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ABSTRACT

Knout goby, Mesogobius batrachocephalus Pallas, 1814, which belongs to Gobiidae, inhabits in
the Black Sea, Sea of Azov, the Caspian Sea and the rivers that flow in these three seas. The major
population parameters and morphometry of Mesogobius batrachocephalus from the coasts of the
southern Black Sea were investigated in this study. A total of 641 individuals were sampled be-
tween January 2019 and December 2019 between the depths of 2 to 120 m depth by using a tram-
mel net with a mesh size of 17-24 mm. The average length and weight values were calculated as
23.1 cm (5.3-34.0) and 130.1 g (1.34-377.54) respectively. The male to female ratio of the popu-
lation was found as 1:0.91 (P>0.05). Age of sampled 641 individuals varies between zero and
seven. For all the sampled individuals, the von Bertalanffy growth parameters were calculated as;
L. =38.2 cm, k = 0.245 year and to = -1.873 year and the length-weight relationship was found
as W =0.0058 TL*!*8, Total mortality (0.481), natural mortality (0.466), fishing mortality (0.015),
growth performance index (2.55) and condition factor (0.913) were calculated. The maximum
value of gonadosomatic index was reached in March. Average relative fecundity was found to be
118.3 eggs per g (78.9-234.5), while the average diameter of the eggs was found as 2733.0 pm
+221.18 (2287.1-3097.8). This study provides the first data on the population parameters and the
morphometry of Mesogobius batrachocephalus. These data could contribute to the establishment
of a sustainable management plan for fisheries resources in the Black Sea.

Keywords: Knout goby, Age, Growth, Reproductive, Fecundity, Morphometry, Black Sea
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Introduction

The knout goby (Gobiidae) family, Mesogobius batracho-
cephalus (Pallas 1814), inhabits in the Black Sea, Caspian
Sea and temporarily inhabits marine waters (Freyhof, 2011;
Pinchuk et al., 2004). Among this ecologically diverse spe-
cies group, knout goby (Froese and Pauly, 2019), is a Black
Sea endemic fish found on sandy or rocky bottoms of inshore
habitats, estuaries and brackish/fresh water lagoons (Freyhof,
2011). There are 34 (17.99%) endemic fish species in the
Black Sea. Seventeen of 34 endemic fish species in the Black
Sea belong to the Gobiidae (Yankova et al., 2014). The knout
goby has a certain commercial value (Freyhof, 2011) as well
as in Turkish coast of Black Sea (Pers. Obs. Dr. Mehmet AY-
DIN). There were some studies focusing on the length-
weight relationship of knout goby for the Turkish coasts of
the Black Sea (Demirhan and Can, 2007; Ak et al., 2009;
Calik and Erdogan-Saglam, 2017; Bengil and Aydin, 2020)
and some studies related to the feeding ecology of the knout
goby of the Black Sea (Porumb, 1961; Banarescu, 1964;
Mihalcescu, 2005; Creteanu and Papadopol, 2006; Rosca and
Surugiu, 2010; Rosca and Méanzu, 2011; Bengil and Aydmn ,
2020).

This study aims to contribute to the limited knowledge on the
knout goby morphometry and its population parameters in-
habiting the southern Black Sea. The main population param-
eters (age, length and weight relationships, sexual composi-
tion, growth, condition factor, and gonadosomatic index and
morphometry properties) of M. batrachocephalus from
coasts of the southern Black Sea are determined in this study.
This is the first attempt to study on M. batrachocephalus in
the Ponto-Caspian region and certainly will provide a signif-
icant contribution to the current literature and very important
in terms of observation of the population.

Material and Methods

Samples of knout goby were collected monthly (January 2019
- December 2019) between the depths of 2 to 120 m depth by
using a trammel net with a mesh size of 17-24 mm, which is
commonly used by the fishermen of the southern coasts of the
Black Sea (41°08°41.93”N - 37°17°41.29”E  and
40°57°55.68”N - 38°07°24.97”E) (Figure 1). Samples were
brought straight to the laboratory and morphological
measurements were conducted while they are fresh. Total
length measurements were performed by using a measuring
board with a accuracy of 1 mm, while the weight and gonad
weight (GW) measurements were made on an electronic scale
with a accuracy of 0.01 g. Sex determinations were made
through macroscopic observation of the gonad.

Length and Weight Relationships (LWRs)

LWRs of'the species was estimated by applying the exponen-
tial regression model, W = aTL®, where g and b are regression
constants (Ricker, 1975). LWR was analyzed separately for
males and females. The regression co-efficient for isometric
growth is “3”, while values greater or lesser than this value
indicates an allometric growth. Regression analysis was used
to estimate the confidence interval of “b” value and statistical
relationships of morphometric measurements.

Age Determination

Sagittal otoliths of each specimen collected in this study were
used for age determination. Otoliths were prepared for age
determination and placed into a black pit plate. Stereomicro-
scope (up to X10 magnification) was used with illumination
from top and side.

26°E 30°E 34°E 38°E  42°E 46°E
.I 1 1 !l ; JI 1 1 | 1 1
42°N4 | Black Se
— -H42°N
r/fJ I \/P |
40°N |
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Figure 1. Study area
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Growth Parameters

The von Bertalanffy growth equation (VBGE) was used to
describe the growth of M. batrachocephalus for the total
number of individuals sampled (King, 1995; Sparre and
Venema, 1992). L = Lo(1-e™* “®), where L, is the total
length at age t, L is the asymptotic length, k is the growth
coefficient, and to is the theoretical age when the fish was at
zero total length. The same function was also used for
describing the growth in weight; W= W(1-e *“)° where
W. is the total weight, W, is the asymptotic weight, and “b”’
is the power constant of the length-weight relationship.
Values of L., toand K, which are parameters of the VBGE,
were estimated by using the method of Ford-Walford
(Gulland, 1969; Pauly, 1984). Growth parameters were
estimated by using following formulas (King, 1995; Sparre
and Venema, 1992): L. =a/(1-b), k=-Lnb, ty=t + (1/k)*Ln
[1-(Lt/ Lo)].

Munro’s phi-prime growth performance (9') was calculated
by using the formula of Pauly and Munro (1984):
@'=Log(k)+2*Log(L).

Condition Factor

Fulton’s coefficient of condition factor (CF) of M.
batrachocephalus was calculated monthly by the equation
CF = (W/TL% x 100 (Ricker, 1975).

Gonadosomatic Index. Monthly values of the gonadosomatic
index (GSI) were calculated for each sex.

GSI=(GW /W) x 100 (De Vlaming et al., 1982).
Fecundity

Eggs of female individuals were collected and counted in
March, when GSI reached the maximum in spawning season.
A total of 33 individuals were examined for this purpose.
When the relevant individuals were caught, gonads were
collected, and eggs in ovaries were counted, immediately.
Subsamples were counted using the gravimetric method, and
the total number of eggs were calculated according to the

following formula (Holden and Raitt, 1974): F = S Xn,

where; F is the total number of eggs in the ovary, G is ovary
weight (g), g is the weight of the subsample taken from the

Research Article

ovary (g), and “n” is the total number of eggs (including
previtellogenic oocytes) in the ovary. It should be noted that
only the mature oocytes (Lowerre-Barbieri et al., 2011) were
taken into account while measuring the egg diameters.

Mortality Rates

Natural mortality (M) was computed by the equation (Pauly,
1980):

Log M =-0.0066 — 0.2790 Log L.+ 0.6543 Log k + 0.4634
LogT

Where T is the average water temperature (15°C) of the
southern Black Sea. Fishing mortality (F) was estimated as
F =Z — M by Beverton and Holt (1957), where Survival rate
(S) can be computed from the equation: S =e“" (Ricker,
1975) and the total mortality rate (Z) was calculated using the
survival rate (S), as follows: Z = —In(S) (Ricker, 1975;
Gulland, 1969).

Morphometry

Ninety-four individuals were sub-sampled to determine the
morphometric characteristics. Fourteen morphometric meas-
urements of M. batrachocephalus were performed. These are:
1. Total length (TL), 2. Standard length (SL), 3. Head length
(HL), 4. Post-orbital distance (POD), 5. Eye diameter (ED),
6. Pre-dorsal distance (PDD), 7. Length of D1 fin basis
(D1L), 8. Length of D2 fin basis (D2L), 9. Pre-anal distance
(PAD), 10. Length of anal fin basis (AL), 11. Max. body
depth (MBD), 12. Caudal peduncle minimal depth (CPMD),
13. Pectoral length (PecL), 14. Pelvic length (PelL) (Figure
2). Digital caliper with 0.01 cm accuracy was used for mor-
phometric measurements. Fourteen morphometric characters
were evaluated as TL %. Regression analysis of differences
body parts against TL of the fish were drawn by least square
method.

Statistical Analysis

The Pauly’s t-test was used to compare the “b” values (Pauly,
1984) to determine whether there is any significant difference
or not and chi-square test were used to compare sex in this
study. Statistical applications were performed by using
software of Microsoft Office Excel® and SPSS 18" package
programme.
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1. Total length

2. Standard length

3. Head length

4. Post-orbital distance

5. Eye diameter

6. Pre-dorsal distance

7. Length of D1 fin basis
8. Length of D2 fin basis
9. Pre-anal distance

10. Length of anal fin basis
11. Max. body depth

12. Caudal peduncle minimal depth

13. Pectoral length

14. Pelvic length

Figure 2. Overview of the morphometric measurements used in this study

Results and Discussion
Length-Frequency Distribution

A total of 641 individuals of knout goby species were ob-
tained from the depths between 2 to 120 m during this study.
The highest frequency belongs to 19-20 cm length group with
98 individuals (15.3 %). Minimum length was measured as
5.3 cm, while the maximum individual was 34.0 cm. Fre-
quency distribution for each length group and the monthly
variation of the length-frequency distribution are presented
in Figure 3 and Figure 4, respectively.

Sex Composition

The percentage of total female and male individuals obtained
during this study was calculated as 47.74 % (306) and 52.26
% (335) respectively, which concludes a male to female ratio
of 1:0.91. The difference between the sex was found to be
statistically insignificant (y>= 1.312, df= 1, P>0.05).

Length and Weight Relationship

The length-weight relationship for all individuals and for sep-
arate sexes is shown in Figure 5. Statistical descriptions of
length and weight were presented in Table 1. Results showed
positive allometry (b>3) for both clusters of the male, female
and the total individuals (P>0.05) (Figure 5).

Age Composition

Sampled individuals have an age range of zero to seven. One
year age group has presented with the highest frequency with
a percentage of 39.0 %, while the percentage of the two oldest

age group of 6 and 7 were found to be only 4 and 1 respec-
tively (Table 2). Total number of the individuals in 0 age
group was found to be 19 with a percentage of 2.96 %.

Von Bertalanffy Growth Parameters

Growth parameters of von Bertalanffy and equations were
calculated and presented in Table 3. Growth performance
value (') was estimated as 2.55. Estimated and observed
values of length age relationships were presented in Figure
6.

Spawning Period

The value of GSI in females started to increase by January
and reached its peak value in March indicating that
the spawning occurs in March. The average value of GSI for
the female cluster is 20.96 in March, while the minimum
value of GSI was found as 0.32 for September. Overall
average value of GSI for female individuals was found as
4.70 £6.32. Overall pattern of the GSI variation displays a
similar behavior for male and female clusters, while the GSI
value for the male cluster is systematically lower than the
female one (Figure 7).

Fecundity

A total of 33 female individuals were examined in March
for fecundity. Size of the individuals varies between 18.0
cm and 32.7 cm in length, and 56.0 g and 372.9 g in weight.
A mini-mum and maximum value of total number of the
eggs was estimated as 1707.7 and 9209.5, respectively.
Average fecun-dity was calculated as 4253.6 +1563.53.
Relative fecundity was found to be 118.3 number/lg
(48.9-234.5). Average di-ameter of eggs was measured as
2733.0 um £221.18 (2287.1-3097.8).
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Condition Factor

The average condition factor of M. batrachocephalus
was calculated as 0.913 +£0.06 (0.827-1.017) for all, 0.897
+0.07 (0.778-0.994) for male and 0.928 +0.07 (0.850-1.061)
for female (Figure 8).

Mortality

Mortality parameters are the most important indicators for the
assessment of the decrease in stocks. Total mortality rate (Z)
was found as 0.481, while the survival rate (S) was calculated
as 0.618. Natural mortality rate (M) was calculated by using
growth parameters of the species and average temperature at
depth that species live. Assuming an average habitat depth of
30 £15 m with an average sea temperature of 13°C for this
species and utilizing the Pauly’s approach M and F were es-
timated as 0.466 and 0.015, respectively.

B Female m Male

Number of fish
w
o

Morphometric Characteristics

Ninety-four individuals were sub-sampled to determine the
morphometric characteristics of the species. The average
length and weight of the sub-sampled group were calculated
as 23.5 c¢cm (9.1-33.4) and 127.78 g (5.91-337.76) respec-
tively. The means, standard errors, minimum and maximum
values of the morphometric characteristics of the sub-
sampled group were given in Table 4. Also, the
morphometric properties of the M. batrachocephalus were
proportional to the total length and the smallest ratio was
eye size (3.7%) and the highest ratio was the standard size
(85.4%).

The relationships between the morphometric characteristics
and the total length were analyzed with linear regression
equations. Correlation coefficients for morphometric
lengths-total length relationships were given in Table 5.

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

Length (cm)

Figure 3. Frequency distribution of total length of Mesogobius batrachocephalus in the Black Sea
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Figure 8. Monthly distribution of the Condition factor (CF) for Mesogobius batrachocephalus

Table 1. Total length and weight data of Mesogobius batrachocephalus for the total individuals and for separate sexes
Length (cm) Weight (g)
SD Min. Max.
77.63 134 377.54
75.00 1.34 372.90
80.05 591 377.54

Mean *£ gp Min. Max. Mean
All 23.1 T 475 5.3 34 130.1
Female 22.9 T 456 5.3 34 128.9
Male 232+ 493 91 334 1312

I+ 1+ 1+ W

123


https://doi.org/10.3153/AR21009

Aquat Res 4(2), 116-128 (2021) e https://doi.org/10.3153/AR21009 Research Article

Table 2. Total length and weight data of the Mesogobius batrachocephalus for different age groups

Age () (M:aflc:l)SD) (Me‘:;l(:%)SD)
0 19 1396 *+ 263 2629 * 951
1 250 1916 * 232 6618 * 2894
2 142 2315 * 241 12240 * 3823
3 146 2744 + 196 20149 *  50.80
4 56 2836 * 1.19 21681 *  40.99
5 22 3049 * 095 257.08 + 4724
6 5 3236 * 0.69 29744 *+  54.78
7 1 3400 = 0.00 27278 *  0.00

Total 641

Table 3 Von Bertalanffy growth parameters and growth equations in Mesogobius batrachocephalus

Growth parameters Length-growth functions Weight-growth
P functions
Lo W K to b L(6)= L., (I- K (t-to)) W(t)= W.. (1-¢ K (t-to)_b
-0.2450(t+1.8735) ~0.2450 (t+1.8735) 3.148
38.2 43234 0.2450 -1.873 3.143 L(t)=38.2 (1-¢ (t ) W()=432.34(1-¢ (t )

Table 4 The morphometric characteristics of Mesogobius batrachocephalus

Characters Mean SE Min. Max. TL%
Total length (cm) 23.5 5.47 9.1 334 100
Standard length (cm) 20.07 4.66 8.2 28.4 85.4
Head length (cm) 5.77 1.35 2.6 8.4 24.6
Post-orbital distance (cm) 3.04 0.74 1.3 4.4 12.9
Eye diameter (cm) 0.87 0.19 0.5 1.3 3.7
Pre-dorsal distance (cm) 6.87 1.60 3.0 10.6 29.2
Length of D1 fin basis (cm) 2.96 0.81 1.1 4.4 12.6
Length of D2 fin basis (cm) 6.66 1.59 2.7 9.6 28.3
Pre-anal distance (cm) 11.94 3.02 4.8 17.4 50.8
Length of anal fin basis (cm) 5.05 1.10 2.1 7.4 21.5
Max. body depth (cm) 3.02 0.78 1.0 53 12.9
Caudal peduncle minimal depth (cm) 1.31 0.33 0.5 1.9 5.6

Pectoral length (cm) 3.66 0.88 1.6 5.8 15.6
Pelvic length (cm) 2.49 0.52 1.4 3.6 10.6
Total weight (g) 127.78  81.50 5.9 337.8 -

TL: Total length, SE: Standard Error, Min: Minimum, Max: Maximum
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Table 5. Regression relationships and formulas in morphometric characters

Regression formula

l.2

SL =0.8485TL + 0.1307
HL =0.2459TL — 0.0143
POD = 0.1324TL - 0.0759
ED = 0.0324TL + 0.1087
PDD =0.2901TL + 0.056
DIL=0.1448TL — 0.440
D2L =0.2873TL - 0.0889
PAD =0.5473TL - 0.9196
AL =0.1982TL + 0.3902
MBD = 0.1384TL — 0.2305
CPMD = 0.0583TL — 0.0636
PecL =0.1578TL — 0.0514
PelL=0.0919TL + 0.3338

0.994
0.988
0.973
0.880
0.984
0.968
0.983
0.985
0.979
0.941
0.941
0.961
0.936

Total length: TL, Standard length: SL, Head length: HL, Post-orbital distance: POD, Eye di-
ameter: ED, Pre-dorsal distance: PDD, Length of D1 fin basis: DIL, Length of D2 fin basis:
D2L, Pre-anal distance: PAD, Length of anal fin basis: AL, Max. body depth: MBD, Caudal
peduncle minimal depth: CPMD, Pectoral length: PecL, Pelvic length: PelL

The closest relationship was found between the total length
(TL) and standard length (SL) with a linear regression value
of r’=0.99 and the weakest relationship was found to be with
TL and the eye diameter (r*=0.88).

M. batrachocephalus is an endemic species of the Black Sea,
the Sea of Azov and Caspian Sea. It lives in estuaries, brack-
ish lagoons and occasionally in fresh waters (Freyhof, 2011;
Froese and Pauly, 2019) and it has a certain commercial value
(Patzner et al., 2011). In this study, all individuals were sam-
pled between the depths of 2- 120 m in the Southern Black
Sea coast. M. batrachocephalus was sampled 120 m depth.
Although Miller (1986) reported that M. batrachocephalus is
rarely found at a depth of 100 m, some of the samples of this
study was obtained from as deep as 120 m. Keskin (2012)
stated that the species exemplifies intensely at depths of 22-
52 m in the south-western Black Sea shelf. Even though the
species is endemic to the Black Sea, there are no studies fo-
cusing on the growth, population parameters, reproduction
and its morphometric characters. The majority of studies are
about the feeding habits limited to the region of the Romanian
coastal of the Black Sea (Porumb, 1961; Banarescu, 1964;
Mihalcescu, 2005; Creteanu and Papadopol, 2006; Rosca and
Surugiu, 2010; Rosca and Manzu, 2011). Only few works ex-
ist in the literature studying the length and weight relationship
in Turkey coast with less number of individuals when com-
pared with this study (Demirhan and Can, 2007; Ak et al.,
2009; Calik and Erdogan-Saglam, 2017).

A total of 641 individuals, 335 males and 306 females, of
knout goby were sampled during this study. Length of the
sampled individuals ranged from 5.3-34.0 cm and with a va-
riation in weight from 1.34 g to 377.54 g (Table 1). A
previous study conducted in the Black Sea is given Table 6.
It has been reported that this species can grow up to 20 cm
length and 200 g weight in the Azov Sea (URL, 1). Patzner
et al.,, (2011) indicated that the species may reach maximum
of length of 35 cm. In this study, a 34 cm length individual
is sampled. M. batrachocephalus is larger than the all other
goby species liv-ing in the Black Sea and the Azov Sea
(Engin, 2008, URL, 1).

Bengil and Aydin (2020) stated positive allometry growth for
M. batrachocephalus but Demirhan and Can (2007), Ak et
al., (2009), Calik and Erdogan-Saglam (2017) reported that
this species shows a negative allometry. However, in this
study, growth was found to have positive allometry (b>3)
(P>0.05). In these three studies relatively smaller individuals
(max: 23.5) were sampled, however 50.2 % of the obtained
individuals are larger than 23 c¢m in this study, thus resulting
in a higher “b” value as there are more mature individuals
sampled.

The allometric coefficient (b) may differ between sexes and
between juvenile and adult samples (Hartnoll, 1974).

The average egg diameter was calculated as 2733.0 pm in this
study. Egg diameter and fecundity data of Mesogobius genus
could not be found in the literature.
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Table 6. Growth parameters of previous studies from the Black Sea

References N  Lmin-Lmax a b r Region

Demirhan and Can (2007) 37 7.2-13.3 0.0203 2.750 0.930 Black Sea
Ak et al. (2009) 184 5.5-18.0 0.0240 2.736 0.913  Black Sea
Calik and Erdogan-Saglam (2017) 35 12.2-23.5 0.0149 2.776 0.920 Black Sea
Rosca and Manzu (2011) 227 16.1-22.6 --- --- --- Black Sea
Bengil and Aydin (2020) 470 12.6-31.8 0.0062 3.130 0.960 Black Sea
This study 641 5.3-34.0 0.0058 3.148 0.962  Black Sea

There had been published reports about egg diameters for an-
other goby fish, Neogobius melanostomus, habiting in the
Black Sea and has a smaller egg diameter than the knout goby
(Engin, 2008; Lavrincikova and Kovac, 2007; Horkova and
Kovac”, 2014). In this study, average fecundity of Mesogo-
bius batrachocephalus was calculated as 4253.6 (Min:
1707.7, Max: 9209.5). Engin (2008) reported average fecun-
dity as 1325 eggs, Lavrincikova and Kovac (2007) 557 eggs,
Horkova and Kovac™ (2014) 3512 eggs for N. melanostomus.

The reproductive time of the knout goby is during the spring
season (Banarescu, 1964; Berg, 1965; Rosca and Maénzu,
2011). In this study, it was shown that the reproduction took
place in March. Similarly, Engin (2008) reported a spawning
period in March for Neogobius platyrostris, Gobius paganel-
lus and Gobius cobitis in the Black Sea. Kottelat and Freyhof
(2007) mentioned that the species can reach a maximum of
age of 8. However, in the present study, the maximum age
was similarly found as 7.

In this study; total mortality, natural mortality and fishing
mortality rates were found as 0.481, 0.466 and 0.015, respec-
tively. These are first time results for M. batrachocephalus in
the literature. The fact that the fishing mortality rate (0.015)
being close to zero indicates that there is no fishing pressure
on this species (Simpfendorfer et al., 2005). Morphometric
characteristics of this species were also first added to the lit-
erature by this study.

Conclusion

The species is one of the discard species catch of the coastal
fisheries of the Black Sea and has become more abundant in
the discard composition. Due to its large size, it has a certain
commercial value in some regions and is popular for sport
fishers (Patzner et al., 2011). It has also sold at fish markets.
Thus, this species has become a potential commercially val-
uable fish for coastal fisheries on the Black Sea coast of Tur-
key. Aim of this study is to contribute to the limited
knowledge of knout goby population parameters and its mor-

phometry inhabiting Southern Black Sea. This is the first ma-
jor population parameter information of M. batrachocepha-
lus. Knowledge of this information has a great importance for
fisheries managers, decision makers (General Directorate of
fisheries) and marine scientists.
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ABSTRACT

The study was conducted to assess the species composition, substrate specificity, and seasonal
abundance of periphytic algae from the river Periyar. Monthly samples were collected for one year
(June 2016 — May 2017) from different substrates of five selected stations. Eight physicochemical
variables such as temperature, dissolved oxygen, pH, conductivity, chloride, sulfate, nitrate, and
phosphate were also monitored during the study. Taxonomic studies recorded 156 species of pe-
riphytic algae belonging to 56 genera, 36 families, and 5 classes. Naviculaceae was the most abun-
dant family followed by Fragilariaceae and Pinnulariaceae. The principal component analysis re-
vealed the dominance of periphytic algae in the pre-monsoon period. Canonical correspondence
analysis indicates pH, conductivity, and sulfate plays a crucial role in periphytic algal assemblages.
Correspondence analysis and percentage abundance among different substrates showed the pref-
erence of leaf substrate for primary colonization and subsequent succession. The study signifies
the importance of substratum and environmental variables in the dynamics of periphytic algal
community composition and abundance.

Keywords: Substratum, Periphytic algae, Principal component analysis, Periyar river
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Introduction

Periphyton forms an important component in the functioning
of all aquatic ecosystems; it is cosmopolitan in distribution
and thrives well in adverse conditions of rivers and streams.
It is a micro-ecosystem found on the free surfaces of submer-
ged substrata in aquatic bodies consists of algae, protozoa,
bacteria, fungi, and small metazoans (Satkauskiene & Glasa-
ite, 2013). Algae possess a pivotal position among the pe-
riphytic organisms due to their abundance and richness (Ru-
sanov & Stanislavskaya, 2012). Periphytic biofilm appears
mostly as a green mat due to the dominant algal assemblages.
Perihytic algae act as a power source for all aquatic biota and
as a major regulator of nutrient fluxes since it forms the basis
of all food web interactions.

Periphyton significantly contributes to bio-manipulation mo-
nitoring; since it quickly responds to slight variations in the
environmental conditions, its short life cycle, and abundance
in the littoral zones of aquatic ecosystems (Wu, 2017; Kana-
villil & Kurisseryl, 2013). Periphytic algal community com-
position varies greatly in spatial and temporal scale by several
biotic and abiotic factors such as temperature, light availabi-
lity, nutrient influx, substrate type, water currents, submer-
sion time, and grazing (Albay & Akcaalan, 2008; De Souza
et al.,2015). Periphytic biofilm can be found attached to dead
or living substrates such as sediments, rocks, pebbles, mac-
rophytes, and animal bodies (Wu, 2017).

Periphyton gains more attention in the riverine ecosystem due
to its stable nature. Streams and rivers are continuously mo-
ving and any suspended particle in it can reach the sea within
a few days (Srivastava ef al., 2019; Gurumayum & Goswami,
2013). Sessile life forms are spatially compacted in define li-
mits hence periphytic algal assemblages dominate more than
planktonic forms in rivers compared to lakes and reservoirs
(Franca et al., 2011). Even though periphytons play a crucial
role in aquatic health; research works on periphyton in
freshwater rivers of Kerala are too limited. Most of the hyd-
rological studies concentrate on the planktonic forms and in-
formation on periphytic forms is scarce which is more impor-
tant as they are found mostly attached to the more productive
littoral zones of aquatic ecosystems.

Periyar the longest river of Kerala, on its course of flow pas-
ses through lush green forests, agricultural areas, human sett-
lement regions, townships, and industrial areas. Thus the hyd-
rology, flora, and fauna of the river Periyar are greatly influ-
enced by the geographical areas next to the watercourse. The
study sites were chosen from the middle and lower reaches of
the river Periyar; the lower reaches of the river is a hub of
major industrial and commercial activities while upper reac-
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hes are comparatively less influenced by anthropogenic acti-
vities. The study aims to understand the species composition,
substrate specificity, and seasonal abundance of periphytic al-
gae in relation to the environmental parameters from the se-
lected stations of river Periyar.

Material and Methods
Study Area

Periyar a perennial river of Kerala originates from Sivagiri
peaks of Western Ghats and has a total length of 244 km. Per-
iyar river is also known as ‘Lifeline of Kerala’ forms the
backbone to the economy of Kerala by providing water for
drinking, agricultural purposes, and electrical power genera-
tion.

Five sampling stations were selected along different stretches
of river Periyar to assess the periphytic algal composition
(Figure 1). Station 1 (S1): Pooyamkutty; Station 2 (S2):
Kuttampuzha; Station 3 (S3): Thattekadu; Station 4 (S4):
Aluva and Station 5 (S5): Varappuzha (Table 1). Station 1,
2, and 3 were located in the middle stretches of the Periyar
river. These stations mainly receive agricultural runoff, do-
mestic wastes, and laundry wastes from the nearby area. Sta-
tions 4 and 5 are located in the lower stretches and receive an
enormous amount of sewage, garbage dumps, and industrial
effluents from nearby towns and industries. Station 5 is also
influenced by seawater intrusion during tidal cycles.

Sampling Procedure
Biological analysis

Samples were collected for a one-year duration (June 2016 —
May 2017) from five selected stations. Five different sub-
strata such as leaf, root, rock, wall, and log were chosen from
each station and 5 cm? areas were scrapped from the selected
substrate using a scalpel, brush, or blade. The scrapped con-
tents were rinsed into a tray using distilled water and then
transferred to a sampling bottle via a funnel. The samples
were preserved with 4% of formalin and made upto10 mL
using distilled water (Biggs & Kilroy, 2000). One mL of the
preserved sample was placed on a Sedgwick rafter counting
chamber for enumeration. The counting chamber was then
examined under an inverted microscope (Carl Zeiss Primov-
ert, Germany) equipped with phase contrast. Sedgwick rafter
consists of 1000 cells and each cell contains a considerable
number of algal cells. For convenience 5 rows consisting of
250 cells were counted and the results were expressed in the
number of individuals/cm®. Measurements and photographs
of algal cells were taken and identified using standard books,
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key, and literature (Adhikary & Das, 2012; Edmondson,
1959; John & Francis, 2012; Karthick et al., 2013).

Physicochemical analysis

Physicochemical parameters such as pH, conductivity, tem-
perature, and dissolved oxygen (DO) were determined on-site

using a Cyberscan PCD 650 multiparameter probe (Eutec in-
struments, Singapore). Water samples were brought to the lab
under 4°C and dark for the determination of remaining water
quality parameters. The concentration of sulfate, phosphate,
chloride, and nitrate was determined using standard methods
(APHA, 2005).

VARAPUZHA ALUVA THATTEKAD KUTTAMPUZHA POOYAMEKUTTY

Figure 1. Map showing the selected study sites along the river Periyar
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Statistical Analysis

Statistical analyses were performed using the software PAST
version 318. Environmental data and periphytic algal data
were subjected to normality tests using Monte-Carlo 999 per-
mutation test. Principal Component Analysis (PCA) was con-
ducted to know how the periphytic algal composition varies
among monsoon, pre-monsoon, and post-monsoon seasons.
To down weigh the contribution of abundant species, pe-
riphytic algal data were square-root transformed before anal-
ysis. Canonical Correspondence Analysis (CCA) was per-
formed to demonstrate the relationship between periphytic al-
gal assemblages and environmental variables. Environmental
variables were subjected to Pearson's (Linear r) correlation to
identify the significant variables (p<0.05) and were standard-
ized using the formula (X-mean)/SD. Correspondence Anal-
ysis (CA) is also an ordination method like PCA and is used
to determine the preferred distribution range of algal families
to a particular substrate and station. Cluster analysis was per-
formed using the algorithm UPGMA (Bray-Curtis similarity
index) to know the percentage of similarity within the sub-
strata and stations regarding periphytic algal abundance and
distribution.

Table 1. Geographical coordinates of selected stations

Stations Latitude Longitude

S1 (Pooyamkutty) 10.1605° N 76.7769° E
S2 (Kuttampuha) 10.1525° N 76.7396° E
S3 (Thattekadu) 10.1040° N 76.7005° E
S4 (Aluva) 10.0758° N 76.2714° E
S5 (Varappuzha) 10.1004° N 76.3570° E

Results and Discussion

Periphyton itself is a micro-ecosystem with multiple in-
teractions among the organisms present in it. Algae form
the major proportion of periphytic biota contributing
significantly towards carbon sequestration and nutrient
cycling (Albay & Akcaalan, 2008). Periphytic algae can
be found in all types of aquatic ecosystems due to its
wide range of tolerance to adverse environmental con-
ditions and varied habitats (Wu, 2017). The present
study evaluated the seasonal distribution, substrate spec-
ificity, and habitat preference of periphytic algae with
the environmental parameters.
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Abiotic Parameters

Eight physicochemical parameters such as temperature,
pH, dissolved oxygen, conductivity, chloride, sulfate,
phosphate, and nitrate were monitored during the study
period (Table 2). Correlations between the selected en-
vironmental parameters were provided in table 3. The
temperature did not show much variation among se-
lected stations even though lower reaches recorded high
values of temperature, especially in the pre-monsoon pe-
riod. Temperature showed a positive correlation with
phosphate (r=+0.946) and nitrate (r=+0.918) at 0.05
level of significance. Dissolved oxygen values showed
a gradual reduction from stations 1 to 5 in all seasons
and the values were high in the middle reaches espe-
cially in the monsoon period. A negative correlation of
DO with temperature (r=-0.983) and phosphate
(r=-0.982) was observed at 0.01 level of significance.
pH values recorded at station 5 were slightly alkaline
compared to other stations. pH showed a positive corre-
lation with conductivity (r=+0.952), sulphate
(r=+0.951) and chloride (r=+0.949) at 0.05 level of sig-
nificance. Station 5 exhibited a marked difference in
conductivity from the rest of the stations and the pre-
monsoon period recorded maximum conductivity val-
ues. Conductivity showed a positive correlation with pH
(r=+0.952) at 0.05 level of significance. A high correla-
tion of conductivity with sulfate (r=+0.999) and chloride
(r=+0.999) was recorded at 0.01 level of significance.
Chloride values exhibited a gradual increase from mon-
soon to pre-monsoon periods. A positive correlation of
chloride with pH (r=+0.949) was reported at a 0.05 level
of significance. Sulfate (r=1+0.999) and conductivity
(r=10.999) values exhibited a positive correlation at
0.01 level of significance.

Nitrate has its highest value at station 4 and the pre-mon-
soon period marked the highest nitrate concentrations in
all stations. Nitrate exhibits a positive correlation with
temperature (r=+0.918) at 0.05 level of significance.
Phosphate values showed a gradual increase from mon-
soon to pre-monsoon periods. Phosphate showed a pos-
itive correlation with temperature (r=+0.946) at 0.05
level of significance and a negative correlation with DO
(r=-0.982) at 0.01 level of significance. Station 5
showed a significant difference in sulfate values from
the rest of the stations and the pre-monsoon period rec-
orded high values. Sulfate showed a positive correlation
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with pH (r=+0.951) at 0.05 level of significance. A high
positive correlation of sulfate with conductivity
(r=+0.999) and chloride (r=+0.999) was recorded at
0.01 level of significance.

Periphytic Algal Assemblages of River Periyar

Taxonomic studies on the periphytic algal composition
of river Periyar revealed 156 species belonging to 56
genera, 36 families, and 5 classes (Table 4). Of the 36
families reported, Naviculaceae was found to be the
most abundant one with 19.71% of periphytic algal spe-
cies followed by Fragilariaceae (17.71%) and Pinnular-
iaceae (9.60%). All of these abundant families belong
to the class Bacillariophyceae (Figure 2). Bacillari-
ophyceae have specialized modifications and fixative
structures for attaching to a varied substrate and they are
considered as the pioneering colonizers in lotic ecosys-
tems (Biggs, 1996). Many species of Bacillariophyceae
were reported as fast and efficient colonizers of the
aquatic system (Franca et al., 2011). The abundance of
Bacillariophyceae due to its competitive ability towards
adverse conditions in tropical ecosystems was reported
by Cetto et al. (2004). Studies regarding the composition
of periphytic algae from the Ganga river (Srivastava et
al., 2019) and the Nemunas River (Satkauskiene & Gla-
saite, 2013) reported the dominance of Bacillari-
ophyceae. Oterler (2016) and Kanavillil and Kurisseryl
(2013) also reported the dominance of diatoms from
their studies on different aquatic ecosystems.

Seasonal Distribution Based on Principal Component
Analysis (PCA)

PCA showed the difference in the distribution of the pe-
riphytic algal assemblages among three seasons. Algal
families were represented by vectors; the orientation and
spacing of these vectors on the ordination space indicate
the magnitude of dispersion of algal families among dif-
ferent seasons (Figure 3). Here vector for the Navicula-
ceae family showed maximum dispersion from the
origin and showed maximum periphytic algal abun-
dance for the pre-monsoon period. The least represented

families form a cluster near the origin. Months were de-
noted by the dots on the ordination space which forms
convex-hulls for corresponding seasons. The area en-
closed by the convex hull denotes the variance of that
particular group and here convex-hull for pre-monsoon
shows maximum variance which signifies the domi-
nance of the pre-monsoon period over other seasons.
Principal Component (PC) 1 and 2 itself contributes to
75.22% of the variation in the data. The covariance ob-
tained by eigenvalue showed 67.47% of the variance for
the horizontal axis and 7.75% of the variance for the ver-
tical axis. PC1 has its highest loading in the pre-mon-
soon season (March, April, and February). Naviculaceae
and Fragilariaceae families contribute to higher scores
for PC1 and thus signify the role of these families in the
total algal abundance during the pre-monsoon period.

During the pre-monsoon period, generally in all lotic
ecosystems water becomes more stable, organic, and nu-
trient load increases. The increased temperature en-
hances the rate of decomposition and helps in subse-
quent phytoplankton production (Hajong & Ramanu-
jam, 2018; Kaparapu & Geddada, 2013). Increased wa-
ter temperature and light availability in the pre-monsoon
period result in the abundance of periphytic algae (So-
hani, 2015). Low temperature, increased water currents,
cloudy weather, and low nutrient availability may be the
main causes of decreased periphytic algal abundance re-
ported during monsoon season (Kaparapu & Geddada,
2013). As the water current increases the chances of
washing off the periphytic mat increase, thereby affect-
ing the succession pattern of the periphytic colonizers.
These factors mainly contribute to the increased pe-
riphytic algal abundance in pre-monsoon and decreased
abundance in monsoon. From their work on the Nemu-
nas river and Kaunas lagoon, Satkauskiene and Glasaite
(2013) reported the abundance of periphytic algae dur-
ing the pre-monsoon period. Many authors agree with
the dominance of the pre-monsoon period in association
with periphytic algal abundance (Oterler, 2016; Franca
etal.,2011; Srivastava et al., 2019).

133


https://doi.org/10.3153/AR21010

Aquat Res 4(2), 129-144 (2021) e https://doi.org/10.3153/AR21010 Research Article

Table 2. Physicochemical parameters monitored from five selected stations of river Periyar

e >
) £ = Z 2 o
o o ob = o =) = &b
3 2 & 8 SE £& ZE ZE GSE
S1 Monsoon 25.7 6.6 8.0 0.013 0.180 0.123 0.279 62.48
Post-monsoon 25.0 6.4 83 0.019 0.520 0.252 0.434 74.98
Pre-monsoon 26.2 6.1 7.8 0.03 1.060 0.172 3.600 99.97
S2  Monsoon 25.9 6.7 7.8 0.039 0.157 0.143 0.327 62.48
Post-monsoon 26.0 6.4 8.1 0.019 0.554 0.300 0.446 74.98
Pre-monsoon 27.1 6.0 7.5 0.029 1.072 0.266 5.000 87.47
S3  Monsoon 26.4 6.9 7.6 0.015 0.204 0.200 0.375 74.98
Post-monsoon 27.7 6.6 7.5 0.024 0.686 0.331 0.506 74.98
Pre-monsoon 28.0 6.3 7.1 0.033 1.160 0.200 5.900 99.97
S4  Monsoon 27.6 7.0 7.2 0.024 0.464 0.242 1.233 87.47
Post-monsoon 29.5 6.0 6.8 0.038 0.997 0.458 2.652 99.97
Pre-monsoon 29.7 5.8 6.5 0.043 1.511 0.369 9.805 112.46
S5  Monsoon 27.9 7.4 6.8 24.00 0.663 10.30 0.812 349.89
Post-monsoon 30.1 7.3 6.3 46.70 1.323 40.90 2.960 1487.04
Pre-monsoon 30.0 7.5 5.6 49.10 1.600 60.90 6.953 1928.78

Table 3. Correlation between different physicochemical parameters along the study sites of Periyar river.

Conductiv-

Temperature pH D.O ity Phosphate | Sulphate | Nitrate
Temperature
pH 0.525
D.O -0.983** -0.660
Conductivity | 0.628 0.952* | -0.760
Phosphate 0.946* 0.661 -0.982** 1 0.795
Sulphate 0.631 0.951* | -0.760 0.999** 0.797
Nitrate 0.918* 0.182 -0.860 0.360 0.848 0.364
Chloride 0.641 0.949* | -0.770 0.999%* 0.805 0.999** 1 0.376
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure 2. Percentage abundance of periphytic algal families from the river Periyar
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Table 4. Taxonomic distribution of periphytic algal families identified from river Periyar

FAMILY SPECIES FAMILY SPECIES

ACHNANTHACEAE (AC) Achnanthes brevipes C. Agardh C. spinuliferum West & G.S.West

A .inflata (Kiitz.) Grunow C. turgidum Brébisson ex Ralfs
AMPHIPLEURACEAE (AM) Frustulia franguelli Manguin Desmidium quadratum Nordstedt
BACILLARIACEAE (BA) Bacillaria paxillifer (O.F Miiller) T.Marsson Desmidium sp.

Nitzschia sigmoidea (Nitzsch) W.Smith FEuastrum anastum Ehrenberg ex Ralfs

Nitzschia sp. E. coralloides Joshua

Tryblionella constricta W.Gregory E. didelta Ralfs
CALENULACEAE (CA) Amphora ovalis (Kiitzing) Kiitzing E. dubium Négeli

Amphora sp. Hyalotheca dissiliens Brébisson ex Ralfs
CYMBELLACEAE (CY) Cymbella affinis Kiitzing Hyalotheca sp.

C. bengalensis Grunow Micrasteriasis foliacea Bailey ex Ralfs
DIPLOEIDACEAE (DI) Diploneis elliptica (Kiitzing) Cleve M. mahabuleswarensis J.Hobson
FRAGILARIACEAE (FR) Asterionella sp. M. pinnatifida Ralfs

Fragilaria capucina Desmaziéres M. radians W.B.Turner

F.virescens Ralfs Pleurotaenium sp.

Synedra acus Kiitzing Spondylosium planum (Wolle) West & G.S.West

S. ulna (Nitzsch) Ehrenberg Staurastrum bicorne Hauptfleisch
EUNOTIACEAE (EU) Eunotia sp. S. crenulatum (Négeli) Delponte
GOMPHONEMATACEAE (GO) Gomphonema angustatum (Kiitzing) Rabenhorst S. cyrtocerum Brébisson

G. gracile Ehrenberg S. gracile Ralfs ex Ralfs

G. grunowii R.M.Patrick & Reimer S. nodulosum Prescott

G. intricatum Kiitzing S. perundulatum Gronblad

G. parvulum (Kiitzing) Kiitzing S. pinnatum W.B.Turner

G. telegraphicum Kiitzing S. spiniceps Willi Krieger
MELOSIRACEAE (ME) Melosira granulate (Ehrenberg) Ralfs S. tohopekaligense Wolle

M. monoliformis C. Agardh S. zonatum Bergesen

Melosira Sp. Staurodesmus conatus (P.Lundell) Thomasson
NAVICULACEAE (NA) Navicula protracta Grunow S. dickiei (Ralfs) Lillieroth

N. microspora Kant and Gupta MESOTAENIACEAE (MS) Netrium digitis Brébisson ex Ralfs

N. radiosa Kiitzing ZYGNEMATOPHYCEAE (ZY) Mougeotia operculata Transeau

N. striolata (Grunow) Lange-Bertalot Mougeotia sp.
PINNULARIACEAE (PI) Pinnularia biceps W.Gregory Spirogyra baileyi Schmidle

P. braunii Cleve

S. chungkingensis Jao

P. divergens W. Smith

S. elongate (Vaucher) Dumortier

P. gibba (Ehrenberg) Ehrenberg

S. hyaline Cleve

P. major (Kiitzing) Rabenhorst

S. lutetiana Petit

P. microstauron (Ehrenberg) Cleve

S. maravillosa Transeau

P. nodosa (Ehrenberg) W.Smith

S. nawashini Kasanowsky

P. viridis (Nitzsch) Ehrenberg

S. parvula (Transeau) Czurda
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PLEUROSIGMATACEAE (PL)

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Zygnema gangeticum Bhashyakarla Rao

G. distortum (W.Smith) J.W.Griffith & Henfrey GONIACEAE (GN) Gonium compactum M.O.P.Iyengar

G. eximum (Thwaites) Boyer HYDRODICTYACEAE (HY) Pediastrum boryanum (Turpin) Meneghini

G. obtusatum (Sullivant & Wormley) C.S.Boyer P. duplex Meyen

G. scalproides (Rabenhorst) Cleve P. simplex Meyen

Pleurosigma lange -bertalotii Karthick & Kociolek | MICROSPORACEAE (MI) Microspora pachyderama (Wille) Lagerheim

Pleurosigma sp. Microspora sp.
SIRURELLACEAE (SI) Sirurella robusta Ehrenberg OEDOGONIACEAE (OE) Oedogonium echinospermum A.Braun ex Hirn

Sirurella sp. Oedogonium_sp.
STAURONEIDACEAE (SA) Stauroneis acuta W. Smith SCENEDESMACEAE (SC) Scenedesmus denticulats Lagerheim

S. anceps Ehrenberg S. perforates Lemmermann

S. phoenicenteron (Nitzsch) Ehrenberg S. prismaticus Briihl & Biswas
STEPHANODISCACEAE (ST) Cyclotella sp. S. granulates West & G.S.West
TABELLARIACEAE (TA) Tabellaria flocullosa (Roth) Kiitzing S. quadricauda (Turpin) Brébisson
CLOSTERIACEAE (CL) Closterium acerosum Ehrenberg ex Ralfs S. quadrispina Chodat

C. dianae Ehrenberg ex Ralfs SELENASTRACEAE (SE) Ankistrodesmus benardii Komarek

C. leibleinii Kiitzing ex Ralfs Ankistrodesmus spiralis (W.B.Turner) Lemmermann

C. monoliferum Ehrenberg ex Ralfs Ankistrodesmus  sp.

C. parvulum Nigeli Selenastrum gracile Reinsch

C. tumidulum F.Gay CHROCOCCACEAE (CH) Chroococcus sp.

C. venus Kiitzing ex Ralfs Aphanocapsa sp.
DESMIDACEAE (DE) Cosmrium auriculatum Reinsch LEPTOLYNGBYCEAE (LE) Leptolyngbya lurida (Gomont) Anagnostidis & Komarek

C. botrytis Meneghini ex Ralfs MERISMOPEDIACEAE (MR) Merismopedia tenuissima Lemmermann

C. circularae Reinsch NOSTOCACEAE (NO) Anabaena sp.

C. contractum O.Kirchner OSCILLATORIACEAE (0S) Lyngbya dendrobia Briihl & Biswas

C. decoratum West & G.S.West L. sordida Gomont

C. formulosum Hoff Oscillitoria constricta Szafer

C. javanicum Nordstedt O. princeps Vaucher ex Gomont

C. margaritatum (Lund.) Roy & Bissett O.rubescens De Candolle ex Gomont

C. obsoletum (Hantzsch) Reinsch O.salina Biswas

C. pardalis Cohn Oscillitoria sp.

C. perforatum P.Lundell O.subbrevis Schmidle

C. pluriradians Scott, A.M. & Gronblad O.tenius C.Agardh ex Gomont

C. porteanum W.Archer Phormidium crassior (Behre) Anagnostidis

C. pseudopyrimidatum P.Lundell Phormidium sp.

C. psuedobroomei Wolle PHORMIDIACEAE (PH) Planktothrix rubrscens De Candolle ex Gomont

C. psuedoconnatum Nordstedt Symploca hydnoides Kiitzing ex Gomont

C. quadriverrucosum West & G.S.West SCYTONEMATACEAE (8Y) Scytonema rivulare Borzi ex Bornet & Flahault

C. quadrum P Lundell SPIRULINACEAE (SP) Spirulina major Kiitzing ex Gomont

C. speciosum P.Lundell EUGLENACEAE (EU) Phacus sp.
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Figure 3. PCA depicting periphytic algal community composition and seasonal abundance. Algal families were represented by
the vectors radiating from the origin. Dots on the plot represents months(JUN-June, JUL-July, AUG-August, SEP-
September, OCT-October, NOV- November, DEC- December, JAN- January, FEB- February, MAR-March, APR-
April) and convex-hull denotes 95% confidence level for corresponding seasons(MON-monsoon, POST MON-post-
monsoon, PRE MON- re-monsoon). Abbreviations for algal families were provided in table 2.

Canonical Correspondence Analysis (CCA)

Canonical Correspondence Analysis (CCA) was con-
ducted to know the relation existing between the eight
environmental parameters studied and 36 periphytic al-
gal families reported. Eigenvalues of axisl (lambda =
0.14) and axis 2 (lambda = 0.07) itself explain 73.44%
of the relationship between the data. In the ordination
plot, environmental parameters were represented by
vectors radiating from the origin, and algal families were
represented by dots on the space (Figure 4). The vector
for dissolved oxygen (DO) is an obtuse angle with all
other vectors; illustrates that DO is negatively correlated
with all other environmental variables. Vectors for ni-
trate and phosphate form an acute angle denote the pos-
itive correlation with each other; likely conductivity,

chloride, temperature, and sulfate were positively corre-
lated.

Axis 1 forms positive association with pH (r = 0.778),
conductivity (r = 0.626), sulphate (r = 0.626), tempera-
ture (r = 0.618), phosphate (r = 0.576) and with station
5. Periphytic algal families like Pinnulariaceae, Cymbel-
laceae, Oscillatoriaceae, Euglenaceae, Acanthaceae,
Calenulaceae, Stephanodiscaceae, Spirulinaceae, and
Bacillariaceae also have positive loadings for axis 1 and
thus illustrate the role of pH, temperature, conductivity,
sulfate, and phosphate in the distribution of these algal
families around station 5. Acute angles formed by these
environmental vectors illustrate a positive correlation
with each other. Station 5, Varappuzha is located in the

137


https://doi.org/10.3153/AR21010

138

Aquat Res 4(2), 129-144 (2021) e https://doi.org/10.3153/AR21010

lower stretches of river Periyar and is continuously re-
ceiving an enormous amount of sewage, garbage dumps,
and industrial effluents from nearby industries and
towns resulted in the increased values for phosphate,
sulfate, and conductivity at this station. This station also
receives a considerable amount of seawater during tidal
cycles account for the increased chloride, conductivity,
and pH. Satkauskiene and Glasaite (2013) from their
studies on the Nemunas river, Lithuania reported that
higher temperatures and alkaline pH favor the growth of
periphyton. A significant positive association of phyto-
plankton with water temperature, pH, and chlorides
were reported by Kaparapu and Geddada (2013) from
their studies conducted on a tropical freshwater system.
Axis 1forms a negative association with dissolved oxy-
gen (r=-0.653) and with stations 1and 2. Periphytic algal
families Closteriaceae, Chrococcaceae, Selenastraceae,
Desmidaceae, Goniaceae, and Nostocaceae also have
negative loadings for axis 1, and clearly define the role
of DO in the distribution and abundance of these fami-
lies around Stations 1 and 2. These stations were located
in the middle stretches of river Periyar and DO values
recorded from these regions were comparatively higher
than other stations. Oterler (2016) reported a negative
correlation of phytoplankton with DO from his studies
on the Tundzha river, Turkey. Kaparapu and Geddada
(2013) also agree with the negative correlation of DO
with periphytic algal assemblages as per their studies on
the Riwada reservoir, Andra Pradesh.

Station Wise Distribution of Periphytic Algae

Percentage abundance of station wise distribution of pe-
riphytic algae follows the order; station 4 (S4) > station
1 (ST) > station 5 (S5) > station 2 (S2) > station 3 (S3)
(Figure 5). The maximum number of species was re-
ported from station 4 (29.52%) and minimum from sta-
tion 3 (12.54%). Navicula micropspora, N. protracta,
Fragilaria virescens, F. capucina, Synedra ulna, S.
acusa, Gomphonema grunowii, Pinnularia viridis and
Tabellaria floculosa were the dominant species reported
from station 4.

Correspondence analysis (CA) ordination plot indicates
that all the periphytic algal families fall within the 95%
ellipse region and most of the families were distributed
around stations 4 and 5 (Figure 6).
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Cluster analysis based on the Bray Curtis similarity in-
dex resulted in a dendrogram which shows a total of
68% similarity between selected stations (Figure 7). Stations
4 and 5 located in the lower reaches showed 81% similarity
in the periphytic algal composition. Stations 1 and 2 showed
73% of similarity while S3, the center lying station forms an
outlier and shows the least similarity (68%) with other stati-
ons.

The nature of the habitat and the hydrological conditions
existing in an area clearly defines the composition of orga-
nisms present in that locality. Estimation of periphytic algal
abundance among selected stations showed that station 4 har-
bors more species and station 3 harbors the least number of
species. The ordination plot resulted from CA analysis also
showed that most of the families were distributed around sta-
tions 4 and 5. Station 4, Aluva is a major industrial center
and an important commercial town. Periyar river flowing
through the Aluva region receives a considerable amount of
organic and inorganic pollution load from nearby industries
and towns which accounts for the increased nitrate and
phosphate content in this station (Joseph, 2004, KSPCB,
1981). Domestic sewage discharge and increased anthropo-
genic activities result in nutrient enrichment and the corres-
ponding increase in periphytic algal production (Dhanaseka-
ran et al., 2016; Joseph, 2017). Dendrogram resulted from
cluster analysis of the algal assemblages from selected stati-
ons showed 70% of similarity in species composition of pe-
riphytic algae among selected stations although their number
may vary between stations.

Substrate Wise Distribution of Periphytic Algae

Percentage abundance of substrate wise distribution of pe-
riphytic algae follows the order leaf > root > log > wall > rock
(Figure 8). Leaf harbor maximum number of periphytic algae
with 34.46% of abundance followed by root (22.70%). Rock
was the least preferred substrate with only 9% of abundance.
Fragilaria capucina, F. virescens, Synedra ulna, Gompo-
nema grunowii, Navicula protracta, N. microspora, Pinnula-
ria viridis and Tabellaria flocullosa were the most dominant
species found on leaf substratum.

The ordination plot resulted from correspondence analysis il-
lustrates the distribution of periphytic algal families along the
selected substrate. All families except Chrococcaceae, Phor-
midaceae, and Amphipleuraceae fall in the 95% ellipse re-
gion and most of the families prefer leaf as their preferred
substrate for colonization (Figure 9).

Dendrogram drawn based on the cluster analysis be-
tween different substrata resulted in two groups with a
total of 72% of similarity. Log and wall (86%) showed
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a higher percentage of similarity in periphytic algal
composition followed by leaf and root (85%) whereas
rock forms an outlier showing the least similarity with
the rest of the substrate (Figure 10).

Substrate plays a crucial role in the colonization and
composition of periphytic algae compared to planktonic
forms. All substrata are highly dynamic in their physical
characteristics and functional interactions with the at-
tached biota. Most of the periphytic algal forms are seen
in the littoral zones of lotic systems and are easily en-
countered by all types of contaminants that originate
from the nearby land area (Kanavillil & Kurisseryl,
2013). These littoral areas possess different substrata

like rock, leaf, wall, and log where periphytic algae can
easily attach and grow. Estimation of percentage abun-
dance of periphytic algae among different substrata
showed the abundance of periphyton in leaf followed by
root. The correspondence analysis plot also shows the
importance of leaf as a suitable substratum for coloniza-
tion. Periphytic algal mat is developed from the propa-
gules of planktonic forms; leaves are continuously fac-
ing the water currents and due to its large surface area
these planktonic propagules can easily attach and colo-
nize (Kanavillil & Kurisseryl, 2013). Most of the pe-
riphytic algal assemblages choose leaf as their preferred
substratum because of the large surface area, easy colo-
nization, and attachment using specific modifications.
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Figure 4. CCA ordination plot depicting the relationship between environmental parameters and algal assemblages. Environ-
ment variables were represented by vectors radiating from the origin. Algal families were represented by dots on the
plot (abbreviations given in table2). Red dots denote selected stations (S1-station 1, S2-station 2, S3-station 3, S4-
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Conclusion

Algae possess a pivotal space among periphytic organ-
isms. Due to its photoautotrophic nature algae acts as a
power source for the whole periphytic biota and a regu-
lator for nutrient fluxes. Its short life cycle and the
ability to respond to slight environmental variations
make periphytic algae as a good bioindicator. The pre-
sent study deals with species composition, substrate
specificity, and environmental preference of periphytic
algae of river Periyar. The maximum abundance of pe-
riphytic algae was reported from station 4, which also
experienced the maximum nutrient load. Most of the pe-
riphytic algal species choose leaf as their preferred sub-
stratum followed by root and log. PCA revealed the
dominance of Naviculaceae and Fragilariaceae families
in the pre-monsoon period. CCA illustrates that the com-
bined actions of several environmental variables like
pH, conductivity, sulfate, temperature, phosphate, and
DO determine the periphytic algal composition, diver-
sity, and richness along river Periyar. Since adequate
and accurate information regarding periphytic algae of
river Periyar is too scarce, the data obtained will serve
as a base-line for future studies.
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Introduction

A coral reef is one of the most important biodiversity
hotspots on earth, which contain some species-rich com-
munities of marine fishes (Stuart-Smith et al. 2013,
Rabosky et al. 2018, Atta et al. 2019). St. Martin's is the
only coral belonging Island of Bangladesh endowed
with vast marine and land resources having a global bi-
odiversity significance. Molony et al. (2006) recorded a
total of 225 fish species from this island of which most
abundant fishes are Parrot, Snappers, Damsel, Surgeon,
Butterfly, Emperors and Grouper. Thompson and Islam
(2010) documented a list of 98 coral-associated fish spe-
cies from this Island, including five species of grouper.

Groupers of the family Epinephelidae, earlier placed as
a subfamily in Serranidae are of considerable economic
value in tropical and subtropical countries (Rimmer and
Glamuzina, 2017). The family comprises more than 160
species in 16 genera in the world (Tucker et al. 2016,
Zhuang et al. 2013). Initially, Hossain (1969) listed eight
species of epinephelids from the marine water of Bang-
ladesh; however, nine more species had been added in
the recent decade (Rahman et al. 2009; Thompson and
Islam, 2010, Habib et al. 2017). By now, 17 species in 4
genera are available in this reef. Epinephelus radiatus of
this family is distributed widely in the Indo-Pacific from
East Africa to Tonga, including Zanzibar, Chagos,
Lacadives, St. Brandon's Shoals, Maldives, Sri Lanka,
India, Nazareth Bank, Sumatra, Fiji (Randall et al.
2003). It is a coral reef-associated species and inhabits
relatively deep waters of rocky and coral reefs associ-
ated area in tropical region. It may also occur in marine
protected areas in some parts of its range. However, ju-
venile E. radiatus mainly occur shallow rocky area
while adults comparatively deeper water. This species is
explicitly rare but abundantly found when it forms large
schools. Although, the species is considered as a protog-
ynous hermaphrodite; however, further research is
needed to confirm this. The present paper reports a new
record of E. radiatus for the first time from Bangladeshi
water.

Material and Methods

In March 2018, three individuals of a species of grouper
fish were sampled from a fisherman catch captured from
the Saint Martin’s Island (coordinate 20.611° N and
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92.327° E) of Bangladesh (Figure 1) at a depth approxi-
mately 22m during coral-associated fish diversity sur-
vey. Collected specimens were preserved in ice box and
transported to the laboratory for identification. In the la-
boratory, fourteen morphometric measurements and
seven meristic counts were taken from the collected spe-
cies (Table 1) by using measuring board nearest to
0.1cm. A digital electric balance were used to measure
the weight of sampled specimens up to 0.1g. The speci-
mens were identified as E. radiatus according to tradi-
tional morphology-based taxonomic keys (Randall and
Heemstra, 1991; Heemstra and Randall, 1993; Baldwin
et al. 1994) and color pattern. The examined specimens
(F1807SM-48) were deposited in the Fisheries Lab., De-
partment of Fisheries Biology and Genetics, Patuakhali
Science and Technology University, Patuakhali, Bang-
ladesh.

Results and Discussion

Morphometric and meristic traits of E. radiatus are given in
Table 1. E. radiatus is a fusiform fish. Both body and head
are compressed; maxilla reaching to hind margin orbit; mid-
lateral part of the lower jaw with two rows of palatine teeth
(Figure 2); posterior margin of preopercle serrated and five
enlarged serrae at the coner; three spines on opercle and one
spine hided membrane; dorsal spines easily distinguished
from rays; third dorsal spine longest; second and third anal
spines subequal; pelvic fins not reaching anus; caudal fin con-
vex to moderately rounded.

Colour Pattern

Immediately after capture, E. radiatus had greyish brown
with five irregular oblique dark-edged brown bands (Figure
2); the first band curvilinearly extending from upper half of
orbit to nape; second band branching from the first band just
behind the eye, crossing anterior dorsal margin of the oper-
culum, broadening on back and extending fourth dorsal spine;
the third band began basally to the second band at opercular
flap, expanding into posterior spinous of dorsal fin; fourth
band runs from a rear end of dorsal fin, branching at medial
side, with one branch going towards the origin of the anal fin,
the other to a rear end of the base of the anal fin, the fifth band
on the caudal peduncle, also branching ventrally. But after
preservation, greyish brown with five irregular oblique dark-
edged brown bands paler than alive; expressly, a margin of
body paled.
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Table 1. Comparison of morphometric measurements and meristic counts with the present study and published previous studies

Parameter Present study, n=3 Han et al. (2014),
Morphometric characters 1%t specimen | 2" specimen | 3" specimen n=1
Total length (TL) 13.7 14.2 14.1 -
Standard length (SL) 11.5 11.7 11.7 371
Body depth (BD) 5.1 52 5.0 35.1
Body width (BW) 1.9 2 2.1 18.7
Head length (HL) 4.3 4.4 4.4 40.7
Inter-orbital length (IOL) 0.9 0.9 0.9 7.9
Eye diameter (ED) 0.7 0.8 0.8 -
Snout length (SL) 1.0 1.1 1.1 10.7
Pre-dorsal length 4.1 43 4.2 33.1
Pre-pectoral length 4.4 4.5 4.5 38.7
Pre-anal length 7.6 7.8 7.9 71.7
Upper jaw length 1.7 1.8 1.8 19.0
Caudal peduncle depth (CPD) 1.0 1.1 1.0 -
Meristic counts

Dorsal fin spines 11 11 11 11
Dorsal fin soft rays 14 14 14 14
Pectoral fin soft rays 16 17 17 17
Pelvic fin spine 1 1 1 -
Pelvic fin soft rays 5 5 5

Anal fin spines 3 3 3 3
Anal fin soft rays 8 8 8 -

Generic identification of these Epinephelid was made follow-
ing the diagnostic morphological characteristics described by
Heemstra and Randall (1993). The members under the family
Epinephelidae are typically identified by their color pattern,
morphological characters and size of the fins, the shape and
relative size of the head and various parts of the head and
body (Elamin et al. 2011). Sometimes they exhibit different
colours and morphological counts in the juvenile stage. How-
ever, a morphological feature, especially meristic counts,
were in line with previous studies by Heemstra and Randall
(1993), and Han et al., (2014). Previously, 15 species of Epi-
nephelids under four genera, namely Cephalopholis (3 spp.),
Cromileptes (1 sp.), Epinephelus (10 spp.), Plectropomus (1
spp.) which compare to very low found in Indian waters. Ran-
jan et al. (2017) estimated that, a total of 54 numbers of Epi-
nephelids had been recorded from Indian waters.

Pisces are primarily mobile, and they may shift their location
more quickly than species on land because they face fewer
physical barriers (Pinsky et al. 2013). Also, many marine spe-
cies, for instance; fish, do not have fixed nesting places or
dwellings that might otherwise compel them to stay in one

place. Species distribution is affected by a simple ‘suitability’
measure, established by the combination of unimodal re-
sponses to environmental variables (Meynard and Quinn,
2007; De-Marco et al. 2008). Climate changes are predicted
to potentially affect population size, survival and distribution
of organisms (Walther et al. 2002; Preuss et al. 2014; Su et
al. 2015; Lu et al. 2015; Hanif et al. 2017; Siddik and Hanif,
2020). The highly discrete geographical distribution of spe-
cies points towards a strong preference for a particular type
of habitat (Hanif et al. 2019). Reef fish diversity of St. Martin
Island of Bangladesh including other marine species, re-
mains, to date, relatively unexplored (Hanif 2019). Currently,
12% of groupers worldwide are considered under threat of
extinction (i.e. Critically Endangered, Endangered, or Vul-
nerable), with another 13% considered as Near Threatened
(Castellanos-Galindo et al. 2018). The discovery of grouper
species presented in this paper demonstrates the need for
Bangladesh’s reef fish and other understudied marine fauna
available in Bangladesh, to be surveyed and documented, to
produce an updated inventory of local marine species. There-
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fore, this present article has confirmed the presence of E. ra-
diatus in the Saint Martin’s Island, Bay of Bengal and indi-
cates the possibility of the existence of more species in the
family Epinephelus in Bangladesh waters that have been
overlooked in past surveys.

Conclusion

The present study confirms the occurrence of oblique-banded
grouper, E. radiatus in the water area of Bangladesh. The fin-
dings of the study contribute to better understanding on bio-
logy, taxonomy, morphology, genetic and phylogenetic di-
versity as well as distribution of this species which would be
helpful for sustainable management of this grouper species in
Bangladesh.
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Introduction

Seafood is one of the most important food components for
many people particularly those in coastal communities world-
wide (Edun et al., 2016; Bakr et al., 2011). Marine products
such as fish and other organisms are not only the cheapest
sources of protein but also a significant foreign exchange
earner in global trade for a number of countries in the world
(Yagoub & Ahmed, 2003). One of the most important fishery
products is abalone, a marine vetigastropod that contributes a
comparatively low fraction in aquaculture production but
considered as one of the most highly priced seafoods world-
wide (Cook, 2016). They are marketed as live (US$15-
US$200 kg™, dried (US$156 kg™), frozen (US$5.5-US$180
kg™"), canned (US$12-US$75 can™) and steak (US$180 kg™)
(Encena & Bayona, 2010). Countries like China, Hong Kong,
Japan, Singapore, Taiwan, Malaysia and USA are the leading
importers of abalone products (FAO, 2016).

Abalone is of great importance as food because of its high
nutritive value containing Vitamin E (Alpha Tocopherol),
Vitamin B12, Iron, Magnesium and Phosphorus as well as bi-
oactive compounds that are antioxidant, anti-thrombotic,
anti-inflammatory, antimicrobial and anti-cancer activities
(Suleria et al., 2017). However, abalone can be contaminated
by various pathogens if the environment is polluted and con-
taminated during harvesting and handling. The contaminants
may include Vibrio species, a known foodborne pathogen
which are naturally occurring in marine environment and
Escherichia coli and Salmonella spp. which are found in wa-
ter polluted by sewage (Gnanambal & Patterson, 2005; Chin-
nadurai et al., 2020).

Consumption of the shellfish which are contaminated by
pathogens may cause disease or intoxication to the consum-
ers. Vibrio cholerae causes the third-highest number of shell-
fish-related illnesses, after noncholera Vibrio spp. On the
other hand, the occurrence of Salmonella infections due to
seafood consumption is still low compared with salmonello-
sis associated with other foods (Sanjee & Karim, 2016). De-
spite this fact, detection of Salmonella spp. in seafood should
be included as it is responsible for most of the foodborne dis-
eases or gastroenteritis characterized by diarrhea, abdominal
cramp, vomiting, nausea, and fever. The Centers for Disease
Control and Prevention (CDCP) declared that Salmonella is
the foremost causative agent of bacterial foodborne diseases
resulting in approximately 1.4 million nontyphoidal illnesses,
15,000 hospitalizations, and 400 deaths in the USA annually
(Sanjee & Karim, 2016). In addition, fecal coliforms such as
E. coli are used as monitoring tool of the quality of shellfish-
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growing waters and bivalve molluscs. There is a need for ad-
ditional methods to lower coliform aerobic mesophilic count
in culture areas and in harvested shellfish (Martinez et al.,
2009).

Abalone is prepared in various highly priced dishes like
breaded, soup, steamed and sashimi. Abalone is susceptible
to microbial contamination and since it is sometimes eaten
raw (Surtida, 2000), pathogenic microorganisms can be haz-
ardous to consumers. Thus, this study was conducted to de-
termine the coliform load and the presence of presumptive
pathogenic bacteria such as Vibrio, Salmonella, Shigella, and
general enteric bacteria in different body parts of cage-cul-
tured abalone. This study showed which part of the abalone
is safe to consume raw and which part must be removed or
cooked before consumption.

Material and Methods

Collection of Samples

Thirty samples of adult cage-cultured abalone H. asinina (30-
35mm) were collected from Pamantolon, Taytay, Palawan,
Philippines (Figure 1) in September 2018. Collection was
only done once. The abalone was cultured in floating bamboo
cages along the lines of farmed seaweed. The site is near a
populated area where majority of the houses are made up of
indigenous materials. The average water temperature, salinity
and pH of the area were 28°C, 30ppt and 6.5, respectively.
Abalone samples were carefully handpicked from the cages
while riding a motorless boat. The collected samples were
placed in sterile cooler box and were transported live to the
Microbiology Laboratory of the Western Philippines Univer-
sity-Puerto Princesa Campus for microbial examination.
Upon arrival, the abalone samples were cleaned by immers-
ing it in sterile seawater for 5 minutes followed by another 10
minutes in cold sterile distilled water at 4-6°C to relax the
organisms.

Sample Preparation for Microbial Analysis

The abalone samples were soaked in 55°C sterile distilled wa-
ter. The shell and meat were separated before dissection. Dif-
ferent body parts of abalone; gills (G), foot mantle (M) and
the gut (D) were aseptically separated and extracted using
sterile dissection tools inside a laminar flow. Ten grams of
each of the abalone body parts was blended with 90 mL of
sterile distilled water to dilute and to homogenize. The sam-
ples of the body parts were processed fresh to maximize in-
ventory of viable organisms.
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Figure 1. Map showing the site of abalone culture in Pamantolon, Taytay (A), Palawan (B). Philippines (C)

Coliform Detection (MPN Method)

The number of coliform in the samples was determined using
the conventional three-tube MPN (most probable number)
method (Brown, 2005). Ten mL of the homogenized sample
was added in test tube containing 10 mL volume of double
strength lactose broth (DSLB). One mL and 0.1 mL of the
sample were added separately in test tube containing 10 mL
volume of single strength lactose broth (SSLB). The total sets
of tubes were incubated at 35°C for 24 h and examined for
the presence of growth accompanied by gas production.
Those cultures positive for gas formation were inoculated
into Eosin Methylene Blue (EMB) agar and were incubated
at 35°C for 24 h. After incubation, EMB Agar plates were
examined. Escherichia coli colonies grow with a metallic
sheen with a nucleated center, Aerobacter aerogenes colo-
nies have a brown center, and nonlactose-fermenting Gram-

negative bacteria appear pink. A loopful of sample from pos-
itive EMB agar were inoculated in DSLB tubes and incubated
for 24 h. at 35°C. Gram staining followed for verification.
Quantification was done using the standard MPN table and
coliform was reported as MPN 100 g™ sample.

Enumeration of Presumptive Pathogenic Bacteria

The pour-plate method was used in this study as adopted from
the study of Sanders (2012). Different selective culture media
were used to enumerate presumptive pathogenic bacteria
from cage-cultured abalone H. asinina. The Thiosulfate Cit-
rate Bile Salts Sucrose (TCBS) was used for total Vibrio spe-
cies, Salmonella-Shigella (SS) agar for total Salmonella and
Shigella species and McConkey agar for total enteric bacte-
ria. Each medium was prepared according to the suggested
ratio and proportion of the manufacturer found in the labels.
One mL of each previously homogenized sample was added
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to the prepared medium, mixed gently, and poured into the
petri dish and allowed to solidify. There were three replicates
prepared for each body part and each selective culture me-
dium. All plates with different culture media were incubated
at 35 °C for 24 hours. After incubation, all plates were exam-
ined. Colonies growing on each plate were examined for in-
dividual characteristics, counted as colony forming units
(CFU) and recorded. Rapid lactose fermenting colonies such
as E. coli appear pink in color on MacConkey agar. Colonies
of Salmonella species appear red with black centers while
Shigella species are red to pink colonies without black center
on SS agar. Vibrio colonies appear yellow and green on
TCBS agar.

Statistical Analyses

The data on the number of presumptive pathogenic bacteria
at different parts of abalone were analyzed using one-way
analysis of variance (ANOVA) to test the significant differ-
ences. The data were subjected to Post hoc test (Tukey’s Test)
to compare the means (p< 0.05).

Results and Discussion

Samples from different body parts of abalone showed gas for-
mations after 24 h of incubation in multiple tube test indicat-
ing the presence of gas-forming lactose fermenters which im-
plied the presence of coliform bacteria. When confirmation
test was done, it was confirmed that the coliform present in
this study was E. coli. Results of this study showed that the
gut of abalone exceeded the acceptable limit of E. coli for
shellfish with a count of 460 MPN 100g™' (Table 1). The ac-
ceptable limit of E. coli for shellfish is 230 MPN 100g™' based
on several references enumerated in Table 1. Escherichia coli
is frequently used as an indicator of fecal contamination be-
cause it lives naturally in human feces and can survive in wa-
ter (Duncan et al., 2009). The high level of E. coli in the gut
could be due to the probable high count of fecal coliforms in
their growing water areas. It was observed that the culture ar-
eas in Pamantolon, Taytay were surrounded by houses built
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with low-cost materials with comfort rooms that don’t have
septic tank and very near the shore so runoff from terrestrial
area could have contributed to the presence of coliforms.
Chinnadurai et al. (2020) proved that bacterial concentrations
in shellfish correlate strongly with those in the waters. Their
sampling sites (growing sites of shellfish) receive high levels
of contaminants from drainage channels, open toilet drain,
non-functional septic tank and livestock production areas,
and they found similar high contamination in the shellfish
from the areas. Another study examined the concentration of
coliforms in oysters in the River Blackwater Estuary in the
UK where they found that the main source of E. coli and
Streptococci to the oyster beds are sewage and agricultural
sources, respectively (Florini et al., 2020).

Microorganisms that can be found in marine environment and
most commonly encountered by marine species are free-liv-
ing forms found in water and sediment and rarely include any
species of mammalian pathogens (ICMSF, 1986). Hence, fish
and shellfish that are handled properly during harvest from
waters not polluted by human or animal wastes are often free
from intrinsic microbiological hazard. Fish and other marine
animals do not usually carry Escherichia coli, the ‘fecal col-
iforms’, and enterococci as these microorganisms are gener-
ally considered to be typical mammalian microflora. The
presence of human enteric organisms on marine food prod-
ucts is clear evidence of contamination from a terrestrial
source (ICMSF, 1986). It is important to understand the
origin of fecal contamination in shellfish farms to assess the
associated health risks as well as the actions needed to ad-
dress the problem (Florini et al., 2020). In addition, since the
abalone samples of this study were also cultured along the
lines of farmed seaweeds, the water current and mixing may
be obstructed resulting in possible accumulation of microor-
ganisms around the area. On the other hand, the gills and
mantle of the abalone had E. coli number lower than the mi-
crobial limit for shellfish. This is reassuring to note as the part
of abalone mostly consumed is the mantle.

Table 1. Most probable number (MPN) of coliform bacteria present in different parts of adult abalone Haliotis asinina and the
microbial limit (Escherichia coli) for shellfish based on European Communities (EC) (2007) and Philippine National
Standards - Bureau of Agriculture and Fisheries Product standards (PNS-BAFPS) (2011).

Sample E. coli Microbial Limit
P MPN/100g
Gut 460 .
i 230 MPN/100g according to PNS-BAFPS (2011)
Gills 21 and EC (2007)
Mantle 7



https://doi.org/10.3153/AR21012

Aquat Res 4(2), 151-159 (2021) e https://doi.org/10.3153/AR21012

Research Article

The presence of E. coli in food or water implies that there
could be other pathogens present like Klebsiella and Vibrio
and other clinically important bacterial pathogen (WHO,
2001). In this study, presumptive pathogenic bacteria were
detected in different body parts of abalone. The analysis of
variance (ANOVA) proved that there were significant differ-
ences in the number of presumptive pathogenic bacteria (p <
0.05) at different parts of abalone. Tukey’s test showed that
the total enteric bacteria had the highest number in the gills
of abalone with a count of 29 CFU g sample followed by
Salmonella-Shigella and then Vibrio (Figure 2). In the gut,
ANOVA proved significant differences among the different

110
100
90
80
70
60
50
40

Mean microbial count
(CFU g-1 sample)

30
20 ‘ b b
0

.

Mantle (M) Gills (G)

= Vibrio count Salmonella-Shigella count

Figure 2.

groups of presumptive pathogenic bacteria and Tukey’s test
showed that Vibrio and enteric bacteria were higher in terms
of total number of colonies with a count of 101 CFU g sam-
ple and 93 CFU g sample respectively, than the number of
Salmonella and Shigella (Figure 2). On the other hand, Vibrio
was found to be significantly highest in the mantle with 22
CFU g (Figure 2). Among the three body parts of abalone
that were tested, the gut harbors the highest number of pre-
sumptive pathogenic bacteria. In addition, the Vibrio group
had the highest number found in abalone. According to PNS-
BAFPS (2011), Salmonella species should be absent in 25 g
sample and Vibrio should not exceed 100 MPN/100g sample.

Gut (D)

Enteric bacterial count

Mean microbial count of presumptive pathogenic bacteria from the gills, gut and mantle of adult cage-cultured

abalone Haliotis asinina Linn. Different letters signify significant differences at p< 0.05.

The outbreak of seafood infections from contaminated waters
are caused by variety of bacteria, viruses and parasites have
been reported worldwide (Florini et al., 2020). Centers for
Disease Prevention and Control (CDC) reported to the Food-
borne Disease Outbreak Surveillance System (FDOSS) 188
outbreaks of seafood-associated infections, causing 4,020 ill-
nesses, 161 hospitalizations, and 11 deaths from 1973 to
2006. A total of 76.1% of these seafood-associated outbreaks
were due to a bacterial agent (CDC, 2010). It was recorded
that Vibrio and Salmonella were the most commonly reported
bacteria that cause seafood contamination outbreaks (Iwa-
moto et al., 2010).

Salmonella species is one of the most important food-borne
pathogens and have been detected in seafoods (Edun et al.,
2016). In this study, Salmonella was present in the mantle,
gills and gut of abalone. This species can cause wide range

of illness. Example is the common typhoid fever caused by
Salmonella typhi with common symptoms of fever, headache,
malaise, anorexia and red spots on the trunk (WHO, 1996).
In Brazil, the absence of Salmonella spp. in 25 g of oyster
flesh is required (Brazilian Regulations, 2019). Similar mi-
crobial limit in Salmonella spp. is also imposed in the Philip-
pines by PNS-BAFPS (2011). In the study conducted by
Lameira Silva et al. (2020), Salmonella spp. was present in
the flesh of oyster in all sampling sites in Amazon estuaries
in Para, Brazil irrespective of the seasonal period. In contrast,
the study conducted by Sorio and Peralta, (2018) revealed
that Salmonella spp. was not detected in any samples of oys-
ters growing in selected production areas in Dumangas, Ilo-
ilo, Philippines. Similar result was presented by Martinez et
al. (2009) wherein all molluscan shellfish samples (mussel,
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clams and cockles) in their study were negative for the pres-
ence of genes encoding virulence factors in Salmonella. An-
other study was conducted in South Korea to analyze the mi-
crobiota of abalone to improve awareness on outbreaks and
causes of food poisoning and to help the management of sea-
food products (Lee et al., 2016). In this study, there were over
2700 species of microorganisms detected in the samples but
only five species were potentially pathogenic and did not in-
clude either Salmonella or Vibrio species.

Vibrio species are problems in molluscan shellfish hatcheries
including abalone (Lee et al., 2001; Handlinger et al., 2005;
Kua et al., 2011). According to Romalde et al. (2014), Vibrio
parahaemolyticus, V. harveyi, V. splendidus, V. aglinolyticus,
V. anguillarum and V. vulnificus (Lee et al., 2001; Handlinger
et al., 2005; Cai et al., 2006; Pitchon et al., 2013) are major
species infecting abalone species. Aside from outbreaks of
diseases caused by Vibrio species that leads to mass mortali-
ties and economic losses in cultured species, they are also as-
sociated with live seafood as they form part of the indigenous
microflora of the marine environment. Foodborne infections
caused by Vibrio spp. are common throughout the world so
proper precautionary measures are also important (FAO &
WHO, 2020). In the USA, consumption of raw oysters with
contamination of V. vulnificus and V. parahaemolyticus
causes septicemia and other infection (FAO & WHO, 2005).
In Japan, V. parahaemolyticus infections results from con-
sumption of raw seafoods (FAO & WHO, 2011). On the other
hand, bacterial infection is low in Thailand and other South-
east Asian countries including Philippines because shellfish
are generally consumed after cooking (FAO & WHO, 2011).
Although in one particular event in Cebu City, Philippines, V.
parahaemolyticus has been linked to fish and shellfish con-
tamination causing foodborne disease wherein 97 people
were hospitalized (Borromeo, 2007). This bacterium is a
common cause of bloody diarrhea, abdominal cramps, nau-
sea, vomiting, and fever worldwide that occur about 4-96 h
from the time of ingestion (FSIS, 2014). Undercooking could
explain the presence of Vibrio in fish and shellfish commod-
ities that leads to infection and disease (FAO & WHO, 2020).
On the other hand, some countries like Japan, France, Aus-
tralia, New Zealand, China and Taiwan isolated several spe-
cies of Vibrio such as V. campbellii, V. harveyi, V. parahae-
molyticus, V. alginolyticus and V. splendidus from different
species of Haliotis where these Vibrio species caused mass
mortality in cultured abalone (Bower, 2017).

In this study, results showed that most of the pathogenic bac-
teria were found in the gut of abalone. This result supports
the previous studies (Mabuhay-Omar et al., 2019; Santiago &
Mabuhay-Omar, 2019) wherein the gut of abalone harbored
the highest number of microorganisms compared to gills and

mantle. Mantle is the part of abalone usually consumed by
human and so it is good to note that the number of microor-
ganisms is very small compared to the maximum limit but
since fecal coliform and some presumptive pathogenic bacte-
ria are present, it is important to depurate and properly pre-
pare the abalone before eating. The presence of fecal coliform
and presumptive pathogenic bacteria in the mantle of abalone
can be due to contamination during handling and lack of
proper cleaning protocol. In addition, removal of gut and gills
of abalone before cooking or preparing uncooked menu is
needed since presumptive pathogenic microorganisms are
found in these parts of abalone.

Conclusion

This study proved the presence of coliform such as E. coli and
some presumptive pathogenic microorganisms in abalone
such as Salmonella, Shigella, Vibrio and total enteric bacte-
ria. With this information, it is recommended for the abalone
farmers to optimize the culture management practices such as
monitoring of the physico-chemical parameters of water
since the presumptive pathogenic bacterial species detected
are also opportunistic pathogens and could cause massive
losses in abalone production under favorable conditions.
Also, these species are considered to be human pathogens and
could cause various infections among human population. It is
also important to properly cook the abalone before eating. In
addition, removal of gut and gills of abalone before preparing
uncooked menu is needed since microorganisms are found in
these parts of abalone. Prior to selling cultured abalone to
consumers, depuration methods may be applied to minimize
possible contamination.
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ABSTRACT

Oreochromis niloticus becoming a promising aquaculture species globally, but recent disease out-
breaks and poor growth with commercial feed making it challenging. A 60 days long aquarium
trial and series of laboratory assays have been conducted to assess the growth performance of O.
niloticus fed with a locally available commercial probiotic. O. niloticus fry’s were fed with a mix-
ture of basal diet and probiotics supplementation at a level of 0% (control), 0.2%, 0.4% and 0.8%.
After the trial phase weight gain, length gain, specific growth rate (SGR), percentage of weight
gain (PWG), percentage of length gain (PLG) were noted. Among all, highest values of above
parameters were observed at T; (0.2%) treatment group. Weight gain, length gain, PLG and PWG
were significantly improved in T treatment group (p<0.05). Additionally, hematological parame-
ters including hemoglobin (Hb), white blood cell (WBC) and red blood cell (RBC) were also ob-
served for all groups and T, was found to have highest values for all these parameters, although
there were no statistically significant differences between the values of Ty and T,. The results of
this study showed that 0.2% dietary probiotics supplements in basal diet would optimize the
growth performance and hematological parameters of aquarium reared O. niloticus.

Keywords: Probiotics, Growth performance, Hematological parameters, Oreochromis niloticus
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Introduction

A native fish group of Africa continent, tilapias are among
the most practiced species in aquaculture industry worldwide
as well as in Bangladesh (Alam et al., 2014; Akter et al.,
2019) due to their high productivity rate, disease tolerance
and flesh quality (Yuan et al., 2017; Gabriel, 2019;). The
commercial hatcheries in Bangladesh produced all male
mono-sex fry to adopt rapidly growth rate as well as to reduce
undesirable reproduction in culture pond (Lind et al., 2015;
Das et al., 2019). Use of chemicals, hormones, drugs and pro-
biotics are getting very popular among aquaculture practices
in Bangladesh (Uddin et al., 2017). The need for high-quality
fish feeds with a premium protein content, associated nutri-
ents and minerals; which is tasty, keeps animals healthy and
providing a high growth rate is increasing (Soltan et al., 2016;
Hua et al., 2019; Yue et al., 2020). Probiotics are combination
of live microorganisms that are efficient to adapt, colonize
and grow within the gut of the host and develop a beneficial
stability of microorganisms to improve animals health
(Martinez Cruz et al., 2012; Carbone & Faggio, 2016). Nu-
merous benefits of probiotics for growth, defense and intesti-
nal health of the host were revealed and broad use of probiot-
ics in aquaculture could prevent diseases, promote growth
and reduce the extensive use of antibiotic (Austin & Austin,
2016). Probiotics retard or completely inhibit the growth of
pathogenic bacteria following a competitive exclusion
(Akayli et al., 2016), also boost up the immune response and
secretion of mucosal enzymes to promote host growth and
they do not cause secondary pollution problems (Xia et al.,
2020). Variations in fish blood parameters would be a good
pointer of water quality, nutrition and health (Satheeshkumar
etal.,2012; Ahmed et al., 2020). Alterations in hematological
parameters are due to the result of stress condition such as
hypoxia, contact to pollutants, transportation, handling and
liberation of energy associated with the use of chemicals and
anesthetics (Roche & Bogé, 1996; Fazio et al., 2015; Simide
et al., 2016). Therefore, the present research was directed to-
wards the evaluating the growth of O. niloticus fed with die-
tary probiotics as well as determining the optimum supple-
mentation level to produce an effective diet, which would
provide a favorable physiological condition to culture this
species commercially in Bangladesh.

Material and Methods

Experiment Designing and Diet Preparation

A 60 days long trial have been conducted in 140 litre glass
aquaria. The experiment was designed with four treatments
designated with three replications as well. A commercial
floating fish feed (moisture 11%, protein 40 %, lipids 6%,
carbohydrate 25 %, 450 fiber 5%, ash 10%, calcium 2% and

phosphorous 1 %) was used. A commercial probiotics mix-
ture (AquaStar growout powder; Renata animal health Ltd.
Bangladesh) that contains Bacillus, Enterococcus, Pedicoc-
cus and Lactobacillus sp. bacteria was added in diets of ex-
periments groups with a rate of 0% (Tc), 0.2% (T1), 0.4%
(T2) and 0.8% (T3). Tilapia (O. niloticus) fry's were accli-
mated to laboratory conditions for 14 days and fed only with
commercial feed. Then twenty fish with a mean weight of
1.72 £0.42g were randomly allotted into each aquarium.
They were fed three times a day at 6% of their body weight
at the first month of experiment and gradually reduced to 5%
in the second month. Underground freshwater which was
stored in a reservoir and supplied to the aquaria. Each aquar-
ium was equipped with automated aeration and internal car-
bon filtration facilities. Uneaten feed and the waste materials
of aquarium were siphoned out twice per day and approxi-
mately 20 percent water was exchanged every two days to
keep the water environment suitable for fish survival.

Monitoring Water Quality Parameters and Fish Sampling

Various water quality parameters such as temperature (with a
simple thermometer), dissolved oxygen (YSI digital DO me-
ter, model 58) and pH (pH meter - Hanna Instruments, Japan)
in each aquarium was monitored once in a week during the
experiment period. Every 15 days, three fishes from each
aquarium were sampled randomly in all treatments groups for
length and weight gain after a 24 hours starvation period.

Analysis of Growth Parameters

At the end of the feeding trial various growth parameters were
analyzed by using the mathematical formula according to
Olvera-Novoa et al., (1990), Panase & Mengumphan, (2015)
and Pechsiri & Yakupitiyage, (2005).

Weight gain= Mean value of final weight- Mean value of in-
itial weight

Percentage of weight gain

Mean value of final fish weight—Mean value of initial fish weight

%100

Mean value of initial fish weight

Specific growth rate SGR (%) = % X 100, Where

W= the initial body weight (gm) at a time, W>= the final
body weight (gm) at a time, T»-T,= Duration in days

Length gain=Mean value of final length- Mean value of ini-
tial length
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Percentages of length gain

_Mean value of final fish length—Mean value of initial fish length

Mean avlue of initial fish length

100
Average daily weight gain

__ Mean value of final weight—Mean value of initial weight

Duration of experiment in days
Average daily length gain

_Mean value of final length—Mean value of initial length

Duration of experiment in days

The values of Fulton’s condition factor (K) was estimated by
plotting length weight data on the following equation adopted
from Htun-Han, (1978); K=(W/L?)*100

Blood Sample Collection and Hematological Analysis

Blood samples were collected (3 fishes from each group) af-
ter a 24 hours starvation period from the caudal vena and
stored in EDTA (Ethylene diamine tetra-acetic acid). Hemo-
globin, WBC, and RBC analysis was carried out by using Au-
tomated Hematology Analyzer BC-3000 Plus.

Data Analysis

The one-way analysis of variance (ANOVA) and Duncan’s
multiple Range Test (DMRT) were conducted to figure out
the differences among the groups means at significance level
of P<0.05. All statistics were carried out using Statistical
Package for Social Science (IBM SPSS) version 22.

Results and Discussion

In this study tilapia fry were feed with a standard commercial
feed and with the addition of various amounts of a probiotic
mixture and the differences in growth and blood parameters
in fish were revealed.

Water quality parameters are vital as they influence the
growth and physiological activities of fish (Maucieri et al.,
2019). Temperature is a key factor for the production man-
agement and feed consumption in fish. The optimal thermal
range for the proper growth of O. niloticus was proposed as
25-27 °C (Makori et al., 2017) and 27-32 °C (Mengistu et al.,
2020). Dissolved oxygen, which is a crucial factor for fish
growth, health, and physiology should be over 5 mg/L for
sustainable growth of O. niloticus (Riche & Garling, 2003;
Makori et al., 2017). pH is an imperative factor which speci-
fies the health and production output of a water body and op-
timum range was proposed as 5.5-9.0 (Rebougas et al., 2016)

Research Article

and 6.1-8.3 (Makori et al., 2017) for O. niloticus. Water qual-
ity parameters i.e., temperature, dissolved oxygen (DO) and
pH observed during the study were shown in Table 1. These
results showed that the water quality parameters were appro-
priate for O. niloticus culture.

Among four experimental groups fed with basal commercial
feed and probiotic mixture - 0% (Tc), 0.2% (T1), 0.4% (T2)
and ), 0.8% (T3) - maximum mean weight gain was detected
inT;(16.1975 £3.16g) followed by T2(12.79 £3.16g) and T
(10.326 +2.47g) respectively (Table 2). The lowest mean
weight was observed in Tc¢ (8.23 +1.83g) and the means of
the weight gains among all the treatments groups were signif-
icantly varied between each other (P<0.05). Among the
groups, T (0.2%) showed the highest weight gain and Tc
(0%, Probiotic) showed the lowest growth performance. The
mean percentages of weight gain (PWG) in O. niloticus was
recorded in Tc (478.86 £204.86%), T (981.52 £382.27), T,
(863.31 £339.98) and T3 (702.09 +£298.95) (Table 2). High-
est mean PWG was found in T, followed by T, Tz and Tk,
respectively. However, difference between T, and Ts
(P>0.05) were statistically uniform and the lowest mean
PWG was observed in control treatment. Specific Growth
Rate (SGR%) of O. niloticus was recorded as 2.83 +0.55,
3.87 £0.57, 3.68 £0.56 and 3.36 £0.62 in T¢, Ty, T> and T;
groups respectively (Table 2). Highest SGR value (3.87
+0.57) was observed in T; while the lower SGR value was
recorded in Tc (2.83 £0.55) group. The differences between
Ty, T2, T2 and T3 diet groups (P>0.05) remained still statisti-
cally non-significant.

The mean length gain of O. niloticus was recorded as 4.38
+0.84 cm, 8.02 +£1.09cm, 5.93 +0.94 cm and 5.18 +1.03 cm
in Tc, T1, T2 and T3 groups respectively (Table 2). The length
gain was increased in T; groups followed by T», T3 and Tc
groups, respectively. The highest mean length was observed
in T; diet group whereas the control group (Tc¢) showed the
lowest mean length gain during 60 days of experiment. The
difference among all groups were significant at P<0.05. The
highest percentages of length (PLG) were observed as
184.44448.27 in T, groups followed by T», T3 and Tc groups,
respectively. PLG (%) values 141.33 + 36.84 and
120.044-33.94 were recorded in T» and T3 groups respectively
(Table 2). Tc (102.37+25.38) group showed the lowest per-
centage of length gain. T, group showed a significant differ-
ence than the other treatment but there is no significant dif-
ference between T, and T; groups (P>0.05) in terms of per-
centage length gain.
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Table 1. Mean value of water quality parameters (Mean Value £SD)
Experiment groups

Water quality parameter

Tc (commercial feed only)  Ti(0.2% probiotics)  T2(0.4% probiotics) T3 (0.8% probiotics)
Temperature (C) 26.33+1.03* 26.67+1.03* 26.67+0.81* 26.5+1.04*
Dissolved oxygen (mg/L) 5.33+0.21* 5.55+0.08* 5.35+0.16* 5.41+0.12°
pH 7.43+0.08" 7.6+0.30° 7.5+0.28° 7.440.08"

Table 2. Growth parameters of O. niloticus after 60 days treatment (means =+ standard deviation) (P>0.05)

Experiment groups

Parameters Tc (commercial feed only)  Ti (0.2% probiotics) T2 (0.4% probiotics) T3 (0.8% probiotics)
Mean Initial Weight (g) 1.9040.56* 1.7940.45% 1.59+0.42% 1.5940.36%
Mean Initial Length (cm) 4.36+0.49* 4.4610.50* 4.3040.49° 4.4240.44*
Mean Final Weight (g) 10.13+1.92° 17.9943.01 ¢ 14.3843.11° 11.9242.31°
Mean Final Length (cm) 8.75+0.81° 12.4840.834 10.2340.73¢ 9.60+0.76°
Weight Gain (g) 8.23+1.83° 16.1943.16¢ 12.7943.16° 10.3242.47°
Length Gain (cm) 4.3840.84* 8.02+1.09¢ 5.9340.94¢ 5.18+1.03°

478.86+204.86° 981.524382.27°¢ 863.31+339.98" 702.09+298.95°

% Weight Gain

% Length Gain 102.34+25.38° 184.44448.27°¢ 141.33+36.84° 120.04+33.94°
SGR % 2.83+0.55° 3.87£0.57° 3.68+0.56>¢ 3.3640.62°
ADWG 0.134+0.03* 0.2640.05° 0.2140.05¢ 0.1740.04¢
ADLG 0.07+0.014* 0.13+0.018° 0.09+0.015° 0.08610.017¢
Condition factor, K 1.78+£0.23% 1.19+0.22° 1.39+0.19%° 1.55+0.31¢

SGR= Specific growth rate, ADWG= Average daily weight gain, ADLG= Average daily length gain.

Supplementation of probiotics in the diet of aquatic animal
increased enzymatic activity, developed digestive activity,
synthesis of vitamins and weight gain which enhance the
growth of fish (Reyes-Becerril et al., 2008; Nayak, 2010) and
modulate immune response (Giri et al., 2013; Galagarza et
al., 2018). The dietary supplementation of probiotic and bac-
terial cocktails were found to improve the gut immune re-
sponse, morphology and microbial assemblage of intestine in
juvenile Oreochromis niloticus (Ayyat et al., 2014;
Yamashita et al., 2017; Xia et al., 2020). In this study, sup-
plementation of probiotics in all experiment groups resulted
higher growth than the control group (Table 2). It might be
occurred due to proper digestion and better nutrient absorp-
tion in the fish body. The optimum probiotic level that re-
sulted high in terms of weight gain (g), length gain (cm), SGR
(%), Percentage of weight gain, percentage of length gain
growth of O. niloticus was found in T; (0.2% probiotic) diet
group. This indicated that the overall better growth perfor-
mance was found in T; group. Similar observations have been
reported on Labeo rohita (Munirasu & Ramasubramanian,
2017), Clarias gariepinus (Al-Dohail et al., 2009) and Catla
catla (Bandyopadhyay & Das Mohapatra, 2009). All the
above study had proven that growth performance of these
fishes was meaningly improved in the diet containing probi-
otic containing than those in control.

Lower SGR (%) was observed in Tc¢ group (2.83 +0.12g) but
among the probiotics treatments T3 (3.36 £0.13) showed the
lowest SGR (%) rate (Table 2). However, there was no sig-
nificant improvement among the treatment groups in case of
SGR (%). However, there is possibility of arising different
toxic elements along with the secretion of enzyme which may
hinder the growth or other parameters of fish (Rahman et al.,
2019; Chen et al., 2020) and while using very high dosage of
probiotics and better growth performance might not be al-
ways associated with higher concentration of the probiotic
(Ghosh et al., 2008; Mahmoud et al., 2021). A previous study
on same species reported highest weight gain at 0.2% probi-
otics dietary supplement group in compared with the control
groups (Chowdhury et al., 2020).

The condition factor (K) represent the nature of physical fac-
tors and biological regulating the growth of fish and it is
found to be influenced by a set of factors including feeding
types and stress associated with parasitic and physiological
agents (Hartman & Margraf, 2006; Datta et al., 2013; Shoko
et al., 2015; Jisr et al., 2018). The k>1 indicate a healthy en-
vironment of animals surroundings (Golam Mortuza & Al-
Misned, 2013; Asmamaw et al., 2019;). The value of k has
been reported above 1 and significantly varied between dif-
ferent treatment groups (Table 2), which indicate the quality
of water, feed, and animal welfare on current research.
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Hematological parameters represent a better illustration
about fish health and environmental monitoring (Eissa &
AbouEIlGheit, 2014; Dowidar et al., 2018) and they are influ-
enced by various factors including animal’s size, growth
phase, physiological position, diet and overall environmental
circumstances (Cho et al., 2015; Parrino et al., 2018). Highest
mean hemoglobin (Hb) value was recorded in T; (5.70 £0.17
g/dL) compared to T, (5.30 £0.30 g/dL), T3 (4.56 +£0.20
g/dL) and Tc¢ (3.76 £0.25g/dL) respectively (Table 3). Insig-
nificant differences of Hb was observed between Ti and T,
groups (P>0.05). Control group showed a lower level of He-
moglobin. In case of mean white blood cell (WBC) counts,
there were also no significant different between T; and T,
(P>0.05). The highest WBC was observed in T,
(10.89 + 0.55 x 10*/cumm) followed by T, (10.15 +0.64
%x10%cumm) (Table 3). The mean amount of red blood cell
(RBC) was higher in T; (1.19 £0.06 m/uL) compared to the
other groups (P>0.05) (Table 3). The Tc¢ groups showed sig-
nificantly lower level of RBC.
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The present research has been revealed that dietary probiotics
supplementation increases hemoglobin (Hb), white blood cell
(WBC) and red blood cell (RBC) contents in all the groups
compared with the control group (Table 3). The fish fed with
probiotic mixed food became more nutritious due to declined
cortisol levels in the plasma haemolymph (Carnevali et al.,
20006; Rollo et al., 2006; Al-Dohail et al., 2009) and high cor-
tisol level increase glucose in blood which seems an indicator
of physiological stress in fish (Silva et al., 2015). The high
level of hemoglobin in fish fed with probiotic might be oc-
curred due to the increasing of iron absorption in blood me-
diated through releasing acids in gut (Mohapatra et al., 2014;
Silva et al., 2015). Firouzbakhsh et al., (2011) stated that a
rise in the number of RBC increases the overall hemoglobin
concentration in fish blood. In WBC Count T; (0.2%, probi-
otic) and T, (0.4%, Probiotic) were insignificantly higher
than the other treatments and this blood contents are engaged
in modulation of innate immunity via phagocytosis and toxic
cell formation (Chico et al., 2018; Puente-Marin et al., 2019).
These indicate that the strong immune system might posi-
tively affect the health and growth of fish.

Table 3. Blood parameters of O. niloticus in different groups (means + standard deviation) (P>0.05)

Parameters Tc (commercial feed only) Ti (0.2% probiotics) T2 (0.4% probiotics) T3 (0.8% probiotics)
Hb (g/dL) 3.76+0.25% 5.70+0.17¢ 5.30+0.30° 4.56+0.20°
WBC (x10%/cumm) 5.58%1.16° 10.89+0.55¢ 10.1540.64¢ 7.6442.42°
RBC (m/uL) 0.70+0.1332 1.19£0.064° 0.9940.056°¢ 0.76+0.18°

*WBC= White blood Cell, RBC= Red Blood Cell, g/dL= gram/deciliter, camm= cubemeter, m/puL= million/microliter.

Conclusion

The present research was conducted for the determination of
the optimum probiotics level in feed to obtain to obtain a bet-
ter growth of O. niloticus. The results of this study showed
that probiotic had a higher impact on the growth performance
and some blood parameters of O. niloticus. After considering
the overall performance, it can be concluded that 0.2% die-
tary probiotics can be the optimum to provide a better growth
performance of O. niloticus. The addition of this dietary level
of this probiotic mixture may be used in commercial culture
of this species. In addition, further study should be designed
to observe the result of probiotics in addition to other addi-
tives on the cultured growth of tilapia as well as other species.
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Marmara Denizi’ndeki kapali ya da kapali korfezlerde su kalis siiresi uzun oldugundan kara kokenli kirle-
ticiler organik madde zenginlesmesine ve sonrasinda Gtrofikasyona neden olabilmektedir. Bu baglamda
Izmit, Gemlik, Bandirma ve Erdek Korfez’lerinde insan aktivitelerinden kaynakl baskilarin ortaya koyu-
labilmesi igin Baski Indeksi yontemi kullanilnig ve bu yontemin uygunlugu ilk kez test edilmistir. Bask1-
larin degerlendirmesi sonucunda [zmit, Gemlik i¢c ve Bandirma Korfezi tizerindeki baskilarmn yiiksek, buna
kargin Erdek ve Gemlik dig Korfez’lerindeki baskilarin orta diizeyde oldugu belirlenmistir. Bu korfezlerde
gerceklestirilen izleme caligmalarina ait besin elementleri, klorofil-a ve seki disk verileri 6trofikasyon agi-
sindan “Kentsel Atik Sularin Aritim1 Yonetmeligi Hassas ve Az Hassas Alanlar Tebligi” ve “Yertistii Su
Kalitesi Yonetmeligi” esik degerleriyle karsilastirilmistir. Yonetmeliklere gore baski indeks degerlerinin
degerlendirmelerde farkliliklar olsa da Izmit, Gemlik i¢ ve Bandirma Kérfez’lerinde 6trofik - hipertrofik,
Erdek ve Gemlik dis Korfez’lerinde ise mezotrofik kosullarin hakim oldugu saptanmistir. Kiy1 sularinin
yonetmeliklerce degerlendirilmesinde farkli degiskenler ve sinir degerler kullanilmasindan Gtiirii sonug-
larda farkliliklar ortaya ¢ikmaktadir. Yonetmeliklerin tek baslik altinda toplanmasi yaninda 6trofikasyon
degerlendirmesine biyolojik kalite elemanlarinin da dahil edilmesi dnerilmektedir.

Anahtar Kelimeler: Marmara denizi, Otrofikasyon, Baski-etki, Kiy1 sular1, Kirlilik

ABSTRACT

Evaluation of Marmara Sea bays in terms of pressure-impact status and

eutrophication

Closed or semi-enclosed bays in the Marmara Sea, which have long residence time, can be exposed to eut-
rophication as a result of organic matter enrichment from land-based pollutants. The Pressure Index method
was tested for the first time in this study in order to reveal the pressure exerted by land-based sources on
Izmit, Gemlik, Bandirma and Erdek Bays. As a result of the evaluation of the pressures, it was determined
that the pressures on Izmit, Gemlik inner and Bandirma Bay were high, whereas Erdek and Gemlik Outer
Bays were under moderate pressure. In terms of eutrophication, the nutrient, chlorophyll-a and secchi disk
data of the monitoring studies carried out in the bays were compared with the limit values of the “Urban
Wastewater Treatment Regulation Sensitive” and “Less Sensitive Areas Declaration and the Surface Water
Quality Regulation”. Although there are differences according to the regulations, it has been determined that
Izmit, Gemlik (Inner) and Bandirma Bays have eutrophic-hypertrophic conditions, Erdek and Gemlik (Outer)
Bays have mesotrophic conditions. There are differences in the results due to the use of different variables
and limit values in the evaluation of coastal waters by regulations. In addition to collecting regulations under
a single heading, it is recommended to include biological quality elements in the eutrophication assessment.

Keywords: Marmara sea, Eutrophication, Pressure — impact, Coastal waters, Pollution
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Ulkelerin ekonomik gelisimini, dogal kaynaklarim siirdiiriile-
bilirligi ve etkin kullanimi belirlemektedir. Kaynaklarin siir-
diiriilebilirligi, ulusal giivenlik stratejisinin, ekonomik kal-
kinmanin ve toplumsal gelisim siirecinin en 6nemli bir birle-
senlerinden biridir. Dogal kaynaklarin bir bileseni olan kiy1
alanlar1 barindirdigi canli ve cansiz kaynak potansiyeline
bagli olarak 6zellikle son yiizyilda ekonomik ve toplumsal fa-
aliyetler i¢in ¢ekici hale gelmistir (Sénmez, 1993). Insan kay-
nakli bu faaliyetlerden en 6nemlileri niifus artis1, evsel ve en-
diistriyel atik sular, kat1 atiklar, arazi kullaniminin degisimi,
habitat kaybi, asir1 ve tahrip edici sekilde avlanma, yabanci
tiirler, iklim degisikligi ve gidaya olan ihtiyacin artmasi say1-
labilir. Bu faaliyetler 6zellikle agik sularla etkilesimi zayif
korfez ekosistemleri iizerinde geri doniisiimil zor olan ekolo-
jik sorunlara neden olmaktadir (UNEP, 2006; Holon ve ark.,
2015, Tan ve ark., 2017).

Antopojenik etkilerin en aza indirilmesi ve ekosistemin siir-
diirebilirliginin saglanmasi amaciyla ulusal- uluslararasi bir-
cok yonetmelik ve diizenlemeler yayinlanmig olup, hala ya-
ymlanmaya devam etmektedir (EC, 2003; MSFD, 2017). Av-
rupa Birligi’ne uyum siirecinde olan iilkemiz bu kapsamda,
yirtirliikte olan yonetmelikleri giincellenmekte ve yeni yo-
netmelik ¢aligmalarina devam etmektedir. Kiyilarin &trofi-
kasyon hassasiyetine gore kentsel atiksularin toplanmasi, ari-
tilmasi ve desarj1 ile belirli endiistriyel sektorlerden kaynak-
lanan atiksu desarjinin olumsuz etkilerine karsi ¢cevreyi koru-
may1 amaglayan “Kentsel Atiksularin Aritilmast Yonetmeligi
(KAAY, RG: 26047)” 2006 yilinda yiiriirliige girmistir. Y-
netmeligin belirli maddelerine diizenleme getiren “KAAY
Hassas ve Az Hassas Teblig” ise 2009 yilinda yayimlanmis
olup, 6trofikasyon agisindan kiyilar1 siniflandirmakta ve de-
nizlere gore otrofikasyon sinir degerlerini ortaya koymakta-
dir. Kiyilarin 6trofikasyon agisindan degerlendirildigi ve sinir
kosullarn belirlendigi diger bir diizenleme 2016 yilinda ya-
yimlanan “Yeriistli Su Kalitesi Yonetmeligi”dir (YSKY, RG:
29797). Bununla birlikte, havzalardan gelen yiiklerin azaltil-
mas1 ve kiyr ekosistemini korumak amacryla “Su Kirliligi
Kontrol Yonetmeligi” (SKKY, RG: 25687) 2004 yilinda giin-
cellenmistir. Avrupa Birligi kiy1 sularinin kalitesinin korun-
masi ve siirdiirebilirligi kapsaminda yiiriirliikteki yonetmelik-
leri ve diizenlemeleri tekrar ele alarak ortak bir ¢ati altinda

toplayan “Su Cerceve Direktifi” (SCD, 2000/60/EC) ve “De-
niz Strateji Cergeve Direktifi” (DSCD, 2008/56/EC) birer
semsiye yonetmelik oldugu sdylenebilir. SCD, kiy1 sularinin
“iyi kimyasal ve ekolojik duruma” ulagsmasin1 (EC, 2003);
DSCD ise kiy1 ve deniz sularmin “’iyi bir ¢evresel duruma
ulagsmasini’’ hedeflemektedirler (MSFD, 2017).

Kiyisal alanlarin, SCD’nin tanimiyla iyi ekolojik ve kimyasal
duruma, DSCD’nin tanimiyla iyi ¢evresel duruma ulasip/ulu-
samadigini belirlenmesinin yani sira 6trofikasyon agisindan
degerlendirilebilmesinde en 6nemli basamak bask1 ve etkile-
rin tanimlanmasidir (Borja ve ark., 2006). Baski - Etki deger-
lendirmesinde farkli yontemlerde mevcut olsa da en ¢ok uy-
gulanan metodoloji DPSIR (Siiriicii [Driver- D], Baski [Pres-
sure —P], Durum [State —S], Etki [Impact — I], Onlem [Res-
ponse — R]) siirecidir (EC, 2003; Borja ve ark., 2006). Baski—
Etki analizi, model araciligiyla veya baski-etki indeksleri ge-
listirilmesi gibi gesitli yontemlerle yapilabilmektedir. S6z ko-
nusu indeksler icerisinde yer alan baski gruplar1 ve bunlarin
etki dereceleri uzman goriislerine gore belirlenmektedir. Ge-
listirilen indekslerin baski— etkileri dogru tanimlanmasi,
uyumlulugu ve sonuglarin karsilastirilabilir olmasi 6nemlidir.
Bunun yani sira indeks yontemlerinin secilmesinin diger ne-
deni ise hizli, kolay ve maliyetlerinin diisiik olmasidir. S6z
konusu indekslere 6rnek olarak Bi (Baski Indeksi) (Aubry ve
Elliott, 2006; Borja ve Rodiguez 2010, Borja ve ark. 2011;
Pavlidou ve ark., 2015; Simboura ve ark., 2016), LUSI (Land
Uses Simplified Index) (Gardi ve ark., 2010; Flo ve ark.,
2011; Romero ve ark.,2013), LAWA (Almanya Etki Deger-
lendirme Metodu) ve Italya kiyilarma uygulanan baski-etki
analiz uygulamasi verilebilir (Lopez ve ark., 2009).

Bu ¢alismada, Marmara Denizi’nde yer alan Izmit, Gemlik,
Erdek ve Bandirma Korfez’lerindeki insan aktivitelerin or-
taya koyulmasi, ulusal ve uluslararasi yonetmeliklere gore
biitiinciil bir yaklagimla indeks yontemi kullanilarak baski
durumlarinin belirlenmesi ve “KAAY Hassas ve Az Hassas
Teblig” ile “Yeriistii Su Kalitesi Yonetmeligi” otrofikas-
yon simir degerleriyle karsilagtirilmasi hedeflenmistir. Ay-
rica, KAAY ve YSKY’nin sinir degerlerinin, 6trofikasyon
durumunun degerlendirilmesinde kullanilabilirligi test edil-
mistir.
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Bir i¢ deniz olan Marmara Denizi Canakkale Bogazi ile Ak-
deniz’e ve Istanbul Bogazi ile Karadeniz’e baglanmaktadir.
Marmara Denizi’nin genisligi 70 km uzunlugu ise 250 km
olup, yiizey alam yaklasik 11.500 km*dir (Tutak ve ark.,
2011; Tan ve ark, 2017). Glineyde genis kita sahanliga sahip
olan deniz, kuzeyde ise ii¢ derin ¢ukura sahiptir. Bu ¢ukurlar
batidan doguya 1100 m, 1390 m ve 1240 m derinliklere sa-
hiptirler. Marmara Denizi iki tabakali bir hidrografik yapiya
sahip olup, bu iki tabaka birbirinden 25 m derinlikte yogunluk
farklilig1 ile ayrilmaktadir. Karadeniz kokenli az tuzlu sular
iist tabakada (~18 psu) ve Akdeniz kdkenli ¢ok tuzlu su-
lar(~38 psu) alt tabakada yer almaktadir (Unliiata ve
ark.,1990; Besiktepe ve ark., 1994).

Marmara Denizi ¢evresinde, yer alan Istanbul, Kocaeli ve
Bursa Illeri iilkemiz niifusunun %25’ini olusturmakta olup,
bu iller, yogun kentlesme ve sanayinin oldugu bdlgelerdir.
Ayrica, Marmara Denizi jeostratejik konumu sebebiyle yo-
gun deniz tagimaciliginin oldugu bir denizdir. Marmara De-
nizi’nin kuzey selfi niifus ve sanayi tesisleri baskisi altinda
iken, gliney kiyilarinda yayili kaynak baskisi daha yiiksektir.
Ornegin, Marmara Denizi kuzey selfinde bulunan Istanbul ili,
atiksularinin biiyiik kismi birincil aritmadan sonra derin deniz
desarj1 ile birakilmaktadir. Giiney selfinde yer alan Susurluk,
Biga ve Gonen nehirleri ise besin elementleri ve kirleticileri
tasimaktadirlar (Tan ve ark, 2017; CSB, TUBITAK
MAM,2017).

[zmit Korfezi, yar1 kapali bir su havzasi ézelliginde olup,
Marmara Denizi’'nin kuzeydogusunda yer almaktadir (Sekil
1). Korfez, dar agikliklarla birbirine baglanan ig, orta ve dig
olmak tizere ii¢ basenden olusmaktur (Morkog ve ark.,2001).
Izmit Korfezi’nin genisligi 1.5 km ile 10 km arasinda degis-
mektedir. Dis basen, Hersek Deltastyla orta basenden ayril-
mistir. Basenin derinligi batida 200 m’den fazla iken, dogu
kisimda 50 m’nin altina diismektedir. Orta basen, Korfez’in
en genis kismi olup, genisligi 10 km’ye kadar ulagmaktadir.
Basenin en derin noktasi 200 m’dir. Korfez’in en i¢ kismi ise
en dar ve s1g kismidir. S6z konusu basenin uzunlugu 15 km
olup, derinlikler 40 m’yi gegmez (Oguz ve Sur, 1986; Besik-
tepe ve ark., 1994; Unliiata ve ark., 1990). Kérfez’in iizerinde
kentsel ve endiistriyel baskilarin yani sira deniz tagimacilig
ve yayili kaynaklardan da gelen yogun baskilar mevcuttur
(Tan ve ark, 2017).

Marmara Denizi’nin giiney kiyisinda yer Gemlik Korfezi,
Marmara ¢ukurlarindan 50 m derinligi olan bir esikle ayril-
maktadir. Korfez’in uzunlugu bati-dogu dogrultusunda 31
km olup, genisligi 14 km’dir. Gemlik Korfezi, ¢evresindeki
yogun endiistriyel baski nedeniyle kalici organiklere ve agir
metal kirliligine maruz kalmaktadir. Ayrica, deniz trafigi,
kentsel atik sular ve yagisla beraber akisa gecen sular diger
kirletici unsurlardir (Unlii ve ark., 2008).

Bandirma Korfezi, Marmara Denizi glineyinde konumlanms
olup, en derin bolgesi 55 m’ye ulagmaktadir (Sekil 1). Kor-
fez’in glineyinde bulunan ve deniz trafigi agisindan Tiir-
kiye’nin en yogun limanlarindan biri olan Bandirma Limani,
Istanbul’a olan yakinlig1 sebebiyle olduk¢a énemlidir (Kog,
2002). Bandirma’da bulunan BAGFAS ve siilfiirik asit tesis-
leri, korfez tizerindeki en ciddi baski unsurlaridir. Yiiksek
fosfat kirliliginin korfezdeki giibre fabrikasindan kaynakli ol-
dugu soylenebilir. Ayrica, kentsel atiksularin 6n aritim son-
rast derin deniz desarjiyla korfez i¢ine aktarilmasi ve tavuk-
hanelerin yogun olmasi korfeze baski yaratan diger unsurlar-
dir. Tiim bu baskilarin birlikte degerlendirildiginde korfez
olumsuz yonde etkilenmektedir.

Erdek Korfezi, Kapidagi ve Biga Yarimada’larinin arasinda
olup, Marmara Denizi’nin giineybatisinda konumlanmaktadir
(Sekil 1). Korfezin uzunlugu 130 km ve derinligi ise 55 m’dir.
Korfez’in kuzeybatisinda Pasaliman1 Adasi1 ve Tiirkeli Ada-
lar1 yer almaktadir. Korfez igerisine Biga ve Gonen nehirleri
dokiilmektedir. Balik¢ilik agisindan Erdek Korfezi 6nemli bir
alandir ve ticari balik tiirleri tarafindan iireme veya yuvalama
alan1 olarak kullanilmaktadir (Okus ve ark. 1997; Keskin,
2007; Keskin ve Gaygusuz, 2010). Ozellikle kuzeyli riizgar-
larla nehirlerin tagidig: kirlilik yiiklerinin etkisi Tiirkeli Ada-
lar1 bolgesinde bile etkisini gdstermektedir. Erdek Korfezi,
noktasal ve yayili kaynaklarin yani sira turizm kaynakli kirli-
lik baskisi altindadir. Ozellikle kis ve yaz niifusu arasindaki
dalgalanmalar atiksu aritma tesislerinin ¢aligmasini zorlastir-
maktadir. Korfezin kuzeyindeki Pasalimani Adasi, Marmara
Denizi’nde deniz gayir1 Posidonia oceanica’nin gorildigi
tek alandir (Meinesz ve ark., 2009). Yayilim alanlar1 baski-
lardan dolay1 giin gegtik¢e azalmaktadir.

Baski ve Etki Degerlendirme Yontemi

Korfezler, kentsel niifus, tarim, endiistri, kentsel atik su ari-
tim1 (KAAT) durumu, kati atik tesisi durumu, nehir girisi,
hayvancilik, balik ¢iftligi, tasimacilik, liman, tersane ve diger
(HES, su ¢ekimi vb.) aktiviteler olmak {izere tiim baskilar goz
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oniinde bulundurularak Bask1 Indeksi (BI) yontemiyle deger-
lendirilmistir (Aubry ve Elliott, 2006; Borja ve Rodriguez
2010, Borja ve ark. 2011; Pavlidou ve ark., 2015; Simboura
ve ark., 2016). Baski indeksi (BI), bask1 gostergelerinin top-
lamimin (B) gostergelerin sayisina (n) boliimiinden hesaplan-
maktadir.
n
Bi = 21D (1)
n

Bask1 gostergeleri dort puanlik (0-3) bir sistemle uzman go-
risline gore degerlendirilmistir (Tablo 1a). Sistemde, en dii-
siik puan sifirken, en yiiksek puan ii¢ olarak belirlenmistir. BI
siiflandirma yontemi Borja ve ark. (2011)’a gore belirlenmis
olup, bes kategoride degerlendirilmistir. BI smir degerleri
dikkate alindiginda, < 0,56: baski olmadigini; 0,56-0,83: az
baskinin oldugunu; 0,83-1: orta baskinin oldugu, 1-1,27: yiik-
sek baskimin ve 1,27 - 2 ¢ok yiiksek baskinin oldugunu gos-
termektedir (Tablo 1b). Baskilarin ve Bask1 Indeksinin deger-
lendirmesinde renk kodlar1 kullanilmig olup, bunlara ait bil-
giler Tablo 1°de sunulmustur.

Korfez iizerindeki aktivitelerin biitlinciil olarak ele alindigi
baski1 indeksi, su kiitlelerinin giincel dtrofikasyon durumu ile

Research Article

karsilastirilmis ve etki degerlendirmesi yapilmistir. Korfezle-
rin, 6trofikasyon durumunun belirlenmesi amaciyla TUBI-
TAK Marmara Arastirma Merkezi Cevre ve Temiz Uretim
Enstitiisiine ait R’V TUBITAK MARMARA gemisiyle De-
nizlerde Biitiinlesik Izleme Programi’nin 2014-2016 yillari
arasinda korfezlerde iiretilen besin elementleri (NO2+NOs3-N
(NOy), POs-P, TP), klorofil-a ve seki disk (SD) verileri kul-
lanilmistir (CSB-CEDIDGM ve TUBITAK-MAM, 2017).
Izleme c¢alismalari kapsaminda, izmit Korfez’inde 7, Gemlik
Korfez’inde 10, Bandirma ve Erdek Korfezlerinde sirasiyla 3
ve 8 istasyonda olmak iizere toplamda 28 istasyonda, 3 sene
boyunca kis ve yaz mevsimi verileri degerlendirilmistir.

Korfezlerin, yiizey suyu (0-10 m) ortalamalar1 “Kentsel
Atiksu Aritim1 Hassas ve Az Hassas Alanlar Yonetmeligi
EK-6 Hassas, Az Hassas ve Gri Alanlarda izleme Tab-
losu” ve “Yiizeysel Su Kalitesi Yonetimi Yonetmeligi Ek
7 Tablo 8b Marmara Denizi Kiy1 Sular1 Otrofikasyon
Kriterleri” tablosu ile karsilastirilarak 6trofikasyon durumu
mevsimsel olarak belirlenmistir. Baski Indeksi ve &trofikas-
yon durumu beraber irdelenerek korfezlerin nihai durumu or-
taya konmustur.
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Sekil 1. Calisma alani, 6rnekleme istasyonlar1 ve arazi siniflandirma dagilimmin gésterimi

Figure 1. Demonstration of the study area, stations and land classification distribution
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Tablo 1. Baski gruplar (a) ve Baski indeksi siniflandirmasi (b) ile renk kodlari.

Table 1. Pressure groups (a) and colour codes of the Pressure indices classification (b)

Baski Gruplar1 | Renk Kodlari Baski indeksi Arahg Renk Kodlar:
0 0.56
1 0.56-0.83
2 0.83-1 Orta Baski
3 1-1.27

Yiksek Baski
>1.27 i
(@)

Bulgular ve Tartisma

Calismanin yiiriitiildiigli korfezlerin havza niifusu, Marmara
Denizi havzalarmin toplam niifusunun %10’unu olusturmak-
tadir (TUIK, 2020). Kentsel niifus, Bandirma ve Erdek Kor-
fezlerinde orta yogunlukta iken izmit ve Gemlik Korfez’le-
rinde yogundur (Tablo 2). Ancak, Erdek Korfezi’nde 6zel-
likle yaz niifusu ki niifusunun yaklasik 5 kat1 kadardir (Ba-
likesir ICDR, 2019).

Tarim ve hayvancilik faaliyetleri Bandirma ve Erdek Korfez-
lerinde diger korfezlere gore daha yogun yapilmaktadir. S6z
konusu korfezler, tarim ve hayvancilik agisindan yiiksek ve
orta riskli oldugu tespit edilmistir. Buna karsin, diger korfez-
ler (Izmit ve Gemlik) orta — diisiik riskli kategorisinde yer al-
mustir (Tablo 2).

Bandirma ve Erdek Korfez’lerinin atiksular1 6n aritim sonra-
sinda derin deniz desarj1 (DDD) ile uzaklastirilmaktadir (Ba-
likesir ICDR, 2019). izmit Ko6rfezi atiksu aritma tesisleri ag1-
sindan diger korfezlere gore daha iyi durumda olup, Kullar,
Dilovasi, Gebze ile Plaj yolunda ileri atiksu aritma tesisleri
bulunmaktadir (Kocaeli ICDR, 2019). Gemlik Kérfezi’nde,
Bursa Merkez ilgesinde dogu ve bati atiksu aritma tesisi ol-
mak iizere iki adet ileri aritim mevcuttur. Gemlik ilgesinde ise
on aritim sonrasi derin deniz desarj yer almaktadir. Ayrica,
proje asamasinda 9 adet atiksu aritma tesisi mevcuttur (Bursa
ICDR, 2019). Atik aritma tesislerinin hizmet ettigi niifus goz
ontine alindiginda, Gemlik dis Korfezi az riskli kategoride
olup, diger korfezler orta riskli olarak degerlendirilmistir
(Tablo 2).

Kocaeli ve Bursa illerinde sanayi tesisleri olduk¢a yogundur
(Burak ve ark., 2004; Atmig ve ark., 2007). Kocaeli Sanayi
Odasina kayitli 1690 adet firma bulunmaktadir. Bu firmalarin
62 adedi gida, 66 adedi tekstil, 38 adedi tarim ilaglari tiretimi,
65 adedi ana metal iiriinleri, 121 adedi otomotiv, 63 adedi ise

(b)

kimya ve ilag iiretimi sektorlerinde faaliyet gostermektedir.
Yalova Ticaret ve Sanayi Odas1 kayitlarina gore, ilde 2008
yili itibari ile biiyiik 6lgekli sanayi kuruluslari ile konfeksiyon
dikim atdlyelerinin sayist; 17°si gergek, 117’si tlizel olmak
tizere toplam 134°tiir. Yalova’da kurulmasi planlanan 2 adet
organize sanayi bolgesi (OSB), heniiz faaliyette degildir (TU-
BITAK MAM, 2010). Bursa Ticaret ve Sanayi Odas1’na ka-
yith 45.865 adet firma bulunmaktadir. Sektorel siiflandir-
maya gore %17,6’s1insaat , %16,4’s1 hizmet, %14,7’si tekstil
ve % 9,351 ile otomotiv sektoriidiir (BTSO, 2020). Bandirma
ili'nde gelismis onemli sektorler gida, tarim, siit {iriinleri,
yem ve yem makineleri, mermercilik ve elektrik panolar1 sa-
yilabilir. Bandirma Limani’nin isletmeye girmesiyle sanayi
tesisleri artmigtir. Biiyiik 6lgekli tesisler olarak, Eti Bor A.$’
ait Bandirma Bor ve Asit, Mauri Maya, Savola A.S., BAG-
FAS Giibre Fabrikalar1 A.S. ve Banvit A.S. bulunmaktadir.
Tiirkiye’de iretilen giibrenin % 15’1 ve beyaz etin % 22’si
Bandirma ilg¢esinde iiretilmektedir (BANTB, 2020). Erdek
Korfezi’nin kiyilarinda ise sanayi tesisleri az sayidadir. Sa-
nayi baskilar1 Izmit i¢ ve dis baseni, Gemlik i¢ baseni ve Ban-
dirma Korfez’lerinde yiiksek, Erdek Korfez’inde ise diisiik
olarak gbzlenmistir (Tablo 2). Ancak, Erdek Korfezi’ne ne-
hirler {izerinde bulunan gida, siit, tabakhane ve mezbahalar
kaynakli atiksular ulagmakta ve korfez iizerinde baski olus-
turmaktadir.

Sanayi tesisleri yogun olan Izmit, Gemlik ve Bandirma Kor-
fezlerinde iiretilen mallarin ulusal ve uluslararasi pazarlara
agilmasinda en 6nemli unsur limanlardir. S6z konusu, korfez-
lerin ortak noktasi gii¢lii ve biiyiik limanlarinin bulunmasidir.
Ornegin, Kocaeli ilinde irili ufakli 35 liman bulunmaktadir.
Bandirma Korfezinde ise Bandirma Limani Marmara De-
nizi’nin Istanbul’dan sonra ikinci biiyiik liman1 konumunda-
dir. Bununla birlikte Gemlik Korfezi icerisinde 7 adet liman
bulunmaktadir. S6z konusu limanlarda iilkemizin toplam
konteyner elleglenmesinin %10°u, dokme yiik acisindan %5’1
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gerceklesmektedir (Oral ve Esmer, 2011). Liman faaliyetleri
beraberinde deniz trafiginin de artigina neden olmaktadir. Bu
kapsamda, liman ve tasimacilik aktiviteleri Izmit, Gemlik ve
Bandirma Korfezlerinde yiiksek, Erdek Korfez’inde diisiik
olarak siniflanmistir (Tablo 2).

Korfezlere irili ufakli bir¢ok dere dokiilmektedir. Bunlarin bir
kismi yazin kuruyan derelerdir. Korfezlere dokiilen dereler
havza iclerinden noktasal ve yayili kirleticilerin yiiklerini ta-
simaktadirlar. Erdek Korfez’ine debisi yiiksek olan Biga ve
Gonen nehirleri akarken, Bandirma Korfez’ine ise diisiik de-
bili dereler dokiilmektedir. Izmit Korfezi’ne irili ufakli bircok
dere dokiilmekte olup, bunlardan bazilar1 evsel ve sanayi te-
sislerinin atiksulari ile kati atiklarin yiliksek oranda girdilerine
maruz kalmaktadir. Nehirler tagidig kirlilik yiikii durumuna
gore degerlendirmis olup, bu baglamda Erdek ve izmit Kor-
fez’lerine dokiilen dereler yiiksek, Gemlik Korfezi orta ba-
seni ve Bandirma Korfez’lerine dokiilenler ise diisiik riskli
olarak siiflandirilmistir (Tablo 2) Korfezlere kiyisi bulunan
ilgelerde olugan kati atiklar diizenli kat1 atik bertaraf tesisle-
rine gitmektedir ve diisiik risk grubundadirlar (Tablo 2). Ay-
rica, korfezlerde balik ciftlikleri bulunmadigindan risk teskil
etmemektedir. Buna karsin Erdek Korfezi tizerindeki balikgi-
lik faaliyetlerden kaynakli baskilar dikkat cekicidir (Ban-
dirma Manset, 2020).
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Korfez ekosistemleri noktasal/yayili kaynaklar ve diger bas-
kilarin etkisi altinda olan besin elementi artislarindan kolay
etkilenen bolgelerdir. Bu ekosistemlerin su degisim kapasite-
lerinin diisiik olmasindan dolayi kirleticilerin birikmesine uy-
gundur. Kirleticilerin birbirleriyle olan etkilesimleri, belirsiz-
likler ve kisitlamalar nedeniyle baski-etkilerin karakterizas-
yonu zorlastirmaktadir (Islam ve Tanaka, 2004).

Marmara Denizi korfezleri’'nde baski-etkilerin belirlenme-
sinde baski indeksi metodu kullanilmistir. Bu metodun se-
¢ilme nedeni, Bi’nin hizli, kolay ve maliyeti yiiksek olmayan
bir analiz yontemi olmasidir. Ayrica indeksin farkli deniz-
lerde denenmis olmasi (Aubry ve Elliott, 2006; Borja ve ark.
2010, 2011; Pavlidou ve ark., 2015; Simboura ve ark., 2016)
indeksin sonuglarin diger iilkeler ile kiyaslamasi agisindan da
oldukca dnemlidir. Calismada Baski indeksi 0,91 — 1,82 ara-
liginda degisim gostermistir. En diisiik deger Erdek Korfezi
ve Gemlik dis Korfezi’nde, en yiiksek degerler ise Bandirma,
Gemlik i¢ ve Izmit Korfez’lerinde gdzlenmistir. Bu alanlarin,
2014-2016 y1l1 kis ve yaz mevsimi yiizey suyu (0-10 m) orta-
lamalar1 KAAY ve YSKY’e gore degerlendirildiginde, bas-
kilarm ytiksek oldugu korfezlerde kis mevsimi KAAY’a gore
otrofik, YSKY’e gore hiperotrofik durumlar olusmustur
(Tablo 2). Buna karsin yaz mevsiminde oligotrofik sartlarin
baskin oldugu belirlenmistir (Tablo 2).

Tablo 2. Baski indeksi degerlendirmelerinin giincel yonetmeliklerin dtrofikasyon degerlendirmeleriyle karsilastiriimast

Table 1. Comparison of current regulation of pressure index assessment with eutrophication assessments

izmit Korfezi

Gemlik Korfezi

Bolge Bal.l.dll‘n.la E}'dek.
Korfezi Korfezi
= & .- | YSKY-Yaz
52 g KAAY- Yaz
Z % & | YSKY-Kis
R 2 ° [KAAY- Kis
Kentsel Niifus
Tarim
g Endiistriyel
E KAAT Durumu
E Kat1 Atik
g,, Nehir Girisi
a Hayvancihk
S | Balikiftligi
% Tasimacihik
3 Liman,Tersane
Diger
Baski indeksi (BI)
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Tablo 3. KAAY - Hassas ve Az Hassas Teblig ve YSKY ’nin 6trofikasyon degiskenleri sinir degerleri

Table 3. UWWT - Sensitive and Less Sensitive Notification and Eutrophication variables limit values of SWQR

KAAY - Hassas ve Az Hassas Teblig YSKY
Smiflandirma Kl-a (ng/1 Kl-a (ng/l
TN@M) | TPM) | Kl-a(ugl | SD(m) NO. (uM) TP (uM) (ﬂkb;ﬁrg (sonb(alilgar)) SD (m)
_ <18,5 <0,32 <1 >6 <1 <0,45 <3 <l >6
Mesotrofik 18,5-25 | 0,32-0,96 1-3 3-6 1-14,2 0,45-0,67 34,3 1-2 6-4,5
Otrofik 28,5 0,96-1,29 3-5 1,5-3 1,42-2,42 0,67-0,96 6 2-4 4,5-3
>28.5 >1,29 >5 <1,5 >2.42 >0,96 >6 >4 <3
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I sD (m) 1-1,27 Yuksek Baski

I > 1,27 Gok Yiksek Baski
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Sekil 2. Korfezlerde bask: siniflandirmasina gore kis (a) ve yaz (b) besin elementleri, klorofil-a ve toplam fosfordaki degisimler

Figure 2. Changes in winter (a) and summer (b) nutrients, chlorophyll-a, and total phosphorus by pressure classification in the gulfs

Bandirma Koérfezi’nde yogun tarim faaliyetleri ve endiistri te-
sisleri bulunmaktadir. Sanayi tesislerinin yogunluguna para-
lel olarak liman ve tagimacilik faaliyetleri de yiiksektir. Bu
baglamda, BI skoru 1,64 olup, yiiksek risk smifina girmekte-
dir (Sekil 2). Ozellikle giibre fabrikas1 kaynakli oldugu diisii-
niilen yliksek toplam fosfor (TP) konsantrasyonlar1 berabe-
rinde birincil iiretimin miktarinda artiga neden olup, bunu

klorofil-a (kl-a) degerlerinde artistan gézlemlemek miimkiin-
diir. TP ve kl-a konsantrasyonlart (Sekil 2) kis mevsiminde
KAAY ve YSKY smir degerlerinden yiiksek olup, 6trofik—
hipertrofik kosullarin hakim oldugunu gostermektedir (Tablo
2). Yaz mevsiminde de ¢ogunlukla yiiksek TP degerleri 6l-
¢lilmiis olup, korfez sular1 mezotrofik olarak siniflandirilmis-
tir (Tablo 2).
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Marmara Denizi’nin kuzey ve giiney dogusunda bulunan iz-
mit ve Gemlik i¢ Korfez’leri endiistriyel tesislerin yogunlugu,
yogun liman ve tasimacilik faaliyetleri, nehir girdilerinin
fazla miktarda olusu ile hayvancilik ve tarimsal faaliyetlerin
diisiik olmasi bakimindan birbirlerine ¢ok benzemektedirler.
Izmit ve Gemlik i¢ Korfez’leri de yiiksek bask1 altinda olup,
Bi skorlar sirastyla 1,82 ve 1,73tiir. Baski gruplarinin ben-
zer olmasinin yanisira besin elementlerinin seviyelerinin de
benzer oldugu tespit edilmistir. Kis mevsiminde her iki kor-
fezde de yiiksek konsantrasyonda kl-a ve orta seviyede TP
degerler gozlenmis olup (Sekil 2a), 6trofik kosullarin hakim
oldugu belirlenmistir (Tablo 2). Yaz mevsiminde ise oligot-
rofik kosullar sicakliklarin yiikselmesi ve yagislarin azalmasi
sonucunda diisiik kl-a konsantrasyonlar1 ve seki disk derin-
likleriyle (Sekil 2b) karakterize edilmistir (Tablo 2).

Gemlik dig Korfezi’nde baskilar i¢ korfeze gore daha az (Se-
kil 2) ve agik denizle etkilesimin daha yiiksek olmasindan do-
lay1 su kalitesi daha iyi durumdadir. Ancak, bolgedeki Susur-
luk Nehri’nin varlig1 goz 6niinde bulundurulmasi gerekmek-
tedir. Susurluk Nehri, dokiilmeden dnce

kentsel ve endiistriyel baskilarin yiiksek oldugu Niliifer Cay1
ile birlesmektedir (Kiigiikali, 2013). Bu baglamda, Susurluk
Nehri’nin iizerindeki yogun kirlilik tagiyan sular belli donem-
lerde Gemlik Korfezi’nin su kalitesini olumsuz etkileyebil-
mektedir. Nehrin akint1 profillerinin ¢ikarilmasi ve nehir su-
lar1 takip edilerek korfezin etkiledigi bolgelerin belirlenmesi
oldukg¢a 6nem tagimaktadir.

Erdek Korfezi’'nde sanayi tesisleri diisiik yogunluktadir.
Buna karsin, korfez icerisine dokiilen Biga ve Gonen Ne-
hir’leri havza icerisinden yiiksek kirletici yiiklerini tagimak-
tadirlar. Ozellikle yaz niifusu yiiksek olan ilgede atik sularm
On aritma sonrasinda derin deniz desarjiyla uzaklastirilmasi
korfez igin ciddi baski unsurudur. Baskilar biitiinciil olarak
degerlendirildiginde BI skoru 1.00 olup, orta riskli bir du-
rumu isaret etmektedir (Sekil 2). Uzerindeki baskilara rag-
men Akdeniz kokenli oksijence zengin alt sular korfezin
oziimseme kapasitesini arttirmaktadir (Beken, 2017). Korfez,
KAAY ve YSKY’e gore kisin sirasiyla mesotrofik ve trofik,
yazin ise iki yonetmelikte de oligotrofik siniftadir (Tablo 2).

KAAY- Hassas ve Az Hassas Teblig ve YSKY nin Marmara
Denizi 6trofikasyon sinir degerlerine gore korfezler siniflan-
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dirldiginda farkliliklar olusmaktadir (Tablo 2). Ornegin, Er-
dek Korfezi kis mevsimi KAAY Hassas ve Az Hassas Tebli-
gine gore mezotrofik statiide iken YSKY’ye gore otrofik si-
nifta degerlendirilmektedir (Tablo 2). Diger korfezler kig
mevsiminde KAAY’a gore 6trofik YSKY’ye gore hipertro-
fiktir. Yaz mevsiminde ise Izmit ve Gemlik dis korfezleri
YSKY ’ye gore oligotrofik olup, KAAY’a gore mezotrofiktir
(Tablo 2). KAAY - Hassas ve Az Hassas Tebligi’ne gore top-
lam azot (TN), TP, kl-a ve SD gore 6trofikasyon degerlendir-
mesi yapmaktadir. YSKY, KAAY’dan farkli olarak nitrit+
nitrat azotu (NOy) ile kl-a miktarinin degerlendirmesini ilk-
bahar ve sonbahar mevsimlerinde ayri ele alarak 6trofikasyon
siniflandirmast yapmaktadir (YSKY, 2012). YSKY simir de-
gerleri KAAY degerlerine gore daha katidir (Tablo 3). Hem
degiskenlerin farklilig1 hem de siir degerlerin farkli olusu
otrofikasyon sinifinin belirlenmesinde farkliliklar yaratmak-
tadir.

Bu ¢aligma ile, Marmara Denizi’nin baski-etki degerlendir-
meleri farkli indeksler araciligiyla ortaya koyulmustur. Nitel
gozlemlere dayali objektif yontem olan LUSI (land uses
simplified index) Tan ve ark. (2017) tarafindan Marmara De-
nizi kiyisal alanlarinin degerlendirilmesinde kullanilmustir.
Uzman goriigii ve nitel gézlemlere dayali olan MA-LUSI
(Makro Algea land uses simplified index) (MEDGIG; EC,
2011) ve LUSIVal (land uses simplified index Valencia) (Ro-
mero ve ark.,2013) indeksleri LUSI indeksinin modifiye edil-
mis halleridir. Tagkin ve ark. (2020) MA-LUSI indeksi, Tan
ve ark. (2017) tarafindan LUSIVal indeksi kullanilarak Mar-
mara Denizi kiyisal alanlar1 degerlendirmislerdir. Bu calis-
mada, ilk kez 6znel gozlemlere dayali bir metot olan Baski
Indeksi (BI) kullanilarak Marmara Denizi korfezleri’nin
baski-etki durumu degerlendirilmistir. Marmara Denizi’nde
yapilan diger ¢alismalarla B sonuglar1 benzerlik gdstermek-
tedir (Tan ve ark, 2017; Tasin ve ark., 2020). Bu ¢alismada
elde edilen sonuglar, Denizlerde Biitiinlesik Kirlilik izleme
Programi (2014 — 2016)’1nda ekolojik kalite durumu ¢aligma-
styla benzerlik gostermektedir (CSB, TUBITAK MAM,
2017).


https://doi.org/10.3153/AR21014

Research Article

Aquat Res 4(2), 169-180 (2021) e https://doi.org/10.3153/AR21014

Sonuc¢

Bu c¢alismada, baski indeksi yonteminin Marmara Denizi
Korfezleri’'nde kullaniminin uygun oldugu ve diger indeks-
lerle uyumlu sonuglar verdigi tespit edilmistir. Ulkemiz kiy1
sularinin 6trofikasyon agisindan degerlendirmesinde kullani-
lan yonetmelikler (KAAY ve YSKY) farkli degiskenler ve
sinir degerler kullanmasindan 6tiirii ayni kiy1 su kiitleleri i¢in
farkli sonuglar ortaya koymaktadir. S6z konusu yonetmelik-
ler ayni1 ¢atida birlestirilerek ve giincel verilerle sinir degerler
tekrar belirlenerek degerlendirmelerin yapilmasi 6nerilmek-
tedir. Ayrica, Denizlerde Biitiinlesik Kirlilik izleme Programi
ekolojik kalite durumlar1 agik¢a gostermistir ki kiy1 sularinin
otrofikasyon durumlariin degerlendirilmesinde sadece besin
elementleri, klorofil-a ve seki disk degiskenlerinin kullanil-
mas1 yetersiz kalmaktadir. Degerlendirmelerin etki kismina
fitoplankton veya makroalg gibi biyolojik bir kalite eleman-
larinin da eklenmesi degerlendirmelerin daha saglikli ve gii-
venilir yapilabilmesine olanak saglayacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atigsmasinin olmadi-
gin1 beyan eder.

Etik kurul izni: Bu ¢alisma i¢in etik kurul iznine gerek yoktur.
Finansal destek: -

Tesekkiir: Bu verilerin iiretilmesinde katki saglayan TUBITAK
MAM CTUE deniz ve i¢ sular grubu personeli ile R’V TUBITAK
Marmara gemisi ¢aliganlarina tesekkiirii bir bor¢ bilirim. Yayinin
diizeltme okumasini yapan Dr. Giilsima D. Usluer ve Alper Evcen’e
de yardimlarindan otiirii tesekkiir ederim.

Aciklama: Bu calismada kullanilan verilerin bir bolimii T.C.
Cevre ve Sehircilik Bakanligi'nin sahibi oldugu TUBITAK Mar-
mara Arastirma Merkezi Cevre ve Temiz Uretim Enstitiisii tarafin-
dan vyiiriitilen "Denizlerde Biitiinlesik Kirlilik izleme Programi"
kapsamindaki izleme ¢alismasindan temin edilmistir.
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Oz

Diinya’nin en riskli dogal suyollaridan biri olan Istanbul Bogazi’nda tarih boyunca pek ¢ok deniz kazas1 meydana
gelmis, bu kazalardan bazilari ciddi boyutta can kaybi, maddi / ¢evresel zarar ve diinya ¢capinda endiseye sebep olan
cevre felaketleri ile sonuglanmistir. Giiniimiizde Istanbul Bogazi’ndan gegis yapan gemilerin 6nemli bir bolimiiniin
tehlikeli yiik tasiyan tankerler olmasi, gecis yapan gemi boyutlarinin giderek biiyiimesi ve tasinan tehlikeli yiik
miktarmin artmasi, meydana gelebilecek kazalarin boyutlarini daha dramatik hale getirmektedir. Yakin tarihte mey-
dana gelen kazalar sonrasinda, bolgedeki seyir emniyetini arttirmak amaciyla deniz trafigini diizenleyen birgok
uygulama gergeklestirilmistir. Bu uygulamalarin en kapsamlis1 2003 yilinda kurulan ve Bogaz’daki trafigin emni-
yetli ve etkin bir sekilde isleyebilmesi i¢in gemilere bilgi, seyir yardimi ve trafik organizasyon hizmetlerini sunan
Tiirk Bogazlart Gemi Trafik Hizmetleri (TBGTH) olmustur. Bu ¢alismada, Tiirkiye kiyilarinda en ¢ok deniz kaza-
smin meydana geldigi Istanbul Bogazi’nda 2001 — 2015 yillar1 arasinda gergeklesen deniz kazalari; gegis yapan
gemi sayist ile kaza miktar arasindaki iliski temelinde ele alinmis ve deniz trafigine yonelik gergeklestirilen yasal
diizenlemeler ile es zamanli olarak incelenmistir. Boylelikle TBGTH sonrasi yapilan diizenlemelerin kaza oranina
etkisi ortaya konmus ve kazalar lizerinde en etkili uygulamalarin profili ¢ikarilmistir. Elde edilen bulgularin, bol-
gede seyir emniyetini arttiracak yeni tedbirler gelistirilmesi i¢in alt yap1 olugturmasi hedeflenmistir.

Anahtar Kelimeler: Deniz emniyeti, Deniz kazalari, Denizde haberlesme, Istanbul Bogazi

ABSTRACT

Evaluation of the effect of maritime traffic regulations on the accident rate in the strait of
Istanbul

In the Strait of Istanbul, which is one of the most perilous natural waterways of the World, many marine accidents
have occurred throughout the history. Some of these accidents resulted in deaths, financial losses, and environmental
disasters. The fact that a significant proportion of the ships passing the Strait are tanker carrying hazardous cargo
further increases this danger. Especially the increasing size of the ships, the increase in the cost of the for transported
and the transportation of dangerous cargoes, especially oil and derivatives, to a great extent by sea, made the possi-
ble consequences of the accidents even more catastrophic. For this reason, many regulatory measures have been
taken regarding the Sea Traffic in Istanbul, Canakkale Straits and Marmara Sea, which have been named as the
“Turkish Straits System” in recent years, and these measures have been collected under the Turkish Straits Vessel
Traffic Service, which is briefly defined as TBGTH. Within the scope of this study, maritime accidents in the Strait
of Istanbul have been examined chronologically in terms of the number of ships passing and maritime traffic regu-
lations. The effects of the applications implemented after 2003, when Istanbul VTS started its operations, on the
safety of navigation have been investigated. In this way, it is aimed to demonstrate the effect of the Vessel Traffic
Services and related regulations on the improvement in the rate of marine accidents. The numerical determination
of the relationship between the number of passing ships and the number of accidents in the Strait can be used as a
statistically significant criterion for the realization of new regulations depending on the maritime traffic volume in
the coming years.

Keywords: Safety navigation, Maritime accidents, Maritime communication, Strait of Istanbul
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Giris

En ucuz tasima, birim maliyeti en diisiik olandir. Birim ta-
sima maliyeti diisiik tagimalar ise gogunlukla kitle tasimala-
ridir. Kitle tagimaciligi 60’11 yillardan bu yana yaygin gelisme
gostermistir. Denizyolu, demiryolu, i¢ suyolu ve boruyolu ta-
simaciligi bunun temelini olugturmaktadir. Zaman kriteri ih-
mal edildiginde, kitle tagimacilig1 i¢inde birim tagima mali-
yeti en diisiik olani, deniz yoludur. Bu nedenle de sanayiles-
mis deniz iilkeleri tasimacilikta denizyolunu yeglemektedir-
ler (Kodak, 2011). Uluslararas1 Deniz Ticaret Odas1 verile-
rine gdre, Gliniimiizde diinya ticaretinin % 90’1 deniz yoluyla
yapilmaktadir (ICS, 2020). Denizyolu tagimaciliginin demir-
yoluna gore 3.5, karayoluna gore 7, havayoluna gore 22 kat
ucuz olmasi, bu tasima seklinin 6neminin ve hacminin her
gegen giin artmasina yol agmaktadir. (Aygiin, 2012).

Zaman iginde hem tasinan yiiklerin hacminin, hem de dege-
rinin giderek artmasi, denizyolu tasimaciliginda kazalar ne-
deniyle ortaya ¢ikan zarar1 daha da biiyiitmektedir. Bu kaza-
lar sirasinda meydana gelen can kayiplarimin bedelini ise, pa-
rasal olarak tanimlamak miimkiin degildir.

Tarihsel veriler, deniz kazalarinin genellikle dar ve islek su
yollarinda meydana geldigini gostermektedir (Butt vd.,
2012). Diinya deniz ticaretinin atar damar1 olan bu suyollari,

=== [Core Route

" Secondary Route

“ff"Magellan Passage
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her biri kendine 6zgii stratejik iistiinliik ve kisitlara sahiptir.
Ornegin, y1lda ortalama 22.000 geminin gegcis yaptig1 Bab-el-
Mandeb’de en biiyiik tehlike korsanlik ve terdrist faaliyetler
olarak tanimlanirken, Siiveys Kanali’nda konvoylarin olus-
turdugu kisitlar bulunmakta ve Kanal’daki en biiyiik tehdit,
Misir’daki politik ¢alkalanmalar ve terdrist faaliyetler olarak
one ¢gikmaktadir. Yillik gemi gegis sayisi agisindan diinyanin
en islek suyolu olan Bati Malezya ve Sumatra adasi arasin-
daki 805 km uzunlugundaki Malakka Bogazi’nda, en biiyiik
tehlike tiirii korsanlik iken; Istanbul Bogazi’'nda en biiyiik
tehlike, zorlu cografi faktorler ve seyir 6zellikleri dolayisiyla
ortaya ¢ikan deniz kazasi riski olarak tanimlanmistir (Rodri-
gue, 2004). Rodrigue 2017, tarihli Major Maritime Shipping
Routes and Strategic Passages isimli ¢aligmasinda, diinya de-
niz ticaretinin ana giizergahlarim biiyiik ekonomiler arasinda
koprii gorevi goren birincil rotalar ve daha kiigiik pazarlar
arasindaki baglantilar1 olusturan ikincil rotalar olarak ikiye
ayirmistir. Yapilan bu smiflama dogrultusunda, diinya deniz
ticaretinin ana rotalari {izerinde bulunan ve deniz ticaret ag1-
nin kesigim noktalarini olugturan birincil suyollar1 ve ana ti-
caret rotalarini destekleyen ikincil su yollar1 asagida, Harita
1’de incelenmistir.

rait of Malacca
> 2 (WMakassar
@Sunda-_
Lombok

‘.{;Turres

Bﬁ'uf Good Hope

Harita 1: Diinya Deniz Ticareti Ana Rotalar1 ve Baglant1 Noktalar1 (Rodrigue, 2017)

Map 1. World Maritime Trade Main Routes and Connection Points (Rodrigue, 2017)
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Harita 1’den goriildiigii iizere Istanbul Bogazi, diinya deniz
ticaretinin bilyiik ekonomileri arasinda koprii gorevi goren bi-
rincil rotalar {izerinde bulunmaktadir. Bu dogrultuda bolge-
den, gecis yapan gemi sayisi, diilnyanin en yogun gemi trafi-
gine sahip diger suyollariyla karsilagtirilmis ve 2018 yil1 i¢in
elde edilen bulgular asagida Tablo 1’de sunulmustur. Burada
goriildiigii gibi Istanbul Bogazi, gemi gecis sayisi agisindan
Malakka Bogazi’ndan sonra diinyanin en iglek suyoludur ve
diinya deniz ticareti ag1 lizerinde bulunan diger emsalleri ige-
risinde deniz kazasi tehlikesiyle one ¢ikan tek suyoludur
(Rodrigue, 2004). Istanbul Bogazi’nda yakin gegcmiste ger-
¢eklesen deniz kazalari igerisinde diinya ¢apinda endiseye ne-
den olan ¢evre felaketi ve can kayiplar1t meydana getiren ka-
zalar mevcuttur. 1979 yilinda meydana gelen Independenta
kazasinda 94.000 ton ham petrol deniz dokiilmiis ve kaza sid-
detli hava / deniz kirliligine yol agmistir (ITOPF, 2018).
30.000 ton ham petroliin yandig1, 64.000 ton ham petroliin ise
denize karigtig1 kazada, hafif bilesenlerin buharlagmasinin ar-
dindan 46 g/m” yogunluktaki katran tabakasi 5.5 km yarica-
pinda bir dip yiizeyine ¢okmiistiir. Marmara Bolgesi ve Istan-
bul sahillerini derinden etkileyen kaza sonucunda bolgede sa-
dece 9 deniz dibi canli tiirii hayatta kalabilmis ve 6liim orani
%96 olarak kayitlara gecmistir (Kiigiikyildiz, 2014: 21; Oz-
tiirk vd., 2006; Baykut vd., 1985). Independenta kazasindan
baska Nassia kazasi bolgede yakin ge¢cmiste yasanan tarihe
gecen diger biiyiik kazalardan biridir. 1994 senesinde yasa-
nan Nassia kazasinda 29.000 ton ham petrol denize dokiil-
miis, birgok sahil ve koy petrolle kaplanmis ve 1500’den fazla
deniz kusu petrolle biiyiik 6lgiide temas sonucunda telef ol-
mustur (Kiigiikyildiz, 2014; Oztiirk vd., 2006; Baykut vd.,
1985).

Tablo 1. Diinya’nmn En Islek Su Yollarina Iliskin 2018 Yili
Gemi Gegis Sayist Verileri (Canal de Panama,
2020; SCA, 2020; KEGM, 2020; Jariod, 2019;
WSV, 2020)

2018 Data on the Number of Ships on the World's Busi-
est Waterways (Canal de Panama, 2020; SCA, 2020;
KEGM, 2020; Jariod, 2019; WSV, 2020)

Table 1.

Su Yolu Gegis yapan Gemi Sayisi
Malakka Bogaz 85.030
Istanbul Bogaz1 41.112
Siiveys Kanah 18.174
Kiel Kanah 29.000
Panama Kanah 13.785

Gilinlimiizde, gelisen gemi inga teknolojisi ile Bogaz’dan ge-
¢is yapan gemilerin boyutlar1 ve tehlikeli yiik tasima kapasi-
telerine paralel olarak, meydana gelen kazalarin sayisi da yil-
lara gore artmistir. Bu durum, UNESCO Diinya kiiltiir miras1

listesinde yer alan ve 15.52 milyon niifusa sahip olan istanbul
sehrinin ortasindan gecen Bogaz’da, bugiin olas1 bir kazada
meydana gelebilecek felaketin boyutlarin1 da dramatik hale
getirmektedir. Bu nedenle, bdlge icin gergeklestirilen kaza
analizleri, bu konuda alinan 6nlemler ve varilan sonuglar, ya-
pilacak yasal diizenlemeler i¢in biiyilk dnem tagimaktadir.
Kazalar1 degerlendiren analizler sonucunda gelistirilecek ¢o-
ziim Onerileri, mikro 6lgekte Istanbul Bogazi’'nda makro 61-
cekte ise benzeri suyollarinda meydana gelebilecek kazalarda
kayiplarin/zararlarin azaltilmasini saglayacak, emniyet sevi-
yesinin arttirilmasina katkida bulunacak ve ulusal/uluslara-
ras1 regililasyonlar i¢in altyap1 olusturacaktir.

Giliniimiizde kiiresel ticaretin %90 deniz yoluyla gercekles-
tirilmektedir (ICS, 2020). Birlesmis Milletler Ticaret ve Kal-
kinma Konferans1 Raporu’na gore diinya deniz ticareti 2017
yilinda hiz kazanmig ve son bes yilin en hizli biiylimesini kay-
detmistir. Bu biiyiimenin 2018 ile 2023 yillar1 arasinda yillik
ylzde 3,8'lik bir oranla siirmesi beklenmektedir. (UNCTAD
/ RMT / 2018). Artan deniz ticaretine paralel olarak, ulusla-
rarasi deniz trafigi de artig gosterecektir. Calisma kapsaminda
elde edilen bulgular; gecis yapan gemi sayisinin deniz kaza-
lar1 tizerindeki etkisini sayisal ortaya koymus ve 2023’e kadar
ongoriilen biiyiimenin Istanbul Bogazi i¢in kaza riskini artti-
racagini gostermistir.

Bu ¢alismanin amaci; Istanbul Bogazi’ndaki deniz kazalarini,
gecis yapan gemi sayisi ve deniz trafigi ile ilgili yapilan dii-
zenlemeler dogrultusunda incelenmek ve Istanbul Gemi Tra-
fik Hizmetleri’nin faaliyete gegtigi 2003 y1l1 sonrasinda ger-
ceklestirilen uygulamalarin seyir emniyeti {izerindeki etkisini
incelemektir. Bu dogrultuda, 2001 ile 2015 yillar1 arasinda
Istanbul Bogazi’ndan gecis yapan gemi sayis1 ve bolgede ger-
ceklesen kaza sayisi karsilagtirilmis ve gegis yapan gemi ba-
sina kaza orani hesaplanmistir. Her iki degiskenin 6nce za-
mana bagh hareketi incelenmis ardindan gecis yapan gemi
say1s1 ve kaza sayisi arasinda lineer regresyon modeli kurula-
rak trafik hacminin bolgedeki kaza sayisi iizerindeki sayisal
etkisi agiklanmustir. Calisma kapsaminda; Istanbul Bo-
gazi’nin fiziksel 6zellikleri, bolgeden gecis yapan gemilerin
manevra kabiliyetini kisitlayarak kaza olusumunu tetikleyen
faktorler dogrultusunda incelenmis, bolgede deniz trafigine
etki eden akint1 sistemi, riizgar yonii ve riizgar hiz1 dinamik-
lerinin profili ortaya konmus ve bolgede seyir emniyetine yo-
nelik simdiye degin gerceklestirilen zamansal ve mekansal
analizler arastirilmistir. Incelenen ¢alismalar literatiir arastir-
mast dahilinde Tablo 2’de sunulmustur. Buna ek olarak ¢a-

183


https://doi.org/10.3153/AR21015

184

Aquat Res 4(2), 181-207 (2021) e https://doi.org/10.3153/AR21015

ligma, 2001- 2015 yillar1 arasinda bolgede deniz trafigine yo-
nelik gerceklestirilen yasal diizenlemeleri kronolojik olarak
incelemesi ve gecis yapan gemi basina kaza oraninin ilgili
diizenlemelerle es zamanli analizi dolayisiyla, alinan tedbir-
lerin etkinligini ortaya koyarak literatiire katkida bulunul-
mustur.

Istanbul Bogazi’nin Sinirlart ve Fiziksel Ozellikleri
Istanbul Bogazi’nin smirlari, kuzeyde Anadolu ve Tiirkeli Fe-
nerlerini birlestiren hat ile glineyde Ahirkap1 Feneri’ni Kadi-
kdy Inciburnu Mendirek Feneri’ne birlestiren hat arasinda ta-
nimlanmustir (Tiirk Bogazlar1 Deniz Trafik Diizeni Y 6netme-
ligi, 2019).

Ortalama genisligin 1600 metre oldugu Istanbul Bogazi’nin
en genis yeri 3600 metre ile Anadolu ve Tirkeli Fenerleri
arasi, en dar yer ise 698 metre ile Anadolu Hisar1 ve Rumeli
Hisar arasidir. Ortalama derinligi 36,3 metre olan Bogaz’in
dibinde yer yer 70 ile 80 metreye varan ¢ukurlar bulunmakta,
en derin nokta ise 110 metre ile Kandilli 6nlerinde 6l¢iilmek-
tedir (Tashgil, 2004).

Artan Diinya ticaretiyle birlikte gecis yapan gemi sayisinin
artmasi yaninda, bolgedeki riski arttiran bir diger faktor teh-
likeli yiik tasiyan gemi sayisindaki artistir. stanbul Bo-
gazi’'ndan gecis yapan gemilerin % 18’ini tehlikeli yiik tagi-
yan tankerler meydana getirmektedir. (Yayci, 2013).
Malakka Bogazi’ndan sonra, diinyanim en yogun deniz trafi-
gine sahip suyolu olan Istanbul Bogazi, gerek ¢ift yonlii akinti
sistemi gerekse kivrimli jeomorfolojik yapisi dolayisiyla
diinya deniz ticaret ag1 lizerinde gemiler i¢in en zorlu rotalar-
dan birini olusturmaktadir. Oyle ki Bogaz’dan gegis yapan bir
geminin sekiz ayr1 noktada genis acili doniis yapmasi gerek-
mektedir (DNV, 2013). S6z konusu doniigler Harita 2’ de, do-
niis acilar1 ise Tablo 3’de incelenmistir.

Tablo 3. istanbul Bogazi’nda Genis Acili Manevra Gerekti-
ren Dontisler ve Doniis Acgilar1 (DNV, 2013)

Table 3. Significant Turns and Turn Angles in the Strait of Istan-
bul (DNV, 2013)

Doniis Noktasi Doniis Acisi
1 - Fil Burnu 13°
2 - Macar Burnu 73°
3 - Kéybas1 Burnu 82°
4 - Kanhca 46°
5 - Asiyan Burnu 39°
6 - Kandilli Burnu 21°
7 - Defterdar Burnu 36°
8 - Kiz Kulesi 51°

Review Article

Harita 2.istanbul Bogazi’nda Genis Ac¢ili Manevra Gerekti-
ren Doniigler (DNV, 2013)

Map 2. Significant Turns in the Strait of Istanbul (DNV, 2013)

Istanbul Bogaz1 sinirlari igerisinde isleyen deniz trafigi, De-
nizde Catismay1 Onleme Tiiziigii’ne (COLREG 72 - Conven-
tion on the International Regulations for Preventing Colisions
at Sea) gore diizenlenmis ve Uluslararas1 Denizcilik Orgiitii-
IMO (International Maritime Organization) tarafindan kabul
edilmis olan trafik ayrim diizeni g¢ercevesinde ve bu diizen
icerisinde ters yonlii gemi trafigini birbirinden ayirmak i¢in
tesis edilen trafik seritleri dahilinde islemektedir (Denizde
Catismay1 Onleme Tiiziigii, 2017). Bu kapsamda Bogaz, ku-
zeyden giineye dogru Sektor Tiirkeli, Sektor Kandilli ve Sek-
tor Kadikdy olmak {izere {i¢ sektorel alana boliinmiis olup,
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ilgili sektor siirlar1, Harita 3’de gosterilmistir (Tiirk Bogaz-
lar1 Seyir Rehberi, 2015).

Sektor Tirkeli

Soktor Gelibolu |

1zmit Korfezi

TR, B

Harita 3. Istanbul Bogaz1 VTS Sektorleri (Tiirk Bogazlart
Seyir Rehberi, 2015)

VTS Sectors in the Strait of Istanbul (Tiirk Bogazlar
Seyir Rehberi, 2015)

Map 3.

Bu sistemde gemiler ile TBGTH ¢alisanlari arasindaki haber-
lesme, “Cok Yiiksek Frekans” - VHF (Very High Frequency)
deniz sistemleri iizerinden saglanmakta ve bu amagcla, ulusal
diizenlemeler ile tahsis edilmig olan VHF band1 deniz kanal-
lar1 kullanilmaktadir (Acarer, 2016).

Istanbul Bogazi’nda Deniz Trafigine Etki Eden Dinamik
Faktorler

Akinti Sistemi

Oldukga dar bir su yolu olan Istanbul Bogazi’nda yiizey akin-
tilar1, dip akintilari, ters akintilar ve Orkoz olmak iizere 4
farkli akinti bulunmaktadir. Bu durum, gemilerin manevra
kabiliyetini giiclestirerek seyir emniyetini olumsuz yonde et-
kilemektedir. Istanbul Bogazi akint1 sistemini olusturan séz
konusu akintilar Harita 4’de gosterilmistir.
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§ 4 Karadeniz.

1- YUZEY (UST) AKINTISI

2- ORKOZ AKINTISI

Marmara
Denizi

| (Karadeniz
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2- DIP {ALT} AKINTISI
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» Marmara
Denizi

LR

Harita 4. Istanbul Bogazinda Farkli Akint1 Tiirleri (Aybay,
2001; Oguziilgen vd., 2018)

Current System in the Strait of Istanbul (Aybay, 2001;
Oguziilgen vd., 2018)

Map 4.
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Tablo 2. Istanbul Bogazi’nda meydana gelen kazalarin degerlendirildigi literatiir arastirmast listesi

Table 2. Literature research list evaluating the accidents that occurred in the Istanbul strait

Calisma Adi Yaymn Tiirii Yazar Calisma Kapsam
. . .. . . Istanbul Bogaz1 seyir emniyeti
Reducing the progsgllet}ys g)lre gfeci(ﬁl;:gﬁbifl SShtlrI;?tby changing the Makale Korgak ve Balas, 2020 peniz kazalari, gatisma tiirii kaza olasihg
passag Simiilasyon
. . , . , o Istanbul Bogaz1 seyir emniyeti,
Strait of Istanbul, major aCCIiZI\I/tiS :gg rflbohshment of left-hand side Makale Istikbal, 2020 istanbul Bogaz1 gemi trafik diizeni,
s Sol trafik diizeni
o Mekansal Analiz
Web-Based GIS for Safe Shipping in Istanbul Bosphorus Strait Makale Giimiisay, 2018 Web tabanh GIS

Istanbul Bogaz1 deniz kazalar

Istanbul Bogazi seyir emniyeti
Maritime Traffic Analysis of the Strait of Istanbul based on AIS data Makale Altan ve Otay, 2017 Risk Analizi
Gemi trafik diizeni

The analysis of life safety and economic loss in marine accidents oc-

Ugurlu vd., 2016 ;
curring in the Turkish Straits Makale Deniz Kazalan

Mekansal Analiz
Designing and modelling coast management GIS for Bosphorus Makale Giimiisay vd., 2016 Web tabanl GIS
Kiy1 yonetimi

Istanbul Bogaz1
Risk Assessment in the Istanbul Strait Usi.ng Black Makale Kara, 2016 St?yir Emn.i}feti
Sea MOU Port State Control Inspections Risk Analizi
PSC, Black Sea Mou

o Istanbul Bogaz1 seyir emniyeti,
Formal Safety Assessment for Ship Traffic in the Istanbul Straits Makale Gorglin ve Burak, 2015 jstanbul Bogaz1 gemi trafigi
Giivenlik degerlendirmesi

C hensi . Ivsis for mitigation of risks of th , . Istanbul Bogaz1 seyir emniyeti,
omprehensive scenario analysis for mitigation of risks of the mari- Makale Ozbas vd., 2013 Risk analizi

time traffic in the Strait of Istanbul ..
Senaryo analizi

Tiirk Bogazlar
Risk assessment of potential catastrophic accidents for transportation Makale Bolat vd., 2013 Risk Analizi
of special nuclear materials through Turkish Straits Deniz Kazalar
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Istanbul Bogazi’ndaki yiizey akintilari, Karadeniz ile Mar-
mara Denizi arasindaki 40 cm’lik su seviyesi farkindan mey-
dana gelmekte ve daha yiiksek seviyede olan Karadeniz sula-
rinin Marmara Denizi’ne akmasiyla olugsmaktadir. Bogaz’in
orta kesimlerine kadar fazlaca goriilen bu akintilar 6zellikle
Kandilli Burnu’ndan giineye dogru artmaktadir. Tuzluluk
orani farkindan meydana gelen dip akintilar1 ise kuzey — gii-
ney yonlil ylizey akintilariin tersine giineyden kuzeye dogru
hareket etmektedir. Bu durum, tatli sularla beslenen ve Ak-
deniz’e gore buharlagsma orani daha diisiik olan Karadeniz su-
larinin Marmara ve Ege denizlerinden daha az tuzlu olmasin-
dan kaynaklanmaktadir. Istanbul Bogazi’ndaki dip akintilari,
15 m derinlikten itibaren baslayip ve 45 m ye kadar etkili ol-
maktadir. Bogaz’da etkili olan bir baska akint1 tiirii, koy ve
burunlarin kivrimlarina giren sularin sahil kivrimlarini takip
ederek ters yonde kiyidan ilerlemesiyle ana akintiya karsi
olusturdugu ters akintilar olup, bu akintilarin hizlar1 ana akin-
tinin giinliik siddetine gore degismektedir. Istanbul Bo-
gazi’nda meydana gelen orkoz akintisi ise bu kapsamda ta-
nimlanabilecek son akintt tiirli olup, gliney riizgarlarinin Mar-
mara sularm1 kuzeye yigarak, su seviyesini Istanbul Bo-
gaz1’nin giiney girisinde yarim metre kadar yiikseltmesi so-
nucunda olugsmaktadir. Orkoz akintilar1 bolgedeki deniz tra-
figini olumsuz etkilemekte ve ¢gogu zaman sehir hatlar va-
purlarinin iptal edilmesine sebep olacak 6lgekte seyir zorlugu
yaratmaktadir (Istanbul Bogaz1 Yerel Trafik Rehberi, 2012).
Kivrimli jeomorfolojisinin yaninda, sahip oldugu zorlu akinti
sistemi, Bogaz’dan gegis yapan gemiler igin seyir emniyetini
giiclestiren dinamik faktorlerin basinda gelmektedir. Harita
2’de gosterilen keskin doniislere ek olarak, Bogaz’dan gecis
yapan bir geminin kars1 karsiya oldugu akint1 yon ve siddet-
leri asagida, Harita 5’de sunulmustur.

Riizgar Yonii

Istanbul Bogazi’nda deniz trafigine etki eden dinamik faktor-
lerden bir digeri riizgar yoniidiir. Bolgedeki riizgar yonii pro-
filini incelemek iizere, T.C. Meteoroloji Genel Miidiir-
liigli’nden temin edilen giinliik riizgar yonii verileri kullanil-
mustir. Istanbul Bogaz1 VTS bélgelerini kapsayan ilgili veri-
ler dogrultusunda asagidaki riizgar giili diyagramlar olustu-
rulmustur.

Sekil 1 ve 2, Istanbul Bogazi’nda 01.01.2005 — 31.12.2017
yillar1 arasinda ogiilen giinliik riizgar yonii ortalamalarini
gostemektedir. Bu dogrultuda, her iki meteoroloji istasyo-
nundan alinan giinliik riizgar yonii ortalamalari, Bogaz’daki
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hakim riizgar yoniiniin ezici bir cogunlukla NNE (Kuzey Ku-
zey Dogu) oldugunu ortaya koymustur. Sariyer Meteoroloji
Istasyonu verileri, ilgili alanda gdzlenen diger riizgarlarin si-
rastyla NE, N ve SSW oldugunu gdsterirken, Atatiirk Meteo-
roloji istasyonunda en sik goriilen diger riizgar yonleri sira-
styla NE, N, SW, NNW ve SSW olarak kaydedilmistir. Olus-
turulan her iki riizgar giilii de Bogaz’daki hakim riizgar yo-
niiniin kuzeyli riizgarlar oldugunu ortaya koymustur. Bu du-
rum, Harita 5°de goriilen giiney yonli akintilar1 giliglendir-
mekte ve gemilerin manevra kabiliyetini zorlagtirmaktadir.
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Harita 5. Istanbul Bogaz1 Kritik Bélgelerinde Akint1 Yén-
leri ve Siddetleri (Oguziilgen vd., 2018)

Map 5. Currents and Their Intensity in Critical Areas of the

Istanbul strait (Oguziilgen vd., 2018)
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Istanbul Bogazi Riizgar Giilu
01.01.2005 -31.12.2017 .
Sariyer Meteoroloji Istasyonu, Istanbul, Tirkiye
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Sekil 1. istanbul Bogazi Giinliik Riizgar Yénii Ortalamalari-
Sariyer Meteoroloji Istasyonu

Figure 1. Istanbul Strait Daily Wind Direction Averages - Sariyer
Meteorology Station

Istanbul Bogazi Riizgar Gilii
01.01.2005 -31.12.2017 )
Atatiirk Meteoroloji Istasyonu, Istanbul, Tiirkiye
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Sekil 2. Istanbul Bogaz1 Giinliik Riizgar Yo6nii Ortalamalari-
Atatiirk Meteoroloji Istasyonu

Figure 2. Istanbul Strait Daily Wind Direction Averages- Atatiirk
Meteorology Station

Riizgar Hiz1

Istanbul Bogazi’nda deniz trafigini etkileyen dinamik faktor-
lerden riizgar hizi, Sariyer ve Atatiirk meteoroloji istasyonla-
rindan alinan giinliik veriler dahilinde asagida incelenmistir.
2005 — 2017 yillar1 arasindaki giinliik 6l¢gtimer dogrultusunda

elde edilen aylik, mevsimlik ve senelik riizgar hiz1 ortalama-
lar1 agsagida Sekil 3’de sunulmustur.

Sekil 3, Sartyer Meteoroloji Istasyonu kayitlarina gore bolge-
deki 12 yillik giinliik riizgar hiz1 ortalamasinin genel olarak
15 m/s’nin altinda kaydedildigini gostermistir. 01.01.2005 ile
31.12.2017 tarihleri arasinda giinliik riizgar hiz1 ortalamasi,
sadece iki defa 15 m/s’nin lizerine ¢ikmustir.

Aylik ortalamalar agisindan incelendiginde riizgar hiz1 orta-
lamasinin genel olarak 2 ile 5 m/s arasinda oldugu ve 12 yil
boyunca sadece ii¢ defa 5 m/s’yi astig1 gézlemlenmistir. Bu
asimlar sirasiyla, 2009, 2013 ve 2016 yil1 Eyliil aylarinda ger-
ceklesmistir. 12 yillik siirecte riizgar hizinin mevsimsel pro-
fili incelendiginde, aylik ortalama sonuglarina paralel olarak,
riizgar hizi ortalamasinin tepe noktalarina sonbahar aylarinda
ulastig1 ve mevsimlik riizgar hizi ortalamalariin tepe ve dip
noktalar1 agisindan her yil benzer egilimlere sahip oldugu
gbzlenmistir. Bolgedeki riizgar hizi ortalamalar: yillik bazda
incelendiginde ise, 2005 — 2010 yillar1 arasinda riizgar hizi
ortalamalarinin 3 ile 3.2 m/s araliginda stabil seyrettigi, yillik
bazdaki en keskin yiikseligin ise 2010 — 2011 yillar1 arasinda
meydana geldigi goriilmiistiir. 2011 yi1l sonu itibariye tepe
noktasina ulasan ve 3.6 m/s’nin iizerinde kaydedilen riizgar
hiz1 ortalamasi, 2014 yilina kadar istikrarli bir diigiis egilimi
gostermis ve 2014 yili boyunca 3.0 m/s civarinda yatay bir
hareket sergilemistir. 2015 yil1 itibariyle yeniden artis egilimi
gosteren riizgar hizi ortalamasinda, en sert diisiis ise 2017 yi1-
linin Ocak - Aralik aylar arasinda kaydedilmistir. Sektor Ka-
dikdy bolgesindeki riizgar hizi profilini incelemek {izere re-
ferans alinan Atatiirk Meteoroloji Istasyonu riizgar hiz1 veri-
leri dahilinde giinliik, aylik, mevsimlik ve senelik riizgar hizi
ortalamalar1 grafikleri olusturulmus ve bdlgedeki riizgar hiz1
profili asagida incelenmistir.

Atatiirk Meteoroloji Istasyonu verilerine gore, 01.01.2005 —
31.12.2017 yillar1 arasinda 6lgiilen giinliik riizgar hiz1 ortala-
malar1 ezici bir cogunlukla 12 m/s altinda gergeklesmistir.
S6z konusu donemde giinliik riizgar hizi ortalamasinin 12 m/s
tizerine sadece 4 defa ¢iktig1 gézlemlenmistir.

Aylik ortalamalar bazinda incelendiginde, Istanbul Bo-
gazi’ndaki aylik riizgér hiz1 profilinin 3.0 ile 5.5 m/s arasinda
gercgeklestigi goriilmiistiir. Aylik riizgar hizi ortalamasi 12 y1l
boyunca, Ocak 2015, Agustos 2016 ve Aralik 2016 olmak
tizere ii¢ defa 5.5 m/s ilizerinde kaydedilmistir. Mevsimlik or-
talamalar, Atatiirk Meteoroloji Istasyonu riizgar hiz1 ortala-
malarinin, Sartyer Meteoroloji Istasyonu verilerine gére daha
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diizensiz bir dagilim gosterdigini ve yillik bazda gozle gorii-
liir mevsimsel bir oto korelasyon bulunmadigini ortaya koy-
mustur. Atatiirk Meteoroloji Istasyonu’nda 2005 — 2017 yil-
lar1 arasinda mevsimsel riizgar hiz1 ortalamasi genel olarak
3.5 ile 5 m/s arasinda kaydedilmistir. Yillik riizgar hiz1 orta-
lamalari, Bogaz’in Sektor Kadikdy kesitinde hakim olan yil-
lik riizgar hiz1 ortalamasinin genel itibariyle 3.5 ile 4.5 m/s
arasinda oldugunu gdstermistir. Yillar i¢erisinde diizensiz bir
dagilim gosteren riizgar hizi ortalamasi, Aralik 2006°da 3.5
m/s altinda gergekleserek en diisiik seviyede kaydedilmistir.
12 yil igerisinde goriilen en keskin artis ise 2007 yilinda ger-
ceklesmistir. Bu baglamda, ocak ayinda dip seviyede olan
rlizgar hizi ortalamasinin, y1l boyunca istikrarli bir artis gos-
tererek aralik ayinda 4.5 m/s sinirina dayandigi gorilmiistiir.
2008 Ocak ayindan 2014 yili sonuna kadar 4 ile 4.5 m/s ara-
sinda seyreden riizgar hizi ortalamasi, 2014 Aralik itibariyle
yeniden artig trendi gostermis ve 2016 yil1 Aralik ayina kadar
yiikselmeye devam etmistir. 12 y1l boyunca yillik riizgar hizi
ortalamasi tepe noktasina 2016 Aralik’ta ulagsmis ve 2017 yili
sonuna kadar istikrarli bir diisiis egilimi gostermistir.

Istanbul Bogazi’nda Deniz Trafigini Diizenleyen Aktorler

Istanbul Bogazi’nda trafik diizeninin planlanmasi, seyir em-
niyeti ve deniz gilivenliginin saglanmasinda yetkili otorite
Tiirkiye Cumbhuriyeti Ulastirma ve Altyap1 Bakanlig1 olup;
denizlerde seyir, can, mal ve ¢evre emniyetini saglamaya yo-
nelik kurallar1 belirlemeye ve gerekli tedbirleri almaya iliskin
gorev, yetki ve sorumluluklara sahiptir. Bu amaglar dogrultu-
sunda, 30.12.2003 tarihinde Tiirk Bogazlari’nda ulusal ve
uluslararast diizenlemelere uygun olarak seyir, can, mal ve
cevre emniyetinin artirilmasi ig¢in Tiirk Bogazlar1 Gemi Tra-
fik Hizmetleri (TBGTH) kurulmustur. Bu sistemin isletil-
mesi, 30.09.1998 tarih ve 23479 Sayili Resmi Gazete karari
ile kurulan Kiy1 Emniyeti Genel Miidiirliigii tarafindan yapil-
maktadir. (Oguziilgen vd., 2018).

30.12.2003 tarihinden bu yana hizmet veren TBGTH ile Tiirk
Bogazlar Sistemi’nde gemilerin hareketleri anlik olarak iz-
lenmekte ve gemi gecisleri buna gore diizenlenmektedir. Bu
sistem icinde Istanbul Bogazi’nda 8 adet, Canakkale Bo-
gazi’'nda 5 adet ve Marmara Denizi alaninda 2 adet olmak

iizere toplam 15 VTS Kulesi araciligi ile hizmet verilmekte-
dir. (Giiler vd., 2018).

Bu sistemde her bir kulede “VHF, Radar, AIS ve Kamera”
cihazlar1 bulunmakta ve bu sistemler aracilig1 ile toplanan ve-
riler, Istanbul ve Canakkale’de bulunan VTS Merkezlerine
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iletilmektedir. Otomatik Gemi Tanimlama Sistemi—AIS (Au-
tomatic Identification System) aracilig1 ile gemilerin Elektro-
nik Harita (Ecdis) lizerinden ¢evrimici olarak izlenmesi de
miimkiin olup, bu amagla “VHF 87b ve 88b kanallar1” kulla-
nilmaktadir (Acarer vd., 2020). Denizcilik Genel Mudiirligl
koordinesinde Kiy1 Emniyeti Genel Miidiirliigii tarafindan is-
letilen TBGTH’1n Bakanlik organizasyon semasindaki yeri
Sekil 5’de gosterilmistir.

Istanbul Gemi Trafik Hizmetleri

Istanbul Gemi Trafik Hizmetleri, kuzeyden giineye dogru
Tirkeli, Kandilli, Kadikdy ve Marmara sektorlerinden ibaret
olup, bu sektorler i¢cinde bulunan gemiler ile TBGTH opera-
torleri arasindaki irtibat VHF sistemi iizerinden kurulmakta-
dir. Bu amagla tahsis edilen VHF ¢aligma kanallar1 Tablo
4’de gosterilmistir. (Tirk Bogazlart Gemi Trafik Hizmetleri
Kullanici Rehberi, 2018 ). Bolgedeki trafigin anlik olarak iz-
lenmesini ve yonlendirilmesini saglayan TBGTH hizmetleri-
nin esaslar1 ise Uluslararasi Seyir Yardimcilar1 ve Fener Oto-
riteleri Birligi -TALA’nin (International Association Of Ma-
rine Aids To Navigation and Lighthouse Authorites) GTH ile
ilgili karar ve tavsiyeleri dikkate alinarak belirlenmis olup,
IMO’nun A.857(20) ve A.827(19) no’lu kararlarina uygun
olarak bilgi, seyir yardimi ve trafik organizasyon hizmetlerini
kapsamaktadir (Tiirk Bogazlar1t Gemi Trafik Hizmetleri Kul-
lanict Rehberi, 2018). Bu sistem 30.12.2003 tarihinde hiz-
mete baglamis olup, bu hizmetlerin detaylarma iligkin bilgi
Sekil 6’da verilmistir.

Trafik organizasyonu hizmetlerinin temel dayanagi gemiler
tarafindan verilen seyir planlar1 SP 1 ve SP 2 olup, bu rapor-
lara iligkin detaylar Tiirk Bogazlar1 Raporlama Sistemi bolii-
miinde ele alinmistir.

Bilgi Hizmeti: TBGTH tarafindan verilen bilgi hizmeti; de-
niz trafigi bilgisi, mevkii bilgisi, rota ve yere gore hiz bilgisi,
diger gemilerin olas1 hareketlerinin bilgisi, denizcilere uyari-
lar, meteoroloji kosullari, akint1 durumu ile seyir yardimeila-
rnin durumu hakkinda raporlanmus bilgileri igermektedir
(Oguziilgen vd., 2018).

Seyir Yardimi Hizmeti: TBGTH tarafindan verilen seyir
yatdimi hizmeti; trafik ayrim diizeni i¢inde seyir emniyetini
saglamak icin gemi pozisyon bilgilerinin aktarimini, ¢evre
gemilere ait bilgilerin aktarimini ve tehlike arzeden olas1 du-
rumlar i¢in yapilacak olan uyarilar1 kapsamaktadir (Oguziil-
gen vd., 2018).
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Trafik Organizasyonu Hizmeti: TBGTH tarafindan verilen
trafik organizasyonu hizmeti, gemilerin Istanbul ve Canak-
kale Bogazlarina giris izinleri, seyir planlar1 ile bu planlar-
daki olas1 degisiklikleri ve Bogazlara giris 6ncesinde trafik
organizasyonu ile ilgili gerekli operasyonel bilgileri igermek- 40 40
tedir (Oguziilgen vd., 2018).

Sariyer Meteoroloji Istasyonu Mevsimlik Riizgar Hizi Ortalamalar  2005-03-31/2017-12-31
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Sekil 3. stanbul Bogazi Riizgar Hiz1 Profili (Sartyer Meteoroloji Istasyonu)
Figure 3. Daily Wind Speed Profile in the Strait of Istanbul (Sartyer Meteorology Station)
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Sekil 4. Istanbul Bogaz1 Riizgar Hiz1 Profili (Atatiirk Meteoroloji Istasyonu)
Figure 4. Daily Wind Speed Profile in the Strait of Istanbul (Atatiirk Meteorology Station)
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Sekil 5. Tiirk Bogazlar Sistemi’nde Deniz Trafigini Diizenleyen Aktorler (Oguziilgen vd., 2018)
Figure 5. Administrative Organization Scheme for Maritime Traffic in Turkish Straits System

Tablo 4. Istanbul Bogazi Sektérleri ve Haberlesme Kanallar1 (Tiirk Bogazlar1 Seyir Rehberi, 2015)
Table 4. VHF Channels in the Strait of Istanbul

Sektor Adi Calisma Kanah Cagn Isareti
TURKELI VHF Kanal 11 SEKTOR TURKELI
KANDILLI VHF Kanal 12 SEKTOR KANDILLI
KADIKOY VHF Kanal 13 SEKTOR KADIKOY
MARMARA VHF Kanal 14 SEKTOR MARMARA
TBGTH Hizmetleri
| |
Bilgi Hizmeti Trafik Organizasyon Seyir Yardimi Hizmeti
1zmet1

Sekil 6. TBGTH Hizmetleri

Figure 6. Services provided by VTS
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Tiirk Bogazlart Raporlama Sistemi (TUBRAP)

Tiirk Bogazlari’ndan gegis belirli prosediirlere tabi olup, ge-
¢is yapacak gemilerin, ilgili IMO kural ve tavsiyeleri uya-
rinca Idare tarafindan kurulmus olan TUBRAP’a katilmalari
siddetle tavsiye edilmektedir. Bu kapsamda gegis yapacak
olan gemilerin tabi oldugu prosediirler Tiirk Bogazlar1t Gemi
Trafik Hizmetleri Kullanic1 Rehberi’nde detayli olarak agik-
lanmastir.

1. llgili GTHM’ye SP 1 ve SP 2 raporu gonderilmesi,

2. Eger tabi ise Marmara Raporu (MARRAP) veril-
mesi,

3. Tlgili GTHM’ye Cagirma Noktas1 Raporu vermesi,

4. TBGTH alani iginde AIS cihazin1 devaml galigir
halde bulundurmasi,

5. TBGTH alan iginde demirde, driftte veya seyir ha-
linde iginde bulunulan sektériin VHF kanalin1 dinle-
mesi,

6. Devaml olarak ilgili GTHM yayinlarimi dinleyerek
ve verilen bilgi, tavsiye, uyar1 ve talimatlar1 seyir,
can, mal ve ¢evre emniyeti a¢isindan dikkate almasi,

7. Seyir emniyeti ile ilgili sakincali durumlari tespit et-
tiklerinde GTHM’ye bildirmesi ve Trafik Ayrim Dii-
zeni digina ¢ikmay1 gerektiren durumlar ile Mevki
Raporlarindaki (ETA) 2 saati asan gecikmeleri ilgili
GTHM’ye bildirmesi seklinde 6zetlenmistir (Tirk
Bogazlar1 Gemi Trafik Hizmetleri Kullanici Rehberi,
2018).

Bu prosediirler dogrultusunda, Bogazlardan gecis yapacak
gemilerin diizenlenmesi ve trafik organizasyonunun saglan-
masinda rol oynayan en 6nemli bilesenler SP1 ve SP2 rapor-
lar1 olup, s6z konusu raporlar asagida sirastyla agiklanmugtir.

SP1 Raporu: Trafik diizenlemesinin saglanmasinda ¢ok
onemli bir aktor olup, zamaninda gonderilmeyen raporlar tra-
fikte aksama, gecikme ve beklemelere yol agabilmektedir. Bu
nedenle trafigin etkin sekilde planlanmasi, gegis yapacak ge-
milerin SP1 Raporlarini asagida belirtilen kriterler dogrultu-
sunda GTHM’ye yazili olarak bildirmesi ile saglanmaktadir.

e Tehlikeli yiik tasiyan gemiler ile 500 GT ve daha bii-
yiik gemilerin kaptan, donatan ya da acenteleri, gemi
Tiirk Bogazlari’na girmeden en az 24 saat 6nce, tam
boylar1 200-300 metre arasinda ve/veya su ¢ekimleri
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15 metreden daha biiyiik olan gemiler ise Tiirk Bo-
gazlar’na girmeden en az 48 saat Once ilgili
GTHM’ye yazili olarak SP1 Raporunu vereceklerdir.

e Tam boylar1 300 metre ve daha biiyiik olan gemilerle,
niikleer giicle yiiriitiilen, niikleer yiik veya atik tasi-
yan gemilerin donatan, acente ya da isleticileri, sefer-
lerin planlanmas1 agamasinda ve 72 saatten az olma-
mak sartiyla ilgili GTH Otoritesine, geminin niteligi
ve yiikii hakkinda bilgi verecekler ve geminin IMO
standartlar1 ve ilgili diger uluslararas1 anlasmalarda
ongoriilen kurallara uygun nitelikte oldugunu, yiikiin
uygun sekilde tasindigini gostermek tizere bayrak
devleti tarafindan diizenlenen belgeleri iletecekler-
dir.

¢ Marmara limanlarindan kalkacak tehlikeli yiik tagi-
yan gemilerle 500 GT ve daha biiytik gemiler, kalkis-
larindan en az 6 saat 6nce SP1 raporunu ilgili
GTHM’ye gondereceklerdir.

Bu bilgiler dogrultusunda Idare gemilerin boyutlar1 ve ma-
nevra yetenegi de dahil olmak tlizere tiim &zelliklerini Tiirk
Bogazlari’nin fiziksel yapisini, mevsim sartlarini, seyir, can,
mal ve cevre emniyetiyle deniz trafiginin durumunu goz
onilinde bulundurarak, Tiirk Bogazlari’ndan emniyetli gegisi
saglamak i¢in gerekli olan sartlar ilgili geminin donatanina,
acentesine, isletenine ya da kaptanina bildirmesi zorunlu tu-
tulmustur (Tiirk Bogazlarn Seyir Rehberi, 2015).

SP2 Raporu: SP1 raporunda gemisinin teknik bakimdan uy-
gun durumda oldugunu beyan eden gemi kaptanlar ile “sa-
vas, ticari amagla kullanilmayan devlet ve yerel deniz trafigi
kapsamindakiler” hari¢ olmak iizere tam boyu 20 metre ve
daha biiyiik gemi kaptanlari, Istanbul veya Canakkale Bo-
gazi’na giristen 2 saat 6nce ya da Bogaz girisine 20 deniz mili
kala, (hangisi 6nce gergeklesirse) belirlenmis VHF kanalin-
dan ilgili GTHM’ye SP2 raporu verirler. Bogaz gegisi i¢in
hazir olduklarini ilgili GTHM’ye rapor eden gemiler trafik
organizasyonuna alimmakta ve GTHM tarafindan verilecek
bilgileri géz oniinde tutarak hareket etmeleri gerekmektedir
(Tiirk Bogazlar1 Seyir Rehberi, 2015).

Mevki Raporu: Tiirk Bogazlari’na girecek olan tam boyu 20
metre ve daha bilyilik gemilerin, Bogaz girislerine 5 deniz mili
kala VHF sistemi araciligryla ilgili GTH sektoriine kendile-
rini tanittig1 rapor olup, gemi adi ve mevki bilgisini igermek-
tedir (Tirk Bogazlar Seyir Rehberi, 2015).
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Cagirma Noktas1 Raporu: Tirk Bogazlari’'ndan gecis ya-
pan Aktif Katilime1 gemilerin, GTH sektor gecislerinde VHF
sistemini kullanarak verdikleri rapor olup, gemi ad1 ve mevki
bilgisini igermektedir. Cagirma Noktast Raporunda verilen
mevki geminin ayrildig1 ve dahil oldugu sektor bilgisini de
icermelidir (Tiirk Bogazlar1 Seyir Rehberi, 2015).

Marmara Raporu (MARRAP): Marmara Denizi’ndeki li-
manlar arasinda seyir yapan ve TBGTH alanindan geg¢is ya-
pacak aktif katilimc1 gemiler; TBGTH alanina giris yaptiklari
sektor ile Sektér Marmara — Sektdr Gelibolu ve Sektor Geli-
bolu — Sektor Marmara gegislerinde hem ¢ikis hem de giris
yaptiklar1 sektore VHF sistemi ile Marmara Raporu (MAR-
RAP) vereceklerdir. Marmara Denizi’nde bir limandan kal-
kip Bogaz gegecek gemiler; gecis yapacaklart Bogazi kapsa-
yan GTH Alanindan 6nce diger GTH Alanina girerlerse, giris
yaptiklar1 sektore VHF ile MARRAP vereceklerdir. MAR-
RAP Raporu; Gemi adi, mevkisi, kalkis ve varig limani bilgisi
ile tehlikeli yiik durumunu igermektedir (Tiirk Bogazlar1 Se-
yir Rehberi, 2015).

2001 — 2015 yillar1 Arasinda istanbul Bogazi’nda Deniz
Trafigini Diizenleyen Uygulamalarin Kronolojisi

1. Tiirk Bogazlar1 Deniz Trafik Diizeni Tiiziigii Uy-
gulama Talimati (04.09.2002): 6 kasim 1998’de uy-
gulamaya giren Tiirk Bogazlar1 Deniz Trafik Diizeni
Tiiziigii’nlin ana maddelerine iligkin hiikiimlerin uy-
gulanmasi ile ilgili detayli maddeler barindiran ilk
uygulama talimati 4 Eyliil 2002 tarihinde yiiriirlige
girmistir (Oguziilgen vd, 2018).

2. Tiirk Bogazlari’nda Karaya Oturma, Ariza ve Di-
ger Ariza Durumlarinda Gemilere Uygulanacak
Kurallara iliskin Uygulama Talimati (11 Ekim
2004): Tirk Bogazlarn Deniz Trafik Diizeni Tii-
ziigi’ne iligkin gergeklestirilen ikinci uygulama tali-
mati1 karaya oturma, ariza ve diger kaza durumlarinda
gemilere uygulanacak kurallar1 icermekte olup, 11
Ekim 2004 tarihinde yiiriirliige girmistir. (Oguziilgen
vd., 2018).

3. Tiirk Bogazlar1 Deniz Trafik Diizeni Tiiziigii Uy-
gulama Talimati (26.12.2006 - 15.11.2011 -
16.10.2012): Tiirk Bogazlar1 Deniz Trafik Diizeni
Tiiztigii Uygulama Talimati ve Tiirk Bogazlari’'nda
Karaya Oturma, Ariza ve Diger Ariza Durumlarinda
Gemilere Uygulanacak Kurallara iliskin Uygulama

Talimat1 birlestirilerek tek bir uygulama haline geti-
rilmis ve 26.12.2006°da Tiirk Bogazlar1 Deniz Trafik
Diizeni Tiizigi Uygulama Talimati olarak revize
edilmistir. Bu diizenlemeyi takiben 15.11.2011°de
uygulama talimatinda baz1 degisiklikler yapilmustir.
Ozellikle SP1 raporunda énemli degisiklikler igeren
uygulama talimati 16.10.2012 tarihinde ytirirliige
konmustur (Oguziilgen vd., 2018).

4. Istanbul Yonetmeligi  (20.09.2011):
20.09.2011 tarihinde Resmi Gazete’de yayinlanan
28050 sayili karar ile Istanbul Liman Y®&netme-
ligi’nde Tiirk Bogazlar ile alakali diizenlemeler ya-
pilmistir. Bu kapsamda, demirleme sahalar1 belirlen-
mis, Liman Bagkanlig1 talimatlarina uyma zorunlu-
lugu getirilmistir (Oguziilgen vd., 2018).

5. Limanlar Yénetmeligi (31.10.2012): 2012 yilinda
Resmi Gazate’de yayinlanan 28453 sayili karar dog-
rultusunda Liman idari sahasina giren gemilerin veya
deniz araglarinin seyir, demirleme veya kiy1 tesisle-
rine yanasma, baglama veya ayrilmalarinda uygula-
nacak kurallar diizenlenmistir. Buna ek olarak
yiik/yolcu tahmil ve tahliye yontemleri, yer ve za-
manlari, gemi ve deniz araglarinin bildirimleri, kila-
vuzculuk ve romorkorciiliik ile ilgili gereklilikler,
idari sahadaki seyir, can, mal ve ¢evre emniyeti ile
deniz giivenliginin saglanmasina iliskin gereklilikleri
ilgili karar dogrultusunda diizenlenmistir. (Oguziil-
gen vd., 2018).

Liman

Istanbul Bogazi’ndan Gecis Yapan Gemi Sayisimin Kaza
Sayis1 Uzerindeki Etkisi

Uluslararasi deniz trafiginin, deniz kazalarina olan etkisini in-
celemek iizere Istanbul Bogazi’nda 2001 — 2015 yillar1 ara-
sinda meydana gelen deniz kazalari, ayn1 donemde yiiriirlige
giren diizenlemeler ile paralel olarak incelenmis, yapilan dii-
zenlemelerin kazalar1 6nleme konusundaki etkinligi aragtiril-
mis ve gemi bagina kaza oran1 hesaplanmigtir. Bu amagla s6z
konusu doneme iliskin kaza sayis1 ile gemi sayis1 karsilagtir-
mal1 tablosu (Tablo 5) dikkate alinarak “Gegis Yapan Gemi
Say1si, Kaza Sayisi ve Gemi Basina Kaza” grafikleri ayr1 ayri
cizilmigtir. Bu sekilde s6z konusu doneme iligskin 15 yillik
periyotta gecis yapan gemi sayisinin, deniz kazalar {izerin-
deki etkisini gormek iizere lineer regresyon modeli olusturul-
mustur.
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Zamansal Degisim

Istanbul Bogazi’ndaki deniz kazalar1, 2001 — 2015 yillar1 ara-
sindaki 15 yillik siire¢ icerisinde bolgeden gegis yapan gemi
sayisi, ayni donemde gerceklesen kaza sayisi ile es zamanli
olarak incelenmis ve gecis yapan gemi bagina kaza orani he-
saplanmugtir. Kiy1 Emniyeti Genel Miidiirliigii verileri refe-
rans alinarak yapilan bu hesaplamanin amaci bolgede gecis
yapan gemi basina kaza oranini ortaya koymak ve bu oranin

Review Article

zamana bagl degisimini gdzlemlemektir. Elde edilen bulgu-
lar Tablo 5’de sunulmus, Sekil 7 ve Grafik 1’de gorsellesti-
rilmistir.

15 yillik dénemde, Istanbul Bogazi’'nda gemi basina kaza
oraninin, gecis yapan gemi sayist ve bolgede meydana gelen
kaza sayisi ile dogru orantili olarak hareket ettigi Sekil 7°de
gozlemlenmistir.

Tablo 5. 2001 — 2015 Kaza Sayis1 & Gemi Sayisi Karsilagtirmali Tablosu (AAKKM, 2020)
Tablo 5. Comparative Table of the Number of Accident and the Number of Passing Ship (2001 - 2015) (AAKKM, 2020)

Yillar Kaza Sayis1 Gecis Yapan Gemi Sayisi Gemi Basina Kaza Oram
2001 30 42637 0,000703614
2002 31 47283 0,000655627
2003 28 46939 0,000596519
2004 52 54564 0,000953009
2005 52 54794 0,000949009
2006 47 54880 0,000856414
2007 35 56606 0,000618309
2008 62 54396 0,00113979
2009 52 51422 0,00101124
2010 66 50871 0,001297399
2011 35 49798 0,000702839
2012 34 48329 0,000703511
2013 29 46532 0,000623227
2014 15 45529 0,00032946
2015 16 43544 0,000367444

Gegis Yapan Gemi Sayisi, Kaza Sayisi ve Gemi Bagina Kaza Orani Kargilagtirmali Grafigi

Gemi Bagina Kaﬁa \‘ ' |
) ! |
|| : [

G:mk

Kaza Sayisi

Sekil 7. Istanbul Bogazi’ndan Gegis Yapan Gemi Sayisi, Kaza Sayis1 ve Gegis Yapan Gemi Basia Kaza Orani

Figure 7. Rate of Accidents per Passing Ship in the Strait of Istanbul
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Grafik 1. 2001 — 2015 Yillar1 Arasinda Kaza Sayisi, Gemi Sayis1 ve Gegis Yapan Gemi Sayis1 Basina Kaza Oranina Iligkin

Zaman Serisi Grafikleri
Grafik 1.

Grafik 1, Istanbul Bogazi’ndan gegis yapan gemi sayisinin
2007 yilina kadar artig gosterdigini ve 2007 yilinda 56.606
gemi ile tepe noktasina ulastigini gdostermektedir. 2007 yili
itibariyle kaza sayisinda istikrarlt bir diisiis egilimi gézlen-
mektedir. Degiskenlere ait 15 yillik ortalamalar siyah ¢izgi
ile ifade edilmistir. Bu cercevede 15 yi1l boyunca Istanbul Bo-
gazi’ndan gecis yapan gemi sayisinin ortalama 49.417 ol-
dugu, 2011 yilina kadar gec¢is yapan gemi sayisinin bu orta-
lamanin iizerinde oldugu, 2011 yili sonrasinda ise 15 yillik
ortalamanin altinda seyrettigi goézlemlenmistir. Bolgedeki

Temporal change of maritime accidents in the Strait of Istanbul between 2001 and 2015

kaza say1si ise yillar igerisinde dalgali bir dagilim gdstemekle
birlikte 2010 y1linda maksimum degerine ulasmistir. Kaza sa-
yisindaki en sert diisiis 2010 ile 2011 yillar1 arasinda tespit
edilmis olup, 2010 yil1 sonrasinda diizenli bir diisiis egilimi
gozlemlenmistir. Gegis yapan gemi sayisi ile benzer olarak
bolgedeki kaza sayis1 da 2011 yili sonrasinda 15 yillik kaza
ortalamasi olan 37 kazanin altinda gerceklesmistir. Gemi ba-
sina kaza orani ise bolgeden gecis yapan gemi sayisi ile mey-
dana gelen kaza sayisinin standardize edilmesi sonucu elde
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edilmistir. Bu kapsamda her y1l i¢in kaza sayis1 bolgeden ge-
¢is yapan gemi sayisina boliinmiistiir. Sol alt grafikte goriil-
mekte olan gemi basina kaza oraninin 2010 yilinda maksi-
mum degerine ulastig1 ve takip eden yillarda istikrarli bir dii-
siis egilimi sergiledigi gozlemlenmistir. 15 y1l boyunca bol-
geden gegis yapan gemi sayisi basina kaza orani ortalamasi
0.00076 olarak hesaplanmigtir. Bir bagka deyisle, 15 yillik
periyodu bir biitiin olarak incelendiginde ge¢is yapan her
10.000 gemiden ortalama 76 tanesinin kaza yaptig1 goézlem-
lenmistir. 2011 yili ve sonrasinda gegis yapan gemi bagina
kaza orani 15 yillik ortalamanin altinda gozlemlenmistir.
Grafik 1’deki sag alt grafik ise gecis yapan gemi sayisi bagina
kaza yiizdesini ifade etmektedir.

Gecis Yapan Gemi Sayis1 & Kaza Sayisi Mliskisi

Regresyon analizi, bir bagimli degisken ile bir ya da daha
fazla bagimsiz degisken arasindaki iligkiyi incelemek i¢in
kullanilan istatistiksel bir analiz yontemidir (Akglingdr ve
Dogan, 2010). Dogrusal regresyon ise tahmin yapmak icin
verileri analiz etmeye yonelik bir modelleme teknigidir. Bu
noktada agiklayici degiskene (x) dayanarak yanit degiskenini
(y) tahmin etmek i¢in iki degiskenli bir model olustulmakta-
dir. Bagiml ve bagimsiz degisken arasindaki iliskiye yonelik
elde edilen nokta dagilim grafigi iizerine fit edilen dogrunun
denklemi ise tahmin yapmak icin kullanilmaktadir (Tranmer
vd., 2020). Bu baglamda lineer regresyon modeli dogrusuna
ait denklem, agagidaki sekilde tanimlanmaktadir.

Yi=pPo+ Pt e

Burada intercept olarak adlandirilan fo, dogrunun y eksenini
kestigi yeri ifade etmektedir. Dogrunun egimi olan £, x’deki
1 birimlik degisim i¢in y’de meydana gelen degisimi ifade
etmektedir. Hata terimi olarak adlandirilan e; ise tahmin edi-
len degerin gergek degerden olan uzakligini ifade etmektedir.
Analizin en kritik noktasi olan karar agsamasi ise olasilik de-
geri olan ve istatistiksel anlamliligin varligini ve var ise tespit
edilen iligki diizeyinin belirlenmesinde kullanilan p — degeri
kapsaminda ger¢eklesmektedir (Kul, 2014: 12). P —degerinin
yorumlanmasinda izlenecek kriterler asagida Tablo 6’da su-
nulmustur.
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Tablo 6. P degerinin yorumlanmasi (Kul, 2014)

Table 6. Interpretation of the p value

Yorumu
[statistiksel olarak anlamlilik
Yiiksek diizeyde istatistiksel anlamlilik

P - Degeri
0.01<=p<0.05
0.001<=p<0.01

p<0.001 Cok yiiksek diizeyde istatistiksel anlamlilik
0.05<=p<0.10 Sinir diizeyde istatistiksel anlamlilik
p>0.10 Istatistiksel olarak anlamli degil

Calisma kapsaminda gegis yapan gemi sayisinin, kaza sayisi
iizerindeki etkisini tahmin edebilmek i¢in lineer regresyon
modeli kurulmusg olup, analiz dahilinde anlamlilik diizeyi
0.05 olarak kabul edilmistir. Olusturulan lineer regresyon
modeline iliskin elde edilen sonuclar Sekil 8’de sunulmustur.

(oefficients:

Estinate Std. Error t value Pr(>It[)
(Intercept) -85.217926 33.339720 -2.5% 0.023%2 *
Ships 0.002489 0.000666 3.738 0.00248 **

Signif. codes: 0 “***' 0.001 ¥’ 0.01 ' 0.5 0.1° "1

Residual standard error: 11,16 on 13 degrees of freedon
Miltiple R-squared: 0.518,  Adjusted R-squared: 0.4809
F-statistic: 13.97 on L and 13 OF, p-value: 0.002485
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Sekil 8. Istanbul Bogazi’ndan gegis yapan gemi sayisinin
kaza sayisina etkisi lineer regresyon modeli sonug-
lar1

Figure 8. Results of the linear regression model
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Kurulan dogrusal regresyon modeli sonucunda hem “overall
p-value” degeri hem de “individual p — value” degerleri an-
lamlilik diizeyi olan 0.05’den kiiglik olarak hesaplanmuistir.
Boylelikle Istanbul Bogazi’ndan gegis yapan gemi sayisinin
kaza sayis1 lizerinde istatistiksel agidan anlamli bir etkisi bu-
lundugu ve uluslararasi gemi trafiginin kazalar lizerinde agik-
layici giicli oldugu sonucuna ulagilmistir.

Residuals vs Fitted

Residuals

Standardized residuals

Fitted values

Scale-Location

JStandardized residuals|
Standardized Residuals

Fitted values

Grafik 2. Tanimlayici Grafikler
Grafik 2. Diagnostic Plots

Regresyon modeline iligskin ¢izdirilen tanimlayici grafik-
lerde, “Residuals vs Fitted grafikleri” verilmistir. Bu grafik-
lerde hata terimlerinin “-0.2 ile + 0.2 arasinda random olarak
degistigi gorlilmiis, ikinci grafikte veri dagiliminin teorik nor-
mal dagilim hattina oldukca yakin oldugu gozlemlenmis ve
regresyon modelinin varsayimlarinin karsilandig1 saptanmis-
tir.

Mormal (-0

Theoretical Quantiles

Residuals vs Leverage

Leverage
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Buna gore multiple R square sonucunun anlamli oldugu, ge-
¢is yapan gemi sayisinin Istanbul Bogazi’ndaki kaza sayisini
“%51oraninda” agikladig1 sonucuna varilmistir. Bu dogrul-
tuda kurulan regresyon modelinin formiilii;

“Kaza Sayis1 = -85.21 + 0.002 x Gegis Yapan Gemi Sayist”
olarak elde edilmistir.

Olusturulan lineer regresyon modeli sonucunda Istanbul Bo-
gazi’ndan gecis yapan gemi sayisinin kaza sayisi lizerinde is-
tatistiksel agidan anlamli bir etkisinin bulundugu, bir bagka
deyisle uluslararasi gemi trafiginin bolgedeki kazalar iize-
rinde biiylik 6l¢iide agiklayict giicii oldugu tespit edilmistir.

Elde edilen bulgular, kazalar1 6nlemede etkili olan diizenle-
melerin profilini ¢ikararak yeni tedbirlerin gelistirilmesine
referans olacagi diisliniilmiistiir. Simdiye kadar yapilan calig-
malarda ge¢is yapan gemi sayisi ile kaza sayisi arasinda bir
korelasyon oldugu belirtilmistir. Bu ¢caligmada ise s6zkonusu
iligkiye yonelik katsayilar lineer regresyon modeli dahilinde
hesaplanmistir. Boylelikle trafik hacmindeki artisin bolge-
deki kazalar tizerindeki agiklayici giicii sayisal olarak belir-
lenmistir. Elde edilen sonuglarin, gelecek yillarda gegis ya-
pan gemi sayisina bagli olarak seyir emniyetini arttirmaya yo-
nelik yapilacak yeni diizenlemelerin gergeklestirilmesi i¢in
istatistiksel acidan anlamli bir kriter olarak degerlendirilmesi
hedeflenmistir.

Sonuc¢

Bu c¢alisma kapsaminda, Diinya’nin en islek ikinci su yolu
olan Istanbul Bogazi’ndaki deniz kazalari, gecis yapan gemi
sayis1 ve deniz trafigi ile ilgili yapilan diizenlemeler dogrul-
tusunda incelenmistir. Bu amacla Tiirk Bogazlar1 Gemi Tra-
fik Hizmetleri’ nin (TBGTH) bir pargas1 olarak Istanbul Bo-
gazi’na kurulan sistemin hizmete agildigi 2003 yili sonrasi
deniz kaza istatistikleri dikkate alinmistir. Bdylelikle, bol-
geye yonelik yapilan diizenlemelerin deniz kazalari {izerin-
deki etkileri belirlenmis ve uygulamalarin seyir emniyeti lize-
rindeki etkisi degerlendirilmistir.

Bu amagla kaza sayisi ile gegis yapan gemi sayisi lineer reg-
resyon modeli ¢ercevesinde karsilastirilmistir. Elde edilen
bulgular, veri dagiliminin teorik normal dagilim hattina ol-
dukca yakin oldugunu gostermis ve kurulan lineer regresyon
modelinin, model varsayimlari ile biiylik 6l¢iide uyustugu
tespit edilmistir.
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Olusturulan lineer regresyon modeli sonucunda Istanbul Bo-
gazi’'ndan ge¢is yapan gemi sayisinin kaza sayisi tizerinde is-
tatistiksel agidan anlamli bir etkisinin bulundugu, kurulan li-
neer regresyon modeli dogrultusunda intercept degerinin
0.02392, individual p — value degerinin 0.00248 ve overall p
—value degerinin 0.002485 olarak hesaplandigi ve elde edilen
multiple R-Square dogrultusunda, gecis yapan gemi sayisinin
kazalar lizerinde % 51 oraninda agiklayici giicti oldugu tespit
edilmistir. Giiniimiizde kiiresel ticaretin %90'min deniz yo-
luyla gerceklestirildigi ve Birlesmis Milletler Ticaret ve Kal-
kinma Konferans1 Raporu’na gore diinya deniz ticaretinde
2018 ile 2023 yillar1 arasinda yillik yilizde 3,8'lik bir oranla
biliyiime beklendigi diisiiniiliirse; artan deniz ticaretinin dogal
sonucu olarak, uluslararasi deniz trafiginin de artis gdstere-
cegi asikardir. Calisma kapsaminda elde edilen bulgular; ge-
¢isg yapan gemi sayisinin deniz kazalar1 iizerindeki etkisini or-
taya koymus ve 2023’e kadar 6ngériilen bu biiyiimenin Istan-
bul Bogazi i¢in kaza riskini arttiracagini gostermistir.

Bu dogrultuda, ¢alisma yapilan dénem olan 2001 — 2015 yil-
lar1 arasinda bolgedeki deniz trafigini diizenleyen uygulama-
lar aragtirilmis ve bu uygulamalar sirasiyla;

e Tiirk Bogazlar1 Deniz Trafik Diizeni Tiiziigii Uygu-
lama Talimati (04.09.2002)

e Tiirk Bogazlari’'nda Karaya Oturma, Ariza ve Diger
Ariza Durumlarinda Gemilere Uygulanacak Kural-
lara Iliskin Uygulama Talimati (11 Ekim 2004)

e Tiirk Bogazlar1 Deniz Trafik Diizeni Tiiziigi Uygu-

lama Talimatt (26.12.2006 - 15.11.2011 -
16.10.2012) Istanbul Liman  Yonetmeligi
(20.09.2011)

e Limanlar Yonetmeligi (31.10.2012) olarak belirlen-
migtir.

Istanbul Bogazi’nda gergeklesen kaza sayisi, bolgedeki deniz
tarfigini diizenleyen uygulamalar perspektifinde incelendi-
ginde ise; yapilan diizenlemelerin kazalar1 6nlemede biiyiik
Olciide basarili oldugu ve 6zellikle 2010 y1li sonrasinda kaza
sayilarinda istikrarli bir diisiis tespit edilmistir.

2002 yilinda yiirtirlige giren “Tiirk Bogazlar1 Deniz Trafik
Diizeni Tiiziigli Uygulama Talimati” ile kaza sayisinda 2002
ile 2003 yillar arasinda diisiis gozlenmistir. Buna karsilik 15
yillik periyotta kazalardaki ilk gozle goriliir artig 2003 ile
2004 yillar1 arasinda goriilmiis ve 2004 yilinda gergeklesen
kaza sayisi 54 olarak kaydedilmistir.
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Bu dogrultuda 11 Ekim 2004 tarihinde Tiirk Bogazlari’nda
Karaya Oturma, Ariza ve Diger Ariza Durumlarinda Gemi-
lere Uygulanacak Kurallara iliskin Uygulama Talimati yiiriir-
lige girmis ve 2004 — 2007 yillar1 arasinda kaza sayisinda
g0zle goriiliir bir azalma kaydedilmistir. 2007 yilinda ise kaza
sayist 15 yilin kaza ortalamasinin altina diismiistiir. Bununla
birlikte kaza sayisindaki ikinci artisin 2007 ile 2008 yillarinda
gerceklestigi ve 2010 yilina kadar genel artis egilimi goster-
digi tespit edilmistir.

2010 yilinda gergeklesen kaza sayisi 66 olup, bu say1 15 yil
boyunca bolgede gerceklesen en yiiksek kaza sayisidir.
20.09.2011 tarihinde yiiriirliige giren “Istanbul Liman Y &net-
meligi” ve 15.11.2011 tarihinde revize edilen “Tiirk Bogaz-
lar1 Deniz Trafik Diizeni Tiiziigli Uygulama Talimat1” diizen-
lemeleri gergeklestirilmistir. Yapilan bu iki diizenlemenin
kaza oranina etkisi, kaza grafiginde ¢arpici bir etki olarak go-
rilmiis ve 2011 y1l1 itibariyle kaza sayisinda keskin bir diisiis
yasanmistir.

2011 itibariyle kaza sayisi, 15 yillik kaza ortalamasinin altina
diismiis ve takip eden yillarda da azalmaya devam etmistir.
2012 yilinda “Limanlar Yonetmeligi” kapsaminda yapilan
diizenlemelerin de devreye girmesiyle kaza sayisinda yeni-
den keskin bir diisiis yasanmig ve yillik kaza sayisi 30'un al-
tina inmistir. Grafik 1°de elde edilen sonuglar, 6zellikle VTS
hizmetleri sonrasinda yiiriirliige konulan uygulamalarm, Is-
tanbul Bogazi’'nda gergeklesen kaza sayisinda gozle goriiliir
bir diisiis sagladigini gostermistir.

Simdiye kadar yapilan ¢aligmalarda gecis yapan gemi sayisi
ile kaza sayis1 arasinda bir korelasyon oldugu bilgisine genel
bir ifade olarak yer verilmis ancak bu korelasyonun sayisal
degerine odaklanilmamistir. Bu ¢aligmada ise s6z konusu ilis-
kiye yonelik katsayilar, lineer regresyon modeli dahilinde he-
saplanmigtir. Boylelikle trafik hacmindeki artisin bolgedeki
kazalar lizerindeki agiklayici giicli sayisal olarak belirlenmis-
tir. Bu oran, gelecek yillarda gegis yapan gemi sayisina baglh
olarak yeni diizenlemelerin gerceklestirilmesi i¢in istatistik-
sel agidan anlamli referans bir kriter olarak kullanilabilecek-
tir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atismasinin olmadi-
gin1 beyan eder.

Etik kurul izni: Bu ¢alisma i¢in etik kurul iznine gerek yoktur.
Finansal destek: Bu calisma, Istanbul Teknik Universitesi
Bilimsel Arastirma Projeleri Koordinasyon Birimince 41217
numaralt Doktora Tez Projesi kapsaminda desteklenmistir.
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Introduction

The recently described Alvania scuderii Villari, 2017, is a
cryptic gastropod species belonging to the taxonomically
problematic A. scabra (Philippi, 1844) group (Villari, 2017;
Villari & Scuderi, 2017). The new species, described on spec-
imens from the Strait of Messina was initially related to “a
peculiar sciaphilous environment of the Eastern Sicilian
coasts”, before other living specimens from S. Giovanni Li
Cuti, near Catania, expanded the known habitat about 100 km
to the south (Amati et al., 2020). Shells from Scilla testified
the occurrence of 4. scabra in the other side of the Messina
Strait, whilst dead specimens from some localities of Linosa
Island (Amati et al., 2020; Scaperotta et al., 2019) indicated
a wider distribution which included the Strait of Sicily.

The present report of living specimens both from type locality
and southern Tyrrhenian Sea, further expanding the known
areal of this poorly known species, suggests some considera-
tions about the western-eastern Mediterranean boundary line.

Material and Methods

Samples of motile macrofauna have been collected from the
Strait of Messina and nearby localities of southern Tyrrhenian
sea, in the framework of different research programs (MeBE;
NIRS) Two sampling techniques have been employed, ac-
cording to the main purposes of each investigation. In partic-
ular, qualitative samples have been collected by brushing of
vegetated hard substrata, 1-4 m depth, while quantitative
sampling have been carried out by scraping of 20x20 ¢m hard
bottom surface at 3-6 m, 12-16 m and 24-32 m depth. Sam-
ples have been washed on a 0.5 mm mesh sieve and the re-
tained rapidly fixed in 70% ethanol. Mollusc fauna was sorted
under stereomicroscope and specimens determined at the spe-
cies level, as far as possible. Most species were photographed
under stereomicroscope.

ACRONYMS

BEL: Benthic Ecology Laboratory, Messina University,
Italy.

CWR: Collection Walter Renda, Amantea, Cosenza, Italy

MeBE: The Strait of Messina Benthic Ecosystem Project

NIRS: Ecology and Spatial Dynamics of Marine Not In-

digenous and Rare Species Project

Results and Discussion

Samplings carried out in the type locality, Cape Peloro,
altogether provided 32 A. scuderii living specimens, all
collected from the sheltered side of breakwater artificial
reefs, 1-4 m depth, located at 38°15'43"N - 15°3820"E
(two specimens, repository code:
BEL147Far02019As1-5), and 38°15'35"N -
15°37'44"E, 200 m northward (22 specimens, repository
codes: BEL147Gran2019As1-17 and CWRI147-
3121BI1-5). In both sites, the sampled vertical surface
was characterized by a dense algal covering, dominated
by fleshy red algae under a brown algae canopy.

The other five specimens (BEL147Spez2019As6-10)
were collected along a transect orthogonal to the line
coast (38°15'46.66"N - 15°38'33.11"E), in a vegetated
rocky bottom characterized by patch distributed fleshy
and calcareous red algae, at 15 m (3 specimens) and 26
m depth (2 specimens).

Outside of the type locality, two specimens (Figure 1)
have been collected near Briatico (VV) (38°43'37.65"N
- 16° 1'20.67"E), about 4 m depth, from a rocky sub-
strate partially covered by Cystoseiracee brown algae
(repository code: CWR147-3121A1-2).

In both type and new localities, A. scuderii was always

found sympatric with the close congeneric 4. scabra
(Philippi, 1844).

Size ranged between 1.2 mm and 2.0 mm for Messina
specimens and between 1.8 mm and 1.9 mm for Tyrrhe-
nian specimens (Figure 1).
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Figure 1. Ventral and dorsal view of a Alvania scuderii Villari, 2017 specimen from Briatico, South-eastern Tyrrhenian sea

Scale bar: 1 mm

The new records of 4. scuderii provide further information
about habitat and depth range of this rarely reported gastro-
pod. The species, that Villari (2017) indicated as preferen-
tially sciaphilous, colonizing both “rocky and very shallow
waters, between algae on stones”, in present investigation has
been found associated to different typologies of photophilic
algal covering and, deeper, to variously vegetated rocky bot-
toms. Depth range was wider than initially described, since
the species occurs at least from 1 m to 26 m depth. Deeper

records of living specimens, in general, agree with some re-
ports of empty shells from Linosa, whilst dead specimen from
43-44 m depth, at Scilla (Amati et al., 2020), might be dis-
placed from shallower rocky bottoms. Although poor infor-
mation is available on the related mollusc assemblage, pre-
sent data at least confirm that 4. scuderii is normally sympat-
ric with the close 4. scabra, which is always more abundant,
in agreement with Amati et al. (2020).
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The present records of A. scuderii (Figure 2), confirming the Strait of Sicily, throughout the Strait of Messina and lonian
stable settlement of this species in the type locality, also ex- coasts of Sicily (Figure 2), might suggest an areal restricted
pand northward the known areal, in the nearby Tyrrhenian to the eastern boundary of the western Mediterranean, as it is
basin. Such distribution, defining an almost continuous corri- drawn in Bianchi & Morri (2000), and in accordance with the

dor, which connects the Tyrrhenian Calabrian coasts to the local hydrology.

Croatia

Adriatic
Sea

Corsica

Italy -

Tyrrhenian
Sea

Figure 2. Alvania scuderii Villari, 2017 distribution. A —Strait of Messina (Type locality); B —San Giovanni Li Cuti;
C - Linosa Island; D — Briatico (present record)
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Satellite thermography’s, in fact, show a well distinct “cold
strip” superimposed to the southern and eastern Sicily shelf,
and overflowing into the southern Tyrrhenian sea through the
Messina Strait (Béhm et al., 1987), which determines a sub-
stantial continuity throughout the whole A. scuderii areal.
Such coastal waters, that are colder than the close Ionian and
Tyrrhenian typical water masses, have different origin, since
southward they are tied to a wind-induced upwelling regime
(Levi et al., 2003), whilst northward the effect of the Messina
Strait tidal upwelling is recognizable (Bohm et al., 1987). The
records from the isle of Linosa, although concerning an area
that is almost peripheral in respect to the core of such peculiar
water-masses, can be explained by the Atlantic-Ionian Cur-
rent pathway, one branch of which originates an anticiclonic
gyre circling around Linosa, before flowing towards Sicily
(Reyes Suarez et al., 2019). We may suppose, in agreement
with Cuttitta et al. (2016), that mesoscale oceanographic
structures play a key role in shaping the actual distribution of
A. scuderii. This species, in fact, whose paucispiral proto-
conch indicates a non-planktotrophic larval development
(Niitzel, 2014), has a moderate dispersion capacity, on turn
conditioned by the effectiveness of lateral supply and availa-
bility of neighboring steppingstones. In this respect, we sug-
gest that 4. scuderii might almost continuously occur
throughout the completely southern and eastern coast of Sic-
ily, up to a southeastern Tyrrhenian area which is still af-
fected by the Strait of Messina tidal regime. Such distribu-
tion, whose effectiveness is however conditioned by the re-
cent splitting of 4. scabra in a rich species complex which
includes 4. scuderii (Amati et al., 2020), contributes to a
patchiness of closely related species which together, but also
individually (4. scabra), cover the whole Mediterranean
western basin.

Conclusion

The occurrence of 4. scuderii, in particular, contributes to de-
fine a Mediterranean western-eastern biogeographic bound-
ary line, which however cannot be considered as an ecotone,
but as a front whose oceanographic features allow a West-
Mediterranean footprint more marked than in nearby North-
westernmost areas.
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