higher to these pollutants should be considered. In the second station, higher values in summer compared to other seasons
are attributed to the intensification of industrial activities and mining activities during this season. Also, the intensity of
mine transport and shipyard activities increase in these months.

Table 3. Seasonal variation of nickel (Ni) in sediment samples (ug g — 1)
Stations (Ni)

Seasons 1 (Sinop) 2 (Kastamonu) 3 (Zonguldak)
Yicsg Yicy Yicsx

Autumn 20,12+1,04* 14,24+ 1,108 21,821 ,46*

Winter 20,96+0,57 20,15+2,76* 19,68+0,82

Spring 21,54+0,418 21,68+0,0328 25,19+0,28*

Summer 20,80+0,48 21,62+0,50? 21,47+2,33

Lowercase letters indicate the difference between seasons, uppercase letters indicate the difference between stations (p< 0.05).

Table 3 shows that the seasonal variation in nickel was only significant at the second station (p<0.05). Difference between
the stations in the seasons was statistically significant (p<<0.05) in transition seasons and insignificant in other seasons
(p>0.05). Interaction between seasons and stations was also found to be insignificant. The lowest mean was 14.24 + 1.10
ug ¢! at the second station in autumn and the highest mean was 25.19 + 0.28 pg g! at the third station in spring. In a
study conducted on the Black Sea coast, it was reported that the Ni level in sediment ranged between 13.5-65.2 ug g
(Topguoglu et al., 2002). In a study conducted on the Romanian coast, the amount of Ni in sediment was reported to be
between 1-207 pg g~! (Secrieru and Secrieru, 2002). Similarly, Ni amounts were reported to be 0-21.4 pg ¢! in Eastern
Black Sea (Cevik et al., 2008), 11-202 ug g! in Southern Black Sea coast (Yiicesoy and Ergin, 1992), 80- 134.3 pg g
in Western Black Sea coast (Balkis et al., 2007), 10-139 pg ¢! in Eastern Black Sea coasts (Y1lmaz Bayrak, 2016). The
Ni data obtained in our study ranged between 14.24-25.19 ug g'. The data are consistent with the literature in the Black
Sea. In fact, it was observed to be lower than those of reported in many studies. Seasonal difference occurred only in the
second station; it was lower in autumn while it was higher in summer. This appearance is attributed to increasing industrial
activities in summer. Mining and wood industry activities which are concentrated in the region reach their maximum
intensiveness in summer months. On the other hand, the difference between stations is seen to be relatively high in station
3 in two seasons compared to other stations. The emergence of these, especially during transition seasons, can be
explained as the mixing of the metals carried by precipitation into the water in the stations area. Because, Ni is already
an abundant element in the environment that forms compounds with oxygen and sulfur, and it is genereally found in
sediment and soil bound to particles that contain iron and manganase (ATSDR, 2003). Nickel can be deposited easily by
moving to water sources with surface flows (Sonmez, 2011). This may be the reason for the slight increase in transition
seasons.

Table 4. Seasonal variation of iron (Fe) in sediment samples (ug g™')

Stations (Fe)

Seasons 1 (Sinop) 2 (Kastamonu) 3 (Zonguldak)
Yicy Yicz Yicz

Autumn 9490,30+£536,054 3490,54+ 413,748 8594,02+165,514

Winter 9486,15+437,55 7422,26+2933,73% 7985,20+744.,29

Spring 10991,84+2288,14 11185,38+1978,46* 14999,06+662,21

Summer 9365,64+247,14 9226,90+247,34% 11405,66+3342,52

Lowercase letters indicate the difference between seasons, uppercase letters indicate the difference between stations (p< 0.05).

As shown in Table 4, the difference between stations was significant only in autumn (p<0.05). On the other hand, the
difference between seasons was found to be significant only in second station (p<0.05). The interaction between the
seasons and the stations also appeared to be insignificant in the statistical context. The lowest was recorded in autumn at
the second station with 3490.54 + 413.74 pg g, while the highest average was recorded in spring at Station 3 with
14999.06 + 662.21 ug g™'. When the previous studies on iron in sediment are examined, it was seen that it varies. In a
study conducted on the Black Sea coast, Fe levels in sediment ranged between 1.3-4.3% (Kirath and Ergin, 1996), yet
another study on the Black Sea coast reported Fe levels to be between 0.5-5.4% (Topguoglu et al. 2002). Similarly, Fe
level in a study conducted on Southern Black Sea coast sediments was reported to range between 0.2-4.9% (Yiicesoy and
Ergin, 1992). It was reported to be 4.7-48.1% in Western Black Sea, 5.6-6% in Eastern Black Sea, 4.8-11% in another

676



study on Eastern Black Sea coast, 8.8-25.5% in Eastern Black Sea (Balkis et al., 2007; Ergiil and Topguoglu, 2008; Y1lmaz
Bayrak, 2016; Cevik et al., 2008). In our study results, Fe level was found to vary between 0.35-1.5%, which is lower
than literature. In general, seasonal difference was seen in the second station in spring, which can be explained by the
increase in metal levels carried by precipitation. On the other hand, higher Fe levels at the first and third stations in autumn
is also related to the location of the stations and rainfall levels during the sampling season. Although some differences
occur in some stations and seasons, the values are generally below acceptable and referernce limits used [crust 5% (Mason
and Moore, 1982), shale 4.7% (Turekian and Wedepohl, 1961), ultrabasic rock 5-7% (Aslaner, 1973), sandstone 0.9%
(Turekian and Wedepohl, 1961)].

Table 5. Seasonal variation of manganese (Mn) in sediment samples (ug g')

Stations (Mn)

Seasons 1 (Sinop) 2 (Kastamonu) 3 (Zonguldak)
Yicsg Yicy Yicg

Autumn 401,42+16,76* 156,83+ 22,39%8 351,42+5,464

Winter 416,41+16,07 358,56+54,072 352,75+37,31

Spring 350,86+11,068 383,10+9,4328 427,94+5,684

Summer 400,99+32,37 362,04+8,33? 381,21+39,18

Lowercase letters indicate the difference between seasons, uppercase letters indicate the difference between stations (p< 0.05).

Manganese data are presented in Table 5. The difference between stations was significant in autumn and spring seasons
(p<0.05). The difference between the seasons was significant only in the second station (p<0.05). On the other hand, it
was concluded that there was a significant (p<0.05) interaction between seasons and stations. The lowest mean was
measured in autumn at the second station with 156.83 =22.39 pg g~!, while the highest mean was in spring season 427.94
+5.68 ug g! at the third station. When the studies are examined, similar results have been obtained compared with the
studies in Black Sea. In a study conducted in Eastern Black Sea, Mn levels were reported to be between 504-1674 pg g!
(Cevik et al. 2008). In another study, it was determined as 651-1022 pg ¢! whilst, Yilmaz Bayrak (2016) reported that
Mn levels in sediment of Eastern Black Sea were between 80 and 1334 pg g!. Similarly it was found to be 102-1064 ug
¢! in Southern Black Sea (Yiicesoy and Ergin, 1992), 202-3696 pg g~! in Western Black Sea (Balkas et al., 2007), 161.5-
668.7 ng g~! in Central Black Sea (Bakan and Ozkog, 2007) and 355-751 pg g' in all Black Sea coasts (Kiratli and Ergin,
1996). Manganese data were generally low compared to the literature. In the second station, where there is a seasonal
difference, a significant increase was observed in summer compared to other seasons. In the third station, the difference
was observed especially in spring. This is mainly attributed to rainfall. In natural resources, the mixture of manganese to
water and soil occurs through discharge of wastes and atmospheric transport. It is found naturally in rivers, lakes and
underground waters, can be uptaken by aquatic plants and accumulate (ATSDR, 2010). On the other hand, the results
were found lower than various geological sources used as a reference such as crust, shale and calcite (Mason and Moore,
1982; Turekien and Wedepohl, 1961; Aslaner, 1973).

Table 6. Seasonal variation of cadmium (Cd) in sediment samples (ug g™)

Stations (Cd)
Seasons 1 (Sinop) 2 (Kastamonu) 3 (Zonguldak)
Yicg )_(i(sx Yicx
Autumn 0,97+0,07* 0,54+0,012 0,56+0,16
Winter 0,67+0,192°8 1,23+ 0,39%A 0,37+0,10¢
Spring 0,26+0,08"8 0,36+0,13b4B 0,74+0,014
Summer 0,26+0,03"8 0,64+0,022A 0,43+0,068

Lowercase letters indicate the difference between seasons, uppercase letters indicate the difference between stations (p< 0.05).

When the Table 6 regarding the cadmium level in the sediment samples was examined, the seasonal difference was
statistically significant at the first and second stations (p<0.05). The difference between stations was significant (p<0.05)
in three seasons except autumn. In addition, the interaction between seasons and stations was observed as significant
(p<0.05). The lowest Cd mean was recorded at station 1 with 0.26 = 0.03 pug g~' in summer, while the highest mean was
recorded at station 2 with 1.23 +0.39 pg g! in winter. Turkmen (2003) reported that the lowest level of Cd was 1.56 mg
kg in summer, whereas the highest mean was in winter with 7.33 mg kg! in Gulf of iskenderun. In another study
conducted by Riyad Cam (2016) in Gulf of Iskenderun, the lowest Cd level was reported to be 13 + 6 mg kg! in winter
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and the highest level was reported to be 207 + 15 mg kg! in spring among 10 different stations. In a study conducted in
Mersey Bay in England, Cd level was between 0.01-11 ppm (Harland et al., 2000), it was reported to be between 0.05-
2.5 ppm in Northwest Iberian Peninsula (Prego and Cobelo-Garcia, 2003), and 0.3-3.1 g kg'! in San Francisco Bay
(Bradford and Luoma, 1980). Although there is not much literature regarding Cd level in the sediments of Black Sea
coasts, our results are in line with the results of the studies conducted in other seas and even lower than some. At the
second station, the difference occurred in winter, whereas it was in autumn at the first station. The difference between
stations was in at station 2 in winter and at station 3 in spring. In general, Cd levels in sediment were not extremely high
considering the values in water. This is attributed to location of the stations and level of exposure. In fact, cadmium is a
very common element used in the industry and it is found in crust between 0.1-0.5 mg kg™'. In addition, it may be found
in sedimentary rocks, marine phophates and phosphorites at higher levels (Cook and Morrow, 1995). When examined
from this point of view, although there are partial differences between seasons and stations in our study, the results are
accepted as normal.

Table 7. Seasonal variation of lead (Pb) in sediment samples (ug g™')

Stations (Pb)
Seasons 1 (Sinop) 2 (Kastamonu) 3 (Zonguldak)
Yicy Yicsf Yicg
Autumn 17,98+0,53204 11,36+0,68%B 18,32+0,204
Winter 20,55+0,812b4A 15,88+ 4,18%8 18,75+1,284
Spring 17,51+1,56° 16,69+1,76% 15,32+0,41
Summer 21,35+0,24° 21,19+0,70° 18,32+1,74

Lowercase letters indicate the difference between seasons, uppercase letters indicate the difference between stations (p< 0.05).

When Table 7 examined it can be observed that the difference between stations is significant in autumn and winter seasons
(p<0.05). Seasonal differences were also significant in stations 1 and 2 (p<0.05), wheras there was no seasonal difference
in station 3. Interaction between seasons and stations is also insignificant in statistical context (p>0.05). The lowest value
was recorded as 11.36 = 0.68 pg ¢! at the second station in autumn and the highest mean was recorded as 21.19 + 0.70
pg ¢! at the second station in summer. Although Pb studies show a wide variation, Pb level in sediment was reported to
be between 0.05-31 pg g! in a study conducted in Black Sea coast (Topguoglu et al., 2002), and in another study
performed at the same location, it has been reported to be between 14-35 pg g™ (Kirath and Ergin, 1996). In the studies
carried out in Western Black Sea, the amount of Pb in sediment was reported to be between 0.1-23.5 ug ¢! and 0.5-50.3
ug g7, respectively (Balkss et al., 2007; Secrieru and Secrieru, 2002). In various studies conducted in Central and Eastern
Black Sea, Pb levels in sediment were reported to be 16.2-139.6 pg ¢! (Karaalioglu, 2006), 2.27-16.7 pg g™ (Tiirk Culha,
2011),41.7-355.1 pg g! (Cevik et al., 2008), and 14-920 pg g! (Yilmaz Bayrak, 2016). When the Pb data obtained from
our study are evaluated in general, they correspond to the amounts stated in the literature and in the reference sources
(Mason and Moore, 1982; Turekian and Wedepohlon, 1961). Seasonal difference usually occurs in the summer months
with a high mean. This is considered to be normal due to increasing momentum in industrial activities and subsequent
contamination in these months. Again, high mean value in stations 1 and 3 which was seen in autumn and winter seasons
was attributed to the amount of rainfall in the region. As Kesler (1994) stated; Pb, which is a very common metal in the
crust, is present in the soil at the level of 12.5 mg kg™! and is highly absorbed by soil sediment particles. Mine sources in
the environment have a major impact on contamination and mining activities in the region also play an important role in
explaining this status.

678



Correlation of Heavy Metals Measured in Sediment
Table 8. Correlation coefficients between elements in sediments

Cd Cu Fe Mn Ni Pb Zn
Cd 1
Cu -0,175 1
Fe 0,031 0,366 1
Mn 0,169 0,600™ 0,763* 1
Ni 0,066 0,516™ 0,881* 0,812™ 1
Pb -0,049 0,899™ 0,228 0,625™ 0,420" 1
Zn -0,082 0,939™ 0,360 0,716™ 0,548 0,963 1

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

The correlations of heavy metals in sediment samples are given in Table 8. According to the table there was a significant
correlation between Mn-Cu, Ni-Cu, Pb-Cu, Zn-Cu, Mn-Fe, Ni-Fe, Ni-Mn, Pb-Mn, Zn-Mn, Zn-Ni and Zn-Pb metals
(p<0.01) and Pb-Ni metals (p<0.05). Similarly, in the study conducted by Yilmaz Bayrak (2016), a strong positive
correlation was found between Ni-Mn and Zn-Cu metals in sediment. In another study conducted by Riyad Cam (2016)
in Iskenderun Gulf, the correlations of heavy metals in sediment were evaluated as positively strong in Mn-Fe, Zn-Cu
and Pb-Cu metal pairs. Correlation results obtained in this study correspond to similar studies. The correlations between
metal levels generally vary according to the sources of contamination, relation with each other and some environmental
factors. Correlation results are consistent with the heavy metal levels discussed individually.

4. CONCLUSION

In this study, it was aimed to determine the concentrations of Cd, Cu, Fe, Mn, Ni, Pb, and Zn in sediment samples taken
from three stations (Sinop, Kastamonu and Zonguldak) located in Western Black Sea coastline seasonally. The heavy
metal data obtained from the sediment samples support each other in terms of differences and seasonal differences are
generally observed during the transition seasons. Differences in terms of stations generally changed depending on the
location of the station, diversity and distribution of pollutants. In addition, it was observed that the geological structure
of the stations affected the heavy metal levels. The occurrence of some heavy metals above the specified limits is attributed
to intensity of industry and industrial activities in that particular area. On the other hand, shipyard activities and port
transportation also affect this situation adversely. In addition, annual precipitation and the heavy metals carried by the
large and small streams have an impact on the present condition in some seasons. According to the results of this study,
it is suggested that pollutants and mining activities in the region should be supervised, and such studies are needed to be
carried out frequently and extensively.
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Abstract: In this research, it is aimed to determine the aquaculture potential of Ermenek Dam which is located on
Ermenek River in Ermenek District, Karaman Provencie. To this end, five various stations were assigned during the study
from November 2013 to April 2014. Water samples were monthly collected 30 cm. below the water surface via these
stations. Obtained average annual values, minimum and maximum, are as follows respectively Temperature of Water
(9.8-14.5-11,7 °C), pH (7.51-8.50-8.02), free oxygen (8.01-11.18-9.50 mgL-1), conductivity (220-443-323 uS/cm),
sodium (4.54 11.04-7.69 mgL-1), potassium (1.69-2.30-2.01 mgL-1), calsium (20-45-32.36 mgL-1), magnezyum (9-
23.46-15.00 mgL-1), nitrit (0.01-0.9-0.10 mgL-1), nitrat (0.03-4.20-1.81 mgL-1), amonium (0.02-0.49-0.14 mgL-1), total
fosfor (0.02-0.42-0.724 mgL-1). Carrying capacity is 54 000 tonnes. Besides, fish species detected in the locality are;
brown trout, Salmo trutta macrostigma (Duméril, 1858), Chub, Squalius cephalus (L., 1758), Common carp, Cyprinus
carpio L., 1758, Rainbow trout, Oncorhynchus mykiss (Walbaum, 1792). Upon the findings through the study, the dam
is considered as assessable in terms of aquacultural work facilities.

Keywords: Ermenek Dam, capacity, aquacultural potential, fish species
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Abstract: The main aim of this study is to determine of embryonic and larval development stage of European lobster
(Homarus gammarus, Linnaeus 1758). Adult lobsters were collected from Dardanelles Bay, Canakkale Turkey. Larvae
reared 12.7-13.4°C and feed by Nannochloropsis sp. during the first two days and then by Artemia salina. As a result, egg
diameter of lobster was determined as from 2.5 to 2.7 mm. All larval development stages were monitored for 27 days.
Larval length and weight reached to 11.60 mm and 0.034 g, respectively. In summary, The European lobster is a very
important crustacean species all over the world. It has a high market value, three times the price of its American lobster
(H. americanus). However, production of European lobster is done only fishing. But aquaculture activities are needed for
the sustainable production of this species. These data will be strategic element advance understanding embryonic and
larval rearing of European lobster. Therefore, outputs of present study have a great importance to provide knowledge for
aquaculture activities and importance to ensure the sustainable production.

Keywords: European lobster, Homarus gammarus, larvae, embryonic stage, growth
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Abstract: The purpose of this study was to determine the effects of sweet potato (Ipomoea batatas) in diets for juvenile
tilapia (3.4+0.04 g mean initial weight) on growth performance of fish. With this aim, three different concentrations of
methanolic extract of sweet potato (1, 2 and 3 g kg'*) were prepared and spreyed to the feed. Fish were fed with the diets
(control, T1, T2 and T3) for 60 days At the end of the 60 day feeding trial, the highest mean individual weight gain,
specific growth rates (SGR) and feed conversion ratio (FCR) of fish was found in T1 group (P<0.05). But the condition
factor (CF) value was found higher in T2 group than the other groups (P<0.05). SGR values of T2 and control were lower
than other groups (P<0.05). The lowest mean FCR was found in control group (0.97+0.14) but not significantly different
from T3 (P>0.05). The results of present study showed that methanolic extracts of sweet potato was increased the fish
growth performance.

Keywords: Tilapia, sweet potato, growth performance

1. INTRODUCTION

Tilapia are the most cultured freshwater fish in the Philippines and they are listed second in culture volume after milkfish.
Until the early 1990’s the Philippines was the globally the top producer of tilapia and most of it was produced for domestic
consumption. Since then, many countries have developed their tilapia industry to take advantage of the booming
international demand for filleted tilapia. The Philippines completely missed out on this opportunity; the country has not
really developed or professionalized its tilapia industry and is still producing for the domestic market only (FAO, 2017).

Philippines has a very rich floral diversity and a great knowledge of folk medicines and consequently represents potential
resources for such studies (Penecilla and Magno, 2011). Sweet potato is important as a cash crop with high levels of
vitamins (A, B1, B2, C and E), minerals (Ca, Mg, K and Zn), antioxidants, dietary fibre and carbohydrates (Scott et al.,
2000; Kim et al., 2012). It is livestock feed or for industrial input (Woolfe, 1993). Sweet potato (Ipomoea batatas) is a
herbaceous creeping plant with smooth, lightly moderate green leaves sometimes with a considerable amount of purple
pigmentation especially along its veins (Longe, 1986). Nowadays, medicinal plant is a growing area as an alternative
medicine for human being and many manufactured drugs derived originally from plant compounds have wide-range uses.
The medicinal plants are rich in a wide variety of nutrients and they may be used as chemotherapeutics and feed additives
(Chang, 2000). The use of medicinal plants as a natural feed additive in fish diets is becoming useful rather than classic
chemicals, which may have an accumulative effect on human and animal health.

2. MATERIAL AND METHOD

Experimental Design and Fish

Tilapia, with a mean initial body weight of 3.4+ 0.47 g, were obtained and stocked randomly (20 fish aquarium™) into 12
aquarium, each with a 100 L capacity, in The Fisheries Biotechnology Center, BFAR-NFFTC, National Fisheries
Research and Development Institute, Central Luzon University, Philippines. The experiment was designed as three
replicates of each treatment. Before starting the experiment, fish were acclimatized to the experimental feeding regimen
using a commercial diet for 2 weeks (tilapia commercial powder feed). Aqueous methanolic extracts of sweet potato (SW)
were added to the fishes’ basal diet at the rate of 0 (Control), 1 (SW1), 2 (SW2) and 3 (SW3) g kg™ by spraying. All
groups were fed with the diets twice a day ad-libitum.
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Preparation of Aqueous Methanolic Extract of Sweet Potato (Ipomoea batatas)
Sweet potatoas were purchased from market and dried under shade in natural conditions; extracts of sweet potato were
prepared according the procedure described by Bilen et al. (2016).

Growth Parameters

Bulk fish live weight increments were measured every 2 weeks and feed intake was recorded daily throughout the study.
At the end of the study, fish were taken individually weight and length for determining growth performance parameters.
Growth performance measured are listed below and the calculations were according to Ricker (1979);

Weight gain (%) = [(final weight-initial weight) / initial weight]x100;
Specific growth rate (SGR) = [(In final weight-In initial weight) /days]x100;
Condition factor (CF) = 100 x [(body weight (g) / length® (cm)];

Feed conversion ratio (FCR) = wet weight gain (g) / feed intake (9);

Statistical Analysis

Statistical analyses of data was subjected to one-way ANOVA, and a subsequent comparison of means by Tukey’s
multiple range test. All of the above mentioned statistical analyses were performed using SPSS (23.0). Differences were
considered statistically significant at P<0.05.

3. RESULTS AND DISCUSSION

As presented in Table 1 average of initial weight (g/fish), final body weight (g/fish), weight gain (WG) (g/fish), and
specific growth rate (SGR %/day) as affected with methanolic extracts of sweet potato. Final fish weight in the W2
group was significantly higher than was that in the control and other experimental groups (P < 0.05). A significant increase
in WG and SGR was observed in all experimental groups compared with that in the control group and higher levels were
recorded in the W2 group. FCR was significantly increased in all treated groups compared with that in the control group,
and the lowest FCR value was obtained in the control group.

Table 1. Values of initial and final weights, specific growth rate, feed consumption and feed conversion ratio of
experimental diets?

Dietary Treatments

Control SwW1 SW2 SW3
Initial weight (g/fish) 3.44+0.32 3.4+0.21 3.4+0.71 3.4+0.46
Final weight (g/fish) 4.28+0.76° 4.69+0.25° 4.24+0.78° 4.38+0.98°
Weight gain (%) 25.88+0.66° 37.92+0.23° 24.82+0.75¢ 28,76+0.79°
Specific growth rate (SGR) 143.36+0.65° 152.49+0.982 142.51+0.43¢ 145.62+0.56°
Feed conversion ratio (FCR) 0.97+0.62¢ 1.18+0.43° 1.21+0.562 1.04+0.74¢
Condition factor 1.62+0.14° 1.67+0.17° 1.79+0.152 1.66+0.19°

!Data are reported as mean = SE of three replicates (n = 3). Means with different superscript letters in a row are significantly
different (P < 0.05). 2n =60 x 2. SW1, SW2 and SW3 are extracts of sweet potato at 1, 2 and 3 g kg™ diet, respectively.

Plant extracts are known to promote growth, increase appetite, enhance immune ability, as well as have stress-reduction,
sexual stimulation, hepato-protective effects and anti-pathogenic properties in fish (Yang et al., 2011; Reverter et al.,
2014). In the study, growth performance parameters, such as final weight and SGR levels displayed. Especially, SW1 and
SW3 caused dose dependent growth promotion. Similar to the present study, significantly increased final weight and SGR
were reported in rainbow trout fed with capper and nettle extract, respectively (Bilen et al. 2016a; Bilen et al. 2016b). On
the other hand, use of laurel caused no effects on growth of rainbow trout (Bilen and Bulut 2010). Abdelhamid (2010)
was reported that the diet containing Alpinia (AM) as a medicinal plant produced the best growth performance
parameters compared with other different medicinal plants (Ginger, Cresson and Lpecdcuanha). Tan et al. (2018)
were reported that dietary ginkgo biloba leaf (GBE) levels did not significantly affect final weight (FW), specific growth
rate (SGR), feed intake (FI), condition factor (CF) after 8 weeks of feeding (P>0.05). Fish fed Diet 6 had significantly
lower weight gain (WG) and feed efficiency ratio (FER) than those of fish fed control (P<0.05). There had no significant
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differences in WG and FER values of fish fed with GBE (P>0.05). It seems that, in terms of growth performance use of
sweet potato is effective for tilapia.

4. CONCLUSION
In the present study, new information on sweet potato is provided by examining its effects on growth performance.
Therefore, this is a new growth promoter for tilapia and could be a cost-effective application in aquaculture industry.
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Abstract: In this present study, antibacterial activity of essential oil of oregano (Origanum onites) was tested against the
pathogenic bacteria in fish; Yersinia ruckeri and Aeromonas hydrophila. With this purpose, 150 ul of bacterial strains
were placed into 96-well plates and 8 different essential oil concentration (10 pg/ml, 5 pg/ml, 2.5 pg/ml, 1.25 pg/ml, 0.6
pg/ml, 0.3 pg/ml, 0.15 pg/ml and 0.075 pg/ml) were mixed with the culture in triplicate. The results of present study
showed that essential oil of oregano was found effective against Aeromanas hydrophila and Yersinia ruckeri at all dose.
Considering overall performance, oregano showed powerful antagonistic agent effect against Aeromanas hydrophila and
Yersinia ruckeri.

Keywords: Aeromanas hydrophila, Yersinia ruckeri, MIC test, oregano, essential oil, fish pathogens
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Abstract: In the present study, effect of Fumaria officinalis aqueous methanolic extract on haematological responses of
rainbow trout were determined. With this aim, rainbow trout was fed with 4 different doses of the plant (0 (Control), 1%,
2% and 3%) during 75 days ad-libitum and every 15" day of the study, haematological indices were determined. The
results of the study showed an decrease on RBC on 15™ day of the study on FO3 group. HCT was also decreased on FO2
and FO3 group compare to control.30" day of the study all experimental groups RBC was significantly increased
compared to control. Similar result were observed on HCT. On the 45" day of the study, RBC was decreased in all
experimental groups. Similar result was observed on HCR. The highest RBC value was observed on FO3 group on 60
day of the study. However HGB was decreased in FO1 and 2 groups compared top control. At the end of the study both
HGB and HCT were significantly decreased in all experimental groups compare to control (P<0.05). this results suggest
that usage of Fumaria officinalis in fish feed during long time may result with anaemia.

Keywords:
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Abstract: Increased world population and subsequent food consumption has led intensive aquaculture practices to
emerge. As fish are cold blooded aquatic animals, they are strongly dependent on the environmental conditions. Hence,
intensive culture practices put fish under stress most of the time, resulting in susceptibility to diseases. Although there are
certain successful treatment or prevention methods currently used in aquaculture such as vaccines and antibiotics, these
are often considered as expensive, labor intense or hazardous. Therefore, alternative treatment or prevention methods,
especially medicinal plants have been the focus of the current studies. In this literature review, we aimed to give
information about medicinal plant use in aquaculture, mechanism of action and constituents of the plants that are
providing protection.

Keywords: Immunostimulant, immune response, fish, aquaculture, medicinal plants.

1. INTRODUCTION

Obtaining high quality products in aquaculture is merely possible by providing optimum conditions for the cultured
species and protecting it from diseases. Even though various methods such as vaccines, antibiotics or other chemical
agents have been used successfully in fighting against fish diseases, these methods often have disadvantages such as high-
cost, environmental pollution, difficulty in administration and residues in fish meat. Due to these disadvantages, the use
of immunostimulants that activate the non-specific immune system as an alternative to chemotherapeutics and vaccines
in aquaculture has become widespread (Aoki, 1992).

It has been reported by FAO that the number of herb species used for therapeutic purposes in the world is around 50.000
(Schippmann et al., 2002). In China, preparing extracts from plants and using them as medicines dates back to 2700 BC
(Faydaoglu and Siiriiciioglu, 2013). The use of medicinal plants in fish as well as in humans has become widespread in
recent years. The reason for this is to obtain maximum yield per unit area during following years when humanity will be
in downswing in terms of food resources. Medicinal plants are preferred by aquaculturists as they are natural products
and often considered as cheap and easily accessible. In addition, one of the most important problems encountered in
aquaculture is environmental pollution. The most threatening aspect of environmental pollution caused by aquaculture is
perhaps the development of resistant bacteria as a result of antibiotic use. Medicinal plants have the potential to overcome
this problem if they can substitute antibiotics.

It has been reported that feeding many different vertebrate and invertebrate species with natural immune stimulants such
as plant extracts and probiotics are beneficial to aquaculture industry (Guardiola et al., 2016). Various plants such as
seaweeds, herbs, spices or plant derived products have been studied in different aquatic animals (Hai, 2015). These
products can promote growth and stimulate appetite, immune system and antioxidant enzymes. Also they can directly act
as antimicrobial agents due to natural compounds they contain. Chemicals that plants produce such as emetine, quinine,
berberine, terpenoid, alkaloid and flavonoids are currently being used in the treatment of various infectious diseases
(Hussain et al., 2018; Faydaoglu and Stiriictioglu, 2013).

2. IMMUNE STIMULATION
An immunostimulant is an agent that enhances immune response directly by itself or indirectly when coupled with an
antigen (Murthy and Kiran, 2013; Mastan, 2015) resulting as a more disease resistant animal to grow (Citarasu, 2010;
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Barman et al., 2013; Reverter et al., 2014). In general, immunostimulants are a group of biological and synthetic
compounds that enhance the non-specific defense mechanisms in aquatic animals, thereby providing a broad spectrum
protection (Murthy and Kiran, 2013). There are various studies that focus on the use of medicinal plants as immune
modulators, treatment and prevention (Galina et al., 2009).

Primary defense reactions in fish are exhibited in skin and mucus. When a pathogen enters the body, humoral and cellular
nonspecific immune responses are activated (Diigenci et al., 2003; Asim and Balkhi, 2015). These responses are
performed by immunological cells such as myeloperoxidase, macrophages, etc. and stimulated by cytokines.
Immunomodulating molecules interact with cytokines to form such reactions without needing any pathogen to be present.
Plants are accepted as a major source of these immunomodulating molecules (Domenico et al., 2017).

Immunostimulants used in aquaculture are effective especially in cases where disease outbreaks can be predicted and
cyclic (Syahidah et al., 2015). However, such molecules should be investigated extensively due to their potential to alter
certain biological processes if used incorrectly (Citarasu, 2010; Barman et al., 2013). Immunostimulants mainly enhance
the function of natural killer cells, lysozyme activity, antibody responses and phagocytic cells (Harikrishnan et al., 2011;
Hai, 2015). This kind of protection may be efficient if the fish are raised in an environment where the pathogen is unknown
or cannot be identified (Murthy and Kiran, 2013).

Following pathogens are successfully controlled by immunostimulants in fish or shrimp (Barman et al., 2013):
Ichthyopthirius multifiliis, Streptococcus spp., Yersinia ruckeri, Vibrio salmonicida, Vibrio vulnificus, Vibrio
anguillarum, Edwardsiella ictaluri, Edwardsiella tarda, Aeromonas salmonicida, Aeromonas hydrophila and some
viruses (viral hemorrhagic septicemia, yellow head virus, infectious hematopoietic necrosis).

So far, bacterial cell wall components such as glucans and lipopolysaccharides (LPS) are considered as the best
immunstimulants due to easy recognition by immune system. Especially, glucan which is a polymer of glucose found in
the cell wall of bacteria, fungi and plants appears to be most promising among all examined fish and shrimp species with
the best application route is found to be orally (Barman et al., 2013, Mastan, 2015, Domenico et al., 2017).

3. PROPERTIES OF MEDICINAL PLANTS

There are some plants used in aquaculture in the form of extract compounds (Hai, 2015). For example; anthraquinone
extract (from Rheum officinale Bail), Scutellaria radix (from Scutellaria baicalensis) and Astragalus radix (from
Astragalus membranaceus).

Astragalus root analysis showed that it contains alkaloids, flavonoids, monosaccharides and polysaccharides along with
different trace minerals, cellulose, gum, mucoitin, various amino acids, folic acid, betaine and choline. Some of mentioned
compounds such as glucosides, alkaloids, organic acids and polysaccharides are found to be an immune enhancer (Galina
et al., 2009). Another example would be date fruit which contains phenolic constituents, anthocyanins, sterols,
carotenoids, flavonoids, vitamins and various enzymes (Guardiola et al., 2016). Such herbal extracts may be applied
individually, mixed or combined with other drugs or immunostimulants in order to boost immune resistance of fish
(Raman, 2017).

Many different types of bioactive compounds (flavonoids, alkaloids, polysaccharides) of plants are widely studied in rats,
humans, aquatic animals and proven to exhibit antimicrobial, antioxidant and immunstimulating activity (Galina et al.,
2009; Pandey et al., 2012; Hai, 2015; Asim and Balkhi, 2015). In the following section, some of these compounds are
examined.

Phytochemicals of Medicinal Plants

Pytochemicals are bioactive components of plants that are associated with the protection that plants provide. Although,
phytochemical obtained from the plant will depend on the extraction method and plant species, in this review, we
mentioned some well-known components which may be listed as tannins, terpenes, saponins, alkaloids and flavonoids.

Tannins

Tannins are polyphenolic constituents of plants that have two types; condensed and hydrolysable tannins (polyesters of
gallic acids and various individual sugars). Tannins are shown to have antimicrobial activity against some fungi, bacteria
and viruses and can enhance immune system in humans (Ergezer and Cam, 2008). However, tannins may alter digestion
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due to their ability to combine with dietary proteins, minerals, polymers and digestive enzymes (Asim and Balkhi, 2015).
Also, materials in aquariums such as wooden ornamentals or shelters may contain tannic acid (a specific form of tannin)
which may cause change in pH or hardness of water, thus affecting fish adversely. Prusty et al. (2007) reported that
hydrolysable tannin (tannic acid) supplementation for 60 days stimulated immune response in rohita fingerlings by
increasing leucocyte count and respiratory burst activity without altering growth.

Alkaloids

Alkaloids are herbal, alkaline, naturally occurring materials that consist of nitrogen, hydrogen carbon and generally
oxygen. They are found in many plant species, mainly in some flowering plants (Hussain et al., 2018; Bakirel, 1998,
Yilmaz et al., 2006) Alkaloids are colorless, odorless, sour-tasting, in liquid form under normal temperature, and
crystallized except coniine and nicotine (Yilmaz et al., 2006). Some of well-known and commercial alkaloids are nicotine,
caffeine and morphine (Hussain et al., 2018). Sharma et al. (2010) studied the effects of Withania somnifera root powder
supplementation on immunological parameters and disease resistance to Aeromonas hydrophila in Labeo rohita. They
observed increased oxidative radical production, phagocytic activity, total immunoglobulin count in plasma, lysozyme
activity in plasma and high survival rate against A. hydrophila in experimental groups. Sharma et al. suggested that this
beneficial effect might have happened due to alkaloids —along with other components- that W. somnifera plant contains.

Terpenes

Terpenes are the most common compounds among natural compounds and are small organic molecules with various
structures. Although, there are terpenes that contain only carbon and hydrogen, they might contain molecules consisting
of oxygen such as alcohol, ketone, aldehyde and acid groups. Oxygen-containing terpenes are called “terpenoids”. Today,
more than 20.000 terpene structures (either open-chain or cyclic structure) with various functional groups, are known
(Kilig, 2007) Terpenes are considered to be the most important group of volatile oils (Arslan and Karabulut, 2005). B-
carotene and thymol are some terpenes that are synthesized by plants and known to have beneficial effects such as
antimicrobial, antiseptic and antioxidant activity (C6l, 2007).

Saponins

Saponins are naturally occurring surface glycosides that are synthesized by mainly plants. They can also be produced by
some aquatic organisms and bacteria. To date, there are two types of saponins are identified; steroid and triterpenoid
saponins. Steroid saponins are present in medicinal plants whereas triterpenoid saponins are found in legumes such as
peas, beans and soybean (Asim and Balkhi, 2015). Saponins have antimicrobial effect and are reported to exhibit
antioxidant, anti-inflammatory and immune enhancer properties (Kocaoglu Giiglii and Uyanik, 2004). Considerable
amount of studies indicate that saponins are toxic to fish. However, there are some studies reporting their beneficial effects
such as growth promotion (Stadtlander, 2012).

Flavonoids

Flavonoids are the most studied compounds of the plants. They are water soluble, polyphenolic molecules that contain
fifteen carbon atoms. Five major subgroups of flavonoids are Anthocyanidins, flavanols, flavanones, flavonoids and
flavones. Flavonoids play major role in scavenging reactive oxygen species and exhibit high antioxidant activity by means
of their hydroxyl content (Asim and Balkhi, 2015). Studies have shown that flavonoids show anti-inflammatory, antiviral,
antiallergic and antithrombotic effects besides their antioxidant properties. Flavonoids, of which number of members are
estimated to be over 4000, are abundant in tea, apple, onion, legumes, tomato and grape (Kahraman et al., 2002).

4. CONCLUSION

Although plants and their extracts considered to be safe and used widely, there are some studies reporting their negative
effects in fish culture. E.g. garlic (Allium sativum) was reported to exhibit beneficial effects in many studies in terms of
immune response and disease control. On the other hand, it was shown to have harmful and even lethal effect on silver
carp larvae. Abdel-Hadi et al. (2008) studied the effects of garlic in silver carp larvae and concluded that 4 g/L of garlic
killed all larvae. Similarly, Garcia Beltran et al. (2017) showed that dietary dehydrated lemon (Citrus limon) peel in the
ratio of 3% reduced weight gain and specific growth rate of fish (Sparus aurata) when fed for 30 days. Moreover,
application method, dose and duration also play an important role on effect of the plant product.
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Action mechanism and effects of herbs or their compounds, as well as immune stimulation mechanisms are not fully
understood yet. However, it can be said that beneficial effects of herbal products in terms of immunity occur in two
different ways: either directly by bioactive components of plant exhibiting antimicrobial, antioxidant activity; or indirectly
by constituents of plant getting recognized by fish immune system as extraneous materials, resulting in activation of
immune response. Furthermore, in order to maximize the benefit from medicinal plants, we suggest that future studies
need to evaluate far-going use of medicinal plants of which beneficial effects have already supported with literature data,
in terms of economy and long-term utilization.
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Abstract: In this preliminary study, it was aimed to determine formation inhibitor effects of garlic (Allium sativum) skin
extract on fungal disease (Saprolegnia parasitica) which occurs on rainbow trout (Oncorhynchus mykiss) eggs. In order
to evaluate fungicidal effect on S. parasitica, obtained aqueous methanolic extract was applied to eggs right after
fertilization via bathing method in concentrations of 0.1, 0.2, 0.4, 0.8, 1.6 and 3.2 g I". In the trial, experimental groups
showed positive results in terms of preventing formation of the fungus in comparison with control group where, best
result was seen in 0.4 g I"* group (P<0.05). According to results, we conclude that garlic skin may be used in rainbow
trout hatcheries as an alternative natural fungicidal.
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Abstract: The pharmaco-kinetic/dynamic of marbofloxacin was investigated after single intravenous (V) and oral
administration of 10 mg/kg in 192 healthy rainbow trout at 13+1.2 °C. The plasma concentrations of marbofloxacin were
determined by high-performance liquid chromatography-ultraviolet detection. After IV and oral administration, the
plasma concentration—time data were described by a noncompartmental analysis. The minimal inhibitory concentration
(MIC) of marbofloxacin against Yersinia ruckeri, Aeromonas hydrophila, Pseudomonas fluorescens and P. putida were
determined by broth dilution method at 13 °C. After IV administration, the elimination half-life (i), area under the
concentration-versus time curve (AUCo..), apparent volume of distribution at steady-state and total body clearance of
marbofloxacin were 18.05 h, 354.63 h*ug/mL, 0.65 L/kg and 0.03 L/h/kg, respectively. After oral administration, ti/,
AUC,., the peak plasma concentration, time of maximum concentration and bioavailability were 27.51 h, 135.29
h*ug/mL, 3.74 ug/mL, 4 h and 38.15%, respectively. The respective MICs of marbofloxacin against Y. ruckeri, A.
hydrophila, P. fluorescens and P. putida were determined as 0.02 pg/mL, 2.5 pg/mL, 2.5 pg/mL and 5 pg/mL,
respectively. Following 1V and oral administration of 10 mg/kg marbofloxacin, AUC/MIC and Cma/MIC values were
above the target levels for Y. ruckeri, while this dose was not sufficient for A. hydrophila and Pseudomonas spp. Because
the pharmacokinetics and pharmacodynamics of a drug in fish are significantly affected by temperature, the dosage
regimen of marbofloxacin should be modified according to temperature.

Keywords: Pharmacokinetics, pharmacodynamics, marbofloxacin, rainbow trout
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Abstract: Oxygen is vital for living organisms. But it can be poisonous and cause mutation for living things. Consumption
of oxygen by the cells causes the formation of reactive oxygen species (ROS). It is reported that the progression of this
condition, which leads to an imbalance between antioxidant systems with excessive amounts of ROSs leads to oxidative
stress, which leads to chronic and acute diseases such as cardiovascular diseases, cancer, diabetes, alzheimer and some
immune problems and aging. When antioxidants are present at low concentration, they are a substance that retards or
prevents oxidation according to oxidizable substances. Epidemiological data show that antioxidant-rich nutrition is
beneficial and can play a major role in the prevention of diseases. Therefore, there are many researches on natural
antioxidants.

This study was carried out to determine the antioxidant capacity of the extracts obtained from the leaves of persimmon,
cherry laurel and likapa plants growing in and around Rize. For this purpose, Diospyros kaki (persimmon), Prunus
lauroceraus (cherry laurel), Vaccinium arctostaphylos (likapa) leaves are dried at 60 ° C with ethanol (40 ° C), hot water
(75 ° C) and warm water (40 ° C). extract extracts were obtained in 2.5% and 5% extractions. DPPH method was used to
determine the antioxidant effect. According to the results, the rate of antioxidant activity was determined mostly in lichen
leaf extract in the warm water extract and in the lowest amount of ethanol extract. It is clear that extract concentrations
do not affect the antioxidant activity.

Keywords: Antioxidant, ROS, herbal extract, DPPH
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Abstract: This study evaluated the effects of P.latifolia methanolic extracts on heamatological indices in rainbow torut
(Oncorhyncus mykiss). The fish were fed with a diet containing 0.1, 0.5 and 1 % methanolic extract of P. latifolia leaves
and seeds. At the end of the experimental period, hematological parameters including red blood cell (RBC), hemoglobin
(Hb), heamatocrit (Hct), mean cell volume (MCV), mean cell hemoglobin (MCH) and mean cell hemoglobin
concentration (MCHC). The results obtained demonstrate that fishes with the supplement of P.latifolia leaves and seeds
showed significant immunostimulatory effect, increase in RBC, Hb, Hct, MCV, MCH and MCHC values, when compared
with the control group (P<0.05).

Keywords: Haematological indices, P. latifolia, rainbow trout

1. INTRODUCTION

Rainbow trout (Oncorhynchus mykiss) is the most commonly cultivated cold water fish in aquaculture industry. Owing
to intensive culture practices for the increased production, disease management continues to pose a serious threat to
aquaculture industry (Haghighi and Rohani, 2013). The use of immunostimulants in aqua-feed is considered as a modern
and promising alternative to antibiotics and vaccines as a prophylactic measure in intensive aqua-culture (Raa, 2000).
Herbal (medical and aromatic) immunostimulants are substances which activate white blood cells (WBC) and may render
fishes more resistant to infectious diseases, by the stimulating phagocytic cells as well as complement lysozyme and
antibody responses of fish (Secombes and Olivier, 1997). A haematological examination of intensively farmed fish is an
integral part of evaluating their health status. Rainbow trout farming is among the important for aquaculture and it is
important to improve continuously the methods for evaluating the health of trout (Rehlka et al., 2003). And so must be
the ranges for the various haematological parameters considered to be characteristic of normal healthy fish. Intensive
aquaculture conditions have placed increasing demands on the fish, which must be able to cope with numerous stress
factors that affect their basic physiological functions. Assessment of the level of this exposure should be based on
synthetic and analytical investigation of an extensive database of laboratory test values relating to fish populations, vitally
dependent on specific environmental conditions (Bilen et al., 2016).

The aim of the present study was to evaluate the haematological effects of dietary intake of P.latifolia extract in rainbow
trout.

2. MATERIAL AND METHOD

Experimental Design and Fish

Juvenile rainbow trout (Oncorhynchus mykiss), with a mean initial body weight of 40,99 + 1.69 g, were obtained and
stocked randomly (50 fish tank™) into 12 mesh 1,5 x 1,5 m cages capacity in the Germegctepe Freshwater Fish Production,
Application and Research Center of Faculty of Fisheries, Kastamonu University, Turkey. Water temperature, dissolved
oxygen and pH were measured by multiparametre. The freshwater having an average temperature of 12.3 + 0.2 °C.
Dissolved oxygen was maintained around 8.1 + 0.1 mg L.. The experiment was designed as three replicates of each
treatment. Before starting the experiment, fish were acclimatized to the experimental feeding regimen using a commercial
diet for 2 weeks. Aqueous methanolic extracts of P. latifolia leaves (PLL) and seeds (PLS) were added to the fishes’ basal
diet at the rate of 0 (Control), 0.1 (PLLO.1 and PLSO0.1), 0.5 (PLLO.5 and PLS0.5) and 1 (PLL1 and PLS1) g kg* by
spraying. All groups were fed with the diets twice a day ad-libitum.
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Preparation of Aqueous Methanolic Extract
P. latifolia leaves and seeds were purchased from market and dried under shade in natural conditions; extracts of P.
latifolia leaves and seeds were prepared according the procedure described by Bilen et al. (2016).

Haematological Parameters

Blood was analyzed with routine methods adopted in fish hematology (Blaxhall and Daisley, 1973; Ivanova, 1993;
Haghighi, 2010). All blood samples (Red blood cell, RBC; Hemoglobin, Hb; Heamatocrit, Hct; Mean cell volume, MCV;
Mean cell hemoglobin, MCH and Mean cell hemoglobin concentration, MCHC) values were measured by Auto
Hematology Device (BC-3000plus).

Statistical Analysis

Statistical analyses of data were subjected to one-way ANOVA, and a subsequent comparison of means by Tukey’s
multiple range test. All of the above mentioned statistical analyses were performed using SPSS (23.0). Differences were
considered statistically significant at P<0.05.

3. RESULTS AND DISCUSSION

Hematological indices of the fish groups at the 15™, 45" and 75" days of the experiment are shown in Figure 1. Adding
P. latifolia exracts to diets had effected on red blood cell, hemoglobin, heamatocrit, mean cell volume, mean cell
hemoglobin and mean cell hemoglobin concentration (P<0.05).
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Figure 1. Dynamics of the all hematological parameters of the experiment groups during 15", 45" and 75™ days.

Ahmadifar et al. (2011) studied the effects of thymol and carvacrol on growth, hematological parameters and tissue
composion of juvenile rainbow trout. Their resullts showed that adding the diet had no effect on Ht, Hb concentration,
RBC, WBC, MCV, MCH or MCHC, whereas supplementation with thymol and carvacrol caused an increase in
lymphocyte percent (P<0.05).
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Hematological examination showed that P.latifolia a certain influence on some of the blood indices studied. In addition
to its importance for producingan attractive, P.latifolia in the diet for the rainbow trout may also significantly influence
certain physiological functions, especially hematopoiesis.

4. CONCLUSION
In the present study, new information on P.latifolia is provided by examining its effects on hematological parameters.
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Abstract: Sinop, located in the northeast part of the Black Sea, is potentially threatened by domestic and industrial wastes.
The aim of the present study was to monitor the heavy metal pollution in phylum Rhodophyta macroalgae species
associated with sediment and water along Sinop coastal waters. Samples collected from eight different stations in 2015-
2016. For this purpose, five dominant macroalgae species (Ceramium spp., Corallina officinalis, Gelidium crinale,
Laurencia obtusa, Vertebrata fucoides) were sampled, and the levels Al, Mn, Fe, Co, Ni, Cu, Zn, As, Cd, Hg, Pb were
measured by ICP-MS. The bio-accumulated essential Al and Fe concentrations were found highest in all species and also
coastal waters (BCF>1000), resulting from human activities. Bio-indicator elements Zn and Cd showed higher BSAF
(>1) values presented increased pollution pressure in the study area. The mean concentrations of elements were found
less than suggested acceptable values. However, in order to assess the impact of pollutants and take necessary actions to
anthropogenic, agricultural and industrial contamination, the region need to be monitored regularly.

Keywords: Sinop Province, Rhodophyta, heavy metals, monitoring, bio-indicator

1. INTRODUCTION

Sinop Province, located in the northeast part of the Black Sea, is potentially threatened by uncontrolled domestic and
industrial waters (Bat et al. 2018). Biological marine indicators are routinely used for monitoring extent of pollution in
aquatic environments in order to assess the impact of heavy metals and take necessary actions to ensure contaminations.

Macroalgae have been used widely to determine heavy metal pollution in marine ecosystems. Metals in marine
macroalgae influence the chemical capacity of higher trophic levels and become threat to human and environmental
health. Marine Strategy Framework Directive (MSFD) is aimed to ensure Good Environmental Status (GES) of the seas
by 2020 in the EU, using 11 qualitative descriptors (MSFD, 2008). For this purpose, to determine toxic element pollutants
is necessary in macroalgae species regionally with surrounding water and sediment.

There is no extensive literature on accumulation of heavy metals using red algae in the Black Sea. Reviews concerning
the use of macroalgae including Rhodophyta phylum studies to monitor coastal waters are: Giiven et al., 1992, 1998;
Oztiirk et al., 1994a,b, 1996; Bat and Oztiirk, 1997; Topguoglu et al., 1998a,b,c; 2002, 2003, 2010; Kut et al., 2000; Bat
et al., 2009, 2015; Tiirk Culha et al., 2013; Oztekin, 2015; Bat and Arict, 2016; Arici and Bat, 2016, Aric1 2017. In this
study, heavy metal accumulation of L. obtusa and V. fucoides was reported for the first time in the Black Sea of Turkish
coasts.

The levels of Al, Mn, Fe, Co, Ni, Cu, Zn, As, Cd, Hg and Pb in Ceramium spp., Corallina officinalis, Gelidium crinale,
Laurencia obtusa and Vertebrata fucoides were determined to ensure sufficient increased pollution control.

2. MATERIAL AND METHODS

To assess of elemental uptakes, we investigated the concentrations of 11 heavy metals in red macroalgae, water and
sediments along Sinop coasts (Figure 1). Five species of dominantly found in phylum Rhodophyta (Ceramium spp.,
Corallina officinalis, Gelidium crinale, Laurencia obtusa and Vertebrata fucoides) were analyzed during September 2015
and July 2016.
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Figure 1. Study areas

Al, As, Cd, Co, Cu, Fe, Hg, Mn, Ni, Pband Zn were examined with ICP-MS (Agilent Technologies, 7700X) as
mg/kg dry wt. in algae and sediments, and ppb in water samples. Aquatic plant HPR-FO-08 method were used for
microwave digestion system (Milestone Systems, Start D 260). The less than 63 pm of sediment samples were digested
with Seawater Sediment HPR-EN-33 methodology (Milestone Systems, Start D 260). The accuracy and precision was
tested by the Certified Reference Materials (CRMs) (BCR 279-Ulva lactuca) at 99% confidence level.

Variability in Biota-Sediment Accumulation Factor (BSAF) and Bio-Concentration Factor (BCF) data was evaluated in
relation to metal accumulation from sediments and waters calculating the following equation: BSAF = [C] biota/ [C]
sediment; BCF = [C] biota/ [C] water (Geyer et al., 2000; Kleinov et al., 2008). SPSS ver. 21.0 was used for statistical
calculations, and the p value <0.05 was considered to indicate statistical significance.

3. RESULTS AND DISCUSSION

Results

Predominant species in phylum Rhodophyta (Ceramium spp., Corallina officinalis, Gelidium crinale, Laurencia obtusa
and Vertebrata fucoides) were sampled from different stations to be comparable along Sinop coasts are shown in Table

1.

Table 1. Sampled red algae species along Sinop coasts

Stations
Tiirkeli Ayancik  Inceburun Akliman Tersane Karakum DSI  Gerze

Ceramium X X X X X X X X
spp.
Corallina
L X

officinalis
Gelidium
crinale
Laurencia
obtusa X
Vertebrata

. X
fucoides

Species
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