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Abstract:

The concentration levels of some potentially toxic
trace elements such as Cd, Cr, and Pb in the muscle
tissue of some shrimp and prawn species from North-
eastern Mediterranean Sea, Gulf of Mersin, Turkey
were seasonally determined in this study. The effects
of seasons on the potentially toxic trace elements
levels of regional commercially valuable five different
shrimp and prawn species (green tiger prawn-Penaeus
semisulcatus, kuruma prawn-Marsupenaeus
japonicus, caramote prawn-Melicertus kerathurus,
deepwater pink shrimp-Parapenaeus longirostris,
speckled shrimp-Metapenaeus monoceros) were
determined. 30 individuals of each species were
caught by bottom trawling from the Mediterranean
Sea (Gulf of Mersin) in four seasons in 2013. Shrimp
and prawn samples were extracted using digestion
method with concentrated nitric acid and per chloric
acid and metal levels were measured using ICP/MS.
The differences in Cd, Cr and Pb levels of muscle

tissue in all species were determined as 0.44-1.40 pg/g
dw, 1.38-5.80 ug/g dw, and 1.99-13.42 pg/g dw,
respectively. The quantitative relationships generally
found in the metal levels of muscle in all the species
were: Pb> Cr> Cd, but the concentration of each
potentially toxic heavy metal varied seasonally. If the
data obtained by this study were evaluated with
respect to the data in U.S. Food and Drug
Administration (2013), it would be obviously seen that
all the shrimp and prawn species living in Gulf of
Mersin were not contaminated with Cd and Cr but
contaminated with Pb. However, if it is analyzed in
accordance with European Commission (2011) and
Turkish Food Codex (2011), all species except winter
and spring samples of Parapenaeus longirostris are
contaminated with Cd and Pb.

Keywords: Shrimp, Prawn, Season, Heavy metals,

Cd, Cr, Pb
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Introduction

The concept of sustainable environment is cur-
rently being more significant depending on the
negative effects of anthropogenic metal pollution.
Numerous anthropogenic activities, such as
growing use of pesticides and artificial fertilizers
to improve the production yield in agricultural
activities from past to present, using several
methods to increase the efficiency in mining and
excessive industrial activities during the industri-
al age lead dramatically to metal pollution of the
global ecosystem. Metal contaminants with their
negative effects have important role on human
health and ecosystems. Metals as well as many
other natural elements are kept in balance with
biological and geological cycles. Many metals
are essential to living organisms but some of
them are highly toxic or become toxic at high
concentrations. For example, Fe (hemoglobin),
Cu (respiratory pigments), Zn (enzymes), Co
(Vitamin B 12), Mo and Mn (enzyme), light met-
als Sodium (Na), Potassium (K) and Calcium
(Ca) which play important biological roles. Tran-
sition metals Fe, Cu, Co and Mn which are essen-
tial but may be toxic at high concentrations. Met-
als such as Hg, Pb, Sn, Ni, Se, Cr and As are
generally not required for metabolic activity and
are toxic to living organisms at quite low concen-
trations. (Forster et al. 1983, Meria U. 1991).
People's impacts on natural habitats by their
industrial and mining activities can lead to
disruptions in the natural biogeochemical cycles
and also can damage human health.

The heavy metal contaminations not only
constitute a significant risk especially for human
health and nutrition but also can show some
negative effects on the natural balances of the
ecosystems. The negative effects of heavy metals
on ecosystems when compared with the factors of
other pollutants may not be observed in a short
time, but effects can be observed more in a long
term (Kucuksezgin et al., 2010). If the maximum
limit value of heavy metals is exceeded, the
heavy metals become hazardous elements for
both human health and ecosystems. Heavy metal
contaminations in human nutrition are serious
problems that have and feel fairly large negative
effects on human health for many years. Keeping
under a fairly tight control studies due to
intensive industrial activities in developed
countries are carried out to reduce adverse effects
of metal contamination on human and

ecosystems. Nevertheless, as a general belief seas
are seen as a pollution compensatory system.
This erroneous assumption has caused to
increasing to the dramatic levels of the metal
contaminations especially in the marine
ecosystems.  Although  consumed  marine
organisms can serve as food source for people,
they may be effective in the further spread of the
pollution effects. Therefore, determining the
levels of heavy metals in living organisms
collected from their natural habitats is an
important indicator for understanding the heavy
metal contamination in the living area and the
potential risks to human health. Determination of
heavy metal levels using the indicator species not
only in terms of the human health but also in
terms of the sustainability of ecosystems is a
necessary condition.

Heavy metals are potentially harmful factors to
both marine organisms and people. In aquatic
ecosystems various toxic elements such as heavy
metals can accumulate via the food chain and
they can create a health hazard when they are
consumed by humans (Fernandes et al, 2007).
Although people can be exposed to the metal
through media as water, air and soil, they are
exposed to them mostly through food (Alexander
et al, 2010). Due to the fact that the
epidemiological studies with heavy metals such
as nickel, chromium, arsenic, cadmium and
beryllium have been approved the carcinogenic
effects on experimental animals, it is also
believed to have carcinogenic effects even on
humans. (Nordberg et al. 2011)

Heavy metal accumulations also occur at skeletal
muscle as well as in internal organs such as liver,
kidney and spleen. Muscle tissues of marine
species are consumed denser by people with
respect to the other parts of the organs.
Knowledge of heavy metal levels of muscle is
important for human health. Heavy metal levels
in muscle tissues of marine species has been
determined by many researchers (Ayas and
Ozogul 2011, Yilmaz et al. 2010, Ayas et al.
2009, Kalay et al. 2008, Cogun et al. 20006,
Tiirkmen et al. 2005, Turan et al., 2009, Ersoy
and Celik, 2010).

Even in the Gulf of Mersin as with other marine
ecosystems there are several factors that affect
pollution. Kalay et al. (2004) have showed
artificial fertilizers and pesticides that are used
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extensively in agricultural activities, domestic
waste, waste of chrome, plastics, fertilizers, glass,
industrial facilities in the region and intense mari-
time traffic of Mersin Port as the main sources of
pollution in the Gulf of Mersin. The most of the
related studies in Gulf of Mersin claimed that
metal levels in some marine species showed sea-
sonal variations (Kargin et al. 2001, Kalay et al.
2004, Yilmaz and Yilmaz, 2007). That is why, it
is highly important to examine the metal levels of
demersal invertebrates seasonally which may be
the indicators particularly in terms of toxicity. In
this study, it is aimed to detect and determine the
seasonal changes of heavy metal levels such as
Cd, Cr and Pb levels on the shrimp species
caught in the Gulf of Mersin. Thus, it is also
aimed to determine whether the values of Cd, Cr
and Pb of shrimp and prawn species such as Pe-
naeus semisulcatus, Marsupenaeus japonicus,
Melicertus kerathurus, Parapenaeus longirostris,
Metapenaeus monoceros are above the limit lev-
els or not.

Materials and Methods

Five different shrimp and prawn species were
caught by Dbottom trawling from the
Mediterranean Sea (Gulf of Mersin) in four
seasons in 2013 (Figure 1). Shrimp and prawn
species were; green tiger prawn (Penaeus
semisulcatus De Haan 1844), kuruma prawn
(Marsupenaeus japonicus Bate 1888), caramote
prawn (Melicertus kerathurus Forskal 1775),
deepwater pink shrimp (Parapenaeus longirostris
Lucas 1846), and speckled shrimp (Metapenaeus
monoceros Fabricius 1798). In every season, 30

individuals of each species were caught and kept
in polystyrene boxes with ice and transferred
within ice to the laboratory. They were
marketable size such as Penaeus semisulcatus
17.43 +3.4cm, Marsupenaeus japonicus 15.4
+4.1cm, Melicertus kerathurus 12.8 +£2.2cm,
Parapenaeus  longirostris ~ 13.4  £3.7cm,
Metapenaeus Monoceros 12.6 £2.6cm. Meat of
abdominal muscle which is the main edible
portion of shrimp and prawn was homogenized
and metal analyses were done on this part of
fresh samples. The analyses were performed in
triplicate.

The muscle samples (0.1 g dry weight each) used
for metal analysis were dried at 150°C to reach
constant weight and then concentrated nitric acid
(4 mL, Merck, Darmstadt, Germany) and per
chloric acid (2 mL, Merck) were added to the
samples, and they were put on a hot plate set to
150°C  until all tissues were dissolved.
Inductively coupled plasma mass spectrometer
(ICP-MS, Agilent, 7500ce Model) was used to
determine metals. The metal concentrations (Cd,
Cr, Pb) in samples were detected as pg metal g
dry weight. The standard addition method was
used to correct for matrix effects. High purity
multi standard (Charleston, SC, USA) was used
for determination of the metals.

Statistical analysis

Statistical analysis of data was carried out with
the SPSS 16.0 Duncan’s test was used to evaluate
the species and season effects on metal levels.

Guzeloluk EIA Mersin
Esenbaglar v
Tuzla
Arpagbahsis GULF OF MERSIN Yemigli
Erdemli "'_3_.:".r-;r'.“' i
Limenlu Karst
Kumbkuyu
Kizkalesi
e, Atake Mediterranean
Silitke
Arkum Sea
Tasucu

Yesilovacik

Figure 1. The Map of Mersin Gulf (Google maps)





Journal of Aquaculture Engineering and Fisheries Research

Ayas et al., 2(2): 42-49 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

Results and Discussion

In this study, Cd, Cr and Pb levels on five differ-
ent species of shrimp and prawn - green tiger
prawn (Penaeus semisulcatus De Haan 1844),
kuruma prawn (Marsupenaeus japonicus Bate
1888), caramote prawn (Melicertus kerathurus
Forskal 1775), deepwater pink shrimp (Para-
penaeus longirostris Lucas 1846), and speckled
shrimp (Metapenaeus monoceros Fabricius 1798)
- caught by bottom trawling from the Mediterra-
nean Sea in the four seasons during the year 2013
in the Gulf of Mersin were determined and metal
concentrations were calculated in microgram per
gram dry basis (ug/g). The differences in Cd, Cr
and Pb levels of muscle tissue in all species were
determined as 0.44-1.40 pg/g, 1.38-5.80 pg/g,
and 1.99-13.42 pg/g, respectively. The quantita-
tive relationships generally found in the metal
levels of muscle in all the species were: Pb> Cr>
Cd (Table 1).

Results showed that the annual ranges of metal
levels of green tiger prawn were: 1.05-1.40 pg
Cd g’ 2.81-5.80 ug Cr g™, 5.01-10.80 ug Pb g™’
The annual ranges of metal levels of kuruma
prawn were: 0.71-1.10 ug Cd g', 2.40-5.37 ng
Crg', 5.55-8.30 ug Pb g’'. The annual ranges of
metal levels of caramote prawn were: 0.76-1.01
ng Cd g',2.32-4.53 ng Cr g!, 5.47-11.11 pg Pb
g'. The annual ranges of metal levels of deep-
water pink shrimp were: 0.44-0.67 pg Cd g,
1.38-3.44 ug Cr g, 1.99-4.40 pg Pb g'. The an-
nual ranges of metal levels of speckled shrimp
were: 0.55-0.97 pg Cd g, 2.38-4.38 pg Cr g,
7.29-13.42 ng Pb g! (Table 1).

Barrento et al. (2008) reported that Cd, and Pb
levels of European (Homarus gammarus) and
American (H. americanus) lobsters were 0.02-
0.02 pg/g dw, and 0.10-0.10 pg/g dw, respective-
ly, in Scotland. Cd and Pb levels presented by
those researchers were lower than the data ob-
tained in our study. In a similar study, Kargin et
al. (2001) reported Cd and Pb levels in muscle
tissue of two Mediterranean shrimp species as
0.5-1.9 pg/g dw, and 5.7-21.6 pg/g dw, respec-
tively, in Gulf of Iskenderun, northeasthern
Mediterranean Sea. It can be seen that the results
presented by them were similar to those in our
study. The Cd limit levels reported by European
Commission (2011) and, Turkish Food Codex
(2011) for crustacean were 0.5 ug Cd g'. It was
noted that except spring and winter samples of
Parapenaeus longirostris, all shrimp and prawn

species living in Gulf of Mersin were
contaminated with Cd. According to European
Commission (2011) and Turkish Food Codex
(2011), their toxicity levels exceed the levels
appropriate for human consumption. However,
U.S. Food and Drug Administration (2013)
reported the Cd limit level as 3 pg Cd g for
crustacean. The Cr limit level is reported as 12
ng Cr g for crustacean by U.S. Food and Drug
Administration (2013). European Commission
(2011) and, Turkish Food Codex (2011) set a Pb
limit level for crustacean as 0.5 pg Pb g™'. Thus,
it can be stated that all species living in Gulf of
Mersin were not contaminated with Cr but
contaminated with Pb. The results of this study
are as the same as the results found by Yilmaz
and Yilmaz, (2007), for Cr level of P.
semisulcatus species during the summer in Gulf
of Iskenderun. In the same study the Cr levels are
found as 9.3-12,0 pg/g in Autumn and 6.7-13,1
pg/g in Winter. These results are higher than
ours. While Pb levels reported by researchers in
the springtime are parallel to our study, the
values that have been found in our study are
lower than those in the other seasons. Similarly,
in another study in Iskenderun Gulf, the values of
Cr and Cd for P. semisulcatus species have been
found as 60.38 pg/g and 16.72 pg/g, respectively
(Firat et al. 2008). The reported results of
researchers are quite high compared to results of
our study. These differences can be explained by
the exposure to metal contamination at different
levels in different Gulfs of species.

Ozden (2010) has studied seasonal levels of the
metal in the Marmara Sea for P. longirostris
species and has stated the levels of Cd, Pb and Cr
as in the range of 0.007-0.0098 pg/g, 0.0197-
0.230 pg/g and 1.262 to 1.502 pg/g, respectively.
The Cr results of researchers are similar to ours
but their results of Pb and Cd levels are lower
compared to our study. In a similar study in
Marmara Sea for P. longirostris species by
Dokmeci et al. (2013), the levels of Cd, Cr and
Pb were found as 0.106 pg/g, 0.77 ng/g and 2.12
ug/g, respectively. While Pb levels reported by
researchers are similar to the levels determined in
our study, Cd and Cr levels were found lower. It
has been evaluated that the differences between
the results of the two studies described above
with the results of our study can be caused by
different pollution levels in the different marine
ecosystems.
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Table 1. The effects of season on the potentially toxic metal levels of the shrimp and prawn (ug g

DW)

Metal Spring Summer Autumn Winter Species
X +S X +Sg X+S; X +S
1.05 £0.22%Y 1.40 +0.122Y 1.11 £0.44%% 1.07 £0.25%¢ PS
0.91 £0.32%Y 1.10 £0.29% 0.71 +£0.33%* 0.80 +0.15%¢ MJ
Cd 0.83 +£0.37%Y 1.01 £0.28%Y 0.76 +£0.47% 0.82 +£0.22%% MK
0.44 +0.11** 0.67 £0.21>* 0.50 +£0.22%* 0.47 £0.37%% PL
0.55 +£0.14%¢ 0.97 £0.22%Y 0.69 +0.14** 0.63 £0.11%¢ MM
2.81 +£0.35% 5.80 +0.32%4 471 £0.12% 3.87 £0.31% PS
2.40 £0.21% 5.37 £0.23% 4.43 +0.12%Y 3.45 +0.24% MJ
Cr 2.32 40.23% 4.53 +0.15% 4.34 +0.32%Y 3.53 £0.22% MK
1.38 +£0.31>* 3.44 £0.11% 2.38 £0.51%* 2.44 +£0.29%% PL
2.38 £0.17% 4.31 +£0.24% 438 +0.26%Y 3.35+0.31% MM
5.01 £0.92%Y 10.80 +£1.02%* 8.71 +1.04%* 7.87 £0.55%* PS
6.29 +0.44%* 8.30 +1.37% 6.91 £0.51%Y 5.55 +0.92%Y MJ
Pb 5.47 £0.15% 11.11 +£1.61¢7 8.27 +0.49°* 7.12 £0.71%* MK
2.30 +£0.34%* 4.40 +£0.33%* 3.78 £0.88* 1.99 +0.77> PL
8.46 +1.88% 13.42 +0.45P 9.34 +0.44%" 7.29 +£0.45% MM

Different letters (x-q) in the same columns and in the same rows (a-d) for each metal indicate significant
differences (p<0.05). PS: Penaeus semisulcatus, MJ: Marsupenaeus japonicus, MK: Melicertus kerathurus, PL:
Parapenaeus longirostris, MM: Metapenaeus monoceros X + S mean+tstandard error

Numbers in bold means maximum and minimum values of each element obtained in this study.

Rahimi et al. (2013) have determined Cd level
for P. semisulcatus species around of the coast of
Iran as 0.054 pg/g. Cd level, which we achieved
in our study, is higher than the level reported by
researchers. Although, Cd levels in Parapenaeus
longirostris were obtained within limit values, Cd
levels of other species exceeded the upper limit
in our study. Since the shrimp species live in
deep water, having higher values of heavy metal
accumulation can be considered normal, but the
reason of this higher level of Cd accumulation
has been thought to be caused by the difference
in geographic density and concentration of indus-
trial activities. Compounds, batteries, and elec-
tronic components containing Cd and Pb are used
as corrosion inhibitors for steel production and in
nuclear power plants (Nordberg et al. 2011).
Performed extensively iron and steel industry
activities in the Gulf of Iskenderun are likely to
direct negative impact on North Eastern
Mediterranean.

Although Pb naturally occurs in nature, its
polluting effect is generally enhanced by
industrial activities carried out by people in the
fields such as mining, casting industry, and
battery manufacturing industry (Alexander et al.
2010). Similarly, the amount of Cd may be

increased by industrial and agricultural activities.
Cr, Cd and Pb levels of species we have
examined in the Gulf of Mersin have shown that
Cd level of P. longirostris is close to the limit,
while Cd levels in other species were found
above the limit value. In terms of Pb values,
contamination is concerned for all types of
species. The reason of having high levels of Cd
and Pb in the Gulf of Mersin is thought to be high
due to the activities carried out by people.

In many countries throughout the world, some
alternatives and restrictions for using and
releasing of heavy metals have entered into force,
due to the negative impact of industrial activities
on marine ecosystems. For example, since the
less toxic elements can be used instead of Cd, its
use has been banned in some countries (Nordberg
et al. 2011). Consequently, for the determination
of metal contamination in marine ecosystems
across the globe, many studies are carried out in
the Mediterranean (D’Adamo et al. 2008, Firat et
al. 2008, Hanan et al. 2009, Ayas and Ozogul
2011). On the one hand, our studies contribute to
the results of other studies; on the other hand, it
also shows that metal toxicity levels are above
the limits particularly in the Gulf of Mersin.
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Conclusion

Metal levels of the marine species in the Gulf of
Mersin have a potential threat on both human
health and the marine ecosystem. It was observed
that Cd and Pb levels were above the legal limit.
In this situation, we are of the opinion that results
from industrial activities and intense marine traf-
fic. When the levels of Cd and Pb are over the
legal limits, they have adverse effects on human
health. Overall, Cd, Cr and Pb levels in this spe-
cies were observed at higher levels in the sum-
mer. We believe that this situation results from
increased ship traffic and tourism in the summer
season. As a conclusion, the species in the Gulf
of Mersin should be examined periodically in
terms of potential threats of Cd and Pb.
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Abstract:

Length-weight relationship of Macrognathus pancalus had
been carried out from two different waterbodies of upper
Assam during 2009-2011. The pool data for the co-efficient
of regression (b) was recorded as 1.408 in juveniles; 2.977
in males; 3.034 in females. It reveals that females have
better growth than males and juvenile. The ‘b’ for males was
found to be minimum (1.408) in 6-9 cm and maximum
(3.024) in15-18 cm whereas, for females the lowest (1.807)
in 9-12 cm and highest (3.202) in >15 cm groups. In
different seasons, the ‘b’ value ranged from 2.982 (pre-
monsoon) to 3.253 (winter) for males while for females,
from 2.825 (post-monsoon) to 3.571 (winter). It indicates
that both the sexes did not follow the cube law (b=3). The
higher condition factor ‘K’ for males (4.622) and females
(4.362) were observed in 9-12 ¢m and lower values for
males (4.128) and for females (3.961) were recorded in 12-
15 cm and >15 cm length group. The maximum (4.282) and
minimum (3.686) of ‘K’ for males were recorded in post
monsoon and pre-monsoon while in female, the maximum
(4.376) in monsoon and minimum (3.913) in winter. It
reveals that the species were in good conditions. The ‘r’
values for in all cases were found to be highly correlated
between length and weight.
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Introduction

In fisheries research, length-weight relationships
(LWR) are important for the estimation of
weights where only length data are available and
as an index of the condition factor or general well
being and gonad development of the fish (Pauly,
1993; Petrakis & Stregiou, 1995; Goncalves et
al., 1997, Haimovici & Velasco, 2000). Basic
information on such as parameters that relate
weight to length of fish is of great importance in
studies on the evaluation of fish stocks (Entsua-
Mensah et al.,, 1995) and fisheries biology
(Vazzoler, 1996).  Furthermore, seasonal
variations in fish growth can be tracked in this
way (Ritcher et al., 2000). LWR is universal that
growth of fishes or any other animal increases
with the increase in body length.

The condition factor, often referred to as K factor
provides information on wellbeing of a fish and
is usually influenced by age of fish, sex, season,
maturity stages etc. It is compares the wellbeing
of a fish and is based on the hypothesis that
heavier fish of a given length are in better
condition (Bagenal & Tesch, 1978). Condition
factor has been used as an index of growth and
feeding intensity (Fagade, 1979). Fish specimens
of a given length, exhibiting higher weight are
said to be in better condition (Anyanwu et al.,
2007).

Information available on the length-weight
relationship and condition factor of spiny eel was
reported by some workers; Lazarus & Reddy
(1986) in Macrognathus aculeatus (Bloch) while
Froese & Binohlam (2000) in Mastacembelus
pancalus. Pazira et al. (2005) reported on the age
structure and  growth  properties of
Mastacembelus mastacembelus in southern Iran.
Serajuddin  (2005) studied the relationship
between length and weight and condition factor
(Kn) of Mastacembelus armatus (Lacepede) from
of Uttar Pradesh. Hossain et al. (2006) carry out
the first comprehensive description of the length—
weight relationships (LWRs) and length—length
relationships (LLRs) of Macrognathus aculeatus
and M. pancalus from the Mathabhanga River,
southwestern Bangladesh. Again, Ahirrao (2008)
studied the length-weight relationship of
Mastacembelus armatus (Lace’pede) from
Mabharashtra. Further, Oymak et al. (2009)
reported preliminary information on length-
weight relationship and growth of
Mastacembelus mastacembelus from Turkey.

More recently, Abujam and Biswas (2014)
studied on the length-weight relationship and
condition factor of Macrognathus aral from
upper Assam, India.

Macrognathus pancalus are found in India,
Pakistan, Bangladesh, Sri Lanka, Myanmar,
Nepal, Thailand, Malaysia and southern China
(Talwar & Jhingran, 1991; Serajuddin, 2005;
Froese & Paully, 2006). The spiny eels are
regarded a delicious, as excellent food fishes and
occasionally kept as pets in aquarium and widely
accepted fish in the Asian sub-continent (Nelson,
1994; Narejo et al., 2002/2003). Moreover, the
species has also gained importance for its
ornamental value as an indigenous aquarium fish
in India and is being exported to America,
Europe and other Asian countries in recent years
(Sugunan et al., 2002 and Tripathi, 2004). The
spiny eel is economically important and palatable
as a table fish and demand for the fish almost
always exceeds its supply, particularly in
northern and eastern India where people relish
alive and less bony fish (Serajuddin, 2005). M.
pancalus fetches higher market price (Rs. 200-
260/-per Kg) as food fishes in particularly local
markets of upper Assam and NE India as well
especially when sold alive. However, no work
has been reported so far from this region, hence,
the present investigation has taken up from
different waterbody of upper Assam, India.

Materials and Methods

Fish samples for the present study were mostly
collected monthly from Maijan wetland (27°30’
14.4" N and 94°58' 04.8" E) of Dibrugarh and
Guijan Ghat (27°34' 39.4” N and 94°19’ 29.60"
E) of Tinsukia Districts of Assam between 2009
and 2011. Maijan wetland is an oxbow lake and
its elevation ranged from 86 to 102 m. The
maximum and minimum depth is 9 and 3 m
respectively. The water body is completely
surrounded by tea garden and there is a small
connecting channel with the Brahmaputra River.
The beel (wetland) covering total an area of 134
ha. The Guijan ghat is just located at
Brahmaputra River. Altogether 467 specimens of
M. pancalus (Figure 1) were collected for
calculation of length-weight relationship. The
total length, weight, sex and maturity of gonad
were recorded and then preserved in 10%
formalin for subsequent analysis.

Abujam & Biswas, 2(2): 50-60 (2016)
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Figure 1. Specimen of M. pancalus

Length-weight relationship and condition
factor (K):

Length-weight relationship: The length-weight
relationship was calculated by the allometric
growth formula as used by Ricker (1973) and
Pauly, (1983) in the form of: W = aL°; where ‘W’
stands for weight, ‘L’ for length, ‘a’ is a constant
and ‘b’ the exponent. The equation was
transformed into a logarithmic as suggested by
Le Cren (1951) and expressed as: Log W = Log a
+ b Log L; where ‘a’ is a constant being initial
growth and ‘b’ is the growth coefficient. The
values of ‘a’ and ‘b° were determined
empirically. The observed average weight of the
species has been plotted against the average
observed length to examine the nature of
parabola. The regression of log-weight on log-
length has been calculated by the method of
“least squares” by grouping the sample data. The
data are first graphed at 4 cm interval and the
relationship is calculated for different life stages.
Correlation of co-efficient (r) for length and
weight has also been calculated.

Condition factor: Individual variations from
general length-weight relationship have been
studied under the general name condition (Le
Cren, 1951). Changes in condition factor (K) or
‘ponderal index’ has been calculated by using the

following formula (Pauly, 1984 and Wooton,
1992).

L3

Where; K = condition factor, W = Mean weight
of the fish (g) and L=Mean length of the fish
(cm). The number 10° is a factor to bring the
ponderal index (K) to near unity (Carlander,
1970).

Results and Discussion

Length-weight relationship of juvenile, male
and female of spiny eel:

The logarithmic regression equations of M.
pancalus may be represented as pooled data are
as follows:

Juvenile: Log W= -0.848+1.408 Log L (r= 0.479),
Male: Log W= -2.411+2.977 Log L (= 0.865)
and

Female: Log W= -2.449+3.034 Log L (r = 0.885)

It is clear that b values of M. pancalus are more
or less and very close to the regression line and
hence it can be assumed that there is a close

Abujam & Biswas, 2(2): 50-60 (2016)
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relationship between length and weight. The ‘b’
value for the juvenile was lower than that male
and female (Figure 2A-C). This shows that a
juvenile is lighter in weight in relation to its
length than male and female. The exponential
value ‘b’ of the pooled equation of the length-
weight relationship for male and female was
found to be slightly deviate from the cube law
(b=3), indicating an allometric pattern of growth.
The correlation coefficient ‘r’ shows a very high

05
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03

0,25

Weight (g)

0,82 0,84 0,86 0,88

degree of correlation between length and weight
of male and female. The regressions ‘b’ was
highly significant, with the coefficient of
correlation ‘r’ (p<0.001). A similar observation
was also recorded in Macrognathus aral
(Abujam & Biswas, 2014). The variations in the
exponential values ‘b’ might be due to composite
culture and certain environmental conditions
(Lakshman; 1967; Narejo et al., 2003).
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Figure 1(A). Length-weight relationship in juvenile of M. pancalus (6-9cm)
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Figure 2(B). Length-weight relationships in male of M. pancalus
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Figure 2(C). Length-weight relationships in female of M. pancalus

Length-weight relationship of spiny eel at
different length groups:

A linear relationship between the log weight and
log length and as well as condition factor in
different size group was established for both
sexes of M. pancalus (Table 1). The coefficient
of regression (b) was ranged from 1.408 to 3.024
for males and from 1.807 to 3.202 for females.
The coefficient of correlation (r) values for
different length groups were ranged between
0.451 and 0.648 for males and 0.560 and 0.744
for females. The higher ‘K’ value for males
(4.622) and females (4.362) were observed in 9-
12 cm length group and lower values for males
(4.128) and for females (3.961) were recorded in
12-15 cm and >15 cm length group.

A positive linear relationship was found in
different length groups of M. pancalus. The
exponential value ‘b’ was significantly higher
than ‘3’ in certain higher length groups of the
species while, ‘b’ value was less than ‘3’ in most
of the length groups. In overall, both the sexes
showed poor growth rate but they were very
close to the ideal value ‘3°. The regression
coefficient ‘b’ is significantly different from ‘3’
suggesting a deviation from the so called cube
law and it reveals that the fish didn’t follow the
cube law. Thakur & Das (1974) stated that the
value of an exponent significantly greater than
‘3> or less than ‘3’ denoted that it did not

maintain the isometric (b=3) pattern of growth.
This means that if the exponent is less than 3, the
species becomes lighter for its length as it grows
larger and if greater than 3, the species becomes
heavier for its length as it grows longer.

Tesch (1968) also reported that value of
regression coefficient ‘b’ might be in between 2.0
and 4.0. However, Wootton (1992) provides a
rough idea on this situation, indicating that
allometric growth is negative (b<3) if the fish
gets relatively thinner as it grows larger and
positive (b>3) if it gets plumber as it grows. The
regression co-efficient for isometric growth is ‘3’
and values greater or less than ‘3’ indicate
allometric growth (Gayanilo & Pauly, 1997). The
short length groups of the species were
determined when the value of b<3.0 in both
sexes. In this group, the growth in length is not
proportionate to the increase in weight and
indicating negative allometric growth. When the
weight gain is more than an increase in length,
the fish falls in heavy length group with b> 3.0
and indicates positive allometric growth. Though
the “b” value depends primarily on the shape and
fatness, other factors like temperature, food
quality, quantity and food size, sex, time of year
and stage of maturity also contribute its
fluctuation (Pauly, 1984; Sparre, 1992; Cherif et
al., 2008).
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Table 1. Length-weight relationship and K factor at different size groups of M. pancalus

Length Sex b r K Regression equation
group (cm) (Log W=Loga+bLoglL)

6-9 M 1.408 | 0.451 4.137 Log W=-0.848+1.408 Log L
9-12 M 2.233 | 0.648 | 4.622 Log W=-1.566+2.233 Log L
12-15 M 2.563 | 0.553 4.128 Log W= -1.694+2.563 Log L
15-18 M 3.024 | 0.526 | 4.146 Log W=-2.465+3.024 Log L
9-12 F 1.807 | 0.560 | 4.362 Log W=-1.139+1.807 Log L
12-15 F 2.611 | 0.694 | 4.160 Log W=-1.951+2.611 Log L
>15 F 3.202 | 0.744 | 3.961 Log W=-2.663+3.202 Log L

Table 2. Length-weight relationship and K-factor of M. pancalus in different seasons

Seasons Sex | ‘b’ r’ ‘K’ Regression equation
(Log W=Loga-+bLogL)

Winter M 3.253 0.945 | 4.258 | Log W=-2.684+3.253 Log L
(Dec-Feb) F 3.571 0.875 |[3.913 | Log W=-3.059+3.571 Log L
Pre-monsoon M 2.982 0.897 |3.686 | Log W=-2.443+2982 LogL
(Mar-May) F 3.163 0.895 |3.924 | Log W=-2.608+3.163 Log L
Monsoon M 3.193 0.758 | 3.831 Log W=-2.654+3.193 Log L
(Jun-Aug) F 2.994 0.931 |4.376 | Log W=-2.404+2.994 Log L
Post-monsoon | M 3.146 0.947 | 4.282 | Log W=-2.563+3.146 Log L
(Sep-Nov) F 2.825 0.966 |3.966 |LogW=-2215+2.825LogL

Key: b = Coefficient of regression, r = Coefficient of correlation (Pearson), K = condition factor.

Length-weight relationship of spiny eel at
different seasons:

The length-weight relationship was also
calculated for different seasons (winter, pre-
monsoon, monsoon and post-monsoon) to see the
seasonal impact on the relationship (Table 2).
The ‘b’ value ranged from 2.982 (pre-monsoon)
and 3.253 (winter) for males while it was
recorded as 2.825 (post-monsoon) and 3.571
(winter) for females. The coefficient of
correlation ‘r’ value ranged from 0.758 to 0.947
for males and from 0.875 to 0.966 for females.
Again, the average maximum and minimum K
values ranged from 4.282 (post monsoon) to
3.686 (pre-monsoon) for males while in female,
the maximum values (4.376) and minimum
(3.913) were recorded during monsoon and
winter respectively (Table 2). As a whole, the
value of mean condition factor (K) was recorded
as 4.014 +0.387 (male) and 4.045 +0.403
(female).

As far as seasons are concerned, the positive
allometric growth (b>3) was observed in winter
in both the sexes of M. pancalus while the

negative allometric growth (b<3) were recorded
in pre-monsoon (male) and post monsoon
seasons (female). The more or less value of ‘b’
was found in pre-monsoon, monsoon and post-
monsoon seasons in both male and female. It is
evident from the results that the wvalue of
regression coefficient of M. pancalus, tends to be
higher during winter and lower during monsoon
seasons. According to Bagenal & Tesch (1978a)
and Goncalves et al. (1997) the ‘b’ value may
change seasonally and even daily and also
between habitats. Hence, it can be suggested that
the LWRs is affected by different factors like
age, sex, maturity, temperature, diet and habitats.
Again, the cube law is not confirmed for all
fishes because growth causes for the change of
their shape (Ali, 1999; Abujam & Biswas, 2014).

A high degree of positive coefficient of
correlation ‘r’ between length and weight has
been observed in different length group and
seasons. From the results, it can be suggested that
the length and weight of female of M. pancalus
are slightly better correlated than the male. The
intercept ‘a’ of all the length groups and seasonal
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was negative which indicates a perfect linear
relationship between the variables. Higher values
of ‘b’ (>3) were reported in carps (Bhatnagar,
1972; Khan, 1972). While exponential values ‘b’
less than 3 were reported in major carps (Rao &
Rao, 1972; Pathak, 1975; Kulshrestha et al.,
1993). The LWR shows that the values of ‘b’ was
found to be less than 3 in different species and
even in the same species from different water
bodies (Khan, 1988; Yousuf et al., 1992).

Condition factor (K) at different length groups:

During the present study the value of K showed
fluctuations in all length groups of males and
females (Figure 3). The maximum value of ‘K’
for males and females were recorded in 9-12 cm
length group and that of minimum for males were
recorded in 12-15 cm and for females in >15 cm
length groups. According to Welcome (1979),
condition factor decreases with increase in length
and also influences the reproductive cycle in fish.
It has been observed that the high ‘K’ value of
males and females was observed in lower length
group and the sharp decline in ‘K’ value in both
sexes in higher length groups, might be due to
approach of breeding season and subsequent
release of gonadal product. Rao & Rao (1972)
and Desai (1973) also reported that the decrease
in ‘K’ in the higher length group of species with
irrespective of sexes may be associated with
sexual maturity or spawning phase. The decrease

in condition factor with increasing length of both
the species might be due to slower growth as it is
expected that most of the energy derived by the
fish has been channelized for gonadal
development (Abujam & Biswas, 2014).

Monthly fluctuations of condition factor (K):

The highest ‘K’ value for males was observed in
February and lowest in June while in females, the
highest and lowest values were recorded in July
and March respectively (Figure 4). As a whole,
the average maximum and minimum of ‘K’ were
recorded during post monsoon and pre-monsoon
for males while in female, the maximum and
minimum were recorded during monsoon and
winter respectively. The values of the ‘K’ vary
according to seasons and are influenced by
environmental conditions (Braga, 1986). It has
been observed that the females were better
condition (mean K=4.045) than male (mean
K=4.014). The values of ‘K’ indicated that the
species were ideal fish and as well as they were
in healthy condition. The variations in the ‘K’
may be attributed to different factors, such as
environmental condition, degree of parasitisation,
food availability and the gonadal maturity as has
also been suggested by some workers (Jhingran,
1972; Bashirullah, 1975). Similar observations
have also been reported by Jhingran (1972) and
Dasgupta (1991) in Tor putitora and Abujam &
Biswas (2014) in M. aral.
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Figure 3. Condition factor (K) at different length group in M. pancalus

Abujam & Biswas, 2(2): 50-60 (2016)





Journal of Aquaculture Engineering and Fisheries Research

Abujam & Biswas, 2(2): 50-60 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

6
5
4,367
B35
4 3R 382 A e =¥ 4,329
, % 4,245 , v G P O
Neo 3386 , , 3-87¢ TR56
. 3,595 = <) 3}505 ] e
=)
23 4D
=
%4
2
1
0 MOMNTHS
lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Male K

Fermnale K

Figure 4. Monthly condition factor (K) for M. pancalus

Conclusion

The positive allometric growth was observed in
longer length group and negative allometric
growth was in shorter length group. Again, the
positive and negative allometric growth was also
recorded in seasons. In overall, the growth
coefficient (b) calculated from LWR for both the
sex was varied and the growth did not follow the
typical ‘cube law’ in different length group and
seasons. The ‘r’ value in respect of length and
weight indicated that in all the cases this
relationship was positive in different length
group as well as in different seasons. The ‘K’
value was above the ideal value and indicated
that the species were in good conditions in their
natural habitats.
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Introduction

The demand for fish is continually increasing
holding to the increase in population and the
health benefits of eating fish. As a result, the
aquaculture industry is becoming the fastest
growing food producing sector in the world
(FAO 2000; FAO 2006). As fish farming
intensifies, so is the fish feed industry challenged
with providing feed that are nutritionally
balanced for the utmost growth of cultured fish.
The major ingredients in fish feeds are protein
and energy supplement. Tiamiyu et al., (2015)
reported that conventional feed stuffs are
dwindling in supply leading to arbitrary hike in
prices. More so, conventional ingredients used in
fish feed are in high demand for human
consumption hence, to reduce this competition
between human and animals it is important to get
locally available material of lower price and has
wide availability to replace costly conventional
feed stuffs.

Moringa (Moringa oleifera) is a fast-growing
plant widely available in tropical and subtropical
Africa  with  several  economic-important
industrial and medicinal wuses. Nutritional
advantage includes high essential amino acid
(EAA) (Ogunji, et al., 2001; WHO, 1985;
Guillaume et al., 2001). This study however tend
to investigate the suitability of processed
Moringa leave meal as substitute for soybean
mean in the diet of O. niloticus.

Materials and Methods

Moringa oleifera leaves (MOL) were obtained
from the Crop production research farm of the
University of Agriculture Makurdi, Nigeria, and
were dried under shade (to prevent nutrient loss
under direct sunlight). After drying, the leaves
were steam heated at 60°C for 15 minutes in
auto—clave oven according to methods described
by Hardy (2000). This is to deactivate anti-
nutritive factors such as tannins, phytic acid and
saponin that may inhibit digestion of MOL
proteins (Hardy, 2000). The leaves were allowed
to dry under shade before being milled through a
0.01 mm screen, other feed ingredients used in
the feed formulation includes Fish meal, soybean
meal, Maize meal, Vitamin and Mineral
premixes, these were purchased from the
Makurdi Modern market, they were processes
and grinded into meal for storage. Five diets of
25% crude protein were formulated with MOL
meal replacing soybeans at 25% (DT:), 50%

(DT3), 75% (DTa4), 100% (DTs) and control diet
0% (DT}) had no inclusion of MOL. O. niloticus
fry were gotten from the Departmental of
Fisheries and Aquaculture fish hatchery and were
acclimatized for two weeks prior to the start of
the study. 20 fingerlings of O. niloticus, of initial
weight 10.62g were randomly distributed to 10
hapas and growth monitored for 56 days. The
Hapas were made from nets measuring 1x1x1
and mounted with a kuralon rope bamboo sticks
staked on the pond. Stones were attached to the
four bottom corners of the hapas to serve as
sinkers. This enables the bottom surface of the
hapas to spread uniformly and to extend properly.
The extension made easy inflow and outflow of
water through each hapa and were immersed in
the pond water half way to enable ease of access.

Feeding was done twice daily by hand at 5% of
the cumulative body weight of each hapa.
Fingerlings were weight weekly so as to adjust
the feed by virtue of weight gained. A Tefal
electronic digital scale was used to measure
weights of fingerlings per week in grams.

Growth performance was estimated as stated

below.

(a) Mean Weight Gain MWG) =
Mean final weight — Mean initial weight

(b) Feed Conversion Ratio (FCR ) =

ary Ferd imtake
wWeE welgne gelw

(¢c) Specific Growth Rate (%/day) =

log lwi) = log, (we,)
[ -

==ly

Where Wt;= Initial weight gain
Wt,= Final weight gain

T»-T1= Duration (in days) considered between Wt, and Wt;

(d) Protein Efficiency Ratio =

WEE welgnt galwa
proieie Ffed

Where Protein Fed=

Sprovein in diet Jrerol dier comsumed
10
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Proximate compositions of MOL meal, diets
formulated, initial and final carcass of fish were
determined according to standard methods by
AOAC (2000). The data obtained from the study
were analyzed using Gen stat® discovery edition
4 and Minitab® 14, descriptive statistics were
done and mean gotten were subjected to analysis
of variance, where significant differences were
obtained (P<0.05), means were separated using
Duncan’s least significant difference (LSD).

Results and Discussion

Most published research on the use of plant pro-
tein as a substitute of SBM in fish feeds has fo-
cused on the inclusion of various unconventional
feeds stuff such as Palm kernel meal (Ng and
Chen, 2002), cotton seed meal (Yue and Zhou,
2008), Faba beans (Azaza et al., 2009) to mention
but a few, this has been with the goal to increase
their inclusion, however varied results has been
reported with different unconventional plant pro-
tein used. Results from the present study reveal
that feeding Nile tilapia with 7.34gKg”' (50%
substitution of MOL meal) was better in terms of
growth and nutrient utilization. This is lower than
the report of Afuang et al., (2003) of 33 g kg-1
methanol-extracted leaf meal in the diet of Nile
tilapia. Richter et al., (2003) had earlier reported
that feeding moringa leaf meal diet more than
10% replacement for fishmeal cause adverse ef-
fect on growth performance. MOL has been re-
ported to have low level of methionine (Guil-

Table 1. Gross composition of feed ingredients

laume et al., 2001), furthermore, Gaber, (2006)
had revealed that methionine is generally limiting
amino acid consequently suppressing growth and
feed utilization at low levels. Hence as dietary in-
clusion increased beyond 7.34gKg-' growth may
have consequently been impaired in the ex-
perimental fish. Keembiyehetty and Gatlin,
(1993) had earlier reported poor growth and in-
creased mortality of juvenile hybrid striped bass
fed low dietary levels of methionine, However,
due to its richness in cysteine and tryptophan, it
is better used as supplementation only as they are
less available in soybean meal. Conclusively, the
study reviewed that Moringa leaves meal can be
substituted for soybeans meal at 50:50 ratios for
better growth performance and nutrient utiliza-
tion.

There was a general decrease in FCR and in-
crease in PER as the growth increased and vice
versa. Such observation may be related to the fact
that FCR decreases while PER increases with in-
creased feeding rate as reported by Pechsiri and
Yakupitiyage, (2005). The implication of this is
that it will take 7.37kg of diet 3 to add a kg of
flesh, while it will take lot more in the other diet.

The decreased body lipid content of the present
study was probably due to poor feed intake in di-
ets with higher levels of MOL meal, which re-
sulted in starvation and in turn led to mobiliza-
tion of body lipid reserves to meet energy re-
quirements for vital body functions (Madalla et
al. 2013). The presence of saponins may also
have contributed to inhibited pancreatic lipase ac-
tivity and hence delayed intestinal absorption of
dietary fat (Han et al., 2000).

Feed ingredients Dietl Diet2 Diet3 Diet4 Diet5
(100:0) (75:25)  (50:50)  (27:75)  (0:100)

Yellow maize 60.65 60.65 60.65 60.65 60.65
Soybean 14.68 11.01 7.34 3.67 -
Moringa leaves - 3.67 7.34 11.01 14.68
Fish meal 14.68 14.68 14.68 14.68 14.68
Salt 5.0 5.0 5.0 5.0 5.0
Vit premix 2.5 2.5 2.5 2.5 2.5
Mineral premix 2.5 2.5 2.5 2.5 2.5
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Table 2. Proximate composition of experimental diets

PARAMETER __ MOL DT, DT, DT; DT, DT;
MOISTURE 4.1 9.65:0.00°  8.51£0.00°  9.63:0.0°  8.91+001°  9.71=0.01°
PROTEIN 25.12 28.56+0.01°  29.05£0.01°  29.44+0.00°  29.24+0.00°  29.24+0.01"
LIPID 1.45 6.69£0.01'  527+0.01°  573:0.01°  5.96:0.00°  5.64+0.01"
ASH 10.57 1426+0.0°  14.42+0.01°  14.8240.01° 14.8740.00°  16.66+0.01"
FIBRE 4.7 7.9240.01°  7.88+0.01°  822+0.01°  9.26:0.00°  9.64+0.01°
NFE 51.1 42.56+0.01°  43.3840.00°  42.00:0.01°  40.47+0.01°  38.82+0.01°

Means in the same column with different superscripts differ significantly (p<0.05)

Table 3. Growth and Nutrient utilization of fish fed experimental diet.

PARAMETERS DT, DT, DT, DT, DT
MIW (g) 10.62+0.01 10.62+0.01 10.6220.01 10.62+0.00 10.63+0.01
MFW 14.0240.01% 14.7120.03° 18.95+0.01°" 13.96:0.01" 13.57+0.12°
MWG 2.4240.01" 3.0940.03° 4.33£0.02° 2.34+0.46" 1.95+0.13°
SGR 0.37+0.01" 0.46+0.00" 0.62::0.00" 0.34+0.01" 0.24+0.00°
FCR 12.20+0.04” 9.90+0.08" 7.3740.03° 12.93+2.50" 14.59+0.89"
PER 0.29+0.00" 0.35+0.00" 0.46+0.00" 0.27+0.05" 0.24+0.01°
ANPU 1.7820.00° 1.74+0.00" 1.900.00’ 1.80+0.00" 1.75+0.00"
% SURVIVAL  100.0£0.00 100.0:£0.00 100.0£0.00 80.0+0.00 80.0+0.00
Means in the same column with different superscripts differ significantly (p<0.05)

Table 4. Proximate composition of fish fed experimental

PARAMETER  INITIAL DT, DT, DTs DT, DTs
MOISTURE  60.62+0.01°  64.51:0.01"° 64222001  63.1120.01"  63.19£0.01"  62.49£0.31°
PROTEIN 11.5020.01"  18.5120.00"  18.81£0.00° 20.600.00°  19.08+0.00°  16.56:£0.01°
LIPID 476:0.11°  7.02:0.01'  6.65:0.01°  637£0.00°  6.51£0.01°  4.91=0.01°
ASH 339+0.01°  3.55£0.01°  3.8040.00°  3.65:0.01°  4.10£0.01'  4.10+0.01"
FIBRE 2.99+0.01°  2.34+0.01°  2.34+0.01°  2.40£0.01°  3.37:0.01°  3.08+0.01°
NFE 20.95:0.08'  7.39+0.01°  7.99+0.02°  7.49+0.01°  7.70+0.01°  856+0.01"

Means in the same column with different superscripts differ significantly (p<0.05)
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Figure 1. Weekly weight record and growth of experimental fish in various treatments

Conclusion

This study has shown that feeding Oreochromis
niloticus with 50% substitution of MOL meal for
soybean meal gave the best growth and nutrient
utilization, beyond this, growth significantly re-
duced, hence for better performance of O. nilot-
icus, MOL should not be included more than
7.34%.
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Abstract:

The effectiveness of clove seed extracts as a viable
anaesthetic agent in transportation of Tilapia guineen-
sis were evaluated. Juveniles of T. guineensis (mean
length 13.12cm #1.20; mean weight 45.64g +1.84)
were exposed in three replicates to different concen-
trations (0.00mg/L- control; 5.00; 10.00; 15.00; 20.00
and 25.00mg/L) of clove seed aqueous extracts, ex-
tracted in water . The exposed fish were later trans-
ported in open plastic tanks from Buguma to Aluu, in
Port Harcourt over a distance of 50km. Before and af-
ter transportation, glucose and cortisol levels in the
plasma of the fish were assessed. The result of the
study indicated a significant reduction (P<0.05) in the
levels of cortisol and glucose in the plasma of the fish
with increasing concentrations of the anaesthetics.
The lowest survival rate (30.0%) was recorded in the
fish transported with no anesthetics, while 100% sur-
vivals were recorded in fish exposed to 15.0 and 20.0
mg/L of the extracts. In conclusion, this study sug-
gests that application of clove seed extracts within the
range of 10.00 and 20.00 mg/L reduced the stress re-
sponse in T. guineensis during transportation, thereby
enhances their survival.
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Introduction

Fish transportation is an integral aspect of aqua
cultural practices, it involves movement of small
or large quantity fish over some distances to the
waters where they are to be stocked (Orji, 2005;
Akinrotimi et al., 2007), usually fish are trans-
ported for a number of reasons which include:
collection and transportation of brood stock, fin-
gerings, juveniles and adult fish to stocking sites,
to market and also for the purpose of introduction
of fish species into a new culture environment
(Berka, 1986; Cooke et al., 2004; Akinrotimi et
al., 2013a).Several authors have reported that
fish transportation from one location to another
can elicit stress, which affects fish performance
negatively and consequently reduced its survival
in the culture conditions (Robertson et al., 1987;
Kiessling et al., 2009; Akinrotimi et al., 2011a).
Conversely, huge loses and severe mortality in
newly stocked fish farms has been associated
with acute stimulus such as handling and trans-
portation (Iwama et al., 1998; Akar, 2011). As
part of the handling procedures in intensive fish
farming, transportation times may vary consider-
ably, depending on the distance covered. As a
rule, fingerlings and juveniles are usually trans-
ported from the hatchery to culture site. In this
process, the fish should arrive the farm in good
physiological conditions to meet the criteria de-
manded by the farmer (Carneiro et al., 2002;
Akinrotimi et al., 2011b).

The rapid expansion of fish farming activities in
recent times raised an issue about the sustainabil-
ity of the aquaculture sector. Akinrotimi et al.
(2013b) noted that animal welfare is an important
aspect of aquaculture sustainability. Although an-
imal welfare has been defined in different ways
by different authors (Broom 2011; Hagen et al.,
2011; Ohl and van der Staay 2012), the most im-
portant aspect of their assertions is that poor wel-
fare of fish in aquaculture is associated with
overstocking, and stretches the adaptive capacity
of the animals in different ways (McEwen and
Wingfield 2003 Akinrotimi et al., 2011c;), which
may result in chronic and acute stress-related
physiological and behavioural changes, which in
extreme cases may lead to mortality. Successive
or cumulative exposure to stressors may com-
promise the adaptive capacity of an animal and
lead to allostatic overload and poor welfare
(Korte et al., 2007; Akinrotimi et al., 2011d). It is
therefore important to identify the effects of

stressors such as transportation on fish welfare
using glucose and cortisol level as indicators.

Under stressful conditions, fish body responds to
the stress immediately to the stress known as
primary and secondary response. The primary re-
sponses involve the perception of an altered state
by central nervous system and the release of
stress hormones, which include cortisol into the
blood circulation system of the fish (Martinez-
Porchas et al., 2009). Cortisol is the principal
glucocorticoid secreted by the interrenal tissue
located in the head-kidney of teleost fish (Iwama
et al., 1999; Harper and Wolf, 2009; Akinrotimi
et al., 2011e). This hormone is released by the
activation of the hypothalamus-pituitary-
interrenal axis (Mommsen et al., 1999). While
primary stress responses trigger the sequential
secondary response such as elevation of glucose
levels (Mommsen et al., 1999; Barton 2002).
Glucose is a carbohydrate that has a major role in
the bioenergetics of animals, being transformed
to chemical energy (ATP), which in turn can be
expressed as mechanical energy (Gorissen et al.,
2012). In stressful situations the chromaffin cells
release catecholamine hormones (Nikoo and
Falahatkar, 2012). Those stress hormones in con-
junction with cortisol mobilize and elevate glu-
cose production in fish through glucogenesis and
glycogenolysis pathways (Gust et al., 1991;
Matsunaga and Watanabe, 2010) to cope with the
energy demand by the stressor in adverse condi-
tions

Anaesthetics are being used to minimize the
stress associated with aquaculture procedures.
Hence, anaesthetizing fish prior to transport can
reduce metabolic rate, oxygen demand, reduce
general activity, increase case of handling and
mitigate the incidence of stress response (Carmi-
chael et al., 1984; Akinrotimi et al., 2013b).
Plant extracts is a potential source of new and ef-
fective anaesthetics in fish handling and transpor-
tation in intensive aquaculture (Akinrotimi et al.,
2014a). With the recent awareness on safe aqua-
culture practices, to develop “green” anaesthetics
with low environmental and health risks, coupled
with the prohibitive cost and scarcity of conven-
tional anaesthetics (Akinrotimi et al., 2014b),
there is the need therefore to develop a viable al-
ternative anaesthetics of plant origin which could
be used in fish transportation. In this study the
main substance used is an aqueous extracts of

Akinrotimi et al., 2(2): 67-75 (2016)





Journal of Aquaculture Engineering and Fisheries Research

Journal abbreviation: J Aquacult Eng Fish Res

seed of the clove plant (Sygium aromaticum). Its
major an active ingredient is eugenol (70-90%).
Clove extracts is considered an appropriate an-
aesthetic for fish because of its low cost, availa-
bility and safety to fish and humans (Small 2004;
Sinka and Nealb, 2009).

Tilapia guineensis is an important culturable spe-
cies in the brackish water zone of Nigeria, that
are usually transported by fish farmer to the site
where they are to be cultured. In most cases, they
arrived at the stocking site in deplorable physio-
logical conditions which negatively impacts on
their performance in the culture condition. Hence
the need for their proper transportation using nat-
ural anaesthetics. This study therefore assesses
the effectiveness of clove seed as anaesthetic
agent in transportation of T. guineensis.

Materials and Methods

Experimental fish

A total of 150 T. guineensis juveniles (mean
length 13.12cm +1.20; mean weight 45.64g
+1.84) were harvested at low tide from the re-
cruitment ponds at African Regional Aquaculture
Center, (ARAC), Brackish Water Research Sta-
tion. Buguma, Rivers State, Nigeria. They were
transferred immediately to the hatchery where
they were acclimated to laboratory conditions for
seven days (Gabriel et al., 2004). During this pe-
riod they were fed with ARAC feed (35.0% C.P)
at 3% body weight per day, with the water in ac-
climation tanks being renewed every two days
(Akinrotimi, 2012).

Preparation of Clove Plant

Dried buds of clove plant (Syzigium aromaticum)
were purchased from Choba market, in Obio—
Akpor Local Government Area of Rivers State.
Plant identification was done using the keys of
Agbaje (2008). The buds were taken to the labor-
atory where they were ground into powder using
a kitchen blender (Model H12, Ken Wood, Ja-
pan). The milled clove buds were sieved into fine
powdery form using 0.1u nylon mesh.

Experimental Procedure

Graded series of ground and filtered seeds were
weighed and applied directly at (5.0, 10.0, 15.0,
20.0 and 25.0 mg/L) in three replicates in to the
water in 20L experimental tanks filled to 10L
mark, the mixture was stirred vigorously to allow
homogenous mixing. The fish were later intro-
duced into prepared experimental tanks (15 in
number) at the rate of 10 fish per tank in each

triplicate. Then they were transported to Port
Harcourt, over a distance of 50km.

Laboratory Analysis

Before and after transportation, blood samples (1
mL) for glucose and cortisol analysis were taken
from the vena caudalis of the fish using 5ml sy-
ringe fitted with 21G needle. The glucose level
was evaluated with glucose meter (Accuchek
model RS 910, China) while cortisol was done
with aid of cortisol analyzer (RTTG, Model, Chi-
na). The number of survival of the experimental
fish were noted and recorded in each of the con-
centration.

Water Quality Analysis

Water quality parameters such as nitrite, ammo-
nia and sulphide were evaluated using LaMotte
salt water test kit (Model AQ—4, Chestown, Mar-
yland, USA), pH was determined with pH meter,
(Model, HI 9812, Hannah Products, Portugal).
The dissolved oxygen levels were evaluated by
the Winkler method (APHA, 1985).

Statistical Analysis

Data from this experiment were analyzed with
one way analysis of variance (ANOVA) test at
0.05 probability and difference among mean
where existed were determined by Tuckeys mul-
tiple comparison test (Zar, 1996).

Results and Discussion

The water quality parameters in experimental
tanks were of the same range with no significant
difference (Table 1). The water quality variables
monitored in this study were within the same
range with the control (without anaesthetics).
Similar result was observed in the transportation
waters of largemouth bass (Micropterus
salmoides) using clove (Cooke et al., 2004). This
is because use of anaesthetics in fish transport
minimizes its activity, and the excretion of am-
monia through the gills. Hence clove seed ex-
tracts maintain a relatively good water quality
during fish transportation (Akinrotimi, 2014).

The concentration of clove extracts used in this
study induced all anaesthesia stages in fish; how-
ever, the fish anaesthetized with 20 mg.L’
reached total loss of equilibrium and had lower
opercula movement rates at a significantly short-
er time, as compared to other lower concentra-
tions tested (Table 2). In brief procedures, ade-
quate anaesthetic concentration should promote
total loss of equilibrium without necessarily in-
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ducing all anaesthesia stages (Akinrotimi et al.,
2013a). In the present study, the concentrations
of 10, 15, and 20 mg.L™" of clove extracts pro-
moted total loss of equilibrium at similar inter-
vals, and equally promote the fast recovery of
fish anaesthetized with the extracts (Table 3)
Therefore, 10-20 mg.L-1 is the optimal concen-
tration range to induce anaesthesia in handling of
T. guineensis in aquaculture procedures. This is
because an ideal anaesthetic agent for use in aq-
uaculture must induce fish within 3 mins and re-
cover within 5 mins, these two criteria was found
within the range of 10-20 mg.L™" in application of
the clove extracts.

The effect of clove seed extracts on the glucose
and cortisol levels of T. guineensis during trans-
portation is shown in Figure 1 and 2 respectively.
The result indicated that the levels of glucose and
cortisol in the plasma of the fish reduced as the
concentrations of the clove seed extracts in-
creased, with the highest values recorded in the

control, and the lowest in the fish transported
with 20.00mg/L concentration of the anaesthet-
ics.. The lowest survival rate (30%) was observed
in the fish with no anaesthetics, while 100% sur-
vival were recorded in fish exposed 10.00, 15.0
and 20.0mg/1 of the extracts (Figure 3). In aqua-
culture practices the understanding of fish stress
response is essential to avoid stress-related prob-
lems, and to improve fish quality in rearing con-
ditions so as to optimize production. As in other
vertebrates, fish experiencing stress show a num-
ber of physiological changes that are expressed
through a number of particular indicators
(Broom, 2011). Stress has been described as an
energy drain of energy that might be utilized in
growth diverted to catabolic utilization (Gorris-
sen et al., 2012). This study evaluated the use of
different concentration of clove seed extracts as a
tool for sedating fish for handling and transporta-
tion in aquaculture.

Table 1. Water Quality Parameters in Experimental Tanks of T.guinneensis Exposed to Clove Seed

Akinrotimi et al., 2(2): 67-75 (2016)

Extracts (Mean + SD).
Concentrations (mL.L™")

Parameters Control 5.00 10.00 15.00 20.00
Salinity (%o) 12.61 £0.31° 1 12.84 +0.24° 12.52 £0.67° 12.61 +£0.47° 12.89 +0.31°
Temperature (°C) 28.96 +0.3* 28.87 £0.37° 29.03 +1.10° 28.70 +£0.60? 29.03 +0.41°
pH 6.91 £0.16* 6.83 +0.21* 6.83 £0.22% 6.68 £0.17% 6.79 £0.21*
DO (mgL ™) 6.89 £0.27% 6.89 £0.26* 6.74 £0.21* 6.34 +0.55% 6.93 £0.57*
Nitrite (mgL™") 0.047 £0.01° 0.047 £0.01°>  0.050 £0.03" 0.005 £0.01° 0.0047 £0.03*
Ammonia (mgL™") 1.32 4£0.01° 0.32 £0.01* 0.21 £0.03* 0.31 £0.04* 0.31 £0.02%
Sulphide (mgL™") 0.24 +0.01° 0.04 £0.01* 0.04 £0.01? 0.04 £0.10* 0.35 +£0.03*

Means within the row with different superscripts are significant (P<0.05)

Table 2. Induction time in Different Anaesthesia Stages in T. guineensis Exposed to of Clove Seed
Extracts.

Behavioural Description (seconds)

Clove seed ex- Slow swimming Loss of equilibrium  Loss of opercula Loss of movement

tracts (mg/L) momovement
Control 0.00 £0.00° 0.00 +0.00° 0.00 +0.00° 0.00 +0.00°
5.00 51.61 +1.114 88.61 +1.11° 120.61 £2.62¢ 190.71 +1.21°¢
10.00 59.81 +1.21¢ 80.11 +£2.61° 110.71 £1.02¢ 180.64 £1.01°
15.00 42.74 +0.11° 76.71 +1.17% 105.71 +1.17% 152.72 £2.61%
20.00 34.61 £1.71% 70.81 +1.02% 87.11 £1.21® 134.61 £1.09%

Means within the column with different superscripts are significantly different (P<0.05)
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Table 3. Recovery time in Different Anaesthesia Stages in T. guineensis Exposed to Clove Seed Extracts.

Behavioural Description (seconds)

Clove seed ex- Reappearance of Irregular balance Total recovery Normal swimming
tracts (mg/L) opercula movement equilibrium

0.00 0.00 £0.00* 0.00 £0.00* 0.00 +0.00* 0.00 £0.00*
5.00 79.61 £1.12° 91.24 +1.78° 119.81 £1.71° 146.88 +2.1°
10.00 96.84 £1.69% 118.71 £1.64% 127.62 £2.11% 166.71 £2.61%
15.00 108.88 £2.11° 141.11 £1.71°¢ 141.77 £2.02° 188.11 £1.78°
20.00 131.11 £0.18¢ 156.78 £2.01¢ 159.71 £1.96° 231.14 £2.61¢

Means within the column with different superscripts are significantly different (P<0.05)
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Figure 1: Effect of clove seed extracts on the cortisol of
T. guineensis during transportation
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Changes in the concentration of plasma cortisol
depend upon the nature of stress stimuli and the
duration of the stress as well as also the magni-
tude and severity of stress (Barton, 2002) and
species under investigation (Metz et al., 2003;
Nikoo and Falahatkar, 2012). In the present
study, since there is a significant increase in the
cortisol concentration immediately after traporta-
tion.

The control group (transport without anaesthet-
ics) showed an increasing in plasma cortisol lev-
els when compared with anaesthetized ones. Alt-
hough exposure of the fish to clove extract re-
duced the cortisol response considerably, howev-
er, it did not abolish it completely. This result can
compared favourably with that of Akar (2011) in
blue tilapia (Oreochromis aureus) and small
(2004) in chanell catfish (Ictalurus punctatus)
transported with clove oil. These authors reported
that cortisol level decreased with increasing con-
centration of the clove anaesthetics. This trend
may be due to the blockage of sensory infor-
mation to the hypothalamus in the brain conse-
quent of high concentrations of anaesthetics ap-
plied (Iversen et al., 2003).

Mobilization of readily available energy in the
form of glucose is suggested to enhance the sur-
vival of fish It is perhaps, not surprising, there-
fore, that elevation of plasma glucose has been
recognized as a part of generalized stress re-
sponse in fish. The reduction in glucose levels of
T. guineensis with increased concentrations of
clove extracts in this work is similar to the find-
ings of Larissa et al. (2011) in Nile tilapia (Oreo-
chromis niloticus) transported with clove oil.
However, Lambooij et al. (2009) observed an in-
crease in glucose levels of common carp (Cypri-
nus carpio) transported with anaesthetic metomi-
date, this contradictory trend according to Di
Marco et al. (2011) lies in the ability of clove to
block cortisol secretion which stimulate glucose
production. As cortisol is considered to be a ma-
jor mediators of the increase in plasma glucose
levels seen in stressful fish (Barton, 2002). In
this work, high survival was recorded in the fish
exposed to different concentrations of clove seed
extracts. This observation corroborated that of
Akbari et al. (2010) in transportation of Indian
shrimp (Fenneropenaeus indicus), and that of
Anyanwu et al. (2011) in transportation of Pe-
naeus monodon with clove extracts.This accord-
ing to Akinrotimi et al. (2014b) is due to light
anaesthesia induced by the application of clove

for the mitigation of stress associated with trans-
portation, which allows the fish to breathe effec-
tively, and maintain equilibrium during transpor-
tation, thereby enhances its survival.

Conclusion

In conclusion, this study suggested that the use of
clove seed extracts reduced the stress response in
juveniles of T. guineensis during transportation.
Assessments of clove oil for aquaculture purpos-
es have to be encouraged because this natural an-
aesthetic is becoming more evident as a safe and
low cost alternative for the sustainability of aqua-
culture industry.
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Abstract:

The impacts of two depth ranges on the rhodophyte
Gracilaria corticata for agar yield and quality were
determined during its growing season (December to
March) at intertidal waters. Average 4-month agar at
2-3 m and 5-6 m were 34 +£0.04% and 42 +0.05%, re-
spectively. The lowest (30 +2.89%) and highest (51
+4.16%) agar yields, respectively, were estimated in
December at 2-3 m and in January at 5-6 m. At 2-3 m,
the 4-month averages were not significantly different
(P>0.05). G. corticata from a depth of 2-3 m yielded
the strongest (30.64 +£1.49 g cm™?) agar gel in
December, and the alga sampled at 5-6 m in January
revealed the lowest agar strength (7.94 £0.38 g cm ).
Agar lightness (L) ranged from lowest (59.6 £3.85) at
2-3 m in December to greatest (86.8 £3.11) at 5-6 m in
February. Agar yellowish factor (a) was highest (11.6
+3.21) at 2-3 m in December and lowest (4.8 £1.64) at
5-6 m in February. Agar reddish factor (b) was highest
(48 +£2.24) in March and lowest (38.8 £1.30) in De-
cember at a depth of 2-3 m. G. corticata growing at
relatively deeper intertidal zone yields more quality
agar, and December and late winter are the best times
to obtain a more rigid and enhanced agar gel.

Keywords: Red algae, Depth dependency, Agar prop-
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Introduction

Marine algae as a staple food, animal feed, and
manure are used in many parts of the world, par-
ticularly South-East Asia. Gels and viscous mate-
rials extracted from seaweeds especially red and
brown macrophytes have been used for centuries
in food preparation. These algal extracts are gen-
erally called phycocolloids caused by creating
colloidal systems in water including agar and car-
rageenans in red algae. They contribute to four
basic applications such as thickness, gel, emul-
sion, and food stability.

The first phycocolloid used for commercial other
than food purposes were the agar as a medium in
microbiology (Chapman, 1970) and, more recent-
ly, in biotechnology (electrophoresis and chroma-
tography), medicine (anticoagulant), and dental
molding material. Agar is a polysaccharide com-
pound in the cell wall of the rhodophytes espe-
cially in Gracilaria and Gelidium species. Agar
extracted from Gelidium has a better quality
whereas Gracilaria accounts for the main source
for agar extraction because of its large population
and intensive growth (McHugh, 2003). Sixty per-
cent of agar production from Gracilaria is mainly
used for applications concerning food products
(Kalesh, 2003). Species of Gracilaria are, there-
fore, some of the most useful algae in the world,
combining the production of the valuable poly-
saccharide agar with fast growth rate, ease of
vegetative reproduction, and other attributes fa-
voring their cultivation (Kain and Destombe,
1995).

From 150 species of green, brown, and red
macroalgae identified in the coastal province Sis-
tan and Baluchestan (southeast of Iran), eight
species belong to genus Gracilaria with the high-
est species diversity in the southeastern region
(Chabahar), among which G. corticata is the
most abundant (33.1%) (Qaranjik, 2010;
Sohrabipoor and Rabiee, 2012). Studies on the
marine macroalgae of the Iranian southern
coastal lines of 1800 km have mostly focused on
species identification (e.g. Shoghi, 1995;
Sohrabipoor and Rabiee 1998; Ajdari, 2004). As-
sessment and qualification of ecological charac-
teristics of these valuable macroalgal resources
can effectively contribute to their exploitation in
aquaculture industry and marine biotechnology.
However, the biological properties and com-
pounds of the southern Iranian marine macroal-
gae including those of rhodophytes have scarcely

been investigated. Few applied studies are avail-
able on the extraction of industrial materials such
as carrageenan from the red alga Chondrus spp.
(Hassas, 1996), and optimization of agar extrac-
tion from G. corticata (Karkhane Yousefi et al.,
2011).

A variety of environmental factors including ir-
radiation, depth of growing, nutrients, and water
temperature can affect both the quality and quan-
tity of agar yield by agarophyte species (Freile-
Pelegrin et al., 1997; Eidighaleghazi, 2014) so
the depth of growth is a parameter of interest for
optimization of agar productivity and gel
strength. Hence, considering the lack of sufficient
scientific information on the effects of depth on
the agar production by G. corticata at the study
area, the current investigation aimed at assessing
agar yield and quality changes in this agarophyte
red alga during its growth period (December to
March) at two depth ranges. These data will be
useful for optimum utilization, and commercial
culture of this alga.

Materials and Methods

Preparation of algal biomass

The samples of G. corticata were collected once
a month from its growing area in the coastal wa-
ters of Chabahar, Beris beach, southeastern Iran
(25°.8" N, 61°.11" E) for 4 months from Decem-
ber to March in shallow (2-3 m) and rather deep
(5-6 m) waters. After identification of the col-
lected samples in the Chabahar Research Center
for Offshore Coastal Waters (Iran), they were
rinsed with tap water to remove extraneous mate-
rials and salts. They were then air-dried and
transferred to the Department of Fisheries, Sari
Agricultural Sciences and Natural Resources, Sa-
ri, Iran.

Agar extraction

The dried samples (1.0 g) were cut, sieved, and
immersed three times in a water bath containing
150 mL of distilled water and heated at 110 °C
for 90 min. The obtained extract was filtered at
70 °C, and the residue re-extracted under the
same conditions. The extracts were converted to
gel at room temperature and then frozen over-
night. Afterward, the samples were oven-dried at
60°C for 24 h. Agar yield as a percentage of dry
mass was calculated according to the following
equation (Xu and Gao, 2008):
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Agar yield (%) = dry agar (g)/ dry alga (g) x 100
Agar color quality

Following drying in the oven and obtaining a
homogenized powder, the agar samples were
photographed with a digital camera (Nikon,
Coolpix Model) located 25 cm above the samples
at an angle of 30°C from the camera (according
to Hunter L, a, b system). The camera was set to
take photos every 10 seconds. The digital images
were transferred to a computer to analyze the
color differences among the samples by the use
of Photoshop 8 software (Yam et al., 2004).

Agar gel strength

To determine agar gel strength, a 1.5% (W/V)
agar solution was heated in a water bath (70 °C)
for 1 h. Then it was allowed to gel at room tem-
perature for 12 h. The gel strength was measured
as g/cm? using a Texture Analyzer (Model CT3,
USA) having a piston rod diameter of 7/12 and
35 mm in length (Freile-Pelegrim and Robledo,
1997; Marinho-Sorinha, 2001).

Statistical analysis

Differences among the treatments were tested us-
ing two-way analysis of variance (ANOVA) and
Duncan’s post-hoc test was applied for compari-
son of means with SPSS software (version 16). A
confidence level of 95% was considered in all
analyses. Significant differences were determined
through Pearson's correlation test.

Results and Discussion
Agar yield

G. corticata displayed elevated agar yield with
increasing depth (Fig. 1). Samples from the two
depths were different in agar yields (P<0.05). To-
tal agar averages at 2-3 m and 5-6 m were 34
+0.04% and 42 +0.05%, respectively. The lowest
(30 +£2.89%) and highest (51 +4.16%) agar
yields, respectively, were estimated in December
at a depth of 2-3 m and in January at a depth of 5-
6 m. Moreover, at a depth of 5-6 m, the January
measurement revealed a greater yield different
from those in the other months (P<0.05). At a
depth of 2-3 m, no significant differences were
observed among the 4-month averages (P>0.05).
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Figure 1.Agar yield fluctuations in G. corticata
measured at two depths within four
months.

Agar gel strength

The gel strenght was significantly different
(P<0.05) with respect to the depth and monthly
changes. G. corticata from a depth of 2-3 m
yielded the strongest (30.64 £1.49 g cm™?) agar
gel in December, and the alga sampled at 5-6 m
displayed the lowest agar strength in January
(7.94 £0.38 g cm™?) (Figure 2). Gel qualities of
the agar extracted from samples collected at 2-3m
seawater depth were singnificantly different
(P<0.05) among all four months. At a depth of 5-
6 m, December and March algal samples yielded
rather the same agar strength (P>0.05).
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Figure 2.Changes in agar gel strength extracted
from G. corticata at two depths within
four months.

Agar color quality

Agar lightness (L) factor showed significant dif-
ferences in the algal samples from the examined
depths and months (Table 1). This factor ranged
from lowest (59.6 £3.85) at 2-3 m in December
to greatest (86.8 £3.11) at 5-6 m in February. In
addition, the color quality displayed marked dis-
similarities (P<0.05) at 2-3 m in both December
and February compared to the other months,
whereas February and March samples revealed
no statistical differences (P>0.05) at the same

depth. At a depth of 5-6 m, the agar color in Feb-
ruary differed (P<0.05) from those obtained in
the other months.

The agar yellowish factor (a) changed markedly
(P<0.05) with both depth and month (Table 1).
Agar yellowish in the samples at a depth of 2-3 m
was highest (11.6 £3.21) in December, and those
sampled at 5-6 m exhibited the lowest (4.8 £1.64)
yellow color in February. The 'a' factor at 2-3 m
was almost the same (P>0.05) in December, Jan-
uary, February, and March samples; however,
this factor was different in February (P<0.05)
from those in both December and March. At a
depth of 5-6 m, agar yellowish in both January
and February was dissimilar (P<0.05) with those
in both March and December samples while no
significant differences were found (P>0.05) nei-
ther between January and February nor between
December and March concerning 'a' factors esti-
mated.

The reddish factor (b) of the agar samples did not
change with depth (P>0.05); however, it dis-
played statistical changes (P<0.05) at different
months (Table 1). The highest (48 £2.24) and
lowest (38.8 £1.30) values of 'b' were observed in
March and December, respectively, at a depth of
2-3 m. At the same depth, 'b' factor in March dif-
fered (P<0.05) from those in the other months but
agar samples in January showed comparatively
similar (P>0.05) reddish with those in December
and February; though, December samples were
more reddish (P<0.05) than those in February. At
a depth of 5-6 m, 'b' factor in December differed
(P<0.05) from those measured in the other
months. No considerable alterations were detect-
ed (P>0.05) among 'b' factors estimated in the al-
ga sampled in January, February, and March at a
depth of 5-6 m.

Table 1. Average values of agar color extracted from G. corticata at two depths within four months.

Depth Month \ Lightness (L) factor \ Reddish (b) factor | Yellowish (a) factor
December  59.6 £3.85 38.8£1.3 11.6 £3.21
January 74.8 £4.09 40.2 £2.05 8.8 +2.28

2-3m February 81.6 £1.95 414 +1.14 7.0 £2.74
March 81.8 £5.45 48.0 +2.24 10.8 £1.64
December  80.2 £5.45 46.2 £2.17 10.4 £1.14
January 81.0£0.71 41.0 £1.00 6.4 +1.14

5-6 m February 86.8 £3.11 40.2 +2.49 4.8 +1.64
March 82.8 £3.42 43.0 £2.00 9.4 +1.52
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Table 2. Pearson's correlation between agar yield, gel strength, and color factors (L, lightness, a: yel-
lowish, b: reddish) estimated in G. corticata at a depth of 2-3 m.

Agar yield Gel strength L a b
Agar 1 -0.466 0.433 -0.46 0.234
Gel strength 1 -0.038 0.236 0.265
L 1 -0.565 0.653"
1 -0.126

b 1

* Correlation is significant at the 0.05 level

Table 3. Pearson's correlation between agar yield, gel strength and color factors (L: lightness, a: yel-
lowish, b: reddish) estimated in G. corticata at a depth of 5-6 m.
Agaryield Gel strength L a b
Agar 1 0.085 0.354 -0.465" 0.089
Gel strength 1 -0.289  0.31  0.166
L 1 -0.626™ 0.316
A 1 0.161
B 1

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

According to Tables 2 and 3, agar lightness (L)
showed a positive and significant correlation with
the reddish factor (b) (P<0.05) at a depth of 2-3
m. And at a depth of 5-6 m, agar yield showed a
negative correlation with the 'L' factor (P<0.05).
Furthermore, the 'L' factor showed a negative
correlation with the yellowish factor (a) (P<0.01).

Agar yield and quality changes have been at-
tributed to a number of determinants including
season (Price and Bielig, 1992; Chirapart and
Ohno, 1993), environmental parameters (Bird,
1988; Hurtado-Ponce, 1994), growth (Christian et
al., 1987), reproductive cycle (Whyte et al., 1981;
Marinho-Soriano et al., 1998a), and the algal sec-
tion examined (Craigie and Wen, 1984). In addi-
tion, decreasing effect of high ultraviolet (UV)
radiation on agar production was also reported
(Eswaran et al., 2002). In this study, the agar
yield extracted from the agarophyte G. corticata
averaged 34% and 42% at depths of 2-3 m and
5-6 m, respectively, that is, the yield elevated as

the depth increased. Higher light intensities have
been known to promote production of protoplast
(affecting rapid growth) rather than wall material
(Devlin and Witham, 1983) resulting in lower
agar deposition. Accordingly, though solar irradi-
ation was not measured here, agar yields of G.
corticata at low depth (2-3 m) with naturally
higher light levels were lower than those obtained
from the alga located at deeper (5-6 m) waters
receiving lower light levels. Likewise, G. lem-
aneiformis (Xu & Gao, 2007) afforded uttermost
agar at deeper (3.5 m) than at shallower (0.5 m)
waters. The same consequence was also observed
in Gracilaria species grown under high and low
light regimes (Arafio et al., 2000). In general, the
agar yield averages (30-51%) of G. corticata in
here were higher than those reported for the same
species (14.5-22.5%) from Veraval coast of Gu-
jarat (Oza, 1978), and were comparable to those
previously found for Gracilaria species (Rao et
al., 1977, Rao, 1978; Chennubhotla et al., 1979;
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Chirapart and Ohno, 1993; Pondevida and Hurta-
do-Ponce, 1996; Kalesh, 2003).

Monthly variations in agar production found in
this investigation were also reported in other
agarophyte species. In spite of numerous reports
concerning seasonal effects on agar properties of
Gracilaria, the results are contradictory (Lahaye
and Yaphe, 1988), in part because of varying
techniques used for agar extraction as well as dif-
ferent geographical nature of seasonal changes.
Hence, the seasonal variation of agar yield may
or may not display similar trends. The agarophyte
G. bursa-pastoris from France, for instance,
showed an agar peak in summer (Marinho-
Soriano, 1999) whereas G. gracilis (= verrucosa)
from Canada performed inversely (Whyte et al.,
1981). It has recently been reported that no
significant seasonal variations in the agar yields
were observed for two Gracilaria species namely
G. veleroae and G. vermiculophylla (Rodriguez-
Montesinos et al., 2013). Our samples of G. cor-
ticata yielded maximum agar percentage at a
depth of 5-6 m in January. At the same depth,
Abidizadegan et al. (unpublished data) found
marked rises of photosynthetic pigments in win-
ter indicating that the alga maximizes agar pro-
duction together with increasing growth and bi-
omass since January. Almost in the same way, a
rising biomass and agar production near late win-
ter were also observed in G. corticata from an
adjacent region (Bandar-e-Lengeh, north of the
Persian Gulf) (Rafiei et al., 2005). Their estimat-
ed agar yield (9.21%), however, was compara-
tively lower than those averaged in our algal
samples; the authors stated that it might be
caused by environmental conditions, growth sea-
son, and available nutrients. Various environmen-
tal stimuli such as temperature, salinity, rainfall,
and nutrients as different environmental stimuli
affect the physiological responses of algae in-
cluding agar deposition in the cell walls from
season to season (Luhan, 1992). The agar yield
was also found to be a function of different life
phases of the algae (Whyte et al., 1981).

Gel strength is a particularly important measure
of agar quality (Lewis and Hanisak, 1996). In
general, the gel strength of agar varies with the
species, location, season, and extraction method
(Hoyle, 1978). G. corticata produced almost
equal agar gel quality at both depths studied in
December; nonetheless, the agar gel was consid-
erably weaker in winter, particularly at a depth of
2-3 m, which rose again by March especially at a
depth of 5-6 m. Taking together, the agar gel de-

termined at 5-6 m in winter was relatively
stronger than that at 2-3 m. These observations
mostly agree with those found in G. corticata
from Ettikkulam coast of northern Kerala, India
(Kalesh, 2003). Similarly, specific seasonal pat-
terns were shown in the gel strength of other
Gracilaria species as well (e.g. Hoyle, 1978).
Another congener, G. bursa pastoris, displayed
strongest gel in autumn and winter, while agar
gel strength of G. gracilis peaked in spring and
summer (Marinho-Soriano and Bourret, 2003).
Other factors affecting agar gel strength include
in situ nutrient availability (Chiles et al., 1989),
reproductive status (Givernaud et al., 1999), age
(Lignell and Pedersén, 1989), and such cation
content as methoxyl (McKinnon, 1973). It has
also been found that number and position of sul-
phate groups as well as the amount of 3,6-
anhydrogalactose (3,6-AG) fraction of agar
(Duckworth and Yaphe, 1971) determine gel
properties of agar; high contents of 3,6-AG and
low levels of sulphation usually result in strong
gels (Nelson et al., 1983). Because the suphated
residues lead to weaker and less rigid gels (Rees,
1972) this may also explain the very low agar gel
quality of our G. corticata samples. The current
gel strength was considerably higher than, or
within the range of, values reported for agars
from some of the Indian G. corticata, namely 19
g cm™ (Rao et al., 1977), 22 g cm (Chennubhot-
la et al., 1979), 12-67 g cm™ in G. corticata var.
cylindrica (Kaliaperumal et al., 1992), and 17 to
27 g cm™ (Oza, 1978).

Agars with strong brittle gels are used in bacteri-
ological and biomedical applications, and soft
elastic gels are consumed in the food industry
(Yaphe and Duckworth, 1972). The present agar
gel strength (=8-31 g cm?) of G. corticata is far
lower than that of bacteriological grade agar (270
g cm‘z), hence, the resultant agar is not suitable
for bacteriological purposes. This corroborates
previous findings in genus Gracilaria (Friedland-
er et al., 1981; Lobban and Harrison, 1997,
Kalesh, 2003). Such an agar is possibly appropri-
ate for food industry usages, probably with sub-
sequent improvement of agar property by meth-
ods such as fractionation (Duckworth and Yaphe,
1971; Friedlander et al., 1981), alkali manipula-
tion (Nelson et al., 1983), etc.

The color of extracted agar can be influenced by
environmental conditions mainly intensity and
duration of solar radiation, which affect plant cell
wall and the resultant agar color (Rabiei et al.,
2004). Accordingly, macroalgae such as G. corti-
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cata growing at shallow intertidal zones are
mostly sun-exposed during low tides leading to
yellowish and/or reddish changes in the agar pro-
duced. Although agar color variations were ob-
served at both depths, most color changes appar-
ently occurred at low depth (2-3 m) in our algal
samples; this may further signify the consequent
effect of high solar radiation on the algal prod-
ucts at shallow waters.

Conclusion

The findings from current research indicate that
the agar isolated from G. corticata is plausibly
suitable for food applications following en-
hancement of agar properties possibly by frac-
tionation technique. Considering the gel strength,
the best time of the year to obtain a more rigid
and better gel quality is in December and late
winter at a depth of 5 m. At the same depth, the
agar yield is maximal in winter especially in Jan-
uary. The agar color of this subtidal species is
mostly dependent upon the growing depth with
more color variations at shallow-water samples.
Overall, G. corticata growing at relatively deeper
intertidal zone has greater potential regarding
agar yield and quality. Additionally, the potential
values of G. corticata render this species a candi-
date for commercial culture.
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Abstract:

In this study, the current situation of an invasive gas-
tropod rapa whelk fishery with dredges and hookah
systems were comparatively evaluated. On the other
hand, a socio-economic analysis was conducted to
evaluate the hookah (diving) system via face to face
interviews. There were 207 vessels legally operating
in the research area for whelk fisheries 108 of which
were using the hookah system. Mean length and en-
gine power of the hookah vessels were 8.8 m and 65
HP, respectively. It was also found that the average
CPUE was 1050 kg/day and income rate was 79%,
suggesting that whelk fishing had a high economic
gain. Each of the hookah vessels provided an em-
ployment to average 3 individuals. According to the
results, mean lengths of whelks harvested with dredg-
es and hookah vessels were 5.61 ¢cm and 5.83 cm, re-
spectively. Length-weight relationship of the total
production was determined as W=0.0223L2°%
(R?=0.85). It was concluded that the hookah system is
more environmentally friendly method for the ecosys-
tem than dredges.

Keywords: Rapana venosa, Black Sea, Dredging,
Hookah systems

JOURNAL OF AQUACULTURE ENGINEERING AND FISHERIES RESEARCH

E-ISSN 2149-0236

2(2): 85-96 (2016) doi: 10.3153/JAEFR16011
© 2015-2016 ScientificWebJournals (SWJ)





Journal of Aquaculture Engineering and Fisheries Research

Aydin et al., 2(2): 85-96 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

Introduction

Veined rapa whelk (Rapana venosa, Valenci-
ennes, 1846) is an lessepsian invader that was
first reported in the Black Sea in Novorossiysk
Bay in 1946 (Daskalov & Rétz, 2011). The spe-
cies originates from the Pacific Ocean and be-
longs to the Muricidae family. It was estimated
that this species had been carried by ballast water
tanks of commercial ships to the Black Sea and
colonized in the coastal waters of the Marmara
and the Black Sea (Bilecik, 1990; Cesari & Pel-
lizzato, 1985; Rinaldi, 1985; Koutsoubas &
Voultsiadou-Koukoura, 1990; Bombace et al.,
1994; Erdogan-Saglam et al., 2015). Rapa whelk
is an important invasive species that may have
ecological and economic impacts on Mediterra-
nean mussel (Mytilus galloprovincialis) stocks.
The increase in rapa whelk abundance has trig-
gered a commercial fishery since the early 1980s
using dredge and hookah systems. Although the
total whelk capture is well known, there are no
data separated by fishing gear.

Dredges are known as beam trawls. This fishing
gear consists of net and frame. Frame has been
used to fix vertical and horizontal openings (Ay-
din et al., 2005). Dredges are easy to operate and
are commonly used in coastal waters of Turkey
and in areas that are close to the trawl fisheries.
However, since the method in the Black Sea are
generally operated by towing and digging at the
bottom, it is considered as a harmful activity for
the ecosystem (Diizgines, et al., 1997,
Diizgiines, 2001; Daskalov & Ritz, 2011), ben-
thic habitats and juvenile fish populations (Celik
& Samsun, 1996; Altinagag et al., 2004). The
hookah system, in which rapa whelks are col-
lected by hand, is supposed to have less ecologi-
cal impact as compared to dredges (Artliz, 1989;
Altinagag et al., 2004; Daskalov & Ritz, 2011).
Yet, the possibility of the diving diseases can be
high when the diving instructions are neglected
(Altiagag et al., 2004).

The objective of this study was to compare the
catch per unit effort (CPUE) and the productivity
of the two harvesting methods (dredging and
diving) intensively used in the Black Sea. Both
fishing methods are described briefly and the
structure of the fishing fleet and the trends in

landings are reported. Finally, we discussed the
potential ecosystem impacts of the fishing meth-
ods and evaluate whether the hookah system
may be an alternative fishing method for sustain-
able harvesting of rapa whelks from an ecologi-
cal point of view as well as by the socio-
economic perspective.

Materials and Methods

This study was carried out in the Central Black
Sea Region, a location closed for trawl fishing
but open for the dredges and hookah systems in
2011 (Figure 1) (41°.18° N, 37°.02° E -41°.02° N,
38°.01° E).

In the Black Sea region fishing license is
necessary to harvest rapa whelk from April 30"
to 1 September. Rapa whelk fishing must be
conducted at more than 500 m from the shoreline,
from sunrise to sunset.

Legal maximum width, maximum height, maxi-
mum codend length and codend mesh size of
dredges are 300 cm, 40 cm, 1 m and 72 mm, re-
spectively.

Biological sampling

To determine catch composition by dredge fish-
ing, a total of 1000 whelk were sampled from 5
different stations as shown in Figure 1 (Terme,
Unye, Fatsa, Persembe and Ordu). 952 specimens
were also sampled from vessels using the hookah
system. Total shell length (L) was measured to
the nearest 1 mm as depicted in Figure 2.

Total weights (W) of the specimens were de-
termined at 0.01 g sensitivity after drying with
tissue paper. The L—W relationships were deter-
mined using the equations: W = a L® (Le Cren,
1951; Pauly, 1980; Erkoyuncu, 1995). Relation-
ship between L and W was examined by the sim-
ple linear regression analysis. The coefficients
were analyzed using ANOVA (Zar, 1996). Ful-
ton’s condition factor was calculated by
C=(W/L? x 100, where L is the total shell length
(cm) and W is the body weight (g) (Le Cren,
1951; Bagenal, 1978; Sparre & Venema, 1992;
Erkoyuncu, 1995).
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Figure 2. Total shell length (L) of rapa whelk.

Fishing fleet

Technical dimensions (mouth width, mouth
depth, and codend length and mesh size) of
the dredges were determined by evaluating
the data provided from commercial vessels
either using the existing data from Fisheries
Information System (FIS) or face to face in-

terviews. The FIS includes any data regard-
ing the fisheries including production amount
by species, number of vessels, and their spec-
ifications, fishing permissions by vessels and
fishermen.

The interviews were conducted with 15
hookah system vessel owners to assess the
system. A questionnaire form contained:
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registry number, vessel length and width, and
engine power, current value of vessel, aver-
age daily production of vessel (kg or piece),
number of staff on vessel, staff education
level, insurance, levels and experience of
divers, daily diving duration, average diving
depth, seasonal working days, current value
of hookah system, daily fuel consumption of
vessel, daily operational costs of vessel (ex-
cluding fuel), seasonal maintenance cost of
vessel and price of product (kg or piece).

Results and Discussion
Whelk Fishing and Fishing Fleet

Commercial capture of rapa whelk has continued
since early 1980s in the Black Sea (Figure 3)
(TUIK, 2011). From 1995 to 2004, quantity of
landings showed an increasing trend, then a de-
crease occurred till 2009 after a stabilization pe-
riod. A fair recovery in the capture was seen in
2010.

According to FIS database, there were 207 regis-
tered whelk fishing vessels in the Black Sea re-
gion (FIS, 2012). The number of vessels within
the survey area constitute over 50% of the total
number of vessels in the Black Sea region; 52
(25.1%) of which were registered in Ordu Port
whereas 57 (27.5%) in Samsun Port. Table 1
shows the distribution of vessels having license
for whelk fishing by regions in Turkey. It is
thought that commercial fishing vessels from the
Aegean and the Mediterranean regions access
whelk fishing in the Black Sea. Major provinces
with the permitted vessels were as follow: Sam-
sun (%14.95), Ordu (%13.59), Istanbul (%9.42),
Balikesir (%7.18) and Zonguldak (%6.51).

Dredges (beam trawl) fishing and its technical
dimensions

According to fisheries regulations, dredges must
have a 3 m of mouth width, 40 cm of mouth
depth, 1 m of maximum cod end length and 72
mm of minimum mesh size (FIS, 2012). The re-
sults collected from the field studies showed that
the length of dredge varied between 220 cm and
300 cm while the mouth heights and net mesh
sizes of were 30-50 cm and 70-120 mm, respec-
tively. Fishing was conducted in 10-30 m depth
interval. The operation was performed by releas-
ing a rope 2 to 3 times longer than the depth from
the stern of the vessel at a 0.5 knot towing speed
for 20-25 minutes.

Although dredges have single and double-sided
towing characteristics, generally the latter is pre-
ferred. Drawings of two types of dredges used are
presented in Figure 4.

Single-sided types can lose their fishing ability
when they are not properly released on the bot-
tom. On the other hand, double-sided trawls will
always catch whelks in any positions. Each ves-
sel in the region legally had only 1 dredge and
capture operations had to be done between sun-
rise and sunset. Average length of fishing vessels
was 8.4 m. About 90% of dredges used double-
sided dredge in the region.

Hookah (diving) system and its technical
characteristics

The hookah system was generally preferred in the
periods when the dredge fishing was prohibited.
It was also preferred in places where bottom sur-
face is not good for dredging. The system could
be used in locations with a distance of 500 m
from the shore and a hard bottom structure when
water temperature increases and whelks started
reproduction. This method is allowed for all year
around in the whole Black Sea of Turkish waters
except the entrance of Bosporus.

According to the fishery statistics of 2011 (FIS,
2012), a total of 108 vessels are using the hookah
system in the Black Sea, mostly operating from
the ports of Istanbul (%19.47), Zonguldak
(%16.15), Balikesir (%10.62), Sakarya (%9.29)
and Ordu (%8.63). During the present study 21
and 14 vessels using the hookah system were
recorded in the Ordu and Samsun area, re-
spectively.

Average length, GRT and engine power of the
vessels in the study sites were determined as 7.48
m, 4.75 and 52.08 HP, respectively. Of all vessels
in Ordu and Samsun provinces, 42.8 % were di-
rectly interviewed using the questionnaire form.

An ordinary vessel using the hookah had a com-
pressor, air reservoir, air hose, air regulator, bags
used for filling captured whelks and barrels for
carrying the production in the water easily (Fig-
ure 5).

The vessels using the hookah system might use
one or two divers for rapa whelk collection.
When two divers were used, the lines were
divided by a "Y" line connection on the hose and
the divers used individual air regulators to breath.

Fishing operations could be done with or without
anchoring the vessel. When anchored, effective
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diving depth is limited by the length of the air
hoses. If the weather was good, the vessels were
not anchored, allowing divers to collect whelks
from a wider area. The collected whelks were put
in bags which were strictly tied up to the barrels,
and the air was filled in the barrels via an air
regulator to keep the barrel’s neutral buoyancy in
the water column as the harvest weight increases.

This enabled the divers to carry the barrels in the
underwater. When the bag was filled, the air was
fully compressed into the barrels to take out the
surface. Fishing with the hookah system vessel
was conducted in the daytime, and generally, a
diver stayed at underwater for 3-5 hours depend-
ing on the depth.
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Figure 3. Total whelk capture quantity in Turkish coastal waters of the Black Sea in 1983-2012 (TUIK, 2012).

Figure 4. Depictions of dredges used in the region A) single sided, B) double sided (orginal).
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Figure 5. Operation with hookah system (orginal).

Table 1. Number of whelk fishing vessels by regions and years (FIS, 2012).

Years
Regions 2008 2009 2010 2011
Black Sea 262 302 176 207
Marmara 103 115 60 59
Aegean 10 17 5 11
Mediterranean 8 8 2 0
Total 383 442 243 277

Aydin et al., 2(2): 85-96 (2016)

Table 2. Distribution and main technical specifications of vessels using the hookah system by regions

Region Number of Average overall length Average Average
Vessels m GRT HP
Black Sea 108 7.52 5.77 58.7
Marmara 119 8.83 14.42 63.95
Aegean 16 8.02 4.32 51.87
Mediterranean 0 - - -
Table 3. Main characteristics of the hookah vessels.
Mean Mean width Mean Mean Mean Mean
length of of vessels engine power of  diving time diving depth number of
vessels (m) (m) vessels (HP) (Hour) (m) employees
(min-max) (min-max) (min-max) (min-max) (min-max) (min-max)
8.85 £1.1 3.1+04 65 £28.0 55+1.8 6.7+1.2 340.5
(7.0-10.6) (2.1-3.8) (26-105) (2.5-9) (5-10) (2-4)
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Results from questionnaires

The results of interviews with fishermen using
the hookah system (15 vessels) are shown in
Table 3. The average diving time was 60 minutes
and duration of the operations decreased as the
diving depth increased. The average operation
day of the hookah vessels was 70 days per year.

Income and expense shares of the hookah vessels
based on the economic analysis are shown in
Figure 6.

Average seasonal income of a vessel was 55613
Turkish lira (TL) and the expense 12483 TL, re-
sulting in a 43.132 TL net average profit.

The net profit of a vessel was generally shared by
the vessel owner (50%) and the divers (50%).
Average daily fuel, daily food, seasonal mainte-
nance and repairs, present value of a vessel and
present value of a hookah system are given in
Table 4.

The average daily catch was 1050 kg (SE: 122)
per vessel. The value of the kilogram of rapana
seemed to change little between 0.85 and 1 TL.

Of divers, 50% had 1 Star, 25% 2 Stars and
10.7% 3 Stars diving certificates. Remaining
14.7% on the other hand did not have any diving
certificates. Additionally, 56 % of the divers had
a high school education (Figure 7).

Catch composition

During the present study 1952 individuals of rapa
whelks were collected (1000 from vessels using
dredges and the rest from hookah systems).

In this study, mean lengths, mean weight of the
captured whelks by dredges and hookah systems
were 5.61 c¢cm, 40.34 g and 5.83 cm, 48.59g, re-
spectively. Analysis of independent T-test de-
tected significant differences (p<0.001) in mean
lengths of captured whelks, but the differences in
mean weight of captured whelks not significant
(p>0.05) between dredges and hookah systems.

Length-weight measurements of individuals are
given in Table 5.

Majority of the population (70.9%) was com-
posed by the individuals having 5-6 cm total
length. Length frequencies of the samples accord-
ing to the size classes are given in Figure 8.

Length-weight relationship was found as W=
0.223L%% (R? = 0.85) for all individuals (Figure
9).

The Fulton’s coefficient of condition factor (C)
was calculated between 1.41 and 62.62, and av-
erage C of population was 22.16 +4.9.

Despite an increase in the whelk stock in the
Black Sea, there is a significant decrease in aver-
age length of captured individuals by time
(Daskalov and Rétz, 2011). For example, the
mean length was recorded as 11.0 cm in 1986
(Unsal, 1989), 6.7 cm in 1991, 6.5 cm in 1992
(Diizgiines et al., 1992), 5.4 cm in 1999 (Emiral,
2003), 4.5 cm in 2003 (Zengin, 2006) and 44.6
mm in 2004 (Sahin et al., 2005). In this study,
minimum, maximum and mean lengths were de-
termined as 1.4 cm, 10.7 cm and 5.7 cm, respec-
tively. It is a fact that recently there has been a
decrease in the lengths of harvested whelks
(Daskalov & Ritz, 2011). Average length of cap-
tured whelks by dredges in this study is higher
than that of previous study conducted by Saglam
et al. (2008), which is due to bigger mesh size
(72 mm) compared to previous study (40 mm). In
addition, it is known that there is an increase in
the length of the captured whelks from the east to
west in the Black Sea. For example, the reported
mean lengths are 4.7 cm (1.1-10.7 cm), 6.4 cm
(2.5-11.7 cm) and 6.9 cm (3.5-11.9 cm) from the
eastern, Samsun and the western stocks, respec-
tively (Knudsen & Zengin, 2006).

In a study conducted by Sahin, et al. (2005),
length-weight relationship of whelk was deter-
mined as W=0.000091 L*!* (R = 0.98) whereas it
was W= 0.223L*%° (R = 0.85) in the present
study.

During a survey carried out by Alparslan et al.
(2006), the authors reported 23 whelk fishing
vessels in the Black Sea. In the last years the
number of fishing vessels increased to 382 ves-
sels in 2008 and 442 in 2009, but then the num-
ber decreased to 243 in 2010 and 277 in 2011.

According to 2010 fishery statistics, 207 out of
277 whelk fishing vessels were present in the
Black Sea and 108 of them were operated using
the hookah system (FIS, 2012). It appears that
there is a steady increase in the number of the
vessels using the hookah system. Alparslan et al.
(2006) stated that mean market price per 1 kg of
whelk was 1 TL and average daily whelk harvest
is 300-400 kg per vessel. In this study, it was de-
termined that mean market price per 1 kg whelk
was 0.85-1 TL and average daily harvest of a
vessel using the hookah system (with two divers)
was 1050 kg.
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Table 4. Various expenses and values of a vessel and hookah system.

Average fuel  Average food ex-

Mean seasonal

Average value of  Average value of a

consumption pense maintenance and a vessel hookah system
(It/day) (TL/day) reparation ex- (TL) (TL)
pense (TL)
25+2.5 70 £14.1 2.500 £255.8 30.000 £1980 3.500 +568
(10-45) (20-200) (1.000-4.000) (10.000-40.000) 2.000-10.000

Table 5. Average weight and length of whelk (+SD)

Length (cm) Weight (g)
AveragexSTD Minimum Maximum Average £STD Minimum Maximum
General 5.72 £1.06 1.4 10.7 44.37 £26.11 0.49 251.96
Hookah 5.83 +0.95 1.4 10.0 48.59 +24.1 0.49 236.90
Dredges 5.61+1.14 2.6 10.7 40.34 £27.3 3.23 251.96

In the present study, it was found that average
daily harvest of the dredges vessels was 1200 kg.
Considering that productivity of the hookah was
1050 kg per vessel/day, the hookah system can be
a good alternative to the dredges. Moreover, if
the fishery statistics of whelk production is con-
sidered (9596 tons) (TUIK, 2012), it seems hook-
ah system have a harvest capacity higher than the
total production of Turkey. This figure also re-
veals that there is an urgent need for the im-
provement of collection of fisheries statistics.

As it is explained above, there is an increase in
the vessel number of the hookah system in the
region. This study showed that there is a serious
deficiency in diver training. Moreover, it was al-
so observed that the divers stay underwater long-
er than a normal diving duration, and they can be
exposed to diving diseases. Therefore, it appears
to be necessary to give diving instructions for the
hookah system divers. It is also equally necessary
to establish a diving disease treatment unit as
soon as possible.

There are other alternative methods to the dredg-
es other than the hookah system such as traps and

pots, which are allowed to fish all year around
(Saglam et al., 2008). Of the 277 vessels li-
censed for whelk fisheries in 2011, 215 were li-
censed to use the traps and pots. However, the
present study showed that no vessel used these
alternative methods. Similar reports were made in
the Black Sea for whelk fishing by Daskalov &
Rétz (2011). On the other hand, interestingly it
was observed that some vessels were illegally ac-
tive with the dredges by violating the year around
permission for the trap and pot fisheries. This
finding led us to suggest that either new trap and
pot fishing methods should be developed or the
present type of trap and pot fishing should be re-
moved from the legislation regulating national
commercial fisheries.

Whelk is predator of the Mediterranean mussel
(Mytilus galloprovincialis) and striped venus
clam (Chamelea gallina) stocks and that’s why it
must be captured with an appropriate fishing
method that is not harmful to the ecosystem
(Iotov, 2011). Therefore, dissemination and sup-
port of the hookah system is strongly suggested
as done by lotov (2011).
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Figure 6. Income and expense shares of the vessels using the hookah system.
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Figure 7. Education level of the crew in the vessels using the hookah system.
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Figure 9. The length-weight relationship of whelks

Conclusion

Consequently, the rapa whelk Rapana venosa
represents an important input for the economy of
Turkey. The species was traditionally captured by
dredges, but during recent years the fishery
seems to be changing to the hookah systems be-
cause of its fishing efficiency and the high mar-
ket value. The fishing effort is steadily increasing
year after year and the average size of the indi-
viduals fished are dropping, suggesting a tenden-

cy to overexploitation of the fishery. Therefore,
an urgent monitoring system for the whelk stocks
are needed to determine the impacts upon the ra-
pa whelk fishery and to keep a sustainable fishery
in the Black Sea ecosystem.
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