0,05) in the
control (72,048,5) (table 1).
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Table 1. Productive performance and survival from angelfish larvae Pterophyllum scalare fed with Artemia sp. without
enrichment (C) and enriched with commercial probiotic (T1: 1.5 g; T2: 3.0g; T3: 4.5g and T4: 6.0g) during larviculture

Treatments TL (mm) FW (mg) WG (mg) SGRy, (%) SGR,, (%) UNI (%) Kr S (%)
C 12,48+0,35 a 38+1,1b 35+1,1b 23,2+0,17 b 5,74+0,03 a 66.0£16,2 a 0,99+0,02 a 72,0£8,5b
T1 12,47+0,32 a 39+1,2b 35¢1,2b 23,4+0,18 b 5,71+0,16 a 75,8+12,4 a 0,99+0,02 a 84,5+12,5a
T2 12,83+£0,24 a 42+13 a 39+1,8 a 24,8+0,32 a 5,90+0,20 a 78,1150 a 1,00£0,01 a 92,0£9,4 a
T3 12,86+0,48 a 41£1,7 a 40+2,1 a 25,0£0,47 a 5,77£0,23 a 76,2£14,8 a 0,99+0,01 a 95,5£8,8 a
T4 12,71+£0,18 a 42+19a 39+1,6 a 25,2+0,53 a 5,83+£0,23 a 75,0£12,8 a 0,99+0,02 a 94,0£8,2 a

Note: Mean values + standard deviation from productive performance, different letters in column mean statistical difference (p<0.05).

4. Discussion

The use of bacteria with probiotic potential has showed
positive results to the ornamental aquaculture "%,
Nonetheless, still missing reports about their use for an-
gelfish larvae on productive performance, intestinal mod-
ulation and survival.

Colonize the intestinal tract stands out as the main
aspect to determine its probiotic potential !'>**. For this
study, the artemia nauplii works as transporter of probiotic
bacterium to the host. Its intestinal tract reduced the het-
erotrophic bacteria amount with the increases of probiotic
bacterium due to the competition for space, nutrients and
releasing of bactericides ">'**".

U7 reported it modulator effect in the intestine for an-
gelfish adult, as also to Carassius auratus * and Xiph-
ophorus helleri *. In addition, probiotic act as immune
stimulant forming barriers against pathogenic bacteria
and increasing its defense cell numbers "*'"***** Thus, it
increases above 80% of survival could be related to the
effects of probiotic bacterium included in the exogenous
diet during larvaculture.

The larval performance improved in this study with the
enrichment of artemia nauplii promoting greater weight
gain, specific growth rate and survival. It benefits would
be related to the intestinal modulation that provides in-
creased intestinal villi and better nutrient absorption
B9 According to *”, they observed similar result with
increased performance for angelfish larvae Pterophyllum
scalare using a different commercial probiotic.

For these reasons, enrichment of artemia nauplii be-
comes an efficient strategy to ornamental fish farming
considering the probiotic amount to reach its benefits
results. However, its microorganisms could influenced by
environmental factors, age, development phase and physi-
ological aspects """,

5. Conclusion

The enriched artemia nauplii with commercial probiotic
(3g/L) can modulates the intestinal tract, increases the per-

Distributed under creative commons license 4.0

formance and survival. Thus, it enriched diet can be used
as a new strategy for larvaculture of the angelfish larvae
Pterophyllum scalare.
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The demand for shark fins in Asiatic markets has resulted in excessive
increases in shark catches, even for species that may be under protection
or subject to management. As such, it has been necessary to develop and
promote monitoring efforts for exploited species and taxonomic groups in
order to improve fishing management strategies for elasmobranchs. Identi-
fying species from landings is one of many fishing management problems
because landed organisms have usually already been processed and are
therefore incomplete, which makes identification problematic, impedes
the generation of proper species records, and leads to poor fishery assess-
ments. Tools that can correctly identify species, such as various molecular
techniques, have become essential for accurate fishery assessments. In this
study, 30 hammerhead trunks from artisanal fisheries from the southern
portion of the Gulf of California were identified using multiplex PCR (17
Sphyrna lewini and 13 Sphyrna zygaena). The total fee to identify each
trunk with this technique was ~ $3.80 and the procedure required 2 to 5
days. When compared with other widely-used methods, such as PCR-RFLP
or barcoding, multiplex PCR is fast, efficient, low-cost, and easy to imple-
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1. Introduction

hark landings have increased in recent decades
due to the demand for shark fins in Asiatic mar-
kets and shark meat in locations, such as Hong

[ Shark meat is a relatively

Kong, China, and Korea
inexpensive protein source and is consumed by both
humans and domesticated animals "', Sharks fins are a
traditional ingredient in Chinese cuisine and are consid-
ered to possess beneficial properties™. Moreover, shark
fins continue to be viewed as status symbol due to the
associated exclusiveness and exoticism of the product
and shark fins are judged based on the length, thickness,
and texture of their fin needles, or ceratotrichia . Not
all the larger shark species possess the most attractive fin
needles, but a particular high demand exists for the carti-
laginous ceratotrichia found on of the Sphyrnidae family,
specially in the dorsal fin and lower lobe of the caudal
ﬁn[S-IO]'

In Mexico, shark fisheries represent an important eco-
nomic activity. Along the Mexican Pacific, hammerhead
sharks comprise up to 30% of elasmobranch catches "'
The scalloped hammerhead, Sphyrna lewini, and the
smooth hammerhead, Sphyrna zygaena, make up the ma-
jority of catches for this group. The distributions of these
species primarily overlap along the coast of Sinaloa .
Although these two species are morphologically distinct
as adults (S. lewini has an extra notch in the center of the
head), juveniles and shark trunks are difficult to identify
in the field and in landings . Since 2014, both S. lewi-
ni and S. zygaena have been listed in CITES Appendix I1
with the specification that their commercial exploitation
must not be detrimental to the survival of their popu-

11 .
"1 Therefore, accurate fishery assessments are

lations
necessary for the effective management and conservation
of these species and depend on the correct identification
of landed specimens "',

In developing countries few records of species-spe-
cific shark catches are available as official statistics only
report landings based on common or group names (i.e.,
a species complex). Moreover, the lack of biological
data and the misidentification of organisms and body
parts has hindered the proper identification of species in
landings "”. For example, hammerhead fisheries often
land sharks without heads, trunks, or fins or eviscerated
sharks, making species identification problematic '*'".
These factors have led to questionable fishery assess-
ments and the biological characteristics of a species are
generally not considered in management plans '"''*, As

such, the implementation of new tools to identify spe-
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cies in landings, such as the use of molecular markers,
is essential for reliable fishery assessments and effective
management plans. Molecular markers are species-spe-
cific and may be used by any molecular lab with the nec-
essary equipment to identify organisms within hours or
days given that their use requires following established
protocols %2 Fyrthermore, the use of low-cost
molecular tools in developing countries where resources
are often limited may facilitate the proper management
and conservation of fishery resources "',

Molecular methods of organism identification are di-
verse, yet the most common method is DNA barcoding,
which is comprised of a PCR and the subsequent se-
quencing of a DNA fragment (COI and/or rDNA!">**),
Techniques like PCR-RFLPs that involve a PCR, enzyme
digest, and agarose electrophoresis *' reduce costs and
sample processing times. Furthermore, multiplex-PCR
allows for the identification of multiple species in a sin-
gle PCR reaction using a primer set that amplifies target
sequences from multiple species at an affordable cost
132320 Although some multiplex PCR primers have been
validated, multiplex-PCR is not commonly used for the
identification of shark trunks or fins in shark fishery as-
sessments 7,

Multiplex PCR is an accurate, rapid, and simple tech-
nique that may be implemented in any molecular biology
lab to identify pelagic shark species . The technique
consists in a single PCR reaction with a primer set to
simultaneously discriminate between the DNA of dif-
ferent species. The primer design is derived from DNA
sequences that have been previously identified for each
species. Each primer only hybridizes target DNA and ad-
ditional primer design involves amplifying fragments of
different sizes for each species. Therefore, a subsequent
agarose or polyacrylamide electrophoresis is enough to
identify the species present in the sample without a fur-
ther manipulation of amplicons by restriction endonucle-
ase digestion or sequencing "*'.

Species of Sphyrnidae family are of the most caught
sharks worldwide, and a large percentage of the fins sold
in Asian markets come from this family ®*"***!. Given
their importance, identification protocols using molec-
ular techniques have been implemented for sphyrnid
species and have primarily consisted of DNA barcoding
and multiplex PCRP">*"*"#27 1n fact, species-specific
primers and a five-primer multiplex PCR have been de-
veloped and extensively tested worldwide for S. lewini, S.
mokarran, and S. zygaena *.

This work aimed to identify the trunks of hammerhead
sharks from artisanal fisheries in the southern portion of
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the Gulf of California in Mexico using multiplex-PCR.
This technique has been shown to identify sphyrnid
species correctly, efficiently, and reliably from a variety
of tissue types ¥ and is thus amply suited for the identi-
fication of hammerhead sharks from Mexican artisanal
fisheries. The results of this study provide an efficient
solution to the identification problems associated with
landed sphyrnid organisms as well as samples from
ichthyological collections. A proper record of sphyrnid
catches in Mexico will improve landing records and con-
sequently improve fishery assessments and management
in the country.

2. Material and Methods

Thirty hammerhead trunk samples from the Mexi-
can artisanal fisheries of Mazatlan (23°12°18.66"’N,
106°24°36.35’W) and Teacapan (22° 31°45.44°N,
105°44°09.53°W) in Sinaloa, and from Santa Rosalia
(27°20°13.72°N, 112°15°’45.79’W) in Baja California
Sur (Figure 1) were collected. Some of the sample trunks
were identified by fishers using local species names (ham-
merhead, Sphyrna lewini, and the black hammerhead, S.
zygaena).

U5 ure o WG w0 KO

3N

1]

Guif of
Mexico )

i

Figure 1. Location of sample sites in the Gulf of Califor-
nia

Tissues from Sinaloa were collected in 2017 and kept
in salt-saturated DMSO (SSD: saturated NaCl, ethylene-
diaminetetra-acetic acid, and dimethylsulfoxide 20%)
and preserved at room temperature before being placed
in long-term storage at 4 °C. Tissues from Baja Califor-
nia Sur were collected in 2011 and stored in ethanol at
room temperature. A Student’s t-test was used to com-
pare DNA quality and quantity between the different
preservation methods (salt-saturated DMSO or ethanol;
Table 1 P*)).

24 Distributed under creative commons license 4.0

Table 1. Concentration and quality of hammerhead shark
DNA. DNA quality is measured by the absorbance rate
A260/A280. Sample IDs are composed of species ab-
breviations (SZY=S. zyganea; SLE= S. lewini), sample
location (IP= Isla de la Piedra; TE= Teacapan; SR= Santa
Rosalia), and consecutive number. Bold sample IDs corre-
spond to the samples used in Figure 2. Results of the t-test
to detect differences among preservation methods: DNA
quality (= 1.57; p=0.13) and concentration (= -0.46; p=

0.64)

ID sample S?:;':_le Preservtai(t)i::n Solu- Qltl;li- Concentration (ng/pl)
SLETE-25| 2017 SSD 1.95 774.2
SLETE-26 | 2017 SSD 1.98 1292.6
SLETE-27| 2017 SSD 2.01 844.1
SLETE-28| 2017 SSD 1.98 222.8
SLETE-29 | 2017 SSD 1.98 565.5
SLETE-30| 2017 SSD 1.94 1560.1
SLETE-31| 2017 SSD 1.99 392.9
SLETE-32| 2017 SSD 1.59 2055.7
SLETE-33| 2017 SSD 2.05 532.8
SLETE-34| 2017 SSD 1.97 742.9
SLETE-35| 2017 SSD 2.06 433.8
SLEIP-29 | 2011 SSD 2.03 173.0
SLEIP-30 | 2011 SSD 2.00 53.8
SLEIP-31 2011 SSD 2.06 206.8
SLEIP-32 | 2011 SSD 2.1 184.8
SLEIP-33 | 2011 SSD 2.08 201.1
SLEIP-34 | 2011 SSD 2.00 156.5
SZYIP-23 | 2011 SSD 1.98 185.6
SZYIP-24 | 2011 SSD 2.07 120.7
SZYSR-1 2011 ethanol 2.08 335.9

SZYSR-2 | 2011 ethanol 2.04 228.4

SZYSR-3 2011 ethanol 1.99 360.7
SZYSR-4 | 2011 ethanol 2.05 151.0
SZYSR-6 | 2011 ethanol 1.99 239.1
SZYSR-7 | 2011 ethanol 1.98 417.2

SZYSR-8 | 2011 ethanol 2.01 478.6
SZYSR-9 | 2011 ethanol 1.91 655.8
SZYSR-10| 2011 ethanol 2.00 161.5
SZYSR-11| 2011 ethanol 2.04 134.0
SZYSR-12| 2011 ethanol 1.98 85.8

Average 2.00 464.9

Genomic DNA was extracted from 50 mg of tissue
using standard proteinase K digestion and purified with a
lithium chloride salting-out protocol, followed by organic
extraction using chloroform-isoamyl alcohol and subse-
quent ethanol precipitation °**. Nuclear ribosomal DNA
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(rDNA) was amplified. We used a PCR assay with three
optimal species-specific primers (S. lewini, S. zygaena,
and S. mokarran) combined in a S-primer (pentaplex)
reaction . The pentaplex PCR included: shark universal
primers FISHS.8S-F (5"-TTAGCGGTGGATCACTCG-
GCTCGT-3") and FISH28S-R (5'-TCCTCCGCTTAG-
TAATATGCTTAAATTCAGC-3" *¥) to amplify an rDNA
fragment containing the entire nuclear ribosomal DNA
internally transcribed spacer (/7S2) region plus short
portions of the flanking 5.8S and 28S ribosomal RNA
genes, and the species-specific primers for S. lewini (with
a ITS2 fragment of 445bp; ScCHH401F 5'-GGTAAAG-
GATCCGCTTTGCTGGA-3), S. mokarran (with a ITS2
fragment of 782bp; GtHH123F 5'-AGCAAAGAGCGT-
GGCTGGGGTTTCGA-3"), and S. zygaena (with a frag-
ment of 249bp; SmHH630 5'-TGAGTGCTGTGAGGG-
CACGTGGCCT-3" P).

Nuclear rDNA has been extensively tested as a shark
species diagnostic tool and has proven to be 100% accu-
rate for identification %), The advantage of using inter-
genic regions, such as /752, is the presence of multiple
insertion and deletions (indels), which are rare and reduce
erroneous identification between DNA samples of differ-
ent species because each species is tagged with a numeric
profile of fragment lengths.

All PCR reactions contained 0.2 mM dNTPs, 1x
PCR buffer (10 mM Tris HCL, 50 mM KCI and 1.5 mM
MgCl,), 0.4 uM of each primer, 0.5 U of Taqg DNAPol
(NEB, Ipswich, MA), and 10 ng of template DNA in a to-
tal volume of 10 pul. Amplifications were performed with
the following thermal profiles: 94 °C for 2 min, 35 cycles
of 95 °C for 1 min, 65 °C for 1 min, and 72 °C for 2 min,
followed by a final incubation at 72 °C for 10 min.

Positive DNA controls of previously identified sphyr-
nids (S. lewini and S. zygaena) and negative controls with
no target shark species were included in all PCRs. The
sphyrnid specimens that were used as positive controls
were collected from an artisanal fishery in Mazatlan.
These specimens were complete specimens and were
positively identified morphologically by a specialist. The
ITS2 region of the DNA samples collected from these
specimens was sequenced to confirm their morphological
identification. These samples were used as positive con-
trol in each PCR multiplex to identify thirty hammerhead
trunk samples.

3. Results and Discussion

A total of 30 samples were successfully identified to the
species level using the pentaplex method proposed by Ab-
ercrombie . The amplified samples presented 2-3 rDNA
fragments (Fig. 2). Bands of ~900 bp were complete
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fragments of the /752 region for both species, while the
smaller bands were species-specific. The rDNA fragments
of 249 bp pertained to S. zygaena, while fragments of 445
bp pertained to S. lewini. In some samples, we observed
bands of ~2000 bp, which represented the unspecific
amplification of a region of rDNA. Of the 30 samples
analyzed, 17 pertained to S. lewini (6 from Mazatlan and
11 from Teacapan) and 13 to S. zygaena (2 from Mazat-
lan and 11 from Santa Rosalia). The DNA samples of the
adult S. lewini and S. zygaena organisms that had been
correctly identified and used as the positive controls in the
multiplex PCR were used to confirm the corresponding
ITS2 fragments and multiplex PCR results, as has been

. . . 3,35
done in previous studies .

1000 by Efe s

S0 Lap [y a —
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Figure 2. Agarose electrophoresis (2%) showing multi lex
PCR results. Lane (1) DNA ladder, lanes (2-5) rDNA of S.
zygaena (Szy), lanes (6-9) rDNA of S. lewini (Sle), lanes
(10-11) samples no target (Mca=Mustelus californicus and
Gma= Gymnura marmorata), lane (12) negative control,
lane (13) DNA ladder. Amplicons of universal primers
were~900 bp.

Multiplex PCR and electrophoresis allowed us to
identify hammerhead shark species quickly, accurately,
and at low cost. Furthermore, the advantages associated
with multiplex PCR allowed us to make proper use of the
samples collected along the Mexican Pacific, which may
not have been possible with other methods. Our results,
and those of previous studies, indicate that multiplex PCR
can serve as a useful monitoring tool to identify ham-
merhead shark meat and fins in landings, markets, and in
mislabeled products worldwide ™'>*\. This application is
particularly important because S. lewini, S. zygaena, and
S. mokarran are listed in CITES Appendix II and their
commercialization is regulated. In Mexico, the molecular
identification of hammerhead sharks using multiplex PCR
during the seasonal elasmobranch fishing ban (from May
1* to July 31%; DOF 2007) will support law enforcement
and resource management efforts. Given the results of
our study, we suggest that multiplex PCR should be used
to identify hammerhead species in future evaluations of
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hammerhead landings in the Mexican Pacific and else-
where.

Although a higher concentration of DNA was observed
when samples were preserved with SSD than with eth-
anol, a statistical comparison between the preservation
methods found no significant differences in either DNA
concentration or quality (Table 1). In the absence of an
experimental test for the preservation efficiency of target
tissues, the use of either ethanol or the SSD buffer is ap-
propriate as neither method compromises the effectiveness
of amplification “"". This is also true for samples that have
been stored for several years.

The multiplex PCR results agree with the distributions
of both species near the mouth of the Gulf of California.
Artisanal fisheries land both S. lewini and S. zygaena in
this region and particularly in Sinaloa “***). The organ-
isms collected in Tecapan were S. lewini juveniles, which
also agree with previous studies that have designated the
Tecapan lagoon system as a possible nursery area for this
species **. The organisms collected in Santa Rosalia
were S. zygaena individuals, which coincides with the
distribution of this species in temperate zones . As ex-
pected, S. mokarran was not present among the sampled
tissues. This is likely because there have been few records
of S. mokarran in the Mexican Pacific over the last two
decades ' and there have only been a few catch records
in the southern Mexican Pacific "'**”. While S. media and
S. tiburo showed high catch rates in 1960s in the Gulf of
California, no catch records for these species are available
for the last decade. As such, these species have likely been
extirpated from the Gulf of California "**”. According
with this historic data, we did not expect to find these spe-
cies among landed specimens.

Multiplex PCR produces accurate and efficient re-
sults after the designation of species-specific molecular
markers, which requires a preliminary study involving
the comprehensive sampling of organisms and loci. The
disadvantages to using multiplex PCR include the initial
investment costs required to develop the primers and that
it can only be currently used to identify a small group of
hammerhead species ™"\, By taking into account species
distributions and regional fishing records, it is possible to
generate protocols for a given region. This implies that
shark species identification protocols using multiplex PCR
can be generated to identify species among samples, and
that only those samples that produce questionable results
may need to be sequenced””. A potential disadvantage to
multiplex PCR is the possible presence of inhibitory sub-
stances in the DNA template for PCR. Similarly, errors in
setting up the reaction may result in false negatives and
the erroneous interpretation of the absence of target spe-
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cies. Even though preliminary studies involve an addition-
al investment, multiplex PCR remains the best approach
to rapidly identify species of importance to conservation
efforts or commercial interests at an overall low cost.

We evaluated the time and costs associated with multi-
plex PCR and found that the generation of results requires
2-5 days, depending on the DNA extraction method, at
an expense of ~ $3.80 (reagent cost) per sample. When
comparing multiplex PCR with other methods, such as
PCR-RFLPs or DNA barcoding, the associated costs are
lower for multiplex PCR. For example, PCR-RFLPs re-
quire DNA extraction, a PCR ($3.80 per sample), and an
enzyme digest, which carries an additional charge of 0.60
cents per enzyme and adds an additional day to the time
required for the analysis. The DNA barcoding method
requires DNA extraction and a PCR ($3.80 per sample),
but it also requires Sanger sequencing, which brings an
additional fee of $8.00 (http://www.macrogen.com) and
2-3 additional days are required to send sample by mail
and have it processed in an external laboratory. Further-
more, PCR-RFLPs are generally inefficient because some
enzymes can produce similar banding, making it neces-
sary to use more than one enzyme *, which is reflected in
increased laboratory costs. Likewise, barcoding requires
the use of external sequencing services to obtain the final
result, which implies not only extra cost but also addition-
al time.

Identifying species from landings is one of many com-
mon fishing management problems. Landed organisms
have usually already been processed and are therefore
incomplete, which makes identifying species highly prob-
lematic. Hammerhead sharks in landings are particularly
difficult to identify morphologically as they are often
landed without heads. Therefore, molecular tools that can
correctly identify species, such as multiplex PCR, have
become essential for better catch records. Given that the
species-specific primers used in our study have been ex-
tensively tested and have been proven to be reliable™"**”,
we were able to identify 30 hammerhead trunks from ar-
tisanal fisheries from the southern portion of the Gulf of
California using multiplex PCR (17 Sphyrna lewini and
13 Sphyrna zygaena).
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