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ABSTRACT

In the study, it was aimed to determine the morphometric measurements of Siganus rivulatus (Forsskél & Niebuhr,
1775) sampled from Mersin Bay in February 2021. The average value of some morphometric measurements of fish
from Mersin Bay (n=196) were found that the total length 17.87 + 3.11 cm, standard length 13.88 + 1.96 cm, fork
length 17.06 + 1.35 cm, head length 3.60 £ 0.76 cm, eye diameter 1.08 = 0.23 cm, interorbital distance 1.60 + 0.34
cm, body width 2.32 + 0.48 cm, dorsal fin base length 10.45 & 2.19 cm, anal fin base length 6.26 + 1.31 cm, pectoral
fin length 2.56 + 0.53 cm and caudal peduncle height 0.78 £+ 0.16 cm. The total length-weight relationship of the
species was determined as W = 0.008xTL36 (r>=0.973) and it was found that the fish showed positive allometric
growth.

KEYWORDS: Siganus rivulatus, Mersin Bay, Morphometric measurements, Length-weight relationships.
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1. Introduction

The marbled spinefoot Siganus rivulatus
(Forsskal and Niebuhr, 1775) is an Indo-
Pacific species belonging to the Siganidae
family of the order Perciformes that migrat-
ed from the Red Sea to the Mediterranean
Sea. It has been reported that they are dis-
tributed in sea and brackish waters up to a
depth of 30 m (Bariche et al., 2004), and
that they are not found in deeper than 60 m
(Bilecenoglu and Kaya, 2002; Gurbet and
Kara, 2013). They prefer to live in rocky
and sheltered habitats surrounded by algae
in the school of approximately 50-100 indi-
viduals. S. rivulatus is an herbivore species
that are fed by grazing (Bariche, 2006).
Bony rays in the fins are poisonous (Robins
et al., 1991) and pose a threat to humans. It
has been reported that it is not officially
included in commercial fisheries statistics in
our country (Bilecenoglu and Kaya, 2002).

The first record of S. rivulatus from the
Eastern Mediterranean was notified by Stei-
nitz (1927) (Gurbet and Kara, 2013). The
species has been reported to migrate to East-
ern Mediterranean coasts along the north
and west. On the migration route, the spe-
cies was the first recorded in Iskenderun
Bay on the northeastern coast of Turkey in
1942 was reported by Kosswig (Kosswig,
1950). Other records of the species from the
Turkish coast between Iskenderun Bay and
Anamur were presented by Haas and Stei-
nitz (1947), Ben-Tuvia (1953-1966), Akyiiz
(1957), Whitehead (1984, 1986), and Giicii
et al., (1994). The records of the species
from the Southeast and South Aegean in
1987-1990 were reported (Papaconstantinou

2. Material and Methods

In the study, 196 individuals of S. rivula-
tus were caught with a commercial trawl net
from Mersin Bay in February 2021. The
coordinates of the sampling area are 36 °
1126.0 "N 33 © 48'11.3" E and the sampling
station is presented in Figure 1. The sam-
pling depth of the species is 40 m.

The morphometric measurements of each
individual were measured with the Insize
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1987, 1990). The researchers noticed that
the species has high success in establishing a
population in the Eastern Mediterranean
from Fethiye Bay (Torcu et al., 2001) and
Izmir Bay (Gurbet and Kara, 2013) among
the other lessepsian species.

Morphometric characters allow taxonom-
ic distinction of the species, determination
of growth characteristics, and prediction of
population dynamics at a certain location.
The length-weight relationship is important
in determining the distinction between indi-
viduals that make up the population (King,
2007), while the condition factor reflects the
productivity of the habitat, determining the
suitability of abiotic factors, and revealing
the intra and interspecific relationship of the
population (Alam et al., 2014; Ujjania et al.,
2012; Dan-Kishiya, 2013). Determination of
all these parameters is necessary for fisher-
ies management in a region (Abdelhak et al.,
2020).

Although studies have been reported on
the morphometric measurements of different
populations of S. rivulatus (Yeldan and
Avsar, 2000; Bilecenoglu and Kaya, 2002;
Dulcic and Pallaoro, 2004; Shakman et al.,
2008; El-Drawany, 2015; Gabr et al., 2018;
Abdelhak et al., 2020; Karakulak et al.,
2020; Soykan et al., 2020; Soykan et al.,
2021), this study is being presented the
morphological features of this species from
Mersin Bay.

In this study, some morphometric charac-
teristics, and length-weight relationships of
S. rivulatus were determined.

electronic caliper with a sensitivity of 0.01
mm and a scale with a precision of 0.1 g.
The total length, fork length, standard
length, head length, body width, eye diame-
ter, interorbital distance, dorsal fin base
length, anal fin base length, pectoral fin
length, and caudal peduncle height of each
individual were measured.
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Figure 1. Study area

The number of dorsal fin rays, anal fin
rays, ventral fin rays, and pectoral fin rays
was determined as meristic measurements.
A linear (y = ax + b) regression model was
used to determine the equations defining
the relationships between morphometric
characters and total length or head length.
In the equations, 'y' is the dependent varia-
ble (morphometric character), 'x' is the
independent variable (total length/head
length), and 'a' and 'b' are constants. To
define these relationships, the model with
the highest determination coefficient (r?)
was chosen.

3. Results

In this study, some morphometric char-
acteristics, and length-weight relationships
of S. rivulatus were determined. Table 1
shows the mean and standard deviations of
some morphometric measurements, the
percentages of minimum and maximum
values of the eye diameter and interorbital
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The allometric growth equation (W =
aL®) was used to determine the length-
weight relationship of the species (Ricker,
1975). Where W is the weight (g), L is the
total length (cm), a and b are the growth
constants.

Principal Component Analysis (PCA),
Inter-cluster Correlation Analysis (ICC),
and Univariate Analysis of Variance
(ANOVA) were used to measure the mul-
tivariate analysis of the individuals. The
SPSS, Statistica for Windows Version
20.0, and Excel Windows 2010 package
programs were used for analysis.

length of the head length and the other
parameters of the total length, and some
meristic measurements of S. rivulatus
(n=196).

Total length 17.87+3.11 cm, standard
length 13.88+1.96 cm, fork length
17.06+1.35 cm, head length 3.6040.76 cm,
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eye diameter 1.08+0.23 cm, interorbital
distance 1.60+0.34 cm, body width
2.32+0.48 cm, dorsal fin base length
10.45+2.19 cm, anal fin base length
6.26£1.31 cm, pectoral fin length
2.56+0.53 cm and caudal peduncle height
0.78+0.16 cm of fish were measured.

MedFAR (2022) 5(2): 27-36

The number of dorsal fin rays (D: I- XII
/ 10), anal fin rays (A: V11 /9), pectoral fin
rays (P: 1/ 15), and ventral fin rays (V: 111/
2) has been determined as the meristic
characters of samples.

Table 1. Some morphometric and meristic measurements of S. rivulatus sampled from Mersin

Bay

Morphometric Measurements (cm) Mean = SD TL% &* HL%
(min-max)
Total length (TL) 17.87 £3.11 100
Standart length (SL) 13.88 +1.96 77.63
Fork length (FL) 17.06 = 1.35 95.45
Head length (HL) 3.60 £ 0.76 20.15
Eye diameter (ED) 1.08 £0.23 30.21*
Interorbital distance (I0D) 1.60 £ 0.34 44 .50*
Body width (BW) 2.32+0.48 12.96
Dorsal fin base length (DFB) 10.45+2.19 58.43
Anal fin base length (AFB) 6.26 + 1.31 35.04
Pectoral fin length (PF) 2.56 £0.53 14.32
Caudal peduncul height (CP) 0.78 £0.16 4.33
Meristic Measurements
Dorsal fin (D) rays D: I-XI1/10
Anal fin (A) rays A:VII/9
Pectoral fin (P) rays P:1/15
Ventral fin (V) rays V2

*- indicates HL% min-max ratio; SD indicates the standard deviation

An index was created by determining
the percentage of eye diameter and interor-
bital length to head length and the other
morphometric features to the total length
ratio of examined in order to prevent the
error that may be caused by sexual and
age-related changes in the individuals. Ta-
ble 1 shows the percentage of some mor-
phometric measurements of S. rivulatus to
the total length/head length.

The correlation coefficients of some
morphometric measurements of S. rivula-
tus were presented in Table 2. It was de-
termined that the morphometric measure-
ments of fish showed a positive linear rela-
tionship at the level of p <0.01.

30

The highest correlation coefficients (r =
0.985, p<0.01) was found between TL and
FL while the lowest (r = 0.235, p<0.01)
was between PFB and ED (p<0.01). ED
showed a weak positive correlation with
BW, CP, PFB, and BW with PFB, while
other characters showed a stronger positive
linear correlation with each other.

The length-weight relationship of S.
rivulatus was calculated and found as
W=0.008xTL%% (r?=0.973). It was deter-
mined fish showed positive allometric
growth. It was determined fish showed
positive allometric growth. The %95 Con-
fidence Intervalce value of b was found
3.1838 — 3.1362.
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Table 2. Correlation coefficients of the morphometric characters of S. rivulatus

TL SL FL w HL ED 10D BW DFB AFB PFB Cp
TL |1
SL |0.959** |1
FL |0.985** |0.958** |1
W |0.902** | 0.908** |0.904** |1
HL [0.877** |0.870** |0.883** |0.839** |1
ED |0.490*%* |0.495** |0.460** |0.468** |0.512** |1
IOD |0.685** |0.692** |0.686** |0.692** |0.625** |0.509** |1
BW [0.481** |0.532** [0.513** |0.692** |0.468** |0.245** |0.401** |1
DFB |0.973** | 0.933** |0.970** |0.899** |0.876** |0.464** |0.645** |0.498** |1
AFB |0.919** |0.887** |0.919** |0.856** |0.796** |0.397** |0.627** |0.523** |0.907** |1
PFB [0.649** | 0.634** |0.662** |0.634** |0.602** |0.235** |0.448** |0.279** |0.620** [0.570** |1
CP  ]0.692** |0.679** | 0.694** |0.724** |0.704** |0.281** |0.587** |0.438** |0.698** |0.680** |0.527** |1

**Correlation is significant at the level 0.01 (2-tailed), *Correlation is significant at the level

0.05 (2-tailed)

350
300

L

Weight (g)
=

100
50

14 16 18

W = 0.008xL>16
12 =0.973 n=196

20 22 24 26

Total length (cm)

Figure 2. The length-weight relationships of S. rivulatus sampled from Mersin Bay

4. Discussion

Lessepsian species are highly influential
on Northeast Mediterranean biodiversity
and fisheries (Ergiiden et al., 2009). De-
termining the morphometric characteristics
of these invasive species may be important
in reflecting the status of any more estab-
lished populations. The morphometric
changes that can be determined for the
species can give an idea about genetic var-
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iations. In this research, some morphomet-
ric and meristic characteristics of individu-
als of S. rivulatus were determined and
compared with previous research findings
(Table 3).

The total length and weight values re-
ported from different locations of S. rivula-
tus are different. Abdelhak et al., (2020)
reported that the average total length of
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individuals sampled from the Red Sea,
Suez Channel, and the Mediterranean were
20.09 cm, 13.64 cm, and 13.31 cm respec-
tively. They also reported that the average
weight determined from the Red Sea, Suez
Canal, and Mediterranean samples were
determined as 106.7, 41.44, and 32.51 g,
respectively. Abdelhak et al., (2020) re-
ported that although there are some mor-
phometric differences between the Medi-
terranean and the Red Sea / Suez Channel
populations of S. rivulatus, these popula-
tions are morphometrically and genetically
similar. In previous studies conducted in
different locations of the Mediterranean,
the total length and weight values of S.
rivulatus were reported as follows, 21.5 cm
and 128.7 g in Antalya Bay (Bilecenoglu
and Kaya, 2002), 27.1 cm (no weight data)
in Gokova Bay (Soykan et al., 2021), 15.2
cm and 43.45 g in Izmit Bay (Karakulak et
al., 2020) and 11.1 cm (no weight data) in
the Adriatic Sea (Dulcic and Pallaoro,
2004). In this study, the average total
length and weight of S. rivulatus sampled
from Mersin Bay were found as 17.87 cm
and 90.73 g, respectively. The highest TL
value were noticed from Gokova (Soykan
et al., 2021), Antalya Bay (Bilecenoglu and
Kaya, 2002) and Red Sea (Abdelhak et al.,
2020). Although our findings were lower
than these data, they were higher than the
Izmit Bay (Karakulak et al., 2020), Suez
Canal/Mediterranean (Abdelhak et al.,
2020), and Adriatic Sea (Dulcic and Pal-
laoro, 2004) findings. This may indicate
that S. rivulatus can establish anymore
population in the Mediterranean Sea.

The comparison of examined morpho-
metric characters with previous studies is
presented in Table 3. Although there are
differences in morphometric measurements
such as total length, body width, dorsal fin
base length, and anal fin base length be-
tween fish sampled from different loca-
tions, there is no distinction between me-
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ristic features that were compared to previ-
ous findings.

The head length of S. rivulatus in our
study (3.60 cm) was similar to the Red Sea
population (3.80 cm) of S. rivulaus (Ab-
delhak et al., 2020). Head length was re-
ported as the smallest value in fish from
the Adriatic Sea (Dulcic and Pallaoro,
2004) and the highest value in fish from
Gokova Bay (Soykan et al., 2021). The
highest eye diameter was found in fish
from the Gokova Bay (Soykan et al., 2021)
and this was followed by our finding. The
lowest eye diameter value was reported in
Suez Canal/Mediterranean fish (Abdelhak
et al., 2020). Although all morphometric
measurements of fish in Gokova Bay were
higher than fish in other locations com-
pared in this study, the highest 10D value
was found in this study. However, the IOD
value of fish in Gokova Bay (Soykan et al.,
2021) and the Red Sea (Abdelhak et al.,
2020) was close to our findings.

The body width of the fish in the pre-
sent study was the lowest among the other
fish compared (Table 3). Dorsal fin ray
base length and anal fin ray base length
determined in this study have the second
highest values after Gokova Bay fish
(Soykan et al., 2021).

The distinction between morphometric
measurements may be related to sampling
time as well as sex, age, habitat efficiency,
and abiotic characteristics of the environ-
ment in different populations.

In this study, it was determined that cor-
relation coefficients of the morphometric
measurements of S. rivulatus showed a
positive linear relationship at p <0.01 level
(r?=0.98 n =196).

Table 4 shows the comparison of the
length-weight relationship of S. rivulatus
determined in this study with previous
studies.
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Table 3. The comparison of some morphometric and meristic features of S. rivulatus with

previous studies

Abdelhak et al., (2020) | Dulcic and Karakulak et al., Soykan et al.,
Present study (Red Sea?, Pallaoro, (2020) (2021)
(Mersin Bay) Suez Channels®, Mediter- (2004) (Izmit Bay, Marmara | (Gokova Bay,
ranean Sea‘) (Adriatic Sea) Sea) Aegean Sea)
MM | MeantSD | TL% Mean+SD TL% Mean Mean TL% Mean
(cm) *HL%
TL |17.87£3.11| 100 20.09+2.752 100 111 15.1 100 27.1
13.64+3.13P
13.31+2.72¢
SL 13.88+1.96 | 77.63 | 15.83+2.15* | 78.79? 9.2 12.8 84.8 21.9
10.77+2.46° | 78.94°
10.47+2.09¢ | 78.68°
FL |17.06£1.35| 95.45 - - 25.2
HL 3.60+0.76 | 20.15 3.80+0.492 18.922 2.3 3.0 19.9 4.7
2.68+0.51° 19.68°
2.65+0.49°¢ 19.87°¢
ED 1.08+0.23 | 30.21* | 0.97+0.112 - 0.8 1.0 33.3* 1.4
0.76+0.12°
0.7340.14¢
I0D | 1.60+0.34 | 44.50* 1.41+£0.232 - 0.7 11 36.7* 15
0.96+0.22°
0.86+0.18¢
BW | 2.32+0.48 | 12.96 6.03+£0.892 - 3.1 4.7 31.1 9.5
4.12+0.97°
3.80+0.77¢
DFB [10.45+2.19| 58.43 - - 6.1 8.8 58.3 13.2
AFB | 6.26+1.31 35.04 - - 3.6 5.3 35.1 9.6
PF 2.56+0.53 | 14.32 - - 1.8 2.3 15.2 -
CPH | 0.78+0.16 | 4.33 - - - 0.8 5.3 1.2
Meristic measurements
DF D:1- XIl/10 D: XIV+10 D: XIlIlI- X+ 10 -
XIV /10
AF A:VII/9 A: VII+9 A:VII/9 VII+9 -
PF P:1/15 P: 15-16 P: 16-17 - -
VE [ Vill/2 Vi 43+ Vi [+3+] Vi 1+3+1 -

The findings were reported by Shakman
et al., (2008) on the Libyan coast (b=2.82)
and by Abdelhak et al., (2020) in the Medi-
terranean Sea (b=2.90) were not similar
and the species showed negative allometric
growth and also some studies reported
isometry Gabr et al., 2018 (Coast of Jed-
dah); El-Drawany, 2015 (Bitter Lakes,
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Egypt); Abdelhak et al., 2020 (Suez Chan-
nel), while the other studies (Bilecenoglu
and Kaya 2002; Abdelhak et al., 2020;
Soykan et al., 2020) and present study
showed positive allometric growth (Table
4).
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Table 4. The comparison of S. rivulatus length-weight relationship with previous studies

Locality LW Equations References
Red Sea Coast of Jeddah, ||,/ _ g 517 | 306 Gabr et al., 2018
Saudi Arabia

Bitter Lakes in Egypt

W=0.00952L 342

El-Drawany, 2015

Gulf of Antalya

W=0.00642L32%! (female)
W=0.00792L335 (male)

Bilecenoglu and Kaya,
2002

Red Sea
Suez Channel
Mediterranean Sea

W=0.0112.3934
W=0.0085L3182
W=0.0154L%9%

Abdelhak et al., 2020

W= 0.233L.2820

Libyan Coast

Shakman et al., 2008

Gokova Bay, Aegean Sea

W= 0.00941 392

Soykan et al., 2020

Mersin Bay

W= 0.008L3%1°

Present Study

5. Conclusion

S. rivulatus is one of the economically
important lesepsian species and it is known
that this species has established successful
populations on the migration route it fol-
lows in the Mediterranean. Siganids are
found in the Mediterranean, where there
are few herbivorous fish species; It has
contributed positively to the normalization
of the food web by recycling the algae and
providing food for the groupers.
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ABSTRACT

Due to the frequent ice-ice disease outbreak and stagnant growth of Kappaphycus species, farmers and researchers
have been considering nutrient enrichment as one way of easing these issues to increase production to meet the growing
demand for carrageenan in the world market. In this study, we determined the effects of Acadian Marine Plant Extract
Powder (AMPEP) and ammonium phosphate as nutrient enrichment on the ice-ice disease occurrence and growth
performance of seaweed Kappaphycus striatus. The study used three treatments: T; group = AMPEP at 0.01 g L™, T
group = ammonium phosphate [(NH4)sPOs], 16-20-0 at 8.82 g L™, and Ts group = control. Nutrient-enriched seaweed
K. striatus was planted using the fixed-off bottom method for 45 days. Findings revealed that the growth performance
of the T>group (6.1+0.14 % day*) was significantly higher (p<0.05) after 30 days compared to the T1 group (5.56+0.16
% day*) and control group (5.45+0.17 % day™). In terms of ice-ice occurrence, the T, group (0.57+0 %) was signifi-
cantly lower after 45 days of culture compared to the control group (59.67+27.32 %) but not significant with the T»
group (23.22+12.83 %). Our study suggests that AMPEP could effectively reduce ice-ice disease occurrence, while
ammonium phosphate could enhance the growth performance of K. striatus.
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1. Introduction

Eucheumatoid species, such as Eucheuma
spp. and Kappaphycus spp., are among the
important commercial seaweeds farmed
globally, especially in tropical regions. Their
importance is due to the high content of car-
rageenan — a phycocolloid that has a vast ar-
ray of applications in food and non-food in-
dustries (Tahiluddin and Terzi, 2021).
Roughly 11 million tons, or 34% of the total
aquatic plants’ world production, came from
eucheumatoid  production in 2018
(FAO, 2020). About 5% of these aquatic
plants’ production is mainly contributed by
Kappaphycus species (FAO, 2020). Kap-
paphycus striatus is one of the popularly cul-
tivated eucheumatoid species globally (Tahi-
luddin et al., 2022a). However, numerous
factors have been determined to affect the
sustainability of eucheumatoid aquaculture.
Among these are stagnant growth due to less
productive farms attributed to nutrient deple-
tion as well as the frequent outbreak of ice-
ice disease occurrence (Luhan et al., 2015;
Tahiluddin and Terzi, 2021; Tahiluddin et al.,
2022b). Hence, farmers in the southern Phil-
ippines have been incorporating inorganic
nutrient enrichment to help ease these issues
(Tahiluddin et al., 2022b).

Nutrient enrichment is usually applied to
Kappaphycus micropropagation under labor-
atory conditions, either using biofertilizer/bi-
ostimulant or inorganic fertilizer (Hurtado et
al., 2009; Luhan and Mateo, 2017). In the

2. Material and Methods
Study Site, Duration and Seedlings

This study was conducted on the coastal
water of Pasiagan, Bongao, Tawi-Tawi, Phil-
ippines (Figure 1), with a duration of 45 days
from January 14 to February 27, 2019. The
healthy and untreated seedlings of K. striatus
were obtained from the farmer at the study
site.
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natural environment, Kappaphycus cultiva-
tion typically relies on the natural fertility of
the seawater (Luhan et al., 2015). With the
aim of skyrocketing the production of Kap-
paphycus to meet the growing demand, the
application of biofertilizer/biostimulant, like
AMPEP (Borlongan et al., 2011; Hurtado et
al., 2012; Loureiro et al., 2012; Hurtado and
Critchley, 2013; Loureiro et al., 2017; Ti-
bubos et al., 2017; Hurtado and Critchley,
2018; Ali et al., 2018a; Ali et al., 2018b) and
seaweed liquid extract (Tahiluddin et al.,
2022a), as well as inorganic fertilizers, such
as urea and sodium nitrate (Luhan et al.,
2015; Sarri et al.,, 2022) and ammonium
phosphate (Tahiluddin et al., 2021a; Tahilud-
din et al., 2021b; Tahiluddin et al., 2022b),
have been the focus of the previous and re-
cent studies, which provided promising re-
sults in increasing the growth performance
and reducing the occurrence of ice-ice dis-
ease and epiphytes. Although inorganic ferti-
lizers facilitate easy access due to their avail-
ability as commonly used fertilizers for agri-
cultural plants, their uses and practices may
threaten the natural environment and com-
promise the carrageenan quality of seaweeds
(Robles, 2020; Tahiluddin et al., 2022b). In
this study, we determined the effects of bio-
fertilizer/biostimulant (AMPEP) and inor-
ganic fertilizer (ammonium phosphate, 16-
20-0) on the ice-ice disease occurrence and
growth performance of Kappaphycus stria-
tus.

Transporting and Conditioning of Seed-
lings

The seedlings were placed inside the
styrofoam by adding the Sargassum sp. at the
bottom and top to avoid the stress of sea-
weeds during transportation. Upon arrival at
the farm site, seedlings inside the styrofoam
were submerged gradually and planted for
three days for acclimatization.
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Preparation of Seedlings

Seedlings of K. striatus were prepared by
cutting them into 50 g each. Using soft straw,
the seedlings were tied into a 5 m rope line at
an interval of 25 cm. There were 20 bunches
(seedlings) in each line, and a total of nine
lines were prepared to represent three repli-
cates in each treatment.

Nutrient Enrichment of Seedlings

Nutrient enrichment of seedlings was
done late in the afternoon following the pro-
cedure of Tahiluddin et al. (2022b). Three
fertilizer solutions were prepared; T1 group
represented by biofertilizer/biostimulant
(AMPEP) with a concentration of 0.1 g L™
(Hurtado et al., 2012), T2 group for inorganic

119.80E

118.90E
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fertilizer (16-20-0) with a concentration of
8.82 g L (Tahiluddin et al., 2022b), and T3
group for control. Every three lines were
dipped in each solution simultaneously for 30
seconds and covered with canvas overnight
(12-15 hours). Used fertilizers were dis-
charged to an excavated land. Every 15 days
of culture, seaweeds were re-enriched with
nutrients following the same procedure.

Planting of Seedlings

Seedlings were transported from the house
to the farm site within 10-15 minutes via a
small boat. Long exposure to the sun, rain,
and winds was avoided. Seedlings were
planted randomly using a fixed off-bottom
method in a randomized complete block de-
sign.

5.10N

""

Study Site

5.00N

N
w-‘Ob-E
!
0.01 0 0.010.020.03
I Y |

SPhilippines

NOT™S

NOO'S

119.80E

Figure 1. Study site.

Growth Sampling

The growth rate of seedlings was moni-
tored every 15 days. This was done by weigh-
ing 25% of the lines (5 bunches per line) for
all treatments. Seaweeds were patted with a

119.90E
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smooth cloth to remove water from the
thalli’s surface before weighing. Growth (p),
expressed as the specific growth rate (SGR),
was calculated using the following formula
(Luhan et al., 2015).
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In (Wg)-In (W)
= X
H Days of culture

Where: W;s = final weigh
Wi = initial weight
u = specific growth rate

Ice-ice Disease Occurrence Sampling

A sampling of ice-ice disease occurrence
was done every 15 days of culture. This was
done through visual inspection.

Infected bundles were counted, and the per-
cent ice-ice disease occurrence was calcu-
lated using the formula below (Largo et al.,
1995).

__ Number of infected bunches

Ice-ice % occurrence =

total number of bunches

X 100

Monitoring of Water Parameters and
Maintenance

On a weekly basis, the farm area was vis-
ited to maintain the farm's cleanliness. This
was done by removing all attached silt, epi-
phytes, and predators. Water parameters
such as temperature and salinity were deter-
mined every seven days using a thermome-
ter and refractometer, respectively. Water
current, pH, and depth were measured using
an improvised drogue, pH meter (Smart
Sensor), and calibrated rope, respectively.

3. Results

On day 15, T1 group (AMPEP), T2 group
(16-20-0), and T3 group (Control) obtained
specific growth rates (SGR) of 5.31+0.28 %
days 1, 5.82+0.29 % day *, and 5.62+0.22
% day *, respectively (Figure 2). One-way
ANOVA revealed that there was no signifi-
cant difference (p>0.05) among the treat-
ments. On day 30, Ty, T2, and T3 groups
gained SGRs of 5.56+0.16 % day 7,
6.1£0.14 % day %, and 5.45+0.17 % day 7,
respectively. One-way ANOVA showed
that the T> group was significantly higher
(p<0.05) than Ty and T3 groups. However,
on day 45, only T1 group subsamples re-
mained with an SGR of 4.27+£0.01 % day™.
Subsamples of T, and Tz groups were
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Data Analysis

One-way analysis of variance (ANOVA)
was used to test the significance among
treatments in terms of growth performance
and ice-ice disease occurrence using IBM
SPSS version 20. Post Hoc (Duncan) was
used to rank the means of the treatments.

washed out due to an extensive ice-ice dis-
ease outbreak.

The mean weight of K. striatus is shown
in Figure 3. At 15 days of culture, there was
no significant difference (p>0.05) among
the treatments with mean weights of
112+4.23 g (Ty group), 121+4.95 g (T2
group), and 118+3.64 g (T3 group). On day
30, T1, T2, and T3 groups obtained mean
weights of 269+12.95 g, 320+13.31 g, and
261+12.04 g, respectively. One-way
ANOVA revealed that the T2 group was sig-
nificantly higher (p<0.05) than T; and T3
groups. At 45 days of culture, however,
only T1 group subsamples were left with a
mean weight of 342+18.46 g.
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Figure 2. Specific growth rate (% day™) of Kappaphycus striatus in every sampling. Bars with
different letters are significantly different at p<0.05. Errors bars in SEM (standard error of the

mean), n=14-15.
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Figure 3. Mean weight of Kappaphycus striatus in every sampling. Bars with different letters
are significantly different at p<0.05. Errors bars in SEM (standard error of the mean), n= 14-

15.

The ice-ice disease occurrence of cultivated
nutrient-enriched K. striatus was not ob-
served after 15 days of culture. However, on
day 30, the ice-ice disease appeared, and the
T, group (5+£0.36 %) recorded the lowest
ice-ice disease than the Ty group (12+0.77
%) and the Ts group (22+0.74 %), but no
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significant difference (p>0.05) among the
treatments were detected. On day 45, the T,
group (0.57+0 %) was significantly
(p<0.05) lower than the Tz group
(59.67+£27.32 %) but not significant as the
T, group (23.22+12.83 %) (Figure 4).
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Figure 4. Ice-ice disease occurrence (%) of Kappaphycus striatus in every sampling. Bars with
different letters are significantly different at p<0.05. Errors bars in SEM (standard error of the

mean), n= 2-20.

Physico-chemical Parameters of the K.
striatus Farm

The temperature of the farm water varied
during the culture period ranging from 26+0
°C to 31+0.03 °C. The salinity fluctuated
throughout the sampling period ranging
from 32+0 to 35+0.03%o. pH ranged from
8.18+0.09 to 8.26+0.01. Water current ve-
locity varied depending on depth and tide,

4. Discussion

Growth of K. striatus enriched with inor-
ganic fertilizer (16-20-0, N P K) was high-
est (5.82+0.29 % day 1) at 30 days of the
culture. The concentration of inorganic fer-
tilizer (8.82 g L) was higher than the bio-
fertilizer/biostimulant (0.1 g L), A similar
study revealed that inorganic fertilizer (16-
20-0) with a concentration of 8.82 g L™ was
effective in increasing the growth rate (4.5
% day!) after 28 days and consistently ob-
tained a higher growth rate up to 49 days
(Tahiluddin et al., 2022b). Ammonium
phosphate (16-20-0) at a concentration of 9
g L%, when enriched to K. striatus, signifi-
cantly improved the total nitrogen content
(Tahiluddin et al., 2021); thereby, when
planted, it provides additional nutrients es-
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ranging from 0.15£0.23 m s to 3.92+1.45
m s™. The water depth of the farm ranged
from 7.67+0.06 cm during low tide to
141+1.49 cm during high tide. These indi-
cate that all water parameters were within
the optimum condition for cultured sea-
weed.

sential for increasing the growth of sea-
weed. In another study, the 12 hours of im-
mersion of K. alvarezii in 0.01 g L™* sodium
nitrate resulted in a significant specific
growth rate (2.34 % day™) cultured in a
grow-out cage for 45 days (Luhan et al.,
2015).

Biofertilizer/biostimulant (AMPEP)
with a concentration of 0.1 g L™ after 15-30
days of farming did not affect the growth of
K. stiatus but remained higher in the num-
ber of bunches after 45 days, with an SGR
of 4.27+0.01 % day™. In the study of Hur-
tado et al. (2012), they found out that the
AMPEP with a concentration of 1.0 g L
dipped for 60 minutes obtained a higher
growth rate (7.7+0 % day?) in K. alvarezii
after 45 days. Similarly, Loureiro et al.
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(2013) obtained a positive result on the
growth rate (7.3£1.7 % day?) of K. al-
varezii after 45 days of culture using AM-
PEP. Furthermore, K. alvarezii and K. stri-
atus in a tank culture system enriched with
AMPEP resulted in a significant growth rate
(2.0+0.03 % day™) after 40 days of culture
(Zuldin and Shapawi, 2015). Borlongan et
al. (2011) used AMPEP with a concentra-
tion of 0.1 g L™* dipped for 30 minutes and
gained a significant growth rate of 1.3-4.1
% day? in K. alvarezii after 45 days.
Ice-ice disease in the Kappaphycus
farms has been attributed to changes in wa-
ter parameters, such as temperature, light
intensity, salinity, and/or the presence of
opportunistic marine-derived fungi and ma-
rine bacteria (Tahiluddin and Terzi, 2021a;
Tahiluddin and Terzi, 2021b; Bermil et al.,
2022). In the Philippines, the ice-ice disease
is widespread in eucheumatoid farms (Fai-
san et al., 2021). In Tawi-Tawi, the ice-ice
disease is a lingering issue in Kappaphycus
farms, and nutrient enrichment using inor-
ganic fertilizers is an emerging treatment

5. Conclusion

The incorporation of nutrient enrichment
in the farming of red seaweed Kappaphycus
striatus renders an improved growth for
seaweed enriched with inorganic fertilizer
(ammonium phosphate, 16-20-0) and re-
duced ice-ice disease occurrence for sea-
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for this malaise (Tahiluddin et al., 2022b).
In this study, biofertilizer /biostimulant
(AMPEP) as nutrient enrichment for K. stri-
atus was determined as effective in reduc-
ing the ice-ice disease occurrence after 45
days. Loureiro et al. (2012) reported that
AMPEP could serve as protection to K. al-
varezii from the ice-ice and epiphyte Ne-
osiphonia sp. (now Melanothamnus sp.) in
Kappaphycus varieties, which has a “vac-
cine-like effect.” Similarly, the percentage
of ice-ice disease was significantly lower
(28%) in AMPEP-treated K. striatus com-
pared with the control (45%) after 45 days
(I1lud, 2020). It is thought that the mode of
action of AMPEP’s efficacy in ameliorating
damaging disease outbreak outcomes is via
elicitating alga’s natural defense mecha-
nism against pathogenic microorganisms
(Hurtado and Critchley, 2013; Loureiro et
al., 2017).

weed enriched with biofertilizer /biostimu-
lant (AMPEP). Further studies need to be
evaluated using different concentrations,
soaking time, species, farm areas, and dura-
tion. Carrageenan quality also needs to be
determined using these fertilizers.
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ABSTRACT

Epinephelus coioides, commonly known as orange-spotted grouper, has potential aquaculture prospects due to its
scarcity in the wild and marketability in semi-tropical and tropical regions. A floating net cage system has been demon-
strated to be a technically and commercially feasible method of raising fish, allowing for a much higher stocked density
of fish. In this study, orange-spotted grouper (E. coioides) was cultivated in a floating net cage fed with trash fish
(Decapterus sp. and Sardinella sp.) to determine the effect of stocking density on survival rate (SR) and specific
growth rate (SGR). In addition, feed conversion ratio (FCR) and feed intake (FI) were also investigated. Three stocking
densities: 20 fish/m?, 30 fish/m?, and 40 fish/m3, were used in the study. Results showed that E. coioides cultured at a
stocking density of 20 fish/m? in a floating net cage gained the highest SGR and SR significantly (p<0.05). FI was
significantly lesser (p<0.05) at a stocking density of 30 fish/m3 while FCR was significantly lower (p<0.05) at a
stocking density of 40 fish/m2. Thus, this study suggests that a smaller stocking density of 20 fish/m? is more effective
to be used in the culture of grouper E. coioides in a floating net cage.
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1. Introduction

Aquaculture is the fastest-growing sub-
sector of the food industry, surpassing terres-
trial meat production and natural capture
fisheries (Aypa and Baconguis, 2000; Tacon,
2001; BFAR, 2019; Tahiluddin and Terzi,
2021a). Global aquaculture production of
114.5 million tons of live fish in 2018 re-
sulted in a total farm gate sale value of USD
263.6 billion. Nearly 46 percent of the fish
production was intended to be consumed by
humans, while 52 percent was used to feed
wildlife (FAO, 2020). As the world popula-
tion continues to increase, the demand for
seafood products as a protein source also
rises (Merino et al., 2012; Tahiluddin and
Terzi, 2021b). In many developing nations,
including Africa and Asia, aquaculture has
been introduced to help people overcome
poverty and improve living standards (Ed-
wards, 2000). The production of fish in natu-
ral waters and aquaculture is becoming in-
creasingly important as a relatively cheap
source of protein for humans and livestock
(Coche et al., 1994; Khalil and Polling, 1997;
Bichi and Yelwa, 2010; Komatsu and Kitan-
ishi, 2015). Aquaculture not only supplies
food for immediate consumption but also
provides large numbers of jobs and economic
gains (Tahiluddin and Kadak, 2022). In
Southeast Asian countries, among the im-
portant cultured species that supports eco-
nomic development is the grouper (Pierre et
al., 2008). In the Philippines, the grouper is
considered to be a highly prized and good-
tasting fish (Kohno et al., 1988; Baliao et al.,
2000). Thus, this species of finfish offers a lot
of potential for aquaculture.

Throughout Southeast Asia, the grouper
Epinephelus spp., locally known as lapu-lapu
or inid in the Philippines, has been cultured
for decades in ponds and net cages, and trawl-
ers and purse seiners traditionally fed grouper
with trash fish (Baliao et al., 2000; Hseu,
2002; Pomeroy, 2002). Bamboo fish traps,
gill-net and hook and line are common meth-
ods of catching groupers by small-scale fish-
ermen (Kohno et al., 1988). As one of the
most valuable food fish in the Philippines,
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groupers make up 2% of the total seafood
catch, making aquaculture of this species of
finfish very promising (Kohno et al., 1988;
Baliao et al., 2000). In addition, it is expected
that in the near future, the grouper's export
price will increase as demand for the product
in international markets increases, particu-
larly in Japan, Hongkong and Singapore
(Baliao et al., 2000). Therefore, grouper cul-
ture could provide the country with another
source of revenue.

The advantage of growing fish in a float-
ing net cage is that they can be stocked much
more densely than in other types of fish farm-
ing (Cache, 1976). Nonetheless, the degree to
which grouper eggs hatch depends on the
stocking density (Fukuhara, 1989). The flow
of water current in coastal waters or rivers al-
lows for high stocking densities of fish in
floating net cages due to the fact that it sup-
plies adequate amounts of dissolved oxygen,
removes metabolic wastes from fish, and re-
duces the effects of overcrowding (Teng and
Chua, 1978). To ensure optimal stocking
density, floating net cages are stocked based
on the species, size and weight of fish ini-
tially stocked, location, cage shape and size
(Teng and Chua, 1978). In net cages, varying
optimum stocking densities for different eco-
nomically fish species have been reported
(Bardach et al., 1972; Howard, 1974; Fujiya,
1976). Previous studies for the past decades
have been carried out to determine the opti-
mum stocking densities of orange-spotted
grouper E. coioides in the recirculating sys-
tem (Samad et al., 2014), estuary grouper E.
salmoides in a floating net cage (Teng and
Chua, 1978; Chua and Teng, 1979), tiger
grouper E. fuscoguttatus in a flow-through
system (Salari et al., 2012), and hybrid
grouper & E. lanceolatus x 9 E. fuscogutta-
tus in recirculating aquaculture systems
(Shao et al., 2019). The purpose of this study
was to determine the different stocking den-
sities, i. e. 20, 30, and 40 fish/m? of orange-
spotted grouper E. coioides in floating net
cage cultured along the Bongao channel in
Tawi-Tawi, Philippines.
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2. Material and Methods

Study site and Duration

The study was carried out along the
Bongao Channel, Tawi-Tawi, Philippines
(05°02° 09.7” N, 119°44° 54.5” E) for a dura-
tion of 60 days.

Experimental fish

The orange-spotted grouper (E. coioides)
used in the study was obtained from Multi-
species Hatchery, Lato-Lato, Bongao, Tawi-
Tawi with an average weight of 12.17 +
0.81g.

Experimental Design

This experiment utilized net cages that
were suspended from a wooden frame. Each
net cage is 1 x 1 x 1 m in size and is made of
polyethylene netting with a mesh size of
about 0.5 cm. A total of 12 cages were sus-
pended in the water. The fish were stocked
randomly using three stocking densities: 20,
30 and 40 fish per m®represented here as T1,
T> and T3, respectively. Each treatment had

MedFAR (2022) 5(2): 47-53

four replications. The water parameters, like
salinity and temperature, were 33 — 35 %o and
26 — 29 °C, respectively. Water can freely ex-
change between cages and the ocean due to
tidal currents.

Feeding

Trash fish, such as scads (Decapterus sp.)
and sardines (Sardinella sp.), was chopped
into tiny pieces and fed to the fish. Feeding
was done twice a day in the afternoon with
10% of the average body weight (Galzote and
Abrera, 2007).

Sampling

Sampling was conducted every 15 days
during the culture period to determine the
survival and growth rates of orange-spotted
grouper E. coioides cultured in a floating net
cage. The survival rate, specific growth rate
(SGR), and feed utilization were computed
using the following formula (Kader et al.,
2017):

Final number of stocks

Survival rate (%) =

WG (g) = ABWF — ABWi

In(ABWf) — In ABWi
X
DOC

SGR (% Day) =

FCR = i
T WG

Statistical analysis

IBM SPSS version 20 was used to analyze
the data at a significance level of 0.05. The
collected data were presented as the mean +
standard error of the mean (SEM). One-way
analysis of variance (ANOVA) was per-
formed on the data to identify significant

100
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100

Initial number of stocks

Where: WG = weight gain

ABWT = average body weight final
ABWi = average body weight initial
DOC = days of culture

Where: FCR = feed conversion ratio
FI = feed intake
WG = weight gain

differences in the different treatments in
terms of growth rate, survival rate, and feed
utilization. Duncan's Post-Hoc Test was used
to rank the mean
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3. Results

Table 1 shows the growth rate, survival  significantly higher (p<0.05) among
rate, and feed utilization of E. coioides  treatments. In addition, survival rates of Ty,
cultured at different stocking densities in a  Toand Tz were 92.50 + 1.44 %, 89.17 + 2.10
floating net cage for 60 days. The average % and 83.75 + 2.17 %, respectively and
final weights of individual fish in T1 (20  analysis showed T1 was significantly higher
fish/m®), T (30 fish/m®) and T3 (40 fish/m®)  (p<0.05) than Ts at the end of the culture
were 38.59+0.95 g,24.33+£0.53 gand 17.26 period, but not significant with T». The feed
+ 0.52 g, respectively. Results revealed that  intake (FI) of T» (37.89 + 0.88) was
T1 was significantly higher than T, and Ts.  statistically lower (p<0.05) than T (45.72
The mean gain weight of fish in T1(25.87 +  £1.45) and T3(56.17 + 0.57). Moreover, the
0.95 g) was significantly greater than T,  feed conversion ratio (FCR) of Ty, T2, and T3
(13.26 £0.53 g) and T3 (4.56 £ 0.51 g). SGR  were 0.57 £ 0.02, 0.35 + 0.01, and 0.08 +
of Ty, T2 and T3 were 1.85 + 0.04 % day?, 0.01, respectively, where T3 was significantly
1.31 £ 0.04 % day™ and 0.51 + 0.05% day?,  lower (p<0.05) among treatments.
respectively, indicating that Ti was

Table 1. Growth rate, survival rate, and feed utilization of E. coioides cultured at different
stocking densities in a floating net cage.

Treatment W (9) FW (g) WG (9) SGR (%) SV (%) FI FCR
n 12.73+£0.01 38.59+0.95% 25.87+0095% 1.85+0.042 92.5+1.44% 4572+1.45° 0.57+0.022
(20 fish/m?)

T
(30 fish/m?)
Ts
(40 fish/m?)
IW: initial weight; FW: final weight; WG: weight gain; SGR: specific growth rate; SV: survival rate; FI: feed intake; FCR:
food conversion ratio. Rows with different letters are significantly different (p<0.05).

11.07+£0.01 24.33+£0.53> 13.26+0.53" 1.31+£0.04"> 89.17+2.10® 37.89+0.88° 0.35+0.01°

12.70 £0.01 1726 £0.52¢ 4.56+0.51° 0.51+£0.05° 83.75+2.17°° 56.17+0.57*% 0.08£0.01¢

4. Discussion

In aquaculture, the production and growth density of 25 fish/100-L aquaria gained the
of cultured fish are primarily dependent on highest growth compared to 15 and 20
population density (Teng and Chua, 1978; fish/aquaria stocking densities, while all
Chua and Teng, 1979). Culturing fish using  stocking densities had the highest survival
greater stocking density has resulted in rate (Samad et al., 2014). In estuary grouper,
reduced growth and survival rates as well as  E. salmoides, fish cultured in a floating net
an increased food conversion ratio (Powell, cage at a stocking density of 15 fish/m®
1972). Additionally, the higher the stocking ~ showed parallel results to 30 and 60 fish/m?
densities coupled with unsuitable feeding, the in terms of food conversion efficiency,
greater the size variation (Hseu, 2002). Inthe ~ condition factor, survival and growth rates
present study, a stocking density of 20 (Teng and Chua, 1978; Chua and Teng,
fish/m? fish gained the highest growth rate 1979). In a flow-through system experiment
compared to fish cultured at 30 and 40 by Salari et al. (2012), tiger grouper juvenile
fish/m® stocking densities. The survival rate  (E. fuscoguttatus) at different stocking
was better in 20 and 30 fish/m® cultured in densities of 1, 3 and 5 fish per liter found
floating net cages. In addition, the feed intake ~ better growth and lower food conversion
was lowest in 30 fish/m® and the feed ratio was observed in fish at 3 individual per
conversion ratio was lowest in 40 fish/m®, liter. Also, the stocking density of 2.06 —
However, different results were obtained 3.09 kg/m®was found to be the most desirable
when the same species E. coioides cultured in ~ for culturing juvenile hybrid grouper & E.
a recirculating system, a high stocking lanceolatus x ¢ E. fuscoguttatus in
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recirculating aquaculture systems when
compared to 1.03 and 4.11 kg/m3 (Shao et al.,
2019). However, to increase grouper
production in a floating net cage, a high
stocking density could be an option, provided
that the utilization of artificial hides has to be
taken into account (Chua and Teng, 1979).
In fish and shrimp cultures, feed
conversion ratio values range between 1.0
and 2.4 (Fry etal., 2018). In the present study,
E. coioides cultured in a floating net cage at
different stocking densities (20 — 40 fish/m?)
obtained low feed conversion ratios ranging
from 0.08 — 0.57. Occasionally, an FCR of
less than 1.0 has also been reported, notably
in salmonid aquaculture (Boyd, 2021). The

5. Conclusion

Stocking density is an important aspect of
aquaculture in order to obtain higher produc-
tion. Our experiment revealed that the lower
(20 fish/m®) the stocking density of Epineph-
elus coioides (orange-spotted grouper)
farmed in a floating net cage, the better the
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influence of stocking densities (15 — 25
fish/100-L aquarium) on the feed utilization
of cultured grouper E. coioides has been
previously investigated with significant
findings depending on the use of culture
systems, i.e., recirculation and flow-water
system. Their findings revealed that the FI of
E. coioides increases with increasing
stocking density, while FCR was lowest at
the highest stocking density in the
recirculation system (Samad et al., 2014).
These findings were parallel to the results of
the present study. Boyd (2021) emphasized
that a low FCR is an indicator of an efficient
aquaculture operation.

growth and survival rates, and the higher the
feed utilization. Hence, lower stocking den-
sity is recommended for culturing an agile
and voracious fish, such as the orange-spot-
ted grouper E. coioides, in a floating net cage.
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OZET

Makroalgler biyolojik aktivitelerinden dolay1 6nemli bir yere sahiptir. Makroalglerin antimikrobiyal 6zelliklerinin be-
lirlenmesi amaciyla yaptigimiz ¢alismada, yesil algler (Chlorophyta)’den Ulva intestinalis, kahverengi algler (Phae-
ophyceae)’den Sargassum vulgare tiirleri kullanilmistir. Ekstraksiyon olarak aseton, etanol, kloroform ve metanol
kullanilarak makroalglerin kuyucuk difiizyon ve spektrofotometrik broth mikrodiliisyon yontemi ile gram pozitif bak-
teri suslarindan Staphylococcus aureus, Enterococcus faecalis, gram negatif bakteri suslarindan Escherichia coli ve
Klebsiella pneumoniae’e ve maya olarak da Candida parapsilosis ve Candida tropicalis’e kars1 antimikrobiyal akti-
vitelere bakilmustir. Sonug olarak, antimikrobiyal aktivite degerleri yoniiyle baktigimizda Sargassum vulgare (0.36
mm) Enterococcus faecalis’e karsi, Ulva intestinalis (0.23 mm) Staphylococcus aureus’a karsi olarak tespit edilmistir.

ANAHTAR KELIMELER: Antimikrobiyal, Makroalg, Ulva intestinalis, Sargassum vulgare

Antimicrobial Effects of Extracts from Ulva intestinalis (Linnaeus 1753) and Sargassum vulgare (F. Furcatum
(Kiitzing) J. Agardh 1889) on Some Pathogenic Microorganisms

ABSTRACT

Macroalgae have an important place due to their antimicrobial properties. In our study to determine the antimicrobial
properties of macroalgae, green algae (Chlorophyta) Ulva intestinalis and brown algae (Phaeophyceae) Sargassum
vulgare were used. Macroalgae, gram positive bacteria strains Staphylococcus aureus, Enterococcus faecalis, gram
negative bacterial strains Escherichia coli and Klebsiella pneumoniaeosis and yeast parapsilrobial activities against
Candida parapsilrobial activities by using acetone, ethanol, chloroform and methanol as extraction, well diffusion
and spectrophotometric broth microdilution method in macroalgae. As a result, when we look at the antimicrobial
activity values, Sargassum vulgare (0.36 mm) was determined against Enterococcus faecalis, Ulva intestinalis (0.23
mm) was determined against Staphylococcus aureus.
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1. Giris

Diinya tizerinde tiirii ve sayis1 bilinmeyen
milyarlarca canli yagaminm siirdiirmektedir.
Bu canlilarin her birinin ekosistemde bir go-
revi bulunmakta ve boylelikle ekosistem don-
giistinii devam ettirmektedir. Algler de eko-
sistem dongiisii icerisinde yer alan canl
gruplarindan bir tanesidir ve sucul ekosiste-
min birincil iretim kaynagini olustururlar
(Bhadury ve Wright, 2004; Giil, 2019). Alg-
ler yapisal, hiicre yoniiyle ve dogal secilim
iiremeleriyle diger bitkilerden farklilik goste-
rirler. Primer {iretici olan bu canlilar yapisin-
daki pigmentler sayesinde su ortamindaki ¢o-
zlinmiis oksijen oraninin ve besin degerinin
artmasini saglayarak kendi gelisimlerini de
saglamaktadir.

Alglerin gelisimi ve ekolojik dagilimina
fiziksel, kimyasal ve dinamik olmak tizere {i¢
etken etkilemektedir. Fiziksel faktorlerden
turbidite, sicaklik, 1s1k ve substrat etkilerken;
kimyasal faktorlerden vitaminler, besleyici
tuzlar, oligo elementler, suda c¢Oziinmiis
halde bulunan gazlar, pH ve tuzluluk etkiler.
Dinamik faktorlere bakildiginda ajitasyon,
basing ve emersiyon faktorlerinin etkiledigi
goriilmiistiir (Aktar ve Cebe, 2010; Cirik ve
Cirik, 2011). Son yillarda evsel, endiistriyel

2. Materyal ve Yontem
2.1. Materyaller

Calismamizda Mersin ve Karatas sahille-
rinden toplanan Ulva intestinalis (Cholo-
rophyta), Sarrgassum vulgare (Phae-
ophyceae) tiirleri toplanarak kullanilmistir.

Ulva intestinalis boru seklinde, kivrimli,
bagirsak benzeri ve burusuk goriiniimli, yap-
raklar1 dalli alglerdir (Sekill.a). 10-30 cm
uzunlugunda ve 6-18 mm genisliginde algler-
dir. Genellikle epilitik gelisen denizlerde ve
aci1 sularda bulunan alglerdir (Turna, 2012).

Sargassum vulgare yapraklari, kaburga
seklinde uzanan, kenarlar1 dalgali ve az ya da
cok derin girintilere sahiptir (Sekil 1.b). Yap-
raklarin dibinde, kiiresel bir vezikiiller veya
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ve tarimsal atiklardan kaynakli 6trofikasyona
neden olan etkenler alglerin dagilimini etki-
lemektedir. Ayn1 zamanda fitoplankton po-
piilasyonlarinin artisiyla birlikte kokusunda,
renginde degisiklikten kaynakli ekolojik den-
gesinin bozulmasi alglerin dagilimina etki
eden diger faktorlerden bir tanesidir (Aktar
ve Cebe, 2010; Ogur, 2016).

Denizlerin 6nemli canli kaynaklarindan
biri olan algler diger deniz canlilari i¢in bii-
yiik onem tasimaktadir. Algler endiistrinin
hemen bir¢ok alaninda kullanilmaktadir.
Uzakdogu ve Giiney Asya iilkelerinde gida
olarak kullanilan algler, tipta, eczacilikta ve
kozmetik sanayinde, tarimda ve giibre lireti-
minde de yaygin olarak kullanilmaktadir
(Peksezer vd., 2021).

Diinya genelinde ticari olarak kullanilan
alg gruplarindan olan Phaeophyta (Kahve-
rengi Algler) ve Chlorophyta (Yesil Algler)
simifindan olan Ulva intestinalis (Linnaeus
1753) ve Sargassum vulgare (F. Furcatum
(Kiitzing) J. Agardh 1889) tiirleri iizerinde
calisma yapildi. Bu calisma ile patojenlerle
antimikrobiyal inhibitér aktiviteleri ve anti-
mikrobiyal analizlerle alg tiirlerinin antimik-
robiyal etkileri arastirilmigtir.

yiizer, i¢i bos, kisa bir cigcek sap1 tarafinda
taglanir. 4-5 cm boyunda, 3-4 mm ¢apinda
talluslara sahiptir. Genellikle s1g sularda ve
mercan resiflerinde yasayan, iliman ve tropik
yerlerde dagilim gosteren alglerdir (Marinho
vd., 2006).

Antimikrobiyal etkinlikler i¢in Gram (+)
bakterilerden Staphylococcus aureus ATCC
23235, Enterococcus faecalis ATCC 29212;
Gram (-) bakterilerden Escherichia coli
ATCC 25922, Klebsiella pneumoniae ATCC
27236 ve mantarlardan Candida parapsilo-
sis, Candida tropicalis kullanilmistir.
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Boliim: Chlorophyta
Simf: Ulvophyceae
Takim: Ulvales
Familya: Ulvaceae
Cins: Ulva

Tiir: Ulva intestinalis, (Hudson) J.V.Lamuroux 1809
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Boliim: Phaeophyta
Sumf: Phaeophyta

Takim: Fucales

Familya: Sargasaceae

Cins: Sargassum

Tiir: Sargassum vulgare, C.Agardh 1820

Sekil 1. a) Ulva intestinalis (Orijinal), b) Sargassum vulgare (Orijinal)

2.2. Yontem

2.2.1. Alglerin toplamip saklanmasi

Mart ve agustos aylarinda Mersin
(36°46'47°N  34°35'57°E) ve Karatas
(36°33'59°N  35°22722°E)  sahillerinden
toplanan Ulva intestinalis, Sargassum

vulgare tiirleri soguk zincir ile Mersin
Universitesi ~ Su  Uriinleri  Fakiiltesi
laboratuvarina getirilmistir. Ornekler yikanip
arindirildiktan sonra 35°C ‘de 12 saat siireyle
etivde  kurutulmustur.  Kurutulan alg
ornekleri elekten gegirilerek kumlardan
tamamen arindirilmistir. Elekten gecirilen
makroalg Ornekleri ogiitiicide un haline
getirilerek analizlere hazir hale getirilmis ve
-4°C’de analiz yapilana kadar falkon
tiipleriyle saklanmistir.

2.2.2. Ekstraksiyonlar

Analiz i¢in hazirlanan makroalg 6rnekleri
3 paralelli olarak ¢alisilmistir. Aseton, etanol,
kloroform ve metanol solventleri kullanil-
mistir. 2 gr alg 6rneklerinden alinarak erlen-
lere birakilmustir iizerine 40 ml solvent eklen-
mistir. Hazirlanan 6rnekler 24 saat boyunca
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mekanik calkalayicida bekletilmis alglerin
cozlilmesi saglanmistir. Ekstrakt ornekleri
filtre kagidindan gecirilerek ¢ozlilmeyen par-
tikiil pargaciklardan aridirtlmistir.

GC-MS ile kimyasal analiz i¢in ekstraksi-
yon yontemi ise; 2 gr alg 6rneginden alinarak
erlenlere birakilip iizerlerine 20 ml etanol ek-
lenmistir. Solvent eklenen Ornekler 24 saat
boyunca mekanik ¢alkalayicida bekletilmis
ve 24 saat sonunda filtre kagidindan siizdiirii-
lip mikrofiltreden gecirilmistir.  Sonra
80°C’de Rotary Evaporator’de solvent or-
tamdan uzaklastirilmistir. Solventi ugurulan
alg orneklerinin lizerine 20 ml’lik hekzan ek-
lenmistir. Ekstraktlar tiiplere birakilip GC-
MS ‘de okunmaya birakilmistir.

2.2.3. Kimyasal Bilesen Analizi (GC-MYS)

Analizde ayirma islemi HP-5MS kolonu
(30mx250ux0,25um) ile gerceklestirilmistir.
Tasiyic1 gaz olarak 1 ml/dakika akis hizin-
daki helyum kullanilmistir. Firin sicaklik
programi ¢ergevesinde 60 °C den baslayip, 2
dk bu sicaklikta bekletilen ve dakikada
10°C/dakika artiglarla 300 °C’ye ¢ikarilip 6
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dk bu sicaklikta bekletilen her bir 6rnege ilis-  yal aktiviteleri spektrofotometrik broth mik-
kin 2 ml, enjeksiyon hacmi 1 pl ve iyonlagsma  rodiliisyon ve agar kuyucuk diliisyon yon-
voltaj1 ise 70 eV’dir. Ayrilmis bilesenler temleri kullanilarak ¢alisilmistir.

NIST 2008 (National Institute of Standards Agar kuyucuk yontemi igin, kat1 besiye-
and Technology) ve Ulusal standartlar ensti-  rine 6nce 6 mm lik kuyucuklar a¢ilir ve tiim
tiisti verileri ile kiyaslanarak yapilmigtir (Ra-  besiyeri ylizeyine mikroorganizma ekimi ya-
gunathan vd., 2019). pilir. 6 mm lik kuyucuklara 50 mikrolitre or-

nek konulur. Tim ornekler 37°C’de 24 saat

2:2:4. Toplam Fenol Analizi boyunca inkiibasyona birakilir. Sonuglar

' Haz1r1anan ekstra_k!arln toplqm fenol ige- Images programinda zon ¢aplar1 Olgililerek
rigine Yabalak ve Gizir (2017)’in uyguladigt  degerlendirilir (Patton vd., 2005). Spektrofo-
Folin—Ciocalteu yontemi kullanilarak bakil- tometrik broth mikrodiliisyon i¢in makroalg-

mustir. 1 ml Folin—Ciocalteu reaktifi ve 1 ml Jerden elde edilen ekstraktlar igin steril 96 ku-
ornek ¢ozeltiler tiiplere birakilip karistiril-  yucuklu plakalar hazirlanmistir. Mikroplaka-
mustir. 5 dk karanlikta bekletilmis; daha sonra  |ardaki kuyucuklara besiyerinden 50 ul konu-
2 ml Na2COs (200 g/l) soliisyonu ve 2 ml dis-  Jarak ilk kuyucuga ekstraktlardan 100 pl bi-
tile su ilave edilerek tekrar karigtirlip, 30 dk  rakilarak ilk on siraya ¢ift katl diliisyonu ya-
karanlikta bekletilmistir. UV spektrofoto-  pilmustir. Besiyeri kontrolleri i¢in negatif ve
metre kullanilarak 700 nm’de absorbanslar pozitif kontroller son iki siituna birakilmustir.
Olglilmiigtiir. Standart olarak Gallik asit kul-  Daha sonra ekstrakt ve antibiyotik bulunan
lanilmistir. Ekstraktlarin konsantrasyonlarini  kuyucuklara 5 pl mikroorganizma eklenip in-

hesaplamak i¢in elde edilen sonuglar milig-  kiibasyona birakilmistir. spektrofotometrik

ram gallik asit olarak verilmistir (mg Olctimleri 600 nm’de alinmistir. Yiizde inhi-

GAE/100 g dw). bisyon degerler formiilii ile hesaplanmistir.

2.2.5. Antimikrobiyal Aktivite Tayini Elde edilen dogrusal egim ¢izgisi tizerinden

o ‘ R? ve ardindan MIK (Minimum Inhibisyon

Hazirlanmis olan ekstratlarin antimikrobi- Konsantrasyonu) hesabi yapilmustir (Patton
vd., 2005).

ODtest taa—tg

% inhibisyon=100 — ( ) x100

ODKkontroly,, —t,

2.2.6. istatiksel Analiz

Calismada 1Z ve MIK verileri Tek Yonlii Farkliliklar P<0,05 oldugunda istatistiksel
Anova  (Tukey) testleri ile deger- olarak anlamli kabul edilmistir.
lendirilmistir.

3. Bulgular ve Tartisma
3.1. GC-MS ile Kimyasal Bilesen Analiz Sonuclari

Yapilan ¢aligmada makroalg ekstraktlari- coziiciiler ise dimetil siilfoksit organokiikiirt
nin analizinde Tablo 1°de goriildiigii gibi hid-  bilesigidir. Ozellikle bdlgesel agr1 kesici ola-
rokarbonlar ve polar ¢oziiciiler tespit edilmis- rak kullanilan polar ¢oziiciilerin. antioksidan

tir. Hidrokarbonlar; yapisinda sadece karbon Ve anti-enflamatuar 6zellikleri tespit edilmis-
ve hidrojen bulunduran bilesiklerdir. Hidro- tir (American Chemical Society, 2000).
karbonlar ve tiirevleri fosil yakitlarin ana bi-

lesen maddelerdendir (Ergiiler, 2022). Polar
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Tablo 1. Sargassum vulgare ve Ulva intestinalis’in metanol ekstraktinin GC-MS ile Kimyasal
Bilesen Analizindeki Bilesikleri

Bekleme siiresi (RT)* | Bjjesikler (Compounds) S. vulgare (%) |U. intestinalis (%)
4.179 Dimethyl Sulfoxide - 1.04
12.453 Heptadecane 5.08 -
12.465 Nonadecane, Hexadecane - 8.59
13.741 Octadecane 0.56 -
15.100 Pentadecane 6.58 -
15.106 Nonadecane - 10.09
15.854 Cyclooctasiloxane, hexadecamethyl 0.50 -
16.441 Eicosane 0.57 -
17.480 Triacontane, Nonadecane 1.71 -
17.486 Heneicosane,Nonadecane, Pentacosane - 2.33
17.569 Octadecane, 0.18 -
18.940 1-Butanamine, N-butyl, - 3.77
19.005 Glycine - 3.47
19.302 Docosane 0.82 -
19.605 Hexadecanoic 9.87 -
21.362 10-Octadecenoic acid, methyl ester 3.24 -
21.581 Octadecanoic, ethyl ester 10.55 -
24.816 Bis(2-ethylhexyl) phthalate, 3.25 5.13
24.875 N,N-Bis(2-hydroxypropyl)-5-aminobe 18.96 -
24.881 2-Phenyl-5-methoxy-oxadiazol, i 29 49

N,N-Bis(2-hydroxypropyl)-5-aminobe '
26.739 13-Docosenamide, 9-Octadecenamide 24.27 20.45

*Bekleme siiresi (dakika) (RT: Retention time); benzerlik oran1 %60°1n lizerindekiler alinmistir

Literatiir taramalarinda kimyasal bilesen
analizlerinde EI Shafay vd. (2015) yapilan
calisma da S.vulgare’nin etanolik ekstraksi-
yonunun GC-MS analizinde etken maddesi
di-n-octyl phthalate (48.26) olarak bulun-
mustur. S.vulgare’nin etken maddesi ise 13-
docosenamide’dir (24.27). Tasc1 (2020) yap-
t1g1 calismada S. vulgare nin GC-MS anali-
zinde farkli hidroksialkan degerleri saptan-
mistir. Konsantrasyon oranlarina gére deger-
ler farklilik géstermistir. SV 1(sargassum vul-
gare) olarak belirtilen ekstraksiyonda etken
madde tetradecane %32.74, SV64-65 (1250
png/ml konsantrasyon orani) olarak belirtilen

Anungance

TIC: BARGASSUM.Dantsms

soee [ | n‘ LLJQ‘
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ekstraksiyonda etken madde propylene gly-
col DITMS %48.57 olarak bulmuslardir. Ca-
lismamizdaki S. vulgare’deki etken madde
13-Docosenamide olarak farklilik gostermis-
tir, bu farkliligin nedeni farkli konsantras-
yonlarda ekstraksiyonlarin olmasi ya da
farkli yontemler kullanilmasindan kaynak-
lanmis olabilir. Ayrica, U. intestinalis’le ile
ilgili bir ¢alismada GC-MS analizi sonucu 43
bilesik tanimlanmistir. Etken madde olarak
fitol  (%21.404) ve  2-monopalmitin
(%13.139) tespit edilmistir (Kulkarni vd.,
2021).
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Calismamizda S. vulgare ve U. intestina-  farkliigindan kaynaklanmis olabilir. S. vul-
lis’le yapilan GC-MS analiz sonucunda bulu-  gare ve U. intestinalis ‘in GC-MS analiz gra-
nan etken maddelerin farkli olmasi yontem fikleri Sekil 2’de gosterilmistir.

3.2. Makroalg Ekstraktlarinin Toplam Fenol Miktarlar:

Sargassum vulgare ve Ulva intestinalis’in ~ 0.002 mg GAE/100 g, kloroform igin 0.003
aseton, etanol, kloroform, metanol ekstrakt-  mg GAE/100 g ve metanol i¢in 0.004 mg
lardaki toplam fenolik icerik Sekil 3'te veril- GAE/100 g olarak belirlenmistir. Caf’in 2014
mistir. Sekilde goriildigl gibi, ekstraktlarin yilinda yaptig1 bir calismada metanol ekstrati
toplam fenolik icerikleri, kuru agirlik bazinda  kullanilmis olan S. vulgare’nin toplam feno-
S. vulgare’de aseton i¢in 0.004 mg GAE/100  lik igerigi 16.04 mg GAE/100 g olarak tespit
g, etanol i¢cin 0.003 mg GAE/100 g, kloro- edilmistir. Yapilan ¢alismada degerler arasin-
form i¢in 0.003 mg GAE/100 g ve metanol daki farklilik kullanilan solvent farkliliklarin-
i¢in 0.003 mg GAE/100 g; U. Intestinalis’"de ~ dan dolay1 olabilecegi diisiiniilmektedir.
aseton i¢in 0.003 mg GAE/100 g, etanol igin

0.004 +

B Aseton

0.004 -
m Etanol

0.003 Kloroform

0.003 H Metanol

0.002 -

0.002 -

mg GAE/ 100g dw

0.001 -

0.001 -

0.000 -

S. vulgare U.intestinalis

Sekil 3. S. vulgare ve U. intestinalis’in aseton, etanol, kloroform, metanol ekstraktlarinin top-
lam fenol miktarlarinin gallik asit cinsinden degerleri.

3.3. Alg Ekstraktlarinin Patojen Mikroorganizmalar Uzerinde inhibisyon Zon Caplari ve
MiK Degerleri

Kuyucuk difiizyon analizi ve spektrofoto- mm) bakterisine kars1 oldugu tespit edilmis-
metrik broth mikrodiliisyon analizlerinde  tir. S. vulgare’de S. aureus gram pozitif bak-
kontrol gruplarinda; bakterilere karsi pozitif terisi aseton ekstraksiyonuna 0.32 mm, etanol
ampisilin antibiyotigi (128 pg/ml), inhibis- ekstraksiyonuna 0.10 mm etkili oldugu go-
yon zonu 10 ile 30 mm araliginda, MIK ise rilmiisken kloroform ekstraksiyonu ve meta-
32 ile 64 pg/ml araliginda bulunmustur. Man- ~ nol eksteraksiyonuna kars1 bir etki gosterme-
tarlara kars1 pozitif kullanilan Fukozonol an-  digi goriilmiistiir. S. vulgare, E. faecalis gram
tibiyotigi (128 png/ml), inhibisyon zonu 5 ile  pozitif bakterisi aseton ekstraksiyonuna karsi
25 mm araliginda, MIK ise 32 ile 128 pg/ml 0.36 mm etki gostermistir. Etanol, kloroform
araliginda bulunmustur (Erdogan Eliuz, ve metanol ekstraksiyonlarina karsi bir etki
2021) . saptanmamustir. Escherichia coli bakterisi

Sargassum vulgare’nin kuyucuk difiizyon ~ (0.35 mm) ve Candida parapsilosis mantari
testine gore en yiliksek aktivitesi aseton ekt- (0.29 mm) aseton ekstraksiyonuna kars1 etki
raksiyonunun Enterecoccus faecalis (0.36  gosterirken etanol, kloroform ve metanol
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ekstraksiyonuna kars1 etki gostermemistir. S. 0.26 mm, kloroform ekstraksiyonu 0.21 mm,
vulgare’de Klebsiella pneumoniae karsi hig- ~ metanol ekstraksiyonu 0.24 mm olarak etki
bir ekstraksiyonda etki gostermemistir. S. gosterdigi tespit edilmistir. Sargassum vul-
vulgare, Candida tropicalis’e karsi aseton  gare’nin IZ degerleri tablo 2°de gosterilmis-
ekstraksiyonu 0.27 mm, etanol ekstraksiyonu tir.

Tablo 2 Sargassum vulgare’nin aseton, etanol, kloroform, metanol ekstraktlarinin patojenlere
kars1 inhibisyon zon ¢aplart (mm).

Sargassum  Staphylococcus Enterococcus Escherichia  Klebsiella Candida Candida

vulgare aureus faecalis coli pneumoniae  parapsilosis  tropicalis
Aseton 0.322+0.14 0.36%+0.03 0.35%+0.01 0.00%+0.00 0.292£0.13 0.272£0.02
Etanol 0.10°+0.09 0.00°+0.00 0.00°+0.00 0.00%+0.00 0.00°+0.00 0.26%+0.01
Kloroform 0.00%£0.00 0.00°+0.00 0.00°+0.00 0.002+0.00 0.00°+0.00 0.21%+0.01
Metanol 0.00°+0.00 0.00°+0.00 0.00°+0.00 0.00%0.00 0.00°+£0.00  0.24%40.02

Sargassum vulgare’nin spektrofotometrik goriilmiistlir. S.aureus’a karst en diisiik (et-
broth mikrodiliisyon analizinde ekstraktala- kili) MiK degeri 0.01 g/ml olarak metanol
rin MIK degerleri tablo 3°de, S. aureus’a  ekstrakti, E.faecalis’e kars1 MIK degeri 0.08
kars1 0.01 g/ml ve 0.68 g/ml; E. faecalis’a  g/ml ile aseton ekstrakt1, E.coli’ye kars1 MIK
kars1 0.08 g/ml ve 1.20 g/ml; E. coli’ye kars1 ~ degeri 0.44 g/ml aseton ekstrakti, K. pneumo-
0.44 g/ml ve 0.68 g/ml; K. pneumoniae’e  niae ‘e karst MIK degeri 0.03 g/ml ile meta-
kars1 0.03 g/ml ve 0.63 g/ml; C. parapsilo-  nol ekstrakti, C. parapsilosis’e karst MIK de-
sis’e kars1 0.30 g/ml ve 2.77 g/ml; C. tropica-  geri 0.30 g/ml aseton ekstrakti, C. tropica-
lis’e kars1 0.11 g/ml ve 1.17 g/ml araliginda  lis’e kars1 0.02 g/ml metanol ekstrakti oldugu
tespit edilmistir.

Tablo 3. Sargassum vulgare’nin aseton, etanol, kloroform, metanol ekstraktlarinin patojenlere
kars1 MIK degerleri (g/ml)

Sargassum  Staphylococcus  Enterococcus  Escherichia  Klebsiella Candida Candida

vulgare aureus faecalis coli pneumoniae parapsilosis  tropicalis
Aseton 0.45%+0.32 0.082+0.08 0.44%+0.10 0.372+0.21 0.30%£0.23  0.11%0.08
Etanol 0.68%+0.49 0.322+0.13 0.51a+0.26 0.63%+0.14 1.30°+0.39  0.45%0.13
Kloroform 0.43%+0.23 1.20°+1.05 0.523:0.20  0.50%0.05  1.04°+0.41 1.17°+0.37
Metanol 0.012+0.00 0.40%+0.20 0.68%+0.33 0.03%+0.04 2.77°+1.37  0.02%+0.01

Shafay vd. (2016) yaptig1 ¢alismada, me- degerini bulmuslardir. Metanol ve etanol
tanol, etanol ve kloroform ekstraksiyonlarini ekstraksiyonlarinda MIK degerleri 0 olarak
farkli konsantrasyonlarda (50-75 mg/l, 100 tespit edilmistir. Kullanilan 6rnek miktariin
ul) kullanarak Staphylococcus aureus anti-  ve konstrasyonlardaki farkliliktan dolay: de-
mikrobiyal etkisine bakmislardir. Ekstraksi- gerlerdeki etki miktar1 degismektedir. Aras
yonlar1 hazirlanirken 5 gr makroalg, 40 ml ve Sayin (2020) yaptigr c¢alismada S. vul-
¢Oziicli kullanmislardir. Kloroform ekstraksi- gare’nin S. aureus’a ve E. coli’ye karsi anti-
yonunda 11.83 mg/ml konsantrasyonda MiK
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mikrobiyal etki gostermedigini tespit etmis- tir. Literatiir taramalarinda ve yaptigimiz c¢a-
lerdir. Calismamizda kullanilan ¢oziiclilerin =~ lismada varilan sonuca gore S.vulgare tiirii
ve antimikrobiyal analizler i¢in kullanilan antimikrobiyal ag¢idan etkili bir tiir oldugu
yontemlerin farkliligindan kaynakli etki de- diisiiniilmiistr.

gerleri olabilecegi diistiniilmiistiir. Tas¢1’nin Ulva intestinalis’in ise kuyucuk difiizyon
2020’deki ¢alismasinda S.vulgare’nin anti- testine gore en yiiksek aktivitesi kloroform
mikrobiyal etkilerine bakilmistir. Antimikro-  ekstraksiyonunun S. aureus bakterisine kars1
biyal etkileri igin E. coli (ATCC® 25922™™), 0.23 mm oldugu tespit edilmistir. U. intesti-
S. aureus (ATCC® 25923™) patojenleri kul- ~ nalis’in S. aureus bakterisine karsi aseton
lanilmigtir. Ekstraksiyonlarin farkli konsant-  ekstraksiyonu 0.18 mm, kloroform ekstraksi-
rasyonlarina gore etkilerine bakilmig, SV-  yonu 0.23 mm, metanol ekstraksiyonu 0.20
7(1875 pg/ml konsantrasyon orani), SV-  mm olarak tespit edildi. E. coli sadece etanol
27(830 pg/ml konsantrasyon orani) bilesik-  ekstraksiyonunda 0.18 mm olarak tespit edil-
leri ve SV-64-65(1250 pg/ml konsantrasyon  mis ve diger ekstraksiyonlarda etkisi goriil-
orani) nolu fraksiyonlar1 S.aureus’a kars1 et-  memistir. C. tropicalis aseton ekstraksiyo-
kin bulmuslardir. Yaptigimiz ¢alismada da  nunda 0.19mm etkisi tespit edilmistir. Ulva
metanol ekstraksiyonundaki en etkili deger  intestinalis’in IZ degerleri tablo 4’de goste-
S.aureus ‘da goriilmistiir. Bu durum, Tasci rilmistir.

(2020)’nin ¢alismasiyla paralellik gostermis-

Tablo 4. Ulva intestinalis’in aseton, etanol, kloroform, metanol ekstraktlarinin patojenlere karsi
inhibisyon zon ¢aplari (mm).

Ulva Staphylococcus  Enterococcus Escherichia  Klebsiella Candida Candida

intestinalis aureus faecalis coli pneumoniae parapsilosis ~ tropicalis
Aseton 0.18%+0.01 0.00%+0.00 0.002+0.00 0.00%2+0.00 0.00%£0.00  0.19%+0.01
Etanol 0.00°+0.00 0.00%+0.00 0.18b+0.08 0.002+0.00 0.00%£0.00  0.00°+0.00
Kloroform 0.23%+0.02 0.00a+0.00 0.00%+0.00 0.00%2+0.00 0.00%+0.00  0.00°+0.00
Metanol 0.20%+0.02 0.002+0.00 0.002+0.00 0.002+0.00 0.00%£0.00  0.00°+0.00

U. intestinalis ekstraktalarinin mik degerleri ~ aseton ekstrakti, C. tropicalis’e karsi 0.02
tablo 5’de, S.aureus’akars10.25 g/ml ve 0.67 g/ml metanol ekstrakti oldugu tespit edilmis-
g/ml; E. faecalis’a kars1 0.02 g/ml ve 0.21 tir.

g/ml; E. coli’ye karst 0.01 g/ml ve 0.30 Aras ve Sayin (2020) yaptig1 ¢alismada U.
mg/ml; K. pneumoniae’e karsi 0.03 g/ml ve intestinalis’in yagimi c¢alisilmiglardir. S.au-
1.78 g/ml; C. parapsilosis’e kars1 0.18 g/ml reus’a karsi1 antimikrobiyal aktivite goster-
ve 0.22 g/ml; C. tropicalis’e kars1 0.02 g/ml  medigini, E.coli’ye kars1 aktivite gosterdigini
ve 0.22 g/ml araliginda bulunmustur. S. au- saptamiglardir. Yaptigimiz ¢aligmada U. in-
reus’a kars1 en diisiik (etkili) MIK degeri 0.25  testinalis’in S.aureus ve E.coli’ye kars anti-
g/ml olarak kloroform ekstrakti, E.faecalis’e =~ mikrobiyal etki gdsterdgi bulunmustur. Bu
karst MIK degeri 0.02 g/ml ile kloroform durum, alg yaglariin ve ekstraktlarin farkl
ekstrakti, E. coli’ye karst MIK degeri 0.01 antimikrobiyal etkiler olusturacagini goster-
g/ml aseton ekstrakti, K. pneumoniae ‘e kars1 ~ mistir. Dogal olarak yag ve ekstrakt igerikleri
MIK degeri 0.03 g/ml ile metanol ekstrakti, kimyasal olarak farklidirlar.

C. parapsilosis’e kars1 MiK degeri 0.18 g/ml
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Tablo5. Ulva intestinalis ’in aseton, etanol, kloroform, metanol patojenlere kars1 MIK degerleri

(g9/ml)
Ulva Staphylococcus  Enterococcus — Escherichia Klebsiella Candida Candida
intestinalis aureus faecalis coli pneumoniae  parapsilosis  tropicalis
Aseton 0.38%£0.61 0.112+0.13 0.01%£0.00 1.18°+0.68 0.18+0.13 ~ 0.10%+0.13
Etanol 0.67%£0.32 0.212+0.12 0.04%£0.02 0.44%+£0.20 0.21+0.03  0.18%+0.15
Kloroform 0.25%£0.13 0.02%+£0.01 0.30%£0.10 1.780£1.47 0.192+0.06 ~ 0.22%:0.32
Metanol 0.66%£0.47 0.072+0.10 0.082+0.13 0.03%£0.02 0.22°+0.05  0.02%£0.01

Aydin (2021) yaptig1 calismada U. intesti-
nalis’den elde edilen metanol ekstraksiyonun
etkisi S. aureus, E. coli, K. pneumoniae pa-
tojenleri lizerine arastirilmigtir. U. intestina-
lis’in metanol ekstraktlarindan elde ettigimiz
MIK degerlerini Aydin’mn yaptig1 calismayla
kiyasladigimizda bulunan degerler dogrultu-
sunda calismanin daha etkili oldugu gortil-
miistiir. Aydin (2021) caligmasinda ekstrat
metodu olarak, kurutulmus algler 2 hafta bo-
yunca metanol igerisinde bekletilmis, elde
edilen ekstraksiyon filtre kagidindan gegiril-
dikten sonra 50°C’de buharlastirilmis. Saf-
lagtirilan algler 250 mg/ml DMSO i¢inde
¢Ozdiirilmiis ve enson olarak 0.45 mm’lik s1-
ringa filtreden gegirmislerdir. Calismamizla
Aydin’in ¢alismasindaki ekstraksiyon arasin-
daki farkliliktan dolayr etkinlik diizeyleri
farklilik gostermis olabilecegi gibi, bu farkli-
ligin nedeni ekstraksiyonlardaki etken mad-
delerin farkliligindan da kaynaklanmis olabi-
lir. MIK’in ¢alismamizda daha diisiik olmasi
(etkili) ekstraksiyonun igindeki 2-Phenyl-5-
methoxy-oxadiazol etken maddesinden kay-
naklanmis olabilir.

Cinar (2012) U. intestinalis metanol ekst-
raktinin inhibisyon zonlarim sdyle belirledi:
E. coli (21 mm), E. faecalis (14 mm) ve S.
aureus (17 mm). Bu calismada ise E. faecalis
ve E. coli bakterileri U. intestinalis kloroform
ve metanol ekstraktlarina karsi direngli idi (0O
mm). Ancak, her iki ekstrakt S.aureus bakte-
risi lizerinde inhibisyon etkiye sahipti (U. in-
testinalis'in kloroform oziitii ve metanol
Oziitlinlin S.aureus tizerinde IZ'lar1 sirasiyla
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0.23 mm ve 0.20 mm. Bu durum bu calis-
mada kullanilan ekstrakt konsantrasyonun
farkliligindan kaynaklanmis olabilir. Ciinkdi,
Cinar (2012) g¢alismasinda algleri 10-15
gram'lik agirliklarda c¢oziiciilere eklerken
(2:3); bu galismada 2 gramlik alg miktarlar
40 ml ¢oziictide kullanildi.

Kurutulmus U. intestinalis algi ile meta-
nol/kloroform/saf su (1:1:0,9) karisimi olus-
turulmus ve bu 6ziitiin antimikrobiyal aktivi-
tesi arastirilmistir. Calismada, E. coli bakte-
risi U. intestinalis 0ziitiine kars1 hassas iken,
S. aureus oldukga direngli bulunmustur (Aras
2020). Bizim ¢alismamizda ise, sadece U. in-
testinalis etanol ekstrakti E.coli'yi inhibe etti.
Ancak, U.intestinalis metanol/kloroform/saf
su ekstraksiyonunun aksine, U.intestinalis
aseton (0.18 mm), kloroform (0.23 mm) ve
metanol ekstrakti (0.20 mm) S. aureus i¢in et-
kili bir ajand1. Bu etki diisiik olsa da, daha yo-
gun bir konsantrasyonla etki iyilestirilebilir.

Ayrica, Ulva'nin baska bir tiirii olan Ulva
lactuca ile hazirlanan 6 farkli ekstraktin (me-
tanol ekstrakti, damitma metanol, distile su
ekstrakti, dimetil sulfoxid ekstrakti, aseton
ekstrakti ve damitma aseton) Escherichia
coli, Staphylococcus epidermidis, metisiline
direngli Staphylococcus aureus Enterococcus
faecalis, Candida albicans gibi bir¢ok pato-
jene karsi etkisiz oldugu belirlenmistir (Ak-
50z, 2016). Calismamizda da U.intestinalis
benzer sekilde E. faecalis, E. coli, K. pneu-
moniae ve C.parapsilosis icin etkisiz bir
ajandi. Ancak, U. intestinalis'in aseton, klo-
roform ve metanol ekstraktlar1 S. aureus tize-
rinde etkili bulundu
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4. Sonuclar ve Oneriler

Hizla artan diinya niifusu ve kiiresel iklim
krizi ile birlikte gida hammaddelerinin azal-
mas1 dolayisiyla insanligin gida erisimine
ulagiminin zorlagmasinin her gecen yil daha
fazla olacagr oOngoriilmektedir. Gelecekte
gida giivenligi ve sagligi agisindan triinlerin
bozulmadan saklanabilmesi ve mikrobiyal
olarak kontaminasyonun engellenmesi icin
antimikrobiyal ajanlarin dogal kaynaklardan
elde edilebilmesi 6nemli arastirma konularin-
dan biri olacagi diisiiniilmektedir. Bu yo-
niiyle, makroalgler antimikrobiyal 6zellikle-
rinden dolay1 endiistriyel kullanimda bugiin
oldugu gibi gelecekte de 6nemli bir yere sa-
hip olacaktir. Gerek ekonomik olarak birgok
sektore hammadde saglamasi gerekse ikincil
metabolitlerinin antimikrobiyal ajan olarak
kullanilma potansiyeli nedeni ile makroalgler
onemli dogal kaynaklardan biridir ve kesfe-
dilmeyi bekleyen 6nemli canli kaynaklardan
biridir.

Bu c¢alismada toplanan makroalg tiirleri-
nin antimikrobiyal aktivitesine bakilmistir.
Sargassum vulgare ve Ulva intestinalis tiirle-
rine ait eksraksiyonlardan agar kuyucuk di-
liisyon yontemi ve spektrofotometrik broth
mikrodiliisyon yontemi kullanilarak gram
pozitif bakteri suslarindan Staphylococcus
aureus, Enterococcus faecalis, gram negatif
bakteri suslarindan Escherichia coli ve Kleb-
siella pneumoniae’e ve maya olarak da Can-
dida parapsilosis ve Candida tropicalis’e
kars1 antimikrobiyal aktiviteler tespit edil-
mistir. Calismamizda kullandigimiz S.vul-

Tesekkiir
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gare ve U.intestinalis tizerinde de yapilan an-
timikrobiyal etkilerle ilgili ¢aligmalar farkli
yontemler kullanilarak tespit edilmistir. Bu
yontemler birbirleri arasinda kiyaslanarak en
etkili antimikrobiyal oranlar karsilastirilabili-
nir.

Calismada ektraksiyonlarin alg tiirlerine
kars1 etkilerinin farkli oldugu goriilmektedir.
Bu anlamda antimikrobiyal etkilere bakilir-
ken ekstraksiyon tiirlerini artirarak alglerdeki
antimikrobiyal etki degerleri kiyaslanabilir.

Gida, tarim, ilag, eczacilik, sanayi ve koz-
metikte kullanilan makroalgler, denizlerin al-
tin degerindeki kaynaklarindan biridir. Algler
ikincil metabolitler yoniiyle zengin oldukla-
rindan dolayi bir¢ok alanin gelismesinde kul-
lanilabilecek iiriinlerdir. Gelecekte yapilacak
caligmalarda, alglerin anti inflamatuar, anti-
kanser, antitimor, anti oksidan, anti-viral, an-
tikoagiilan gibi bir¢cok biyolojik o6zellikleri
ortaya ¢ikarilmali ve biyoteknolojik uygula-
malarda 6nemli bir kaynak olarak daha fazla
kullanilmalidar.

Calismada kullanilan alg tiirleri antibakte-
riyel aktivite ozelligi gostermesinden dolay1
umut vericidir. Bu alglerle ilgili daha fazla
calismaya ihtiyac vardir. Geleneksel tip siste-
mini bilimin 151¢1nda standart bir ilag siste-
mine doniistiirmek icin algler 6énemli bir rol
oynayabilir. Bu nedenle, bu alglerin antimik-
robiyal aktivitesinin varligint dogrulayan bu
caligsma, ileriye doniik gerceklesecek olan ca-
lismalar i¢in bir kaynak gorevi gorecegi dii-
stincesindeyiz.

Bu ¢alisma, Mersin Universitesi BAP tarafindan 2020-1-TP3-4043 numaral1 proje ile des-

teklenmistir.
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OZET

Bu calisma, Mayis-Temmuz 2021 tarihleri arasinda Mersin’de bir akvaryum ¢iftliginde yetistirilen teleskop balikla-
rinda (Carassius auratus) ani 6liimlerin nedeninin belirlenmesi amaciyla yapilmstir. Baliklarin bu ani 6liimlerin ne-
deninin belirlenmesi i¢in deri ve yiizge¢ dokularindan 6rnek alinmig ve 6liim nedeninin Ichthyophthirius multifiliis
(Ciliophora: Ichthyophthiriidae) parazitinden kaynaklandigi belirlenmistir. Ayrica parazitin morfolojik 6zellikleri ve
baliklardaki semptomlari belirlenmistir.

ANAHTAR KELIMELER: Teleskop baligi, Ichthyophthirius multifiliis, Semptom, Mortalite

Ichthyophthirius Multifiliis (Fouget, 1878) Infection in Telescope Goldfish (Carassius Auratus)
Culture

ABSTRACT

This study was carried out to determine the cause of sudden death in telescope gold fish (Carassius auratus) raised
in an aquarium farm in Mersin between May-July 2021. In order to determine the cause of these sudden deaths,
samples were taken from the skin and fin tissues of the fish and it was determined that the cause of death was caused
by the parasite Ichthyophthirius multifiliis (Ciliophora: Ichthyophthiriidae). In addition, the morphological features
of the parasite and its symptoms in fish were determined.
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1. Giris

Diinyada oldugu gibi Tiirkiye’de de ak-
varyum balig1 yetistiriciligi hizla gelismek-
tedir. Akvaryum balig1 iireten giftlikler ve
akvaryumcularin sayisinda Onemli artiglar
olmustur. Mersin ili akvaryum balig1 tireti-
minde iilkemizde 6nde gelen yerlerden biri-
sidir. Ozellikle son yillarda kurulan akvar-
yum balik c¢iftliklerinin sayisinda hizli bir
artis olmus ve su triinleri yetistiriciliginde
ilerleyen bir sektor haline gelmistir. Su
iriinleri yetistiriciliginin ve akvaryum balik-
¢iligmin gelismesi yaninda, bazi sorunlarda
ortaya ¢ikmaktadir. Bu sorunlarda yer alan
en 6nemli etkenlerden birisi de parazitlerin
neden oldugu hastaliklar gelmektedir.

Akvaryum baliklarinin paraziter hastalik-
lar1 arasinda Onemli parazitlerden biriside
'Beyaz benek hastaligi' veya 'Ich hastalig1'
olarak adlandirilmaktadir. Kiiltiir baliklarin-
da, akvaryum baliklarinda ve yabani balik-
larda goriilmektedir (Nigrelli vd., 1976).
Hastaligin etkeni, siliat bir protozoon olan
ektoparazit Ichthyophthirius  multifilis'tir.
Etken Oligohymenophorea sinifinda ve
Ichthyophthirius cinsinde yer alan tek tiirdiir
(Canella vd., 1976). Beyaz benek akvaryum
balig1 yetistirilen her yas ve boydaki balik-
larda enfeksiyona neden olmaktadir. Parazit
salgin1 sunucunda baliklarda Olim oram
%100 ‘lere ulasabilmektedir (Hoffman,
1999; Woo, 1995).

Beyaz benek diinyanin tiim kitalarinda
ortalama 10-27 °C derecesinde olan su si-
cakliginda goriiliir. Parazit sekilsel olarak
daireseldir ve hareketi saglayan silleri tiim
yiizeye esit olarak dagilmistir. Parazitin ka-
rakteristik ozelligi at nali seklindeki ¢ekir-
degi ve donme hareketinden olugmaktadir.
Zorunlu bir patojendir ve enfeksiyonun hizla
yogunlagsmasina izin veren benzersiz bir
dogrudan yasam dongiisiine sahiptirler. Ya-
sam dongtisii enfektif bir parazitik olan the-
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ront, trofont ve tomitlerden olusmaktadir
(Geisslinger, 1987). Parazit baliklarin solun-
gac flamentleri deri ve yiizgeclerin epider-
mis tabakasina penetre olmaktadir. Epider-
mis tabakasinda yerlesen parazit olusan
beyaz renkli vezikiillerin icerisinde gelisme-
sine ve konak¢inin dokusu ile beslenme de-
vam eder (Nigrelli vd., 1976; Lom vd.,
1992; Matthews, 2005). Enfekte baliklar son
derece uyusuktur ve goriiniir beyaz lekelerle
kaplidirlar. Beyaz benegin neden oldugu
siddetli enfeksiyon sonucunda baliklarin
solungaglar1 zarar goriirler. Bunun sonucun-
da solunum, bosaltim ve osmoregiilasyon
fonksiyonlarinda ciddi kayba neden olurlar
ve sonunda balik Oliimiine yol agabilirler
(Hines vd., 1974; Woo, 1995).

Tiim diinyada parazit kozmopolit bir tiir-
diir. Parazit akvaryum balig1 popiilasyonla-
rinda bir ¢ok faktorlerin etkisi ile salginlara
ve Olumlere neden olmaktadir. Parazit, sal-
ginin olmadig1 zamanlarda balik popiilas-
yonlarinda hafif diizeyde beklemektedir.
Akvaryum baliklar1 isletmelerinde yogun
stoklama ve barindirma, stres kosullar1 (su
sicakligi, diisiik oksijen seviyesi, suyun
kimyasal kirliligi, havuzlarin dezenfeksiyo-
nu vb.) parazit hastaliginin seyrini olumsuz
yonde etkileyip, enfeksiyonun hizli bir se-
kilde yayilmasina ve hastaligin ortaya ¢ik-
masina neden olmaktadir (Ogut vd., 2005;
Aydin vd., 2017).

Bu c¢alisma, ticari bir akvaryum balik ¢ift-
liginde yetistiriciligi yapilan ve degerli bir
balik olan teleskop baliklarinda (Carassius
auratus) goriilen bu ani 6liim nedeninin be-
lirlenmesi amaciyla yapilmistir. Calisma
sonucunda baliklarin 6lmesinin ana etkenin
Ichthyophthirius multifiliis paraziti oldugu
belirlenmistir. Ayrica parazit istilasinin ne-
den oldugu semptomlar ele alinmistir.
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2. Materyal ve Yontem

Akvaryum balig1 bulunan tesiste toplam
10 adet havuz bulunmaktadir. Isletmedeki
havuz sularmmin oksijen igerigi (mg/L), si-
caklik (°C) ve pH degerleri (Orbego-
Hellige) marka su parametresi 6lgeri kullani-
larak yapilmustir. Isletmede bulunan 10 adet
havuzun her birinden 10'ar adet olmak {izere
toplam 100 adet Teleskop balig1 tanklara
alinmistir. Daha sonra baliklarin agirliklar
ve uzunluklan ol¢tilmiistiir. Hasta baliklarin
deri ve yiizge¢ dokularindan kazinarak belir-
lenen mukus ornekleri isletmede mikroskop
altinda incelenmis ve kalic1 preparat yapil-

3. Bulgular

Isletmenin havuzlarinda parazit enfestas-
yonu siiresince Olgiilen suyun ¢Oziinmiis
oksijen miktarinin ortalama degeri 4,3-4,8
mg/L, su sicakliginin 25-27,5 °C ve pH'm 7-
7,8 arasinda degisim gosterdigi belirlenmis-
tir. Isletmedeki havuzlarda bulunan baliklar-
da yapilan dis klinik muayenesinde, balikla-
rin yavas hareket ettikleri, havuz kdselerinde
bekledikleri ve sert cisimlere siirtiindiikleri
gozlenmistir. Enfeksiyonun ilerlemesi ile
baliklarin ylizgeclerinde renklerin soldugu
ve erimeler tespit edilmistir. Ayrica deri
bolgesinde kizariklar ve hemorajik alanlar
olustugu ve bunun sonucunda yaralarin
meydana geldigi goriilmiistiir. Ozellikle yav-
ru ve zayif baliklarda 6liimler meydana gel-
digi saptanmustir.

Isletmeden canl1 olarak laboratuvara geti-
rilen hasta baliklardan yapilan incelemede,
baliklarin solungaclarinda yiizgeclerinde ve
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mustir. Hasta baliklardan belli bir 6rnek ta-
stma kaplarma alinarak Mersin Universitesi
Su Uriinleri Fakiiltesi Balik Hastaliklar1 La-
boratuvari’na getirilmis ve balik bireylerinin
viicutlar1 solungag, ylizge¢ ve viicut yiizeyi
olmak iizere ii¢ kisma ayrilarak ektoparazit
muayenesi yapilmistir. Laboratuvarda para-
zit rnekleri faz kontrast mikroskobu altinda
incelenmis, tespit edilen parazitin dlgiimleri
yapilmis ve fotograflari ¢ekilmistir. Parazi-
tin tespitinde ¢esitli kaynaklardan faydala-
nilmustir (Bauver, 1959; Nigrelli vd., 1976;
Lom vd., 1992; Woo, 1995).

derilerinde ¢ok sayida parazite rastlanmistir.
Arastirmada siiresince incelenen 100 adet
baligin tamaminin parazit ile enfeste oldugu
belirlenmistir.

Isletmeden canli olarak laboratuvara geti-
rilen hasta baliklarin solungaglarin yiizgecle-
rinin ve viicut yiizeyinin morfolojik incele-
mesinde, beyaz ve gri lekelerin bulundugu
ve Ozellikle baliklarin derisinde mukus mik-
tarinda artis gozlemlenmistir. Baliklarin
derisinin beyaz benekli bolgelerinden hazir-
lanan taze preparatlarin mikroskop altinda
yapilan incelenmesinde bariz at nali- makro
cekirdekli trofont ve oval armut bigimli to-
mitler goriilmiistiir. Ayrica mikroskop altin-
da yapilan 6l¢iimlerde eriskin parazit birey-
lerin ortalama 0,8-1 mm o6lg¢iitlerde oldugu
tespit edilmistir (Sekil 1). Parazitin bu 6zel-
liklerden dolay1 baliklardaki hastaligin ne-
deninin beyaz benek oldugu belirlenmistir.
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Sekil 1. Teleskop baligin derisinden hazirlanan Ichthyophthirius multifiliis parazitinin
preparat goriintiisii (Not: C seklinde at nali nucleus) Scala =0,5 mm

4. Tartisma

Tatl su ekosisteminde yasayan baliklarda
cok tehlikeli bir hastalik olan Ichthyophthi-
riosis ¢ok eski zamanlardan beri bilinmekte-
dir. Ozellikle akvaryum baliklarinda gok sik
rastlanan beyaz benek hastalig: farkli cografi
bolgelerden cesitli arastirmacilar tarafindan
rapor edilmistir (Koyuncu, 2022).

Beyaz benek enfeksiyonlarinin balik ye-
tistirme isletmelerinde onemli zararlara ne-
den oldugu bilinmektedir. Parazit, baligin
mukusu ve deri dokusuyla beslenir. Solun-
gaclara bulasan ve yerleserek parazit burada
baligin solunum etkinligini azaltir. Bu balik-
larin sudaki oksijeni elde etmesi daha fazla
zorlasir ve oksijen tiikketimi diisiik seviyelere
geldiginden daha az dayanikli olurlar. Balik-
larin ylizgeglerinde erime, derisinde kizarik-
lik, petesiyal kanamalar ve yaralar goriil-
mektedir. Ayrica sekonder olarak bakteriyel
ve fungal enfestasyonlara neden oldugu i¢in
su Uriinleri yetistiriciliginde 6nemli kayipla-
ra neden olabilir (\WWoo, 1995). Yapilan bu
calismada ise baliklarda istahsizlik, ylizme
bozukluklari, solunga¢ lamelerinin ve yiiz-
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geclerin renklerinin soldugu, eridigi, deri
bolgesinde kizariklar ve hemorajik alanlar
olusturan klinik semptomlar kaydedilmistir.
Ayrica baliklarin derisinde derin yaralarin
meydana geldigi goriilmiistiir. Paraziti yo-
gun istilas1 sonucunda hastaligin sonraki
asamalarinda baliklarda 6liim goriilmiistir.

Beyaz benek enfeksiyonlar1 ile birlikte
baliklarin deri ve solungaglarinda birgok
ektoparazitlerinde tespit edildigi bir¢ok ca-
lismada bildirilmistir (Nigrelli vd., 1976;
Lom vd., 1992). Yapilan bu ¢alismada ise
bagka bir parazit etkeninin varlifina rast-
lanmamustir.

Enfeksiyonun ortaya ¢ikmasinda ve sal-
ginlar sonucu mortalitenin sekillenmesinde
su sicakligi ¢ok onemlidir. Parazitin yasam
dongiisii ile su sicakligi arasinda yakin bir
iliski bulunmaktadir. Ozellikle ilkbahardan
yaza gegiste enfeksiyon artmaktadir (Kaba-
ta, 1985; Ogut vd., 2005; Oztiirk vd., 2010;
Avydin vd., 2017). Yapilan bu ¢alismada ise,
yiiksek sicakligin goriildiigli Temmuz ayin-
da parazit enfeksiyonunun yogun bir sekilde
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arttig1 ve baliklarda dliimlere neden oldugu
belirlenmistir.

Parazit tiim diinyada yaygin kosmopolit
bir tiirdlir. Bu parazitin yayginligina birgok
faktor sorumlu olabilir. Bunlar, uygun ol-
mayan su sirkiilasyonu, yetersiz su temini,
yetersiz tank temizleme ve dezenfeksiyonu
suyun aritilmadan yeniden kullanilmas1 gibi
faktorlerdir (Aydin vd., 2017). Yapilan bu
arastirmada isletmede su kalitesinin ve si-

5. Sonuglar

Diinyada her y1l balik ¢iftliklerinde beyaz
benek hastaligt milyonlarca dolar zarara
neden olmaktadir. Ulkemizde hastaligin
neden oldugu ekonomik zararin miktarinin
ne oldugu bilinmemekle beraber isletmelerin
iretim potansiyeline zarar verdigi bilinen bir
gercektir.

Akvaryum balig1 yetistiricilifinde beyaz
benek enfeksiyonun ortaya ¢ikmasinda ve
salginlar sonucu mortalitenin sekillenmesin-
de su sicakligi ¢cok onemlidir. Parazitin ya-
sam dongiisii ile su sicakligi arasinda yakin
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