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ABSTRACT

This study was conducted to evaluate the potential of sweet potato Ipomoea batatas powder (Ib-
SPP), hot-water extracts (IbSPHWE) and crude ethanolic extracts (IbSPCEE) as growth promoter
and immunoenhancer for tilapia cultured in hapa nets. Fish were divided randomly into four Treat-
ments: T1 (control group) was fed a practical diet (PD) while T2, T3 and T4 were fed PD + IbSP
powder (P), PD + IbSP hot-water extract (HWE), PD + IbSP Crude Ethanol Extracts (CCE), re-
spectively. The growth indices and haematological profile of cultured fish were recorded after four
months of feeding experiment.

The final weight, weight gain, specific growth rate, condition factor, FCR, PER, FER were signif-
icantly higher in fishes that received PD +IbSPHWE than those that received either PD, PD +
IbSPCEE or PD+ IbSPP only. The same trend was observed with the RBC, Hb, HCT, WBC and
the PLT and its indices. The study has demonstrated that incorporation of the hot-water extracts
of 1. batatas could improve the growth performance and increase immunocompetence of O. nilot-
icus as evidenced by improved haematological profile.

Keywords: Oreochromis niloticus, Ipomoea batatas, Immunostimulants, Hot-Water extracts,
Haematological profile
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Introduction

The production of commercially-important aquaculture species
significantly increased during the past decades. To meet the
market demands, fish culture practices in enclosed spaces like
ponds, net cages and tanks had intensified. Along with intensive
fish culture are increase in stocking density, water quality and
environment manipulation, enhanced fish nutrition and feeding
management and fish health management. However, with in-
creased stocking density, fish are exposed to a number of stress-
ors such as overcrowding, transport, handling, which adversely
affect the health status of cultured fish. Improvement of the
health status and growth performance of cultured fish is of great
importance to aquaculture. Strengthening the defense mecha-
nism of fish through prophylactic administration of im-
munostimulants seem to be one of the most promising method
of controlling diseases in aquaculture (Li et al, 2004; Robertsen,
1999; Raa et al, 1992). These substances increase the immuno-
competence and resistance to pathogens and diseases by en-
hancing both the specific and non-specific defense mechanisms
of fish and other organisms (Zhou et al, 2003).

Recently, increasing attention is being paid to the use of plant
products for disease control in aquaculture as an alternative to
chemical treatments (Reverter et al, 2014) Numerous studies
documented the efficacy of plant extracts as anti-stress, growth
promoter, appetite stimulator, immunobooster, and elicit dis-
ease resistance and anti-pathogen properties in fish and shrimp
aquaculture due to the presence of active principles like alka-
loids, terpenoids, tannins, saponins, glycosides, flavonoids,
phenolics, steroids or essential oils (Chakraborty and Hancz,
2011; Citarasu, 2010).

The sweet potato [pomoea batatas (L) is a dicotyledonous plant
that belongs to the bindweed or morning-glory family Convol-
vulaceae. In the Philippines, sweet potatoes (locally known
as camote or kamote) are an important food crop in rural areas.
They are often a staple among impoverished families in prov-
inces, as they are easier to cultivate and cost less than rice, it
can even be found growing along the backyards of some houses
in the rural areas of the country. The young shoots (red or pur-
ple in color) and leaves of /. batatas are sometimes eaten as a
salad or a main ingredient in some stew. The leaves are even
used as a cheap source of protein for ruminant feeds.

Various leaf meal and other plant extracts have been studied as
a potential feed ingredient for fish and shrimp (Garg et al, 2019;
Labh et al, 2017; Wu et al, 2016; Ganzon-Naret, 2014; Baleta
etal, 2013; Kaleeswaran et al, 2011; Abd El-Hakim et al, 2010;

Olmendo Sanchez et al, 2009; Afuang et al, 2003; ), however,
utilization of sweet potato leaf meal and extracts as a feed in-
gredient for animal and fish diets is scarce (Adewolu, 2008;
Abonyi et al, 2012). The study was conducted to determine the
effects of sweet potato shoots as growth promoter and immuno-
booster for tilapia particularly on the survival, growth indices
and haematological profile.

Material and Methods

Experimental Fish

Healthy tilapia (O. niloticus) with a mean weight of 17-18 g
were obtained from the Partido State University (PSU) Multi-
species Hatchery Laboratory, PSU Sagiiay Campus. Fish were
acclimated for two weeks at the experimental hapa nets (3m x
5m x 1m) installed in 1000 m? pond. Fish were fed with com-
mercial feed ad libitum twice per day until initiation of the ex-
periment. During the feeding experiment, ten (10) fish were
stocked at each hapa net (1m x 1m x1m) Water parameters were
measured during the conditioning phase and the duration of the
feeding experiment. The water temperature, pH and dissolved
oxygen ranged between 29 +2.2 °C, 7.2-7.5 pH and 6.4 +1.3 mg
L, respectively during the culture period.

Collection and Preparation of 1. batatas Powdered Leaves

The shoots of 1. batatas were purchased at the local market of
the town. Preparation of the feeds were done at the CAS Sci-
ence Laboratory, Partido State University, Goa, Camarines Sur,
Philippines. The leaves were washed thoroughly with tap water
and the unwanted parts (stems and the necrotic parts of the
leaves) were removed. The cleaned and sorted leaves were air-
dried for two weeks at room temperature. The air-dried leaves
were oven-dried at 60°C until a brittle and crispy consistency of
the leaves is achieved. The dried leaves were crushed and
grinded with a blender and hammer mill until powdered parti-
cles are produced. The powdered leaves were stored in an air-
tight plastic container at room temperature until use. The ratio
of wet to dried powdered /. batatas leaves were recorded.

Preparation of the Hot-Water Extracts of 1. batatas

The hot-water extract of [pomea batatas shoots were prepared
based on the method described by Fujiki et al. (1992), Hou and
Chen (2005) and Baleta et al (2013) with modifications.
Briefly, 100 g of dried 1. batatas powder were added to 1000
mL of distilled water and were boiled for 3 h in a water bath
set-up. The boiled suspension was passed through a nylon mesh
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and the filtrate were frozen until use. The frozen I. batatas
HWE were thawed and were boiled before use for the experi-
ment.

Preparation of the 1. batatas Crude Ethanolic Extracts

Five hundred grams of 1. batatas powder were soaked in 5 L of
95% ethanol and incubated in the dark condition at room tem-
perature for 72 hrs. Thereafter, the supernatant was filtered us-
ing Whatman No. 42 filter paper. The supernatant was then
evaporated to dry under reduced condition (40°C) via a rotary
evaporator (IKA-100). The obtained extract was stored at a re-
frigerator.

Preparation of Experimental Diets and Feeding Experiment

Fish were divided randomly into four Treatments (T1, T2, T3
and T4). Each group was divided into two subgroups (A and B;

Table 1. Ingredients (per kg) for the experimental diets of tilapia

each sub-group had triplicate of 30 fish). Subgroup A was used
for growth and survival studies while subgroup B was used for
examination of haematological profile. T1 (control group) was
fed a practical diet. Experimental diets were formulated from
locally available ingredients to satisfy the nutrient requirements
of O. niloticus (Table 1). The proximate composition of the
practical and experimental diets is presented in Table 2 The in-
gredients were ground, mixed, pelletized to a 1.5 mm diameter
and dried at room temperature for a day. Pellets were stored at
4°C until use. T2 was fed practical diet supplemented with 5%
I batatas powder (50 g kg™!). T3 and T4 were given with prac-
tical diet supplemented with 5% I. batatas HWE (50 mL kg™)
and 5% I. batatas CEE (50 g kg™), respectively . Food was
provided twice daily (8:00 am and 4:00 pm) at the rate of 5%
of fish live body weight. The amount of food was readjusted
every two weeks according to fish weight.

Experimental Groups

Feed Ingredient Practical Diet (PD) PD+IbSPP  PD + IbSP HWE PD + IbSP CEE
Fish Meal (local) 0.25 0.28 0.28 0.28
Corn Meal 0.12 0.10 0.10 0.10
Soy bean meal 0.28 0.27 0.27 0.27
Rice bran 0.21 0.16 0.16 0.16
Corn Oil 0.05 0.05 0.05 0.05
Vit. And Minerals 0.04 0.04 0.04 0.04
Corn Starch 0.05 0.05 0.05 0.05
IbSP Powder 0.05
IbSP HWE 0.05
IbSP CCE 0.05
Note: IbSP — Ipomoea batatas Sweet Potato Powder;
IbSP HWE - Ipomoea batatas Sweet Potato Hot-water Extract;
IbSP CCE - Ipomoea batatas Sweet Potato Crude Ethanolic Extract
Table 2. Proximate composition of the practical and experimental diets of tilapia
Experimental Groups
Feed Ingredient Practical Diet (PD) PD+IbSPP  PD +IbSP HWE PD + IbSP CEE
Crude Protein (N x 6.25) 25.12 25.48 25.25 24.26
Crude Fat 12.45 13.91 12.24 12.23
Ash 10.42 11.05 11.08 10.97
Moisture 12.89 12.93 12.13 13.08
Total Carbohydrates (%) 34.15 34.63 34.20 34.94

Note: IbSP — Ipomoea batatas Sweet Potato Powder;,

IbSP HWE - Ipomoea batatas Sweet Potato Hot-water Extract;
IbSP CCE - Ipomoea batatas Sweet Potato Crude Ethanolic Extract
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Growth Performance

The experimental fish in sub-group A were counted and
weighed at the end of the feeding experiment to assess growth
performance. The final body weight (FBW), weight gain (WG),
specific growth rate (SGR), feed conversion ratio (FCR), pro-
tein efficiency ratio (PER), feed efficiency ratio (FER) and con-
dition factor (CF) were determined according to De Silva and
Anderson (1995), Hevroy et al. (2005) and Jafarian et al.
(2007).

Haematological Profile, Blood Collection and Plasma
Separation

Six fish were randomly collected from each treatment in sub-
group B at the end of the feeding experiment. Whole blood were
collected from the caudal vein of each fish using 1lcc syringe
(25 gx 5/8). The collected blood was transferred in 0.5 mL hep-
arin vacutainer tube with EDTA and maintained at low temper-
ature until analyses. The blood parameters red blood cell count
(RBC; 10%mL), hematocrit (HCT; %), hemoglobin concentra-
tion (HB; g/1), mean corpuscular volume (MCV; f1), mean cor-
puscular hemoglobin (MCH; pg) and mean corpuscular hemo-
globin concentration (MCHC; g/dl), white blood cell count
(WBC; 10°/mL), lymphocytes (LYMP#; 10%mL), monocytes
(Mon#; 10%mL), eosinophil (Eos#; 10%mL), platelet count
(PLT; 10%/mL), mean platelet volume (MPV; fl), platelet dis-
tribution width (PDW; fl), platelet large cell count (P-LCC;

10%mL) and platelet large cell ratio (P-LCR; %) were analyzed
using Rayto Auto Hematological Analyzer (RT-7600).

Statistical Analyses

All data were analyzed by one-way ANOVA (P<0.05) and
Tukey’s tests. A value of P<0.05 was considered statistically
significant. All statistical analyses were performed using SPSS
v.26 (SPSS, IL, USA).

Results and Discussion

The final weight, weight gain, specific growth rate and condi-
tion factor were significantly higher in fishes that received prac-
tical diets supplemented with the HWE of 1. batatas than those
that received either PD, PD + IbSPCEE or PD+ IbSPP only for
four months (Table 3). Similarly, the feed conversion ratio, pro-
tein efficiency ratio, and feed efficiency ratio is significantly
higher in T3 (PD +IbSPHWE) as compared to T4 (PD + Ib-
SPCEE), T1 (PD), and T2 (PD + IbSPP) after the feeding ex-
periment (Table 4).

Significant increase in RBC, Hb, HCT and other RBC indices
were also observed in fishes that received PD+IbSPHWE as
compared to fishes that received either PD + IbSPCEE, PD+
IbSPP, or PD only (Table 5) (P<0.05). The same trend was
observed with the WBC and other leukocyte indices (Table 6),
and even with the PLT and its indices (Table 7).

Table 3. Growth Performance of O. niloticus under different diets with sweet potato /. batatas powder and extracts after 16-

wk culture period

Parameters Feeds

Control Experimental Treatments

Feed 1 Feed 2 Feed 3 Feed 4

(0 g kg-! IbSP) (PD + IbSP Powder) (PD + IbSHWE) (PD + IbSCEE)

Length (Initial) cm 9.50 £0.35? 10.13 +£0.122 9.23 +£0.44? 9.47 £0.432
Length (Final) cm 16.23 £0.40° 16.11 £0.35° 18.49 +0.44 16.86 £0.33°
Weight (Initial) g 14.03 +£0.442 14.65 +£0.23? 14.23 £0.20? 14.93 +£1.092
Weight (Final) g 78.80 +£5.69° 78.67 +4.830 120.24 +£5.69 85.40 +£5.42°
Weight gain (g) 60.84 £520° 60.81 £14.23° 101.25 £4.71° 67.26 £6.25
Survival rate (%) 100 +0.00? 100 +0.00? 100 +£0.00? 100 +0.00?
Average Daily weight gain (g) 0.57 £0.05° 0.56 £0.04° 0.93 +£0.05¢ 0.62 £0.05°
Average Daily length gain (g) 0.06 £0.012 0.05 £0.00° 0.08 £0.01¢ 0.06 £0.012®
Specific Growth rate 1.51 +£0.09° 1.47 £0.05P 1.87 £0.032 1.53 +£0.05°
Condition Factor 1.51 £0.03? 1.52 £0.02? 1.67 £0.04? 1.54 £0.05?

Means with the same letters as superscripts are not significantly different (P>0.05)

Values are expressed as mean + standard error, calculated from the mean-square for error of the ANOVA
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Table 4. Parameters of feed and nutrient utilization of O. niloticus under different diets with sweet potato 1. batatas powder and
extracts after 16-wk culture period

Parameters Feeds

Control Experimental Treatments

Feed 1 Feed 2 Feed 3 Feed 4

(0 g kg-! IbSP) (PD + IbSP Powder) (PD + IbSHWE) (PD + IbSCEE)

Feed intake (g feed g fish) 95.94 +0.08° 96.52 +0.64° 98.59 +0.56* 93.85 +0.76°
Feed conversion ratio 1.51 £0.15° 1.52+0.11° 0.94 £0.04° 1.35+0.11°
Protein Efficiency Ratio 2.15+0.20° 2.13 +0.16° 3.53+0.18° 2.34 +0.18°
Feed efficiency ratio 67.52 £6.41° 66.30 £4.65° 107.47 £5.05* 75.12 £5.91°

Means with the same letters as superscripts are not significantly different (P>0.05)
Values are expressed as mean + standard error, calculated from the mean-square for error of the ANOVA

Table 5. Erythrocyte indices of O. niloticus under different diets with sweet potato . batatas powder and extracts after 16-wk
culture period.

Erythrocyte Indices
Mean Corpus-
Red Blood . . Mean Corpus- Mean Cor- cular Hemoglo- Red B.l 00(.1
Treatment Hemoglobin Hematocrit puscular He- R Cell Distri-
Cell cular Volume . bin Concera- .
RBC Hb HCT MCV moglobin tion bution
(g/dL) (%) MCH Width
(105/mL) & (f1) MCHC
(pg) (g/dL) RDW-CV
PD 1.69 £0.03¢  78.00 £2.85¢ 28.13£1.09¢ 169.01 +£3.81°¢ 49.64 +0.42° 254.33 £8.29° 10.05 +£0.49°

PD+IbS Powder 1.72 £0.03%¢  84.87 £1.02° 29.52+£0.58° 172.84 +£3.66" 48.05 +£0.83° 269.67 +4.42° 15.75 £1.79*
PD+IbS HWE 2.20+0.04*  106.33 £3.09* 39.68 +1.12*  185.53 £2.49° 53.27 +£0.94* 329.53 £10.66*  20.57 £2.40°
PD+IbS CEE 1.82£0.03°  88.33+1.99® 32.26+0.69° 181.25+2.96% 49.28 £0.55° 274.33 £3.75° 17.06 £1.54°

Means with the same letters as superscripts are not significantly different (P> 0.05)
Values are expressed as mean + standard error, calculated from the mean-square for error of the ANOVA

Table 6. Leukocyte indices of O. niloticus under different diets with sweet potato . batatas powder and extracts after 16-wk
culture period.

Leukocyte Indices
Treatment White Blood Lymphocytes Monocytes Nuetrophils Eosinophils
Cell WBC LYMP# MON NEUT EOS
(10%/mL) (10%mL) (10%mL) (10%mL) (10%mL)
PD 67.45 £0.84¢ 67.02 £1.06° 67.02+1.06° 15.84 +5.77* 2.34+1.21°
PD+IbS Powder 78.05 +2.38° 72.16 £1.92°  72.16 £1.92° 16.59 £10.37%  2.26 £0.62*
PD+IbS HWE 88.75 £1.86" 82.23 +1.30° 8223 £1.30*  22.48+5.47% 1.38 £0.74*
PD+IbS CEE 78.44 £2.09 79.28 £1.32*  79.28 £1.32*  22.92+11.42*  1.51+1.08*

Means with the same letters as superscripts are not significantly different (P>0.05)
Values are expressed as mean + standard error, calculated from the mean-square for error of the ANOVA
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Table 7. Platelet indices of O. niloticus under different diets with sweet potato /. batatas powder and extracts after 16-wk culture

period.
PLT Indices
Platelet-Large Platelet-
Platelet Mean Platelet  Platelet Distribution  Plateletcrit g Large Cell
Treatment . Cell Count .
PLT Volume Width PDW PCT P_LCC Ratio
(105/mL) MPV (fl) (i) (%) 6 P-LCR
(10%/mL) (%)
PD 321.93 £22.47°¢ 9.85 +2.232 4.75 +£0.34? 0.21 +£0.03° 6.53 £0.61? 28.80 £3.722
PD-+IbS Powder 446.27 +£26.06° 5.13+£0.07° 4.19 +0.08* 0.24 £0.01° 7.11 £0.47° 3427 £2.83
PD+IbS HWE 694.33 £43.45% 4.91+0.07° 4.17 £0.09? 0.35 +£0.03? 6.17 £0.42? 37.86 £4.56*
PD+IbS CEE 413.00 +£17.68° 5.17 £0.11° 4.12 £0.09? 0.28 +£0.02° 7.03 £0.77° 36.27 £3.96*

Means with the same letters as superscripts are not significantly different (P>0.05)
Values are expressed as mean + standard error, calculated from the mean-square for error of the ANOVA

Incorporation of feed additives; such as vitamins, minerals and
prebiotics are considered as promising options in aquaculture
particularly in the enhancement of growth, disease prevention
and improvement of aquatic animal health.

Several plant extracts are reported to stimulate appetite and pro-
mote weight gain when they are administered to cultured fish
(Harikrishnan et al., 2012; Pavaraj et al., 2011; Takaoka et al.,
2011). In the study of Shalaby et al. (2006), food intake, spe-
cific growth rate and final weight of Nile tilapia (Oreochromis
niloticus) increased when garlic was incorporated in the diet.
Punitha et al (2008) found out that grouper Ephinephelus
tauvina fed diets with a mixture of methanolic herb extracts
(Bermuda grass (Cynodon dactylon), Long pepper (Piper
longum), stonebreaker (Phyllanthus niruri), coat buttons
(Tridax procumbens) and ginger (Zingiber officinalis)) exhib-
ited 41% increase in weight of grouper than the control group.
Aside from gain in weight, several studies demonstrated that
plant extracts somehow improve digestibility and availability
of nutrients resulting in an increase in feed conversion and lead-
ing to a higher protein synthesis (Citarasu, 2010; Nya and Aus-
tin, 2009; Talpur et al., 2013). For example, Putra et al. (2013)
showed that supplemented diet with 1% of ethanolic katuk ex-
tract (Sauropus androgynous) stimulated appetite, growth and
improved food utilization (lower feed conversion ratio) in
grouper Ephinephelus coioides. The health status of the fish can
also be determined by evaluating the Specific growth rate
(SGR) and condition factor (CF). Extracts from plants and other
products may control, limit and inhibit the growth and coloni-
zation of numerous pathogenic and nonpathogenic species of
bacteria in fish guts. The incorporation of these plant extracts
in the diets of fish may provide greater efficiency in the feed

utilization, which may result in improved growth and feed effi-
ciency (Jain et al, 2008; Bedford, 2000). Our study demon-
strated that the incorporation of 1. batatas extracts in the prac-
tical diets of tilapia significantly improve the gain in weight,
specific growth rate, feed conversion ratio, protein efficiency
ratio, feed efficiency ratio and condition factor of tilapia.

Haematological profile is a pathophysiological reflector of the
entire body and the counts of various parameters in blood give
an indication to the health status of fish by determining any ab-
normality brought about by using these immunostimulants
(Tewary and Patra, 2011). The results of the present study indi-
cated that inclusion of /. batatas in the fish diet increased the
RBC counts and the values appeared to increase with increasing
dietary inclusion levels of 1. batatas in healthy fish. The result
of the present study is in agreement with observed increase in
RBC in: C. carpio fed extract of Eurphobia hirta (Pratheepa
and Sukumaran, 2014), and Clarias gariepinus fed Morus alba
extract (Sheikhlar et al, 2014). These results also correspond
with those by Nya and Austin (2009) who reported the counts
of RBC were significantly higher in rainbow trout fed with the
garlic-added and ginger-added diets. The apparent increase in
RBC after dietary supplementation with /. batatas may be re-
lated to presence of iron, vitamin A, vitamin B, vitamin C and
vitamin B12 which are required for RBC production (Dugency
et al, 2003).

The nutritive status of fish can be linked to the health condition
of an animal and potential way they deal with stress resulting
from their surrounding environment. In our study, a clear link
between increased weight and length gains with the increased
number of RBCs and other haematological parameters can be
observed. The primary function of WBC’s is to defend the body
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against foreign pathogenic organisms. In the current study, the
amount of WBC'’s, neutrophils, RBC’s and hemoglobin con-
centration was greater in treatment 3 (PD+IbSPHWE) which
confirms that this increase was the underplaying factor for the
enhanced growth of the fish. Also, result of haematological pro-
file of our study denotes that the health status of tilapia was at
the optimal level as well as no or minimal infection or patho-
genic activity in the fish body.

Hematological parameters are used to provide information
about the health and physiological status of fish, feeding condi-
tions and water quality in which they live (Fazio et al., 2013).
WBC, RBC, Hct, and Hb values are particularly recommended
on a routine basis to monitor the health of the stock in fish
farms. In the previous study on the effects of herbal im-
munostimulants on hematology and the immune system, it has
been reported that plants bioactive substances caused an in-
crease in blood cells counts, and this triggered the immune sys-
tem and enhanced a natural defense in distinct fish species (Nya
and Austin, 2009a; Talpur et al., 2013; Ajeel and Faragi, 2013;
Haghighi and Rohani, 2013).

Conclusion

The study demonstrated that incorporation of /. batatas hot-wa-
ter extract in the practical diets of O. niloticus is a potential feed
ingredient that significantly improved the growth performance
as evidenced by enhanced weight gain, reduced feed conversion
ratio, increased protein and feed efficiency ratios. Moreover,
the immunocompetence of O. niloticus is also improved as ev-
idenced by the hematological profile. These results indicate that
diets enriched with plant extracts have beneficial effects on fish
health and enhance the immune system and hence they could
play an important role in preventing disease outbreaks in aqua-
culture systems, thereby improving growth performance.
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ABSTRACT

In the present study, possible effects of using Potamon ibericum for the prevention of zebra mussel
(Dreissena polymorpha) invasion in a freshwater ecosystem were investigated. In a recirculating
aquaculture system (RAS) supplied with aerated freshwater, 3 individuals of P. ibericum were
placed in each of 3 aquariums provided by 100 zebra mussels. Throughout the 90-day monitoring
study, mussel consumption was visually counted and then new mussels were introduced daily to
complete the number of mussels to hundred, repeatedly each day. Throughout the monitoring
study, growth rates, number of mussels consumed, and the number of broken mussel shell pieces
were determined. Daily consumption rate of mussels by each crab was recorded as 11.115, 11.104,
and 11.107 mussel/crab in the 3 experimental groups, respectively. The consumption rate of mus-
sels per crab was counted as 999.78 over the 90-days experiment. As a result, the findings of this
study provide strong evidence that P. ibericum can be used for biological control to combat zebra
mussel (D. polymorpha) invasion in a freshwater ecosystem.

Keywords: Biological control, Dreissena polymorpha, Economic value, Freshwater crab,
Human consumption, Potamon ibericum
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Introduction

Zebra mussel (Dreissena polymorpha Pallas) is one of the
two types of freshwater shellfish distributed in Eastern Eu-
rope, North America and West Asia (Drake and Bossenbroek,
2004; Kinzelbach, 1992). Several investigations have been
focused on the invasion and expansion of zebra mussels
spread around the freshwaters in Europe over the last 150
years and even entering North America in 1988 (Sprung and
Borcherding, 1991). Zebra mussels are dominantly spread in
the lakes and reservoirs of Turkey (Demirsoy, 1998; DSI,
1969; Geldiay and Bilgin, 1973). It is well known that female
mussels are prolific and each individual could produce mil-
lions of eggs during spawning period, and the population of
zebra mussel drastically increased in the last decade in inland
waters of Turkey (Albayrak et al., 2016; Gaygusuz et al.,
2007; Odabasi et al., 2019).

There is a significant damage in terms of economic impacts
via the invasion and expansion of zebra mussels in freshwater
reservoirs with significant impacts on the biodiversity of the
aquatic ecosystem due to its sessile growth features and high
reproductive characteristics (Stanczykowska, 1977; Mackie
et al., 1989). Zebra mussels are settling naturally on rocks in
particular and concrete materials, iron, PVC and sheet metal
surfaces of facilities set in freshwater reservoirs or even on
aquatic plants. Mussels can form clusters on the silty and
sandy bottom, as well as rough holding places (DSI, 2005).
They form rather thick and dense layers and cause a narrow-
ing of field they accumulate on. Even if only one zebra mus-
sel enters an ecosystem, it is extremely difficult to control its
development as the reproduction of zebra mussels is remark-
ably high. For instance, a zebra mussel can lay between 30
000 and 1 000 000 eggs per year, but only 2% -5% of these
reach mature size, which can adhere to a suitable area within
2-3 weeks (Synder et al. 1992). Another problem of the inva-
sive zebra mussel growth in freshwater dam lakes is the ac-
cumulation of mussels inside pipes and around valves that re-
duces flow velocity of water through pipes via limitation of
the volume within the pipes. Moreover, massive mortalities
of mussels in the long term may cause waterway pollution
and filter occlusion and an increase in surface corrosion be-
cause of mussel infestation (Darrigran, 2002). It is almost im-
possible to eradicate the mussel once they become established
in to the inland waters (Amberg et al., 2019). In Great Lakes
region of the USA, the accumulation density of zebra mussel
has increased from 200 adults to 700,000 adults per square
meter in a year (Miller and Payne, 1992) and $500 million
was spent annually for the control of zebra mussel in that re-
gion. Besides, in Mississippi Valley (USA), it was reported
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that the spread of zebra mussel increased 105 times in 2 years
(Yager, 1994).

The primary reason for the problems is that the density and
mass of mussels can reach very high levels. For example,
densities of 30 000 - 100 000 pieces per square meter is 10
times higher than the total mass of all invertebrate bottom or-
ganisms. The economic losses caused by the zebra mussel in
North America have been calculated as approximately 5 bil-
lion US dollars per year. For this reason, mussels expansion
continue to be one of the most intensively researched interests
(ZMIS, 2001).

To control the invasion of zebra mussels using chemicals,
both physical and manual methods have been reported earlier
(Singer et al., 1997). However chemical usage was not pre-
ferred due to their negative impacts on the environment and
the manual collection of mussels requires huge workforce.
Till now only a few studies indicated biological control meth-
odology against zebra mussel. Singer et al. (1997) used Ba-
cillus species against zebra mussel on their veliger stage.

In the present study, we investigated the potential use of zebra
mussel as biological agent for the control of their expansion
by introducing a predator crab P. ibericum into the freshwater
ecosystem. The feeding behaviour and preferences of P.
ibericum were also evaluated via visual and camera monitor-
ing that might provide useful indications for possible culture
efforts of P. ibericum in future investigations as well as farm-
ers in the field.

Material and Methods

Ethical Statement

Regulations of Animal Behavior Society Guidelines have
been followed throughout the experimental procedures of the
present study, approved by the Ethical Committee of Canak-
kale Onsekiz Mart University via Ethical Commission Ap-
proval Number: 2021/03-04.

Sampling Area

In this study, zebra mussels were collected from Atikhisar
Dam Lake, Canakkale — Turkey (Figire 1.), while the crabs
were collected from Kiiciikmenderes River, Canakkale - Tur-
key (Figure 2.) with the permission of Turkish Ministry of
Agriculture and Forestry under the approval statement of E-
67852565-140.03.03-232544, Ankara — Turkey.
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Figure 1. Dreissena polymorpha, natural habitat and sampling areas from Atikhisar Dam Lake, Canakkale-Turkey
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Figure 2. Potamon ibericum, natural habitat and sampling areas from Kii¢iikkmenderes River, Canakkale-Turkey
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Experimental Conditions and Set Up

The study was carried out in the research facilities of Canak-
kale Onsekiz Mart University, Faculty of Marine Science and
Technology (Canakkale-Turkey). A recirculating aquaculture
system (RAS) consisting of glass aquariums (70 x 40 x 40
cm) supported with well-aerated freshwater with a flow rate
of 30.1+0.4 L/min was used. A total of 9 predator crab (Po-
tamon ibericum) (3 crab per tank) was randomly distributed
into 3 glass aquariums in a triplicate design. Photoperiod fol-
lowed a natural course throughout the monitoring study of 90
days.

Water quality parameters of temperature, dissolved oxygen,
ammonia, nitrite, nitrate, and pH have been recorded bi-
weekly using an automatic water quality measuring device
(YSI brand), and resulted in 19.04 +1.21 °C, 7.2 £1.2 mg/L,
0.01 +0.001 mg/L NH3, 0.023+0.011 mg/L, 2.18 +0.17
mg/L, and 7.2, respectively.

The crab was fed with zebra mussel until satiation over the
study course of 90 days, and live weight increase was deter-
mined via weighing in 30 day intervals (3 weighing in total).
The number of consumed mussel was counted every 3 days.
The weight of consumed mussels was determined by subtrac-
tion the number of remaining mussels the next day from the
total of 100 that was introduced in each aquarium the previ-
ous day. This course of count for the remaining mussels was
followed with 3 days of intervals over the course of 90-days
study. At the end of the study, consumption rates of mussels
and weight gain of crabs were recorded.

36 A
32 A
28 4

24

Average Weight (g)

20 4

Initial 30 60 90
Days
—& -1. group

=[O~ 2. group ~ —O—3. group

Statistical Analyses

Data presented in this study have been expressed as means +
SD. After meeting homogeneity and normal distribution of
data, Tukey Multiple Range Test was applied in order to eval-
uate growth performance. SPSS 19 (IBMM SPSS Statistics
19) Statistical Software was used. Critical limits of signifi-
cance were set at P<0.05.

Results and Discussion

Growth trend of P. ibericum given zebra mussels over the 90-
days experimental period is summarized in Figure 3. It was
observed and monitored that P. ibericum consumed D. poly-
morpha by breaking their shell. The average number of bro-
ken shells divided into pieces by P. ibericum is shown in Fig-
ure 4.

Result of the study showed no differences in growth perfor-
mance of experimental groups at any sampling time, and each
group consumed similar amounts of mussels. Weight gain
and mussel consumption of the P. ibericum are given in Table
1.

P. ibericum consuming zebra mussels through breaking their
shells is shown in Figure 5. Small pieces of shells of D. poly-
morpha broken by P. ibericum are shown in Figure 6.

The findings of the present study showed clear evidence that
P. ibericum can be used as a biologic agent to fight for the
biological control of D. polymorpha, and eradicate the expan-
sion of zebra mussel in a freshwater ecosystem, that in terms
may improve the biodiversity quality of the freshwater reser-
voirs as well as providing economic benefits through reduc-
ing expenses to combat with zebra mussel invasion, locally
or worldwide.

Figure 3. Growth performance of Potamon ibericum fed Dreissena polymorpha. Values are mean £ SD of 3 Potamon ibericum,
different superscript letters in a row indicate significant differences between groups (P<0.05).


https://doi.org/10.3153/AR22002

Research Article

Aquat Res 5(1), 11-19 (2022) e https://doi.org/10.3153/AR22002

12 11,35
o
= 10,01 9,94
= 10 8,87 gug otk
T 8,24 i - .
2 3
b=
k=
- 6
¥}
E
a 4
[*)
=11]
[+~]
g 2
=
<
0
1 10 20 30 40 50 60 70 80 90

Days

Figure 4. View of broken shells of Dreissena polymorpha divided into pieces by Potamon ibericum (Average number for 1
D. polymorpha). Values are in average counts

Table 1. Growth performance of Potamon ibericum fed on Dreissena polymorpha during 90 days.

Groups WG SGR Mussel Consumption
(%) (%o/days) (counts)
CPC TC
per crab total
1 11.83+2.1 0.11+0.01 11,115 3001+1.8
2 10.76+1.94 0.11£0.01 11,104 2998+1.9
3 10.63+1.85 0.11+0.01 11,107 2999+1.2

CPC: mussel consumption per crab
TC: total consumption of mussels in experimental treatment group

WG (Weight gain, %) = ((final weight - initial weight) / initial weight)) x 100

SGR (Specific growth rate, %/day) = ((In final weight — In initial weight) / days)) x 10

P. ibericum consuming zebra mussels through breaking their
shells is shown in Figure 5. Small pieces of shells of D. poly-
morpha broken by P. ibericum are shown in Figure 6.

The findings of the present study showed clear evidence that
P. ibericum can be used as a biologic agent to fight for the
biological control of D. polymorpha, and eradicate the expan-
sion of zebra mussel in a freshwater ecosystem, that in terms

may improve the biodiversity quality of the freshwater reser-
voirs as well as providing economic benefits through reduc-
ing expenses to combat with zebra mussel invasion, locally
or worldwide.

Several studies have been made for the control of D. poly-
morpha expansion in freshwater reservoirs (Singer et al.,
1997). Different than earlier works, the present study focused
on the potential use of P. ibericum to combat zebra mussel
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expansion, and furthermore our findings provide useful infor-
mation for feeding habit and growth performance of P.
ibericum fed by D. polymorpha, novel information for crab
culture and future investigations. Different than the present
study, Singer et al. (1997) used Gramicidin S and D, and
strains of Bacillus (B. alvei, B. brevis, B. circulans, B. later-
osporus) for biological control of the D. polymorpha. The
mussel is sensitive against the antibiotics Gramicidin S,
Gramicidin D and some Bacillus strains in different life
stages as well. On the mussel veliger stages, this agent was
notably effective. However, using this type of the antibiotics

in a natural reservoir might be hazardous in long term appli-
cations. In contrast, the use of P. ibericum in the biological
combat against D. polymorpha, however is an environment-
friendly approach even in long term with no hazardous influ-
ences on the aquatic ecosystem. Special care is advised to
consider the biological diversity of the fresh water reservoir
when introducing crab, since site specific impacts can be en-
countered in special locations. However, the availability and
distribution of P. ibericum in the near-by vicinity could be a
good sign and indication for a rather harmless introduction of
these crabs into the selected target pitch.

Figure 6. Consumed Dreissena polymorpha at the end of the day-3 with shells shredded in the containment.
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Considering the solution methods of zebra mussels' damages,
several methods have been reported, namely, cleaning by
high pressure water spraying, application of low frequency
electromagnetism, heat applications, high flow rate, the use
of repellent building materials, biological control agents, me-
chanical cleaning, the use of chemicals and various dyes are
some methods that could be applied (Sprecher and Getsinger
2000; Bobat et al., 2004; Aksu and Yildiz, 2017). Earlier re-
ports underlined that all mussel larvae are retained with a 40
um filter application (DSI, 2012).

It was detected that application of 8-methyl-Nvanillyl-trans-
6-nonenamide, N-vanillylnonanamide, and N-benzoylmo-
noethanolamine benzoate had an antifouling effect of up to
90% for Zebra mussels (Angarano et al., 2007). Furthermore,
it was reported that encapsulated biocide-loaded particles led
to death of more than 90% of Zebra mussels (Costa et al.,
2011). Similarly, application of potassium chloride, poly-
DADMAC, niclosamide ethanolamine salt and 2- (thiocy-
anomethylthio) benzothiazole (TCMTB) showed 60% -90%
molluscicid effect in Zebra mussels (Costa et al., 2011; Costa
et al., 2012). Waller and Bartsch (2018) applied carbon diox-
ide as a pressure-free infusion of 1000-3000 patm PCO2 to
get zebra mussels under control, and reported that 100% mor-
tality was achieved after 96 hours. In a recent study, steam
and flame applications carried out for the control of zebra
mussels achieved 100% mussel death (Coughlan et al., 2020).
However, there is still remarkable concern and question mark
for the technical, economic or environmental applicability of
these above-mentioned methods. These earlier investigated
methods are still not in application so far, besides in small
locations for testing.

Conclusion

Inland water crabs are ecologically significant in global scale
(Dobson et al., 2007). Not only in terms of their ecological
importance but also in terms of medicinal usage (Rinaudo,
20006), in addition, as a potential food source also, crabs are
very critical (Padghane et al., 2016). The study results indi-
cated that crabs could consume the mussel which is very haz-
ardous for the environment, and at the same time increasing
growth performance of crabs, which resulted positively in
two ways; namely (a) crabs could consume huge numbers of
mussels and prevent mussel expansion in the freshwater en-
vironment, (b) crab could be harvested from the freshwater
habitat where they have been introduced to consume the mus-
sels and thereafter be used as medicinal compounds and hu-
man consumption as a food source.

Based on our knowledge so far, there is no any study on the
biological control of D. polymorpha by using P. ibericum as

a biological agent. This is the first attempt for an environ-
ment-friendly biological control method for the combat
against D. polymorpha, an invasive species threatening fresh-
water reservoirs all around the world. In conclusion the find-
ings of this study provide significant evidence for the suc-
cessful use of P. ibericum to fight against invasion and erad-
icate the expansion of Zebra mussel D. polymorpha in fresh-
waters around the world. Further, the harvest of crabs fed and
enriched with zebra mussels in freshwater reservoirs, may
provide a good source high quality food for the increasing
world population. Thus, the nutritional value of P. ibericum
as a potential for human consumption is encouraged to be
evaluated in future investigations.
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Introduction

Micropollution is an important environmental problem char-
acterized by entry of a wide variety of chemicals into the re-
ceiving environments at trace concentrations (ng/L to ug/L).
Thanks to the resent technological progress in chemical anal-
ysis, it is not hard to detect their presence in water (Metz &
Ingold 2014; Hollender et. al. 2007; Schwarzenbach et al.
2006). Continuous input of non-biodegradable, persistent and
bioaccumulative micropollutants in receiving waters is an im-
portant problem threatening aquatic ecosystem. In spite of
their hardly detectable low concentrations in receiving water
bodies, most of them raise considerable toxicological con-
cerns (Schwarzenbach et al. 2006). They cause serious pollu-
tion issues like poisoning of fish and other aquatic organisms
and disturbances in aquatic environment (Shao et al. 2019).
Treilosan which is a widely used biocide can be given as an
example to this category. It is frequently detected in different
water environments including streams and seawater at con-
centration ranging from 0.001 to 40.000 ng/L (SCCS, 2010).
This bioaccumulative and persistent chemical has potential negative im-
pacts on human and animal health, it is also highly toxic to green
algae, which is an organism having remarkable impact on the
balance of the ecosystem (Dhillon et al 2015; Tatarazako et
al. 2004). Growth deformities, immunodeficiency, neurobe-
havioral deficiency and cancer can be listed as important side
effects of persistent micropollutants due to bioaccumulation
via food chain (Yan et. al. 2018). The feminization of male
fish is one of the most striking effect caused by discharge of
estrogen containing wastewaters to receiving environments.
Being an endocrine disrupting compound it gives harm to the
reproductive performance of fish, which leads to disturb-
ances in their population development (Harris et al.
2011).

Global production of anthropogenic chemicals is reported
to increase from 1 to 400 million tons per year in the last
century (Gavrilescu et al. 2015). It is reported that ap-
proximately 280 different micropollutants have been de-
tected in greywater (Etchepare & Van der Hoek 2015). The
source of these compounds reaching receiving environments
are mostly human activities such as agriculture, drug and
cosmetic industry. Conventional wastewater treatment is re-
ported to be not very effective for removal of micropollutants
such as pesticides, industrial chemicals or pharmaceutical
products (Wilhelm et al. 2018; Falas et al. 2016; Margot et
al. 2015). Because of insufficient treatment, large quantities
of micropollutants are dumped into the water environments.
It is essential to understand the impact of micropollutants on ma-
rine ecosystem and improve treatment technologies for their
depollution (Villette et al. 2019).

Study of the toxic effect of environmentally important mi-
cropollutants on different aquatic organisms reveals how haz-
ardous they are to the environment and increases knowledge
on interactions between test organisms and the chemical sub-
stance. Microalgae with their high surface-to-volume ratio
can show immediate response to toxic pollutants. Inhibition
or enhancement of their growth due to the presence of con-
taminants provide valuable information about the possible ef-
fects of contaminants on the marine-coastal ecosystem. One
of the most common standard test organism is the marine di-
atom Phaeodactylum tricornutum, which is also an important
food source for zooplankton and other filter feeding organ-
isms. It is one of the few salt water phytoplanktonic model
for toxicity standard tests (Libralato et. al. 2016; Wang &
Zheng 2008). Microalgae, water fleas and zebrafish represent
an aquatic food chain as primary producer, primary consumer
and secondary consumer, respectively. Being inexpensive,
small and easy to care for in large numbers zebrafish is pre-
ferred for determination of the water quality and toxic effects
of contaminants (Lele & Krone 1996). It is reported that 70%
of human genes coding for proteins are consistent with
zebrafish, and 84% of these genes are found to be associated
with human diseases. Thus, toxicology test results obtained
on zebrafish, which is a vertebrate model, can give idea about
the effect of toxicants on human health ((Howe et al. 2013;
Qian et al. 2018).

In this study, acute toxicity tests for 13 micropollutants in-
cluding heavy metals, pesticides and drugs were investigated
on marine algae, water flea and zebrafish. Among these com-
pounds, polychlorinated biphenyls has great concern. 2,4-
DCP, a widely used chlorinated phenolic compound for syn-
thesis of agricultural biocides and pharmaceuticals, are a ma-
jor source of worry for both human and ecological health
(Zhang et al. 2018). Heavy metals studied are vanadium, tita-
nium, arsenic and antimony. The chemicals and the potential
sectors discharging these micropollutants were listed in Table
1. The micropollutants selected are widely used in our coun-
try and have scarce acute toxicity data in literature on marine
algae. The other criteria for selection is their logKew value
lower than 3 which results in increased solubility in water.
Previously, the Annual Mean Environmental Quality Stand-
ards (ug/L) of these micropollutants were determined in a
Project on detection of dangerous micropollutants for Turkey
coastal and transitional waters. Their bioavailability, annual
quantity of usage in the country (import or production) and
ecotoxicity were among the important criteria for EQS deter-
mination (Tiibitak 2017). The extremely hazardous chemical
tested in this study with annual mean EQS value of 0.05 pug/L
is Azinphos-methyl, which is an organophosphate pesticide.
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EQS values of n-Butyltin Trichloride, Triadimenol and Va-
nadium are also low so they are regarded to be dangerous with
their low mean annual EQS values (1-2 ug/L).

Material and Methods

Test Compounds

All the chemicals listed in Table 1 were supplied by Sigma
Aldrich. Stock solutions of the micropollutants were prepared
in distilled water. EC50 values for each chemical was deter-
mined for five different concentrations diluted from their
stock solutions.

Toxicity Tests

Water fleas (Daphnia magna): Water fleas were cultured in
a 2 L beaker containing 1 L of distilled water and fed with
Chlorella vulgaris. The photoperiod was applied as16 h L and
8 h D, and the temperature was 20 °C (Bernot et al. 2005).
This culture was used for inoculation 100 mL of test solution
containing toxic chemical of interest. All experiments were
initiated with 24 h old organisms. The animals were not fed
during the tests. The test solutions containing required
amount of toxic chemicals were prepared by making dilutions
from stock solutions in appropriate concentration range. For
each concentration, 100 ml of test solutions was prepared in

Table 1. Micropollutants studied and their source of pollution

Research Article

two beakers and 10 Daphnia magna were placed into each
beaker and monitored for 96 hours. The measured toxic ef-
fect was death of organisms recognized as immobilization for
15 s after stimulation by a bright light.

Marine algae (Phaeodactylum tricornutum): Microalgae
are cultured in vessels containing only nutrient medium (as
controls) and nutrient medium to which the test micropollu-
tant is added. The algae cells was cultured in F/2 medium
which contains 75g/LL. NaNOs, 5.65g/L. NaH,PO..2H0,
12.9g/LL Na»Si03.5H,0, 0.005g/L CuS04.5H,0, 0.011g/L
ZnS04.7H20, 0.005g/L CoCL.6H20, 0.090g/L
MnCl:.4H,0, 0.909g/L FeCl;3.6H,O (Guillard 1975). Appro-
priate volumes of nutrient medium were placed in flasks and
algae were then introduced into the flasks and standardized
light and temperature conditions are provided. Algae cultiva-
tion is carried out with an initial cell density of 10° cells/mL
and the experiment is continued for 96 hours. Algae cells at
the logarithmic phase are used for toxicity tests. Experiments
were performed in a light-dark cycle for 12 hours with 2000-
3000 Ix illumunation, at 21 =2 ° C, pH 7.1 for 12 hours. Data
of algae growth during the test are obtained in each day for
96 hours (Sun et al. 2016). The results of the test are calcu-
lated as % effect, based on final versus initial population den-
sity.

Micropollutant Cas No Industrial usage
1-Chloro-2,4 dinitrobenzene Detecting and determining nicotinamide adenine dinucleotide (NAD), refrigerant in air
97-00-7 conditioning systems, main toxin in pesticide and herbicide products (Santos et.al., 2021)

Azinphos-methyl 86-50-0

Pesticide, agro-chemical product (Zhang et al., 2019)

2-Amino-4-chlorophenol 95-85-2

Industrial gases, chemical fertilizers, nitrogen compounds, paints and varnishes
(NCBI,2021)

Sulfamethoxazole 723-46-6

Applied as a bacteriostatic drug (Dirany ef al., 2011)

n-Butyltin Trichloride 1118-46-3

Plastic raw materials manufacture, processing and coating of metals (NCBI,2021)

3-Chlorophenol 108-43-0

Tire treading and reprocessing (Wang et al., 2011)

2,4-Dichlorophenol 120-83-2

Pesticides, herbicides, and bactericides (Zhou, et al., 2020)

Triadimenol 55219-65-3

Agricultural fungicide (Li ef al., 2014)

Arsenic 7440-38-2

Manufacture of pesticides and other agro-chemical products, construction of ships and float-
ing structures (NCB1,2021)

Vanadium 7440-62-2

Manufacture of industrial gases, chemical fertilizers, nitrogen compounds, paints, plastic
raw materials and steel alloys, battery and superconducting materials (NCBI,2021)

Titanium 7440-32-6

Manufacture of plastic bag, bag, sachet, sack, box, carboy, bottle and reel (NCBL,2021)

Antimony 7440-36-0

Flame-retardants, rubber vulcanization, plastic stabilization, white pigment, textile finish,
glass manufacture, ceramic enamels (Paoletti ef al., 2001)

Iron 7439-89-6

Manufacture of basic iron and steel products and ferroalloys, chemical fertilizers and nitro-
gen compounds (NCBI, 2021)
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Zebrafish (Danio rerio): Aerated tap water was used for the
preparation of serial concentrations of the chemicals to be
tested for toxicity and for the pond containing the Danio re-
rio. In the experiment, ten Danio rerio were placed ina 2 L
glass beaker containing 1 L of solution and the fish were mon-
itored for 96 hours after the addition of chemicals. The num-
ber of dead fish was recorded every 24 hours (Sun et al.
2016).

Calculation of %Effect for Micropollutants

% effect vs chemical concentration graphics for all the chem-
icals on three different organisms were given in Suplemen-
tary file. % Effect values are calculated by using following
equation

# of death organisms in test

%Effect = 100

- - : X
#of alive organisms in control

Results and Discussion

In the present study, three trophic levels of the ecosystems in-
cluding producers (P. tricornutum), primary and secondary
consumers (D. magna and D. rerio), were used to evaluate
the toxicities of environmentally important micropollutants
listed in Table 1. Micropollutants which has rare or no tox-
icity test results on marine algae were selected for determina-
tion of their toxicity. Benthic microalgae play a key role in in
biogeochemical cycles and are important for the control of
marine resources. Marine organisms living in estuarine and
coastal sediments will be the first targets of toxic pollutants.
They are exposed to a number of natural and synthetic pollu-
tants, including trace metals, pesticides, various PAHs, bio-
cides, and other pollutants coming from plastic or cosmetic
industry (Tato & Beiras 2019). The toxicity of micropollu-
tants such as PAHs and metals on marine organisms has been
widely investigated (Brown et al. 2004; Company et al. 2004;
Singh et. al. 2004; Morlon et al. 2005). However, only a few
compounds are subject to legal regulations (Rogowska et. al.
2020) and unfortunately large number of contaminants are
still discharged into the nearest river or sea without removal
from wastewater. Toxic contaminants including most of the
micropollutants threat survival of aquatic organisms and dis-
turb marine ecosystem. Drastic changes in the ecosystem may
result in difficult-to-reverse circumstances. For example, ef-
fect of micropollutants on microbial loop functioning is re-
ported to a cause of mucilage problem in Meditteranean Sea
(Danovaro et. al. 2009). To protect marine life, determining
the pollutants with high toxicity and characterizing the eco-
logical risk to aquatic organisms is critical. Although predic-
tion tools using quantitative structure activity relationship
(QSAR) models such as Ecological Structure Activity Rela-
tionships (ECOSAR) can also be applied for risk assesment

studies (Li et. al. 2021), data based on ecotoxicological tests
is primarily preferred.

Being dominant in most marine ecosystem, the diatom P. #ri-
cornutum appears as a good model to study the interactions
between toxic contaminants and marine ecosystem (Poirier et
al. 2018). Phytoplanktons (microalgae) are the primary pro-
ducers at the base of the aquatic food chain, so that they are
the first targets to be affected by pollution (Satoh et al. 2005).
Algae are ecologically important organisms and generally
sensitive to test substances. Also algal tests are rapid and cost
effective (Arensberg et. al.1995).

Table 2 presents 96h acute toxicity test results for 13 mi-
cropollutants on three trophic level. EC50 and LC50 values
were obtained by measuring the effect of at least five concen-
trations of the chemical on the test organisms. Graphics for
determination of EC50 and LC50 values can be found in the
Supplementary file. Figure 1 shows %effect graphics for the
most toxic chemical for each individual test organism. Tox-
icity experiments on three trophic level revealed that D.
magna is the most sensitive organism to all of the tested mi-
cropollutants except 2,4-Dichlorophenol (Table 2). This sub-
stance together with 1-Chloro-2,4 dinitrobenzene showed
their highest toxicity to zebrafish (Figure 1 C). 1-Chloro-2,4
dinitrobenzene, an intermediate solvent used in many sectors,
was shown to be highly toxic to all organisms but it was found
to be toxic to D. magna the most (Figure 1 A). In a previous
study, 48h EC50 of 1-Chloro-2,4 dinitrobenzene was re-
ported to be 0.8 mg/L for Chlorella pyrenoidosa, a freshwater
green algae (Maas-Diepeveen &Leeuwen 1986) and 0.49
mg/L for D. magna (Dierickx & Vanderwielen 1986). In our
study, EC50 for D. magna was found to be 0.002 mg/L, much
more lower than previous studies. Toxicity of other chlorin-
ated compounds, 2,4-Dichlorophenol and 3-Chlorophenol,
were not as high as 1-Chloro-2,4 dinitrobenzene for D.
magna, however, all the chlorinated compounds including
these two were shown to be highly toxic to zebrafish. Tox-
icity of a chemical substance may differ with respect to the
test organism due to the difference in their cell structure and
function, and level of organization. Vertebrates possess enzy-
matic and non-enzymatic antioxidant systems as defense
against oxidative stress (Fontagné-Dicharry et al. 2017).
There is not much toxicology data for 1-Chloro-2,4 dinitro-
benzene for zebrafish in the literature. Some material safety
data sheets report LC50 as 0.32 mg/L for zebrafish, however
we have obtained 96h LC50 as 4.2 mg/L for this organism.
There is a detailed acute toxicity data for 2,4 dichlorophenol
(Moermond &Heugens 2009) in which LC50 value was given
as 3.9 mg/L for zebrafish for 96h (Guillard 1975). We ob-
tained similar EC50 value for 2,4 dichlorophenol for
zebrafish. The pesticide, Azinphos-methyl, which is accepted
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as extremely hazardous was found to be highly toxic to D. was found to be sensitive to micropollutants more than ma-
magna with EC50 of 6 ng/L but its toxicity to marine algae rine algae.
is not higher than heavy metals. In the present study D. magna

Table 2. Half-maximal effective concentrations of micropollutants on three trophic levels

Micropollutant Daphnia magna P. tricornutum Danio rerio
EC50 (96 h) (mg/L) | EC50 (96 h) (mg/L) | LC50 (96h) (mg/L)

2,4-Dichlorophenol 17.7 16.7 4.2
3-Chlorophenol 12.3 25.5 34.1

n-Butyltin Trichloride 5.8 7.9 65.6

Iron 4.0 53.7 335.6
Sulfamethoxazole 2.2 114.7 235.5
Triadimenol 1.3 5.4 135.3

Antimony 0.08 4.9 103.5

Titanium 0.055 3.7 118.4

Vanadium 0.050 6.2 124.2
2-Amino-4-chlorophenol 0.023 65.2 5.5

Arsenic 0.023 24 21.9
Azinphos-methyl 0.006 8.6 11.7
1-Chloro-2,4 dinitrobenzene | 0.002 52 4.2

Underlined values are the highest, bold ones are the lowest toxic concentrations for a species. Half maximal effective concentration for each chemical were calculated from the
equations obtained from %effect vs concentration graphics (Supplementary file)

100 100
80 80
7] = -
60 o 60
2
= 40 E 40
* y=31129x X - y = 20,623x
20 R? = 0,8581 R?=0,8867
0 0
0 0,001 0,002 0 1 2 3 4 5
Concentration (mg/L) Concentration (mg/L)
A) B)
Daphnia magna Phaeodactylum tricornutum
100
80
60

% Effect
S
o

y =11,774x
R?=0,8595

0 2 4 6 8 10

Concentration (mg/L)
)

Danio rerio
Figure 1. %Effect of the most toxic micropollutants studied on three trophic level A) 1-Chloro-2,4 dinitrobenzene for water flea Daphnia
magna, B) Arsenic for marine algae Phaeodactylum tricornutum, and C) 1-Chloro-2,4 dinitrobenzene for zebrafish Danio rerio.
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Heavy metals (e.g., copper, lead, mercury) are one of the
most widely used contaminants and serious forms of environ-
mental pollution. Except for iron, studied heavy metals in the
present work were determined to be highly toxic for water
flea and marine microalgae. As an higher level consumer,
zebrafish, is more resistant to heavy metals as compared to
the chlorinated organic compounds. Arsenic showed high
toxicity to D. magna and P. tricornutum. Concentrations as
low as 23 pg/L was found to be enough to give harm to water
fleas. Among the substances examined in this study, arsenic
was shown to be the most toxic chemical for microalgae, P.
tricornutum (Figure 1 B). Vanadium also showed remarkable
toxicity to D. magna and P. tricornutum. It was reported that
the growth of an aquatic plant is stimulated by trace quantities
of vanadium (1-10 pg/l), but concentrations above 100 ug/1
are toxic. Power and beat producing industry using fossil
fuels (such as petroleum, coal and oil) cause the most wide-
spread discharge of vanadium into the environment
(Venkataraman & Sudha 2005).

Conclusion

Ecotoxicity of 13 environmentally important micropollutants
including heavy metals such as arsenic, titanium and vana-
dium, pharmaceuticals including sulphametaxazole; indus-
trial solvents used in plastic raw material manufacturing in-
cluding 2,4-dichlorophenol and n-butyltin trichloride, and
chemicals used in pesticide manufacturing like azinphos-me-
thyl were tested on marine water algae, water flea and
zebrafish. Although those micropollutants are not priority mi-
cropollutants they are hazardous or extremely hazardous sub-
stances used in various industries at high quantities. The re-
sults of the study showed that water flea, D. magna, is most
sensitive organisms to almost all of the micropollutants
tested. Among the tested micropollutants, 1-chloro-2,4 dini-
trobenzene which is used in paint and agricultural chemical
manufacturing industry was found to be the most toxic com-
pound to all tested species. Arsenic and azinphos-methyl
were also found to be highly toxic to all the organisms used
in this study. Marine microalgae used in this study is shown
to be affected remarkably by heavy metals which are one of
the major causes of marine pollution in our country.

Result of the study will be useful for validation of environ-
mental quality standards for micropollutants entering marine
environment. We dramatically experienced a mucilage prob-
lem in Marmara Sea in 2021 and understand how microalgal
community change and dominance of harmful species can
have devastating results in sea ecosystem. Stress exerted by
toxic pollutants on plankton community not only cause death
of organisms but also make them increase exopolysaccharide

production which turns into mucus at the end. In order to pro-
tect marine ecosystem, environmental quality standards
should be strictly applied for the micropollutants entering the
water bodies from various industries.
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barmdirmasi gibi nedenlerle turizm agisindan cazip bir konumdadir. Ozellikle Ege ve Akdeniz’in
durgun yapisi, hemen hemen dort mevsim deniz turizmine imkan vermekte olup; 6zellikle yat ge-
milerinin siklikla tercih ettigi glizergahlardan biri olmaktadir. Bu bakimdan gezi spor ve eglence
amacli gemiler ve yatlardan kaynakli olarak da bir deniz trafigi ortaya ¢ikmakta ve zaman zaman
bu gemiler kazaya sebebiyet vermektedir. Caligmada, Tiirk Arama Kurtarma Bolgesi’nde meydana
gelen gezi, spor ve eglence amacli gemiler ve yatlarin karistig1 deniz kazalar istatistiksel olarak
incelenmistir. Bu kapsamda oncelikle frekans dagilimlar1 gerceklestirilmis ve hipotezler ki-kare
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Analysis of accidents involved in touring/ sport/ recreational vessels and yachts in the
Turkish search and rescue area

Our country is surrounded by seas on three sides; it is in an attractive position in terms of tourism
due to its suitable climate and many history and cultures. Especially the stagnant structure of the
Aegean and the Mediterranean allows sea tourism in almost four seasons; it is one of the routes
preferred especially by yacht ships. In this respect, a maritime traffic arises due to touring, sports
and recreational ships and yachts, and these ships occasionally cause accidents. In the study, ma-
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vessels and yachts are statistically analyzed. In this context, frequency distributions are carried out
first and the hypotheses are examined by Chi-Square independence analysis.
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Giris

Ug tarafi denizlerle gevrili olan iilkemiz 6zellikle Ege ve Ak-
deniz Bolgesinde agirlikli olarak {i¢ mevsim deniz turizmi ya-
pilabilmesi avantajiyla 6nemli bir konumdadir. Bu bakimdan
ozellikle Nisan-Kasim arasi yaygin bir bicimde deniz turizm
aktiviteleri devam etmekte olup, yatlar icin de 6nemli bir rota
olarak tercih edilmektedir.

T.C. Kiiltiir ve Turizm Bakanlig1 2020 verilerine gore iilke-
mizde toplam 1957 belgeli yata ait toplam 18725 yatak bu-
lunmaktadir. Ayrica; 38 adet yiizer deniz turizmi araci, 2 adet
dalabilir deniz turizmi araci, 2604 adet de giiniibirlik gezi tek-
nesi bulunmaktadir. Deniz Turizm tesislerinde, 10844 adet
yatak kapasitesi denizde, 4232 adet yatak kapasitesi karada
olmak tizere toplam 15076 yatak kapasitesi mevcuttur. Bu-
nunla birlikte 2019 verilerine gére Yabanci Bayrakli turizm
isletme belgesi olan 160 adet yat bulunmakta olup; 538718
yabanci ziyaretgi giiniibirlik olmak tizere, toplam 185560 ya-
banci ziyaret¢i denizyoluyla sinir kapilarindan giris yapmustir
(T.C. Kiiltiir ve Turizm Bakanligi, 2021). Bu kapsamda 6zel-
likle giiniibirlik turlar ve yatlar nedeniyle deniz trafik yogun-
lugu yasanmakta, diger gemiler i¢in de tehdit olabilmekte ve
bu durum zaman zaman kazalara yol agmaktadir.

Deniz kazalar1 ¢ok boyutlu sorunlara yol agmasi nedeniyle
Uluslararasi Denizcilik Orgiitii (IMO) ve birgok iilke deniz
kazalarinin arastirilmasi i¢in birimler olusturmus olup, kaza-
lara ait raporlar olusturulup, nedenleri saptanmakta ve kaza-
larin 6nlenmesine iligkin ¢aligmalar ylriitilmektedir. Titanik
kazasindan (1912) sonra Denizde Can Giivenligi S6zlesmesi
(SOLAS) kabul edilmis olup siirekli giincel tutulmasi i¢in re-
vizyonlar gerceklestirilmistir. Daha sonra 1977 yilinda yiiriir-
liige giren Denizde Catismayr Onleme Uluslararasi Sozles-
mesi (COLREG) deniz kazalarinin 6nlenmesi ve seyir gliven-
liginin saglanmasi agisindan 6nem arz etmektedir (Tuncel,
2020). 1979 yilinda ise Uluslararas1 Arama Kurtarma (SAR)
Sozlesmesi imzalanmis olup, bu sézlesme kapsaminda kaza
meydana geldiginde ve denizde tehlikede bulunan insanlara
yardimin olusturulan bu SAR organizasyonu tarafindan ya-
pilmasi planlanmigtir (IMO, 1979). Ayrica IMO deniz kaza-
larinin uluslararasi boyutta arastirmasi amaciyla Deniz Kaza-
larim ve Deniz Olaylarini inceleme Kodunu (1997) olustur-
mustur (Tungel, 2020).

Sozlesmeler agisindan kazalara bakacak olursak ; SOLAS
Yonetmeligi [/21 ve MARPOL Madde 8 ve 12 uyarinca, her
Idare, bu sdzlesmelere tabi kendi bayrag: altindaki gemilerde
meydana gelen kazazedelere iliskin bir sorusturma yiiriitmeyi
ve bu tiir sorusturmalarin bulgulari ile ilgili olarak Orgiit'e
bilgi vermeyi taahhiit etmekte olup; Yiikleme Sinir1 Sozles-
mesinin 23. Maddesi, zayiatlarin sorusturulmasini da gerek-
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tirmektedir. Birlesmis Milletler Deniz Hukuku So6zlesme-
sinde (UNCLOS), deniz kazalar1 olmas1 durumunda bayrak
devletinin gorevleri belirtilmis olup, Bayrak Devletin kazaya
karisan geminin bayragindaki devlet ile deniz kazasi ve sey-
rlisefer olayina iliskin yapilan herhangi bir sorusturmanin yii-
ritiilmesinde igbirligi yapmasi gerektigi belirtilmistir. Bu-
nunla birlikte IMO, Deniz Giivenligi Komitesi (MSC) Lond-
ra'da Mayis 2008'deki 84. oturumu i¢in bir araya geldiginde,
Deniz Kazasi veya Deniz Olayma Yonelik Giivenlik Sorug-
turmast i¢in Yeni Uluslararas1 Standartlar ve Onerilen Uygu-
lamalar Yonetmeligini (Yarali Sorusturma Kodu) kabul et-
mistir. Ayrica Kurallarin I ve II. Kisimlarin1 zorunlu kilmak
icin SOLAS Bolim XI-1'deki ilgili degisiklikler de kabul
edilmis olup kurallarin III. Boliimi, ilgili rehberlik ve acikla-
yic1 materyal icerir (IMO, 2021).

IMO, bir dizi kararla isbirligini ve karsilikli ¢ikarlarin tanin-
masin1 tesvik etmistir. {lki, Kasim 1968'de kabul edilen Deniz
Kazalarina iliskin Resmi Sorgulamalara Katilim hakkindaki
A.173 (ES.IV) kararidir. Ardindan Kasim 1975'te kabul edi-
len Yaralilara Yonelik Sorugturmalarin Yiiriitiilmesine iliskin
A.322 (IX) karar ve her ikisi de Kasim 1979'da kabul edilen,
Deniz Yaralilarina Yonelik Sorusturmalar igin Bilgi Degi-
simi ve Yaralilarin Sorusturulmasi ve Sozlesmelere Aykir
Idarelerin Personel ve Malzeme Kaynak ihtiyaglarima iliskin
A.442 (XI) sayili karar A.440 (XI) gelmistir. Ayrica; Deniz
Kaza Sorusturmalarinda Isbirligi hakkindaki A.637 (16) sa-
yil1 karar, 1989 yilinda kabul edilmistir. Bu miinferit kararlar,
IMO tarafindan Deniz Kayiplarinin ve Olaylarinin incelen-
mesine Iliskin Kod'un kabul edilmesiyle birlestirilip ve genis-
letilmistir.. Kasim 1999'da kabul edilen Deniz Yaralilarinin
ve Olaylarmin incelenmesine Iliskin Kurallarda Degisiklik
Yapilmasina Dair Karar A.884 (21), karar A.849 (20), insan
faktorlerinin arastirilmasi i¢in yonergeler saglamistir. Kurul,
yirmi sekizinci oturumunda, A.849 (20) ve A.884 (21) numa-
ral kararlar1 iptal eden Yarali Sorusturma Kanununun uygu-
lanmasinda sorusturmacilara yardimer olmak igin Kilavuz I1-
keler hakkindaki A.1075 (28) kararin1 kabul etmistir (IMO,
2021).

Bununla birlikte deniz kazalar1 ciddi insan ve maddi kayip-
lara ve gevresel hasara neden olmasi nedeniyle bilimsel an-
lamda da ilgi cekici olmus ve kazalarla ilgili birgok ¢aligma
yapilmistir. Oncelikle diinyada deni kazalariyla ilgili istatis-
tiksel analiz kullanan birkag ¢aligma incelenecektir. Bu kap-
samda Toman ve Zec (2020), Adriyatik Denizinde eglence
gemilerinin karigtigl karaya oturma ile sonuglanan kazalari
SARIMAX yontemiyle istatistiksel analiz yapip 5 yillik siire
icin karaya oturma kazasi egilimlerini tahmin etmislerdir.
Xue vd (2020) ise; Chongqing Deniz Giivenligi idaresi'nden
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(MSA) 2009-2018'de gemi kazalarina iligskin on yillik istatis-
tiksel verilerin istatistiksel analizi yoluyla kazalarin zamansal
dagiliminin 6zelliklerini 6zetlemektedir. Bir bagka calismada
ise Xue vd. (2021), Yangtze Nehri'nin i¢ su alanlarinda ger-
¢eklesen deniz kazalari incelenmis olup; kazalarin kategori-
leri ve ciddiyeti, kazalara karisan gemi tiirleri, mekansal ve
mekansal olarak tarihsel verilerin istatistiksel ve karsilastir-
mal1 analizi yoluyla gemi kazalarinin 6zelliklerini 6zetlemis-
lerdir. Xu vd. (2020), Yeni Zelanda'da Nisan 2015'ten Mart
2018'e kadar meydana gelen yaklasik 1600 deniz kaza verile-
rinden hareketle deniz kazalarinin {i¢ faktdre, yani gemi
grubu, su alan1 ve mevsime gore dagilimi ve korelasyonu gri
iligkisel analiz kullanarak analiz etmisler ve kaza tipi dagili-
min1 belirtmek i¢in yiizde analizi kullanmislardir. Ntanos vd.
(2015) ise 1000 Grostondan biiyiik olan Yunan Bandiral1 ge-
milerde kaydedilen kaza verileri tamimlayici istatistikler agi-
sindan degerlendirmis ve daha sonra ise gemi tipi degiskeni
ile kaza sorumlulugu, kaza sonucu kaza alani arasindaki ilis-
kiyi arastirmak amagh hipotezleri ki kare testi ile analiz et-
mislerdir. De Maya vd. (2019) 1990-2016 yillar1 arasinda de-
niz kazalarina iligkin veriler de tanimlayici istatistikler agi-
sindan incelemisler ve degiskenler arasindaki iligkileri arag-
tirmak i¢in hipotez testleri gerceklestirmislerdir. Bir bagka
calismada Nielsen ve Jungnickel (2003) 1980-1990 yillari
arasinda eski Almanya Demokratik Cumhuriyeti’nin deniz
kazalar1 verileri {izerinden istatistiksel bir analiz gergeklestir-
mis olup, deniz kazalarmin zamansal belirleyicileri oldugu
hipotezini test etmiglerdir. Bebeteidoh ve Poku (2016) deniz
kazalarimin temel nedenlerini tespit etmek amaciyla konunun
uzmani olan meslek erbaplarina bir anket uygulayarak, topla-
nan verileri, bu aragtirmada olusturulan her bir hipotezin ge-
cerliligini ve giivenilirligini test etmek i¢in uygun oldugu dii-
siiniilen istatistiksel ara¢ olan Ki-Kare testi ile analiz etmis-
lerdir. Ayrica Wu vd (2005) ise belirli hava faktorlerinin ba-
likgilik olaylarinin ciddiyetini etkileyip etkilemedigini belir-
lemek icin Kanada Sahil Giivenlik tarafindan 1997'den
1999'a kadar kaydedilen balik¢1 teknesi olaylarini kullanarak,
istatistiksel analizler yapmislardir. Daha sonrasinda ise lojis-
tik regresyon ile, dalga yiiksekligi ve buz konsantrasyonunun,
bir olayin tehlike veya tehlike olmayan olarak siniflandirilma
olasiligini tahmin edebilecegini tespit etmislerdir.

Tiirk Arama Kurtarma Bolgesindeki deniz kazalari ile ilgili
olarak cogunlukla ilgili bolgelerdeki kaza risklerin analizi
veya gerceklesen kazalar ile ilgili istatistiksel analizi igeren
calismalar yapilmgtir. Bu kapsamda Y1lmaz ve Ilhan (2017)
Tiirk bayrakli gemilerde meydana gelen is kazalar1 ve riskle-
rini analiz etmislerdir. Y1lmaz ve Ilhan (2018) ¢alismalarinda
ise Tiirk Bayrakli gemilerle ilgili kazalarin denizcilere etkile-
rine iligkin bir analiz ger¢eklestirmisler ve frekans dagilimla-
rindan faydalanmslardir. Kizkapan (2010) ise yiiksek lisans

tez ¢alismasinda Tiirkiye kiy1 alanlarinda gemi emniyet yo-
netimi agisindan deniz kazalarmin istatistiksel analizini yap-
mustir. Asyali ve Kizkapan (2012) ise Tiirkiye Kiyilarinda
uluslararasi sefer yapan gemilerin karistigi deniz kazalarimin
analizi yapilmistir. Ceyhun (2014) Tiirk Denizleri bolgesinde
gemi kazalarmin ¢evresel etkilerini incelemistir. Ayrica Nas
(2011) Izmir Kérfezi ve Yenikale gecidindeki karaya oturma
kazalarmin analizini yapmustir. Tag ve Alkan (2016) ise Tiir-
kiye’nin Ege ve Akdeniz kiyilarinda gerceklesen kazalar1 fre-
kans dagilim1 ve ki kare testi ile analiz etmiglerdir.

Literatiirde en ¢ok Istanbul ve Canakkale Bogaz ile ilgili ca-
lismalar yapilmistir. Cakir ve Kamal (2021) Istanbul Boga-
zindaki ticari gemi kazalarini karar agaci yontemi ile analiz
etmislerdir. Kodak ve Acarer (2021) ise istanbul Bogazinda
deniz trafik diizenlemelerinin kaza oranina etkisini incele-
mislerdir. Ece (2016) Istanbul Bogazinda meydana gelen ka-
zalarda kaza ile kilavuz kaptan alinmasi arasindaki iliski fre-
kans dagilimu, ki kare iliski testi ve Cramer’s V testi ile analiz
edilmistir. Ayrica Ece (2005) Istanbul Bogazindaki deniz ka-
zalarini seyir ve ¢evre glivenligi agisindan istatistiksel analiz
yapmus ve daha Sonra Ece (2012) Istanbul Bogazinda sag se-
rit diizeninin uygulanmaya basladigi andan sonraki deniz ka-
zalarini istatistiksel anlamda analiz etmistir. Bu konu hak-
kinda bir makale yayimlamistir. Koldemir (2006) ise Istanbul
Bogazi ile ilgili calismasinda seyir giivenligi i¢in sorunlu bol-
gelerin belirlenmesi amaciyla kaza kara noktalar1 analizi yap-
mustir. Koldemir (2009) da ise kaza kara noktalarinin giincel-
lenmesini yapmistir. Bayar vd. (2008) istanbul Bogaz kaza-
larim istatistiksel olarak incelemislerdir. Kilig (2015) Istan-
bul Bogazinda risk analizi yapmis olup bulanik analitik hiye-
rarsi prosesi metodunu kullanmigtir. Ece vd. (2020) ¢alisma-
larinda ise Canakkale Bogazinda gerceklesen deniz kazalarini
istatistiksel analizi kapsaminda frekans dagilim ve ki kare
testinden faydalanmislardir. Kuleyin ve Aytekin (2015) Ca-
nakkale Bogazi deniz kazalarini incelemislerdir. Kili¢ ve Sa-
nal (2015) ise Canakkale Bogazindaki karaya oturma ile so-
nuglanan gemi kazalarini incelemek icin hata agaci analizi
yontemini kullanmislardir. Basar (2010) Canakkale Bogazin-
daki riskli bolgelerin analizi ile ilgili bir simiilasyon gercek-
lestirmistir. Bununla birlikte Tatlisuluoglu (2008) tez calis-
masinda ise Canakkale Bogazindaki deniz kazalariin gev-
reye etkilerini istatistiksel anlamda analiz etmistir.

Calismada; Tiirk arama kurtarma bdlgesinde gergeklesen yat
ve ylizer deniz turizm araci, dalabilir deniz turizm araci ve
giiniibirlik gezi tekneleri vb. diger deniz turizm araglarinin
karistig1 deniz kazalarinin analizinin yapilmasi amaglanmis
olup, oncelikle ilgili kazalara iliskin ilgili frekans ve ylizde
dagilimlar1 yapilmis ve kazalarin durumlari arasinda iligkile-
rin varligina iliskin hipotez testleri gergeklestirilmistir.

31


https://doi.org/10.3153/AR22004

32

Aquat Res 5(1), 29-38 (2022) e https://doi.org/10.3153/AR22004

Yapilan Tiirk Arama Kurtarma Bolgesinde yapilan ¢alisma-
lara bakildiginda agirlikl olarak Tiirk Bogazlarinda meydana
gelen kazalar incelediklerini ve risk analizi veya istatistiksel
analizi yaptiklarim goriilmektedir. Istatistiksel analiz yapilan
caligmalarda siklikla frekans dagilimi ve ki kare bagimsizlik
testini uyguladiklari ve AAKKM verileri iizerinden analiz
gergeklestirdikleri goriilmiistiir. Caligmamizda da AAKKM
internet sitesinden alip derledigimiz 2009-2016 yillar1 ara-
sinda gerceklesen verilere frekans dagilimi ve ki kare bagim-
s1zlik testi uygulanmistir. Ancak, gezi, spor ve eglence gemi-
leri ve yatlarda meydana gelen kazalarin degerlendirme ne-
deniyle diger ¢alismalardan ayrilmaktadir.

Materyal ve Metot

Arastirmanin Amact ve Kapsami

Ulkemizin elverisli konumu ve iklim kosullar1 nedeniyle y1lin
biiyiik bir kisminda 6zellikle Ege ve Akdeniz kiyilarinda yat
turizmi ve ayrica giiniibirlik gezi ve eglence amaglt gemiler
bir deniz trafigi yaratmaktadir. Bu kapsamda deniz trafiginin
seyri agisindan gezi ve eglence amagli gemiler ile yatlarin de-
niz trafigi seyrine etkisinin arastirilmasi 6nemli goriilmiis
olup, Tiirk Arama Kurtarma Bdlgesi’nde gezi ve eglence
amagli gemiler ile yatlarin karistig1 kazalarin meydana gel-
digi mevsim, saat araligi, kaza bolgesi, gemi tipi, tabiiyeti,
kaza nedeni, tipi ve sonucu gerceklestigi gibi veriler {izerin-
den degerlendirme yapilarak, bu faktorler arasindaki iliskile-
rin degerlendirilmesi ve kazalar1 en ¢ok nelerin etkilediginin
tespit edilmesi amaglanmistir. Arastirma kapsaminda 2009-
2016 yillar1 arasinda Tiirk Arama Kurtarma Bolgesi’nde seyir
yapan yat ve gezinti, spor ve eglence amagli gemilerin karig-
t181 kazalar ele alinmis olup, T.C. Ulastirma ve Altyap1 Ba-
kanlig1 Ana Arama Kurtarma Koordinasyon Merkezi internet
sitesinden alinan veriler kullanilmustir.

Deniz Kazast

Kaza, TDK’ya gore: “istem dis1 veya umulmayan bir olay do-
layisiyla bir kimsenin, bir nesnenin veya bir aracin zarara ug-
ramasi1” olarak tanimlanmistir (TDK,2021). Bu kapsamda de-
niz kazasi ise, insan hatasi, makina arizasi, kot hava kosul-
lar1 vb. sebepler sonucu meydana gelen geminin arizalan-
masi, kaybolmasi batmasi, ¢atmasi, ¢atigmasi, karaya otur-
masl, 0liim/yaralanma/denize adam diisme ve/veya ¢cevre kir-
liligi tarz1 sonuglanan ani gergeklesen olaydir (Kuleyin ve
Aytekin, 2015). IMO Kaza inceleme Koduna gore deniz ka-
zas1, gemi operasyonlarinin gerek duyulmasi ve yapilmasi ile
ilgili o6liim, ciddi yaralanma veya kisi kaybolmasi, geminin
kayb, terk edilmesi, gemide hasar olugmasi, karaya oturma,
catma veya catigmanin ger¢eklesmesi, gemi operasyonlari
kaynakli maddi zarar olugmasi, hasar sonucu ¢evresel zararin
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olugmasi durumlarindan biri veya daha fazlasinin gercekles-
mesi olayidir (Asyali ve Kizkapan, 2012). Deniz kazalarina
neden olan etkenler insan hatasi, mekanik nedenler, yangin
ve patlama, yapisal nedenler, hava ile ilgili nedenler ve diger
etkenler olup, deniz kazalarinin yaklasik %80°1 insan hatalari
nedeniyle meydana gelmektedir (Ugurlu vd, 2013).

Deniz kazalar1 insani, deniz ¢evresini, gemilerdeki ve kara-
daki ozellikleri ve faaliyetleri ¢esitli sekil ve derecelerde
olumsuz etkilemektedir. Ancak deniz kirliliginin nedeni sa-
dece kazalar ve carpismalar degil, ayn1 zamanda kazara petrol
sizintisy, kat1 atik, petrol aktarimi veya yakit ikmali gibi du-
rumlardan kaynakli da olabilmektedir.

Bununla birlikte; kazalarin etkileri kiiclik yaralanmalardan
oliimlere ve 6nemsiz hasardan ¢evreye ve miilke verilen ¢ok
ciddi hasara kadar degismektedir. Oliimler ve yaralanmalar
dahil olmak tlizere kazalarin maliyeti, miilke ve ¢evreye veri-
len zarar, 6nleme ve hafifletici 6nlemler ve sigorta, nakliye
maliyetlerinin 6nemli bir boliimiinii olusturmaktadir (Mullai
ve Paulsson, 2011; Ceyhun, 2014).

Tiirk Arama Kurtarma Bolgesi

Denizde Arama Kurtarma Uluslararasi Sézlesmesinde alant
sinirlarla belirlenmis arama kurtarma hizmetlerinin saglan-
dig1 Arama Kurtarma Bolgeleri kapsaminda arama kurtarma
faaliyetlerinin bolgeleri ve sorumluluk alanlari belirlenmis
olup, ilgili bolgedeki arama ve kurtarma faaliyetlerinden so-
rumlu olan bir Koordinasyon Kurtarma Merkezi ve bu mer-
keze tabi olan kurtarma alt merkezlerinden olusmaktadir.
Arama Kurtarma Bolgesinde tiim faaliyetleri o bdlgede so-
rumlu olan Koordinasyon Kurtarma Merkezi organize etmek
de sorumlu olup, ilgili taraflar arasinda karsilikli anlagmaya
ulagilamamasi durumunda ise bu taraflar ilgili bolge igerisin-
deki arama kurtarma faaliyetlerini gerceklestirmek icin esit
ve dengeli bir koordinasyonu saglayacak sekilde arama kur-
tarma hizmetlerine katilmalar1 gerekmektedir (IMO, 1979).

Bu kapsamda iilkemizde Arama Kurtarma faaliyetlerine ilis-
kin olarak “Deniz ve Hava Araglar1 Kazalarinda Arama ve
Kurtarma Yo6netmeligi” (Resmi Gazete: 17.10.2020 tarih ve
31277 Say1) hiikiimleri gegerli olup; ilgili yonetmelik geregi
Tiirk Arama Kurtarma bolgesindeki her tiirlii arama ve kur-
tarma faaliyetlerini T.C. Ulastirma ve Altyap1 Bakanligina
bagli olan Ana Arama Kurtarma Koordinasyon Merkezi ko-
ordine etmekle beraber, deniz arama kurtarma faaliyetlerinin
sorumlulugu da Sahil Giivenlik Komutanliginda bulunmak-
tadir. Arama-Kurtarma temel ifadeyle hayatin tehdit altinda
oldugu olumsuz kosullarda yaralilar1 kurtaran ve yardim eden
6zel egitimli bir grup personel tarafindan gerceklestirilen tek-
nik bir faaliyettir. Deniz ve Hava Araclar1 kazalarinda Arama
Kurtarma Yonetmeligine gore Arama Kurtarma hizmeti ise,
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bir arama ve kurtarma faaliyetini dogru ve eksiksiz olarak
gergeklestirmek i¢in elde bulunan olanaklar ve yeteneklerin
kullanilarak deniz araci, hava araci vb. araglarla ilgili olarak
kurumlarin birlikte ¢caligmasi, tibbi tavsiye, tahliye ve ilkyar-
dim konulariin da dahil oldugu tehlikeli durumun takibi, ha-
berlesme, koordinasyon ve uygulamalarinin biitliniinii ifade
etmektedir (Resmi Gazete, 2020).

Tiirk Arama Kurtarma Boélgesi Sekil 1’deki gibi olup ilgili
sinirlar dahilinde Tiirk hava sahasi, igsular, karasular1 ve agik
denizleri kapsamaktadir (AAKKM, 2021).
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Figure 1. Turkish search and rescue zone boundaries (AAKKM,
2021)

Tiirk Arama ve Kurtarma Bolgesinde meydana gelen deniz
kazalar1 ve diger olaylarla ilgili veriler Ana Arama Kurtarma
Koordinasyon Merkezi internet sitesinde yayimlanmakta
olup, hali hazirda 2001-2016 yillar1 arasinda gerceklesen
kaza/olay verilerine ulasilabilmektedir (Yilmaz ve Ilhan,
2018).

Arastirmanin Yontemi

Caligmada Tiirk Arama Kurtarma Bolgesi’nde 2009-2016
yillar1 arasinda meydana gelen gezi ve eglence amagli gemi-
lerin ve yatlarin kanstigi kazalarin analizinin yapilmasi
amacglanmigtir. Calismada kullanilan istatistik veriler T.C.
Ulastirma ve Altyapi Bakanlig1 Ana Arama Kurtarma Koor-
dinasyon Merkezinin internet sitesinde yayinladigi
Kaza/Olay istatistiklerinden derlenmistir (AAKKM, 2020).
Elde edilen verilere gore Tiirk Arama Kurtarma Bolgesi’nde
ilgili yillar arasinda yat ve diger gezi, spor ve eglence amagli
geminin karistigi toplam 213 kaza verisi iizerinden kaza ana-
lizi yapilmustir. Verilerin analizi SPSS 21 Paket Programi
kullamlarak yapilmistir. Oncelikle kazalara iliskin frekans ve
yiizde dagilimlar tespit edilmis, daha sonra verilere hipotez
testi uygulayarak kriterler arasindaki iliskilerin incelenmesi

asamasina gecilmigtir. Calismaya ait hipotezler Tablo 1°de
verilmistir.

Tablo 1. Arastirmanin hipotezleri

Table 1. Hypotheses of the research

Hipotez Aciklama
Mevsim ile kaza tipi aralarinda anlamli bir
H,; A
iliski vardir.
Saat araligi ile kaza tipi aralarinda anlamli
H; Co
bir iligki vardir.
Kaza bolgesi ile kaza tipi aralarinda anlamli
H; L
bir iligki vardir.
Gemi tipi ile kaza tipi aralarinda anlamli bir
H, o
iligki vardir.
I Gemi tabiiyeti ile kaza tipi aralarinda an-
’ lamli bir iligki vardir.
Kaza sonucu ile kaza tipi aralarinda anlaml
Hj A
bir iliski vardir.
I Oliim/yaralanma/kayi1p ile kaza tipi arala-
7 rinda anlamli bir iligki vardir.
Mevsim ile kaza sonucu aralarinda anlamli
H; L
bir iligki vardir.
o Saat araligi ile kaza sonucu aralarinda an-
? lamli bir iligki vardir.
o Kaza bolgesi ile kaza sonucu aralarinda an-
10 lamli bir iligki vardir.
H Gemi tipi ile kaza sonucu aralarinda an-
n laml1 bir iliski vardir.
" Gemi tabiiyeti ile kaza sonucu aralarinda
2 anlamli bir iligski vardur.
o Oliim/yaralanma/kay1p ile kaza sonucu ara-
13

larinda anlamli bir iliski vardir.

Ki-Kare Bagimsizlik analizi degiskenler nominal oldugunda
hipotezleri test etmek icin kullanilan en yararh istatistikler-
den biridir. Ki-Kare bagimsizlik analizi kategorik veriler lize-
rinde bagimsizlik analizleri yapmaya yarayan istatistiksel bir
analizdir. Ki-Kare bagimsizlik analizleri (2x2) (rxc) olmak
tizere iki ¢esit olmaktadir. (2x2) tablolari ile, ikili kategorilere
sahip bulunan iki degiskenin iliski durumu analiz edilirken,
(rxc) tablolar ile Ki-Kare bagimsizlik testi ise ikiden fazla alt
kategoriye sahip bulunan iki degiskenin iliski durumu anali
edilmektedir. (rxc) tablolariyla Ki-Kare bagimsizlik testinde
her bir hiicre i¢in hesaplanan teorik frekanslar i¢inde 5’den
kiigiik olanlarin yiizdesi %20’den diisiik ise Pearson Ki-Kare
testi, yiiksekse Fisher Freeman Halton Exact Test sonuglarina
bakilmalidir (Colak, 2015). Bu bakimdan verilerimiz katego-
rik verilerden olusmaktadir ve genellikle kategorik veriler
ikiden fazla kritere sahip olmaktadir. Bu nedenle hipotez testi
olarak Ki-Kare bagimsizlik analizi yapilmis olup, kriterlerin
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ger¢eklesme sayisinin 5’den kii¢iik olmast durumu gercekles-
tiyse 2’li kategorik veri karsilagtirmalarinda Fisher Exact
Test ve daha fazla olmasi durumunda ise Fisher Freeman Hal-
ton Exact Test sonuglarina bakilarak yorumlanmis, %20’nin
altinda ise Pearson Ki-Kare sonucuna gore degerlendirme ya-
pilmustir.

Bulgular ve Tartisma

Elde edilen verilere gore Tirk Arama Kurtarma Boélgesi’nde
2009-2016 yillan arasinda yat ve diger gezi spor ve eglence
amacli geminin karistig1 toplam 213 kaza verisi {izerinden
SPSS 21 Paket Programi kullanilarak kaza analizi yapilmis-
tir.

Kazalara iliskin kriterlerin frekans ve yiizde dagilimlan
Tablo 2’de verilmistir. Bu baglamda, incelenen kazalarin
128’1 (%60,1) yaz doneminde, 85’1 (%39,9) ise kis done-
minde gerceklesmektedir. Analizimizde Yat ve Diger Gezi ve
Eglence amagli gemilerin karistigi kazalar incelendigi igin
yaz doneminde daha yogun bir trafik olmasi nedeniyle yaz
doneminde gergeklesen kazalarin daha ¢ok olmasi dogal bir
durumdur.

Ayrica kazalarin 53711 (%24,9) 12:01-16:00 saatleri arasinda,
50’sinin (%23,5) 16:01-20:00 saatleri arasinda gerceklestigi
gorlilmiistiir. Bununla birlikte 00:00-04:00 saatleri arasinda
18 (%8,5) en az kaza gergeklesmis olup bunu 04:01-08:00 sa-
atleri 19 (%38,9) olarak takip etmektedir. Kaza bolgesine bak-
tigimizda ise en ¢ok kazanin 90 (%42,3) kaza olmak iizere
Ege Bolgesi'nde, en az kazanin ise 6 (%2,8) kaza ile Karade-
niz Bolgesi’nde gerceklesmekte olup, yat ve diger gezinti ve
eglence amacl gemilerin nadiren bu bolgede bulunmalar1 bu
diisiik yiizdeyi agiklamaktadir.

Kazaya 163 (%76,5) yat ve 50 (%23,5) diger gezi ve eglence
amach gemi karigsmistir. Diger gezi, spor ve eglence amach
gemiler olarak, gezinti (tenezziih) gemisi, fiber/siirat teknesi,
dalgic gemisi, restoran gemisi vb. gemiler ifade edilmektedir.

Bununla birlikte kazalarin 148’1 (%69,5) Tiirk bayrakli gemi-
lerde, 65’1 (%30,5) ise yabanci bayrakli gemilerde gercekles-
mistir. Kazanin tipine baktigimizda Oturma/Yan Yatma/Su
Alma veya Siiriiklenme 79 (%37,1) ile en yliksek oranli kaza
tipi ifade etmekte olup, Catisma/Catma 22 (9%10,3) ile en dii-
siik oranda gerceklesen kaza tipini gostermektedir. Kazanin
nedenine baktigimizda ise 87 (%40,8) kazanin nedeni bilin-
memekle birlikte 52 (%24,4) kaza ariza sebebiyle meydana
gelmistir. Kaza sonucuna gore; 107 (%50,2) kazada geminin
emniyete almip kurtarildigi, 66 (%31,0) kazada geminin kur-
tarilamadigi goriilmiis olup, 40 (%18,8) kazada ise diger (mii-
dahale edilememesi veya kazazedeye iliskin durumlar vb.)
durumlar meydana gelmistir. Bununla birlikte kazalarin
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178’inde (%83,6) herhangi 6liim/yaralanma veya kayip ger-

ceklesmemis olmakla birlikte 35’inde (%16,4) oliim/yara-

lanma/kay1p durumlarindan bir veya birden fazlas1 gercekles-

mistir.

Tablo 2. Kazalara iligskin kriterlerin frekans ve yiizde dagi-
limlart

Table 2. Frequency and percentage distributions of criteria related
to accidents

Kaza Kategori Frekans Yiizde
Mevsim

Yaz Donemi (Mayis — Ekim) 128 %60,1
Kis Dénemi (Kasim — Nisan) 85 %39,9
Saat Arahgi

00:00-04:00 18 %8,5
04:01-08:00 19 %8,9
08:01-12:00 37 %17,4
12:01-16:00 53 %24,9
16:01-20:00 50 %23,5
20:01-23:59 36 %16,9
Kaza Bolgesi

Akdeniz Bolgesi 37 %17,4
Marmara Bolgesi 80 %37,6
Ege Bolgesi 90 %423
Karadeniz Bolgesi 6 %2,8
Gemi Tipi

Yat 163 %76,5
Diger (Gezinti/Spor veya Eglence) 50 %23,5
Gemi Tabiiyeti

Tiirk 148 %69,5
Yabanci 65 %30,5
Kaza Nedeni

Ariza 52 %24,4
Hava Muhalefeti/Su Alma/Carpma veya

Stiriiklenme 48 %22,5
Bilinmiyor 87 %40,8
Diger 26 %12,2
Kaza Tipi

Alabora 55 %25,8
Catma/Catisma 22 %10,3
Oturma/Yan Yatma/Su Alma/Siiriiklenme 79 %37,1
Yangin/Patlama 33 %15,5
Diger 24 %11,3
Kaza Sonucu

Geminin Emniyete Alinmasi/Kurtarilmasi 107 %50,2
Geminin Hurdaya Cikmasi/Kurtarilama-

masi 66 %31,0
Diger 40 %18,8
Olii/Yarah ve/veya Kayip Durumu

Var 35 %16,4
Yok 178 %83,6
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Frekans dagilimlar1 yapildiktan sonra verilere hipotez testi
uygulayarak kriterler arasindaki iliskilerin incelenmesi asa-
masina gecilmistir. Tablo 3’de goriildiigii lizere; (H2) Saat
Aralig1 ve Kaza Tipi ve (H3) Kaza bolgesi ile Kaza Tipi ve
(H10) Kaza Bolgesi ve Kaza Sonucu arasindaki iliskiyi belir-
lemek i¢in Fisher Freeman Halton Exact hipotez testi sonu-
cuna bakilmistir. Buna gore; (H2) Saat Aralig1 ve Kaza Tipi
ve (H3) Kaza bolgesi ile Kaza Tipi arasinda anlamli bir iligki
bulunmamakla birlikte, (H10) Kaza Bolgesi ve Kaza Sonucu
arasinda ise anlaml bir iliski bulunmustur. Diger karsilastir-
malar arasindaki iliskiyi belirlemek i¢in ise Pearson Ki-Kare
Testi sonuclarina bakilmis olup: (H4) Gemi Tipi ve Kaza
Tipi; (H5) Geminin Tabiiyeti ve Kaza Tipi; (H6) Kaza So-
nucu ve Kaza Tipi; (H7) Oliim/Yaralanma/Kayip ve Kaza
Tipi; (H11) Gemi Tipi ve Kaza Sonucu; (H12) Geminin Ta-
biiyeti ve Kaza Sonucu ve (H13) Oliim/Yaralanma/Kay1p ve
Kaza Sonucu kriterleri arasinda ayr1 ayr1 anlamli bir iligki bu-
lunmustur. Bunun aksine (H1) Mevsim ve Kaza Tipi; (H8)
Mevsim ve Kaza Sonucu ve (H9) Saat Aralig1 ve Kaza So-
nucu arasinda anlamli bir iliski bulunmamaktadir.

Frekans tablosundan goriildiigii tizere deniz turizminin yogun
oldugu dénem olan yaz doneminde kazalarin % 60,1 inin ger-
ceklestigini gormekteyiz. Bu donemde belirgin bir fark olma-
sinin nedeni yaz doneminde kaza tehlikesinin artmasi nede-
niyle degil de, yaz doneminde 6zellikle Akdeniz ve Ege de-
nizinde yogun olarak, gezi/ eglence ve spor amagli gemilerin
ve yatlarin ki donemine nazaran daha yogun trafik olustur-
mas1 nedeniyle olmas1 muhtemeldir. Nitekim, HI ve H8 hi-
potezleri ile mevsim ile kaza tipi ve kaza sonucu arasinda da
anlamli bir iliski bulunmamig ve bu hipotezler reddedilmistir.
Bununla birlikte kazalarin biiyiik bir yiizdesinin 08:00-20:00

Tablo 3. Hipotez testi sonuglari

Table 3. Hypothesis test results

araliginda yani ¢alismaya konu gemilerin yogun trafigi ol-
dugu saatlerde meydana gelmis olup, saat araliginin hem kaza
tipiyle hem de kaza sonucuyla anlamli bir iligki bulunduguna
dair H2 ve H9 hipotezleri reddedilmistir.

Frekans tablosuna gore kazalarin %47,3’{i Ege Bolgesi’nde
meydana gelmis olup, Karadeniz Bolgesi ise %2,8 ile en az
kaza meydana gelmistir. Kaza bolgesi ile kaza tipi arasinda
anlaml bir iliski oldugu H3 hipotezi reddedilmis, ancak kaza
bolgesi ile kaza sonucu arasinda anlamli bir iliski bulundu-
guna dair H10 hipotezi ise kabul edilmistir. Bu kapsamda Ak-
deniz Bolgesi’nde meydana gelen kazalarin 20’sinde gemi
emniyete alinmig/kurtarilmig, 11’inde gemi hurdaya ayril-
mig/kurtarilamamus, 6’s1 ise diger bagka sekilde sonuglanmisg-
tir. Marmara Bolgesi’nde ise 52 gemi emniyete alinmis/kur-
tarilms, 19 gemi hurdaya ayrilmis/kurtarilamamis ve 9 gemi-
nin akibeti diger bagska sekilde sonu¢lanmistir. Ege BOI-
gesi’nde ise 90 gemiden sadece 35’1 emniyete alinmig/kurta-
rilmigtir. Karadeniz Bolgesi’nde gergeklesen 6 kazanin higbi-
rinde gemi emniyete alimp/kurtarilamamstir.

Elverisli yapisi nedeniyle Ege ve Akdeniz’de mevcut turizm
kaynakli yogun deniz trafigine paralel olarak, ilgili gemi ve
yat kazalarinin %59,7’si Ege ve Akdeniz Bolgesinde mey-
dana gelmistir. Bu nedenle Sekil 2.’de Akdeniz ve Ege De-
nizi’nde meydana gelen gezi, spor ve eglence amagli gemiler
ile yatlarin karistig1 kazalar harita lizerinde gosterilmis olup,
kazalar yogunluklu olarak turizm merkezi olan Antalya,
Mugla ve Izmir Cesme civarinda gergeklesmistir. Sekil 2,
T.C. Ulastirma ve Altyapr Bakanligi Ana Arama Kurtarma
Koordinasyon Merkezinin internet sitesinde yayinladig
Kaza/Olay istatistik bilgilerinden derlenerek hazirlanmustir.

Hipotez  Test Degeri P Hipotezin Sonucu
Hi Pearson Ki Kare 9,038 0,610 Red
H> Fisher Freeman Halton Exact 13,567 0,854 Red
H; Fisher Freeman Halton Exact 18,132 0,740 Red
Hy Pearson Ki Kare 15,258 0,004 Kabul
Hs Pearson Ki Kare 11,331 0,022 Kabul
Hs Pearson Ki Kare 159,583 <0,001 Kabul
H; Pearson Ki Kare 31,592 <0,001 Kabul
Hs Pearson Ki Kare 1,228 0,541 Red
Hy Pearson Ki Kare 6,180 0,800 Red
Hi Fisher Freeman Halton Exact 19,490 0,002 Kabul
Hi Pearson Ki Kare 12,444 0,002 Kabul
Hi: Pearson Ki Kare 18,840 <0,001 Kabul
His Pearson Ki Kare 54,567 <0,001 Kabul
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Sekil 2.2009-2016 yillar1 arasinda Akdeniz ve Ege Bolgesinde gezi, spor ve eglence amaglh gemiler ile yatlarin karigtigi kazalar

Figure 2. Accidents involved in touring/ sport/ recreational vessels and yachts in the Mediterrenean and Agean Regions between 2009-2016

Sonug¢

Denizlerimizde uluslararasi gemi trafiinin yam sira gezi
spor ve eglence amacli gemiler, tur tekneleri, yatlar ve sehir
i¢i tasimaciliginda kullanilan vapur ve motorlar, balikgr tek-
neleri vb. deniz araglarindan kaynakli ayrica bir trafik mey-
dana gelmektedir. Ozellikle yaz doneminde gezinti, spor, eg-
lence amagl gemiler, gliniibirlik tekneler ve yatlar deniz tra-
figini ciddi bigimde etkilemektedir. Bu durumda da bu gemi
ve yatlarn karistig1 kazalar da meydana gelmektedir. Bu ne-
denle ¢calismada Tiirk Arama Kurtarma Bo6lgesi’nde meydana
gelen gezi, spor ve eglence gemileri ve yatlarin karistig1 ka-
zalar incelenmis olup, yapilan frekans dagilimi sonucunda
%60,1’inin yaz doneminde gerceklestigi ve kazalarin
%50’den fazlasinin Akdeniz ve Ege Denizinde meydana gel-
digi ve %76,5’ine yatlarin karistig1 ortaya konmustur. Bu-
nunla birlikte; yapilan hipotez testlerinde kaza tipi ile sira-
styla gemi tipi, gemi tabiiyeti, kaza sonucu ve Oliim/yara-
lanma/kay1p arasinda ve kaza sonucu ile sirastyla kaza bol-
gesi, gemi tipi, gemi tabiiyeti ve dliim/yaralanma/kayip ara-
sinda anlamli bir iligki bulunmus olup, mevsim, saat araligi,
kaza bolgesi ile kaza tipi arasinda ve mevsim ve saat aralig1
ile kaza sonucu arasinda anlamli bir iligki bulunmamaktadir.

Tirk Arama Kurtarma Bolgesinde meydana gelen deniz ka-
zalart ile ilgili olarak bir¢ok ¢aligma yapilmis olmakla birlikte
daha 6nce gezi spor ve eglence amagli gemiler ile yatlarin ka-
ristig1 kazalarla ilgili 6zel bir ¢alisma yapilmamis olmasi ba-
kimindan ¢aligmamiz farkli bir bakisa sahiptir.

Etik Standart ile Uyumluluk

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

Etik kurul izni: Arastirma niteligi bakimindan etik izin gerektir-
memektedir.
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ABSTRACT

In order to leave a livable world to future generations, the elimination of environmental pollution,
which is one of the important dimensions of sustainability, increases its importance every day.
Undoubtedly, among the factors that cause environmental pollution, the role of ships is quite high.
The seas are also polluted by the routine operation of ships as well as marine accidents. Pollution
arising from the routine operations of ships is caused by the discharge of pollutants such as ballast
water, bilge water, sludge or garbage into the sea. In addition, emissions from ships and oil and
fuel pollution caused by the routine operation of ships also play an important role in environmental
pollution. In this study, the phenomena resulting from the routine operations of ships and causing
environmental pollution were examined using the Analytical Hierarchy Process (AHP) method,
which is one of the multi-criteria decision-making methods, and the perceptions of ship operators
towards environmental pollution were tried to be determined.

Keywords: Environmental Pollution, Maritime Transportation, Ship Operations, Ship
Management, AHP, Perception
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Introduction

Maritime transportation, which is of great importance in
terms of world trade, is a very advantageous mode of trans-
portation compared to other transport modes due to its safe,
economical and high carrying capacity. With the develop-
ment of the world economy and industry, the demand in mar-
itime transportation has increased rapidly, and this has led to
an increase in the number and tonnage of ships. The increase
in the number and size of the ships leads to an increase in
environmental pollution.

The seas, which have been a source of life for people for cen-
turies, have been used as waste disposal areas in recent years.
According to the data of the International Maritime Organi-
zation (IMO), wastes entering the world's seas; 8% from nat-
ural resources, 0.5% from offshore production, 11% from sea
transport, 30% from atmospheric sources, 40% from flood
and land based discharges, 10% from illegal discharge
(Kiiciik and Topgu, 2012). Ships, which are the main ele-
ments of maritime transport, cause sea pollution to a large ex-
tent and less air pollution (Satir, 2007). Marine pollution as
defined by UN Convention on the Law of the Sea (UN-
CLOS), Article 1.4 (1982) is: “means the introduction by
man, directly or indirectly, of substances or energy into the
marine environment, including estuaries, which results or is
likely to result in such deleterious effects as harm to living
resources and marine life, hazards to human health, hindrance
to marine activities, including fishing and other legitimate
uses of the sea, impairment of quality for use of sea water and
reduction of amenities.” Air pollution is the presence of pol-
lutants such as dust, gas, fog, odor, smoke or steam in the
atmosphere in quantity, density and time that will harm hu-
man, plant and animal life or material objects (Satir, 2007).
The maritime sector, which realizes more than 90 percent of
the world trade with approximately 90,000 vessels, contrib-
utes greatly to environmental pollution and climate change.
The enormous increase in maritime transport today also in-
creases ship pollution significantly (URL-1).

Operational pollution means that marine pollution caused by
ships is not limited to accidents. Actually, most of the pollu-
tants are released during the voyage of the ship, not by acci-
dent (Ozdemir et al., 2016). Marine transportation generates
negative impacts on the marine environment, including
greenhouse gas emissions, air pollution, releases of ballast
water containing aquatic invasive species, garbage, historical
use of antifoulants, giving directly to the sea of raw sewages,
oil and chemical spills, dry bulk cargo releases, resulting of
oil and waste water after deck washing operations (Walker et
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al., 2019; Ozdemir et al., 2016). These pollutants are very
harmful for marine environment.

Maritime transport makes a large contribution to greenhouse
gases and air pollution (Miola and Ciuffo, 2011). Ship emis-
sions compose a major, and so far, poorly regulated, source
of air pollution (Jonson et al., 2020). Shipping activity can
pollute the atmosphere through routine operations. In partic-
ularly, carbon dioxide (CO2), carbon monoxide (CO), sul-
phur oxide (SOx), nitrogen oxide (NOx) and particulate mat-
ter (PM) are released due to the operation of the ship's ma-
chinery and the incineration of waste, which contributes to
global warming and acid rain (Potters, 2013; Aygil and
Bastug, 2020). As a result of the burning of fossil fuels used
in ship machinery, exhaust emissions are harmful to the en-
vironment and human health (Aygiil and Bastug, 2020).

The most important convention prepared under the leadership
of the International Maritime Organization (IMO) regarding
ship-related pollution is the International Convention for the
Prevention of Pollution from Ships (MARPOL), shortly
MARPOL 73/78. This contract, to which many countries are
parties, has six annexes (IMO, 2020a).

Annex I: Regulations for the Prevention of Pollution by Oil,

Annex II: Regulations for the Control of Pollution by Nox-
ious Liquid Substances in Bulk,

Annex III: Prevention of Pollution by Harmful Substances
Carried by Sea in Packaged Form,

Annex [V: Prevention of Pollution by Sewage from Ships,
Annex V: Prevention of Pollution by Garbage from Ships,
Annex VI: Prevention of Air Pollution from Ships.

When the literature is searched, there are many studies on ma-
rine pollution originating from ships. In addition, it was seen
that studies were carried out on air pollution caused by ship
emissions and their effects on human health. The literature on
these subjects was reviewed and studies on environmental
pollution caused by ships are given in Table 1.

In the study, the causes of marine and air pollution caused by
the routine operation of ships were examined by reviewing
the literature and the indicators found were evaluated by ex-
perts such as inspectors, technical directors and designated
persons ashore (DPA) working in ship management. The pri-
ority levels of the indicators were calculated using the Ana-
lytical Hierarchy Process (AHP) method with the data ob-
tained from the experts.
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Table 1. Studies on environmental pollution caused by ships.

Author(s) Aim/Aims Method/Methods Results or Conclusions
Baykal and Baykal | To provide precautions and Literature review. Issues related to wastewater should
(1999) suggestions that can be taken during the be seriously addressed by planning

build and operation of ships related to
marine pollution caused by ship-sourced
wastewater.

in advance, starting from the
project stage of the ships,
including the build and delivery
processes.

Saxe and Larsen
(2004)

To model the dispersal of NOx, SO, and
primary formed particulate matter
originating from ships in the Danish
harbours.

The operational meteorological air
quality model (OML) was used to
calculate the urban dispersion of air
pollutants originating from ships in
three Danish ports.

It was concluded that emission
from ships in harbour could
possibly induce health problems to
people in the Danish ports.

Satir (2007) To develop a ship waste reception facility | The planning, site selection, The developed model is supported
model. installation and operation of a ship by scientific data, as is the case
waste reception facility are examined | with the site selection of the waste
together with different alternatives. facility.
Iduk and Nitonye | To find solutions to marine pollution Questionnaire/descriptive method was | Sources of marine pollution from
(2015) caused by non-compliance with the used to find out the effects and solu- ships have been established, which
standards set for the protection of the tion of marine pollution from ships. included discharge of oily water
marine environment. from bilge, invasive organisms
from ballast, accidental discharge
of oil from tankers ships and
operational discharge, etc.
Zhu and Zhao To assess the feasibility of applying the Involved data collection, which was Findings provide useful evidence,
(2015) Polluter-Pays Principle (PPP) to its fullest | performed by conducting a and enable meaningful reflections

measure in counteracting ship-source
pollution in Hong Kong.

questionnaire survey of selected ship-
ping.

on the existing legal and policy
framework covering ship-source
pollution.

Ozdemir et al.

To investigate reasons of marine pollution

The decision-making trial and

The results showed that bunker

(2016) caused by ship operations and to find evaluation laboratory method oils and bilge waters is a key value
measures to prevent them. approach was applied. factor and powerful influential
criteria.
Onwuegbuchunam | To conduct a physico-chemical and Taking samples from selected areas Results of the laboratory analysis

etal. (2017)

microbiological analysis of samples of
ships’ wastewater to determine the status
of marine pollution in the port environ-
ment.

and processed at the laboratory and
determination of the physico-chemical
and microbiological parameters.

of the physico-chemical and
microbiological properties of ship
generated wastewater are
presented as bilge, ballast and
black water

Zhang et al. (2018)

To propose an innovative risk-based
model for quantitative regional emer-
gency resource allocation, which compre-
hensively analysis the factors such as oil
spill probability, hazard consequences, oil
properties, weathering process and opera-
tion efficiency.

The oil spill risk index modelling.

Results indicate that the
emergency resource allocation
method based on risk assessment is
applicable to the oil spill risk
assessment and capacity building
in the port area.

Ringbom (2018)

To explore governance structures in
shipping with a particular focus on the
regulation of environmental protection in
the Baltic Sea.

Literature review.

If the air emission standards are
applied, environmental regulation
of shipping may become more
multi-faceted and dynamic.

Jonson et al
(2020)

To find the effects of perturbing ship
emissions by performing a series of
scenario calculations in both globally and
individual sea areas.

Scenario based study.

The impact of ship emissions on
ozone in nearby land areas was
comparable for the some models
but lower for the a model.
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Marine Pollution Caused by Pollutants Other than Oil and
Fuel

Considering the issue of marine pollution, it is seen that there
are two main pollutants. The first of these is terrestrial pollu-
tants that have a large share of 80% in the pollution of the
marine environment. The second pollutant that causes the
pollution of the seas is marine vehicles, namely ships (Baykal
and Baykal, 1999). Maritime transportation activities play an
important role in the pollution of the marine environment.
Some of the pollution caused by ships arises due to the rou-
tine operation of ships (Tiitlincii, 2004). This pollution occurs
as a result of the ships being discharged into the sea while
sailing, such as cargo residues, ballast, sewage, and garbage
without complying with the international rules on waste man-
agement (Fitoz, 2009; Cevik, 2004).

Cargo Residues

One of the causes of marine pollution from ships is the dis-
charge of cargo residues into the sea (Cevik, 2004). Cargo
residues resulting from the normal activities of the ships con-
sist of the remaining parts of the cargo remaining in the cargo
holds of the ship after the discharge and hold-cleaning oper-
ations of the ships are completed (URL-2). Within the scope
of MARPOL Annex V, rules have been introduced on how
cargo residues defined as Harmful to the Marine Environment
(HME) can be disposed of. In this context, due to the difficul-
ties experienced by shipowners and operators in finding suit-
able waste reception facilities at the cargo receiving termi-
nals, it ensures that the washing water of the holds containing
solid bulk cargoes that are classified as HME may be dis-
charged outside the special areas under the conditions defined
in the circular. It is therefore strongly recommended that ship-
owners and crew comply with the relevant MARPOL Annex
V Rule 4.1.3 and Rule 6.1.2 for the discharge of HME waste
(URL-3).

Ballast Water

The ballast system is a tank system in the bow or sides of the
ships where seawater is stored in order to ensure the stability
of the ship (Alpay, 2015). Some of the sea creatures in the
ballast waters transported by ships die due to temperature
changes in the ballast water, food shortage and lightless en-
vironment. The surviving creatures are mixed with the new
marine ecology they come to when the ballast waters are dis-
charged into the sea. This mixing hinders the functioning of
the food chain, damaging the ecology. Invasive species car-
ried by ballast water pose a significant threat to biodiversity.
This threat is combined with marine pollution originating
from land and excessive use of marine resources, causing
changes in the marine habitat (Kérpe, 2009).

Research Article

Sewage

In accordance with Annex IV of MARPOL, “sewage means
drainage and other wastes from any form of toilets, urinals,
and WC scuppers; drainage from medical premises (dispen-
sary, sick bay, etc.) via wash basins, wash tubs and scuppers
located in such premises; drainage from spaces containing
living animals; or other waste waters when mixed with the
drainages defined above”. In other words, it is the wastewater
that occurs as a result of the use of sinks, toilets, showers and
kitchens in the ship for seafarers to survive. Among these wa-
ters, toilet water is the one with the highest degree of pollu-
tion compared to other water and is called black water. Other
water, including water from kitchens, is less pollutant than
toilet water and is called gray water. While black waters con-
tain too much organic matter, suspended solids, nitrogen,
phosphorus and coliform, the coliform content of gray waters
is insignificant compared to black water. Discharging sewage
into shallow areas with less water circulation causes an in-
crease in eutrophication. The suspended solid material col-
lapses to the bottom of the sea and threatens the natural envi-
ronment there (Baykal and Baykal, 1999).

Garbage

MARPOL 73/78, which is the international convention for
the prevention of pollution of the seas by ships, contains the
rules on preventing the pollution of the seas with the garbage
from the ships in Annex V. In this context, garbage includes
all kinds of food and operational wastes that need to be dis-
posed of regularly and collected during the normal operation
of the ship, except those defined or listed in other Annexes. It
is prohibited to discharge any kind of a solid waste to the sea,
except food residues that can be discharged 12 miles from the
shore from ships. The Mediterranean, the Red Sea, the Baltic
Sea, the Black Sea, and the Gulf are designated as special ar-
eas within the scope of the Annex, and the discharge of
wastes in the sea is prohibited here. The discharge of garbage
outside of private areas is mainly subject to the following
conditions: Discharging of all kinds of plastic materials into
the sea, including synthetic ropes, fishing nets, plastic gar-
bage bags, is prohibited. Certain materials may be discharged
into the sea as far as possible from the nearest land, and if the
distance to the nearest land is less than specified, discharging
into the sea will be prohibited: 25 nautical miles for floating
stacking equipment, coatings, and packaging materials; food
waste, paper, and cardboard products, glass, rags, and other
mineral waste and the like can be dumped up to 12 nautical
miles away; food wastes, paper products, glass, rags, and
other mineral wastes and the like can be discharged into the
sea, not less than 3 nautical miles from the nearest land after
they are processed in a shredder and grinder. The pores of
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such crushed and ground garbage are 25 mm. It must be di-
vided into small pieces that are no bigger than the size of the
filter (Palabiyik, 2002).

Marine Pollution Caused by Oil and Fuel

It is the marine pollution caused by discharging sludge, oil,
and fuel leaks in the bilge of ships' engine rooms, fuel tanks,
or cargo tanks of oil tankers into the sea. The most important
of these is the waste accumulated in bilge, sludge and slop
tanks.

Bilge Waters

Leaks consisting of fuel, oil, and cooling water used in all
machinery operated with the fuel in the ships accumulate in
the bilge located at the bottom of the ship (Fitoz, 2009). The
waters collected in the bilge and containing high amounts of
oil are called bilge waters. The amount of bilge water in a
ship depends on the age, tonnage, and maintenance of the ship
(Kiiciiksahin, 1997). The water accumulated in the bilge must
be removed from the ship after a certain period. Otherwise, it
will cause corrosion on the ship. If bilge water accumulates
and is not discharged, it may cause the cargo to become wet
and damp on the loaded ship. If the bilge water in the engine
and boiler room is not discharged, it may prevent the normal
operation of the machines and seafarers (Kiigiiksahin, 1997).

Oily Sludge

Refers to sludge formed from sludge and/or oil sediments in
engine rooms of ships, fuel tanks, or cargo tanks of oil tankers
(Yilmaz et al., 2009). According to the Water Pollution Con-
trol Regulation, the unused residue remaining from the fuel
and oil used by the machines on the ships is called sludge.
The unwanted substances contained in the used fuel of the
ship's machinery must be purified before use. After the treat-
ment process is over, the residual material, sludge, comes out
from the fuel. When the ship arrives at the port, if sludge re-
moval service is not provided within the port service, the
ships discharge the sludge to the sea. Since sludge remains on
the sea surface for a long time without dispersing, they drag
to the beach after a while and take the appearance of pitch
sticking to people's feet while walking on the beach (Alpay,
2015).

Tank Washing Water (Slop)

In the Regulation of Waste Collection from Ships and Control
of Wastes, slop is defined as "oily water residues formed as a
result of washing the cargo tanks on the ships and accumu-
lated in the tanks" (URL-4). Like bilge waters, tank wash wa-
ter contains a high percentage of oil, so it poses as much dan-
ger to the seas as bilge waters (Glindogdu, 2013). When the

ships carrying oil and petroleum products unload their cargo,
some product remains in the tank. When it comes to placing
a different cargo in the same tank, the tank is first washed
with seawater in order not to spoil the content and purity of
the cargo. The mixture of oil and seawater formed as a result
of washing is called slop (Fitoz, 2009). It was determined that
the remaining cargo in the tanks is 0.35% of the total cargo
(Egemen, 1999). Considering that a tanker carries thousands
of tons of oil, this rate is no small amount. According to a
study, it was found that as a result of the slop being dis-
charged at sea, approximately 8 to 20 million barrels of oil
were thrown into the sea per year (Egemen, 1999).

Air Pollution Caused by Routine Operations of Ships

The main engines, boilers, and generators in ships are the big-
gest air pollutants that cause ship-borne exhaust gas emis-
sions in air pollution (Ugar, 2014). Since most of the ships
use oil, the oil released into the air from the funnels of these
ships causes pollution of the marine environment (Tiitlincd,
2004). With the burning of fossil fuels used in ship machin-
ery, harmful exhaust emissions occur in terms of environment
and human health. The most important of these emissions are
sulphur oxide (SOy), nitrogen oxide (NOy), particulate matter
(PM), carbon dioxide (CO3), carbon monoxide (CO), polycy-
clic aromatic hydrocarbons (PAH), and volatile organic com-
pounds (VOC) (Solmaz et al., 2019; Bailey et al., 2004). Air
pollutants and greenhouse gases resulting from ship exhaust
emissions cause reduced air quality, global warming, and acid
rain (Aygil and Bastug, 2020). In the study, Nitrogen Oxide
(NOy), Sulphur Oxide (SOy), and Particulate Matter (PM),
which cause the most air pollution, were discussed.

Nitrogen Oxide (NO,)

Nitrogen oxides are a family of chemicals, including nitric
acid, nitrogen dioxide, nitrous oxide, and other related com-
pounds (Bailey et al., 2004). The high temperature that occurs
during the combustion in diesel machines is the reason for the
formation of nitrogen oxides. The formation of NOy, which
is not only dependent on temperature, occurs depending on
the cylinder pressure, air-fuel ratio, combustion time within
the cylinder, and the speed of chemical reactions (Senol,
2020). With the combustion of the fuels used in ships in diesel
engines, the temperature in the cylinders reaches 1500 °C and
above. At this temperature, nitrogen and oxygen in the com-
bustion air in the cylinder undergo a chemical reaction and
cause NOy to be formed (Saragoglu, 2010). Since nitrogen
oxides cause acid rain by forming nitric acid, it is one of the
main emissions to be considered (Senol, 2020). 5% of the
NOx emitted to the atmosphere from the funnels of the ship is
NO: and the rest is nitrogen monoxide. The average residence
time in the atmosphere is about one day (Saragoglu, 2010).
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Sulphur Oxide (SO.)

Among the sulphur oxides, the most contaminant is SO, gas,
which is colorless, odorless, and soluble in water (Bayat,
2011). SO, gas is a non-flammable poisonous gas released as
a result of burning fossil fuels with high carbon content such
as oil, coal, and natural gas (Soysal and Demiral, 2007). The
high sulphur content of fossil fuels used in ships has made
ships an important source of sulphur dioxide emission in
global air pollution (Aygiil and Bastug, 2020). Certain re-
strictions have been placed by IMO on sulphur oxide emis-
sions and serious attention has been paid to monitoring ship
emissions. IMO has determined the sulphur content in the
fuel used by ships as 0.5% for the areas outside the Emission
Control Areas (ECA) to control emissions. In the ECA re-
gion, it should be less than 0.1% (IMO, 2020b).

Particulate Matter (PM)

Particulate matter (PM) contamination ranges from coarse
dust ejected from dirt roads to small sooty particles created
when burning wood, gasoline or diesel (Bailey et al., 2004).
PM is particles suspended in the air and is a mixture of solid
particles and liquid droplets (Aygil and Bastug, 2020). And
also, it is unburned powdered substances leftover from the
reaction and combustion of fossil fuels and lubricating oils
used in ships and heavy industries. The size of the particulate
matter is in the range of 0.002 pm - 500 um. PM has many
damages to the environment such as corrosion, pollution, and
damage to the vegetation. An emission limit of 50 pg/m3 has
been determined for ship-sourced PM emissions (Ek-
mekgioglu, 2020).

Material and Methods

Analytical Hierarchy Process (AHP)

AHP was developed by Thomas Saaty in the 1970s (Sengiil
et al., 2012). It was first used in probability planning prob-
lems in the US Department of Defense in 1971 (Goksu and
Gilingor, 2008). With AHP, which is based on pairwise com-
parisons inherent in human nature, the importance and degree
of preference of options and criteria are evaluated (Alp and
Giindogdu, 2012).

AHP is a basic approach to decision making. AHP uses both
objective and subjective evaluation criteria. It then tests the
consistency of the evaluations. It ensures that a very im-
portant decision, such as which one should be given priority
among the alternatives that should be evaluated according to
many criteria, is implemented by the decision-maker. AHP
can be defined as a method of expressing the components and
variables of a complex and not well-structured situation in a
hierarchical order, assigning quantitative values to personal

judgments regarding the comparative significance levels of
each alternative, and making a synthesis by revealing the pri-
ority levels of the variables according to the results of the
judgments. Facility location selection, personnel evaluation,
evaluation of companies, training evaluation and selection,
software selection, target market selection, tourism center se-
lection, and new product development can be given as exam-
ples to the studies conducted with the AHP method (Alp and
Giindogdu, 2012). Many solution techniques have been de-
veloped for such problems solved under the name of Multi-
Criteria Decision Making Techniques. AHP is the most used
of these techniques. AHP is an effective analysis in multi-cri-
teria decision making (Sengiil et al., 2012).

In the first step in AHP, in line with the specified purpose, the
criteria and sub-criteria of those criteria are defined and a hi-
erarchical structure is created by the decision-maker In the
second step of AHP, by comparing the criteria in pairs, deci-
sion-makers are given the opportunity to determine their im-
portance and make the best decision as a result. Complex de-
cisions are synthesized using the AHP method, and both
quantitative and qualitative aspects of the decision are re-
vealed (Giingér and Isler, 2005). The following steps are per-
formed in order to solve the decision-making problems with
AHP (Alp and Giindogdu, 2012);

Creating a hierarchical structure (decomposition),
Comparative structures and pairwise comparisons,
Calculation of relative priorities (synthesis),
Calculation of the consistency ratio.

When there are n criteria for the specified purpose, a square
matrix of size nxn is created. In the created matrix, there are
values that show how important i row elements are compared
to j column elements. These given values are evaluated with
the Thomas Saaty scale, which indicates the importance lev-
els between the numbers 1-9 in Table 2. As shown in the Cri-
teria Table 3, a pairwise comparison matrix is created (Giin-
gor and Isler, 2005).

Table 2. Saaty AHP Scale.

Importance level Definition

1 equally important
3 a little bit important
5 Important

7 very important

9 absolutely important
2,4,6,8 intermediate values

Source: Saaty, T. L. (1980).

If the hierarchy contains n criteria, a total of n (n-1) / 2 pair-
wise comparisons are required. The pairwise comparisons
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matrix contains the values of wi/wj. The expression wi/wj ex-
presses how important the i criterion is than the j criterion
(Sengtil et al., 2012).

Table 3. Creating a Pairwise Comparison Matrix for Criteria

Criterion 1 Criterion 2

Criterion 1 W1/W1 W1/W2
Criterion 2 W2/W1 W2/W2
Criterion n Wn/W1 Wn/W2

Source: Vargas L.G. (1990).

The next step after the creation of paired comparison matrices
is to calculate the eigenvector that shows the importance of
each item in the relevant matrix compared to other items
(Sipahioglu, 2008). The nx1 dimension eigenvector of the
matrix is determined as follows (Supgiller and Capraz, 2011).

i=123,....nve j=123,....n

o= U
bU i, aij (1)
n p..
w; = 2]—; 9] (2)

Matrix consistency is calculated by finding the relative im-
portance of the criteria. For a comparison matrix to be con-
sistent, its largest eigenvalue (Amax) must be equal to the ma-
trix size (n). To calculate the relative importance of the crite-
ria, the column vector "wi" is constructed by taking the geo-
metric mean of each row. By normalizing the created column
vector, the relative importance vector “Wi” is calculated. By
multiplying each row in the matrix by the relative importance
vector, the column vector V2 is calculated. Then, the vector
V3 is calculated by dividing each element of this vector by
the corresponding element in the relative importance vector,
and the arithmetic mean of the column vector V3 gives the
largest eigenvalue Amax (Giingér and Isler, 2005).

Amax—n
Cl==" (3)
SErit
Amax = Tl 4)
_a
CR== (5)

The Consistency Ratio (CR) is obtained by dividing the Con-
sistency Indicator (CI) value by the Random Consistency In-
dex (RI) value shown in Table 4. The randomness indicator
is calculated for 15-dimensional matrices at most. The high
number of criteria reduces the possibility of obtaining con-
sistent results when all criteria are evaluated together (Giin-
gor and Isler, 2005).

Application

In the study, it is aimed to determine which pollutants cause
the most damage within the scope of marine and air pollution
caused by the routine operation of ships. First, a questionnaire
form was prepared in which pairwise comparisons of the cri-
teria determined by the literature review were made. This
questionnaire was applied to 6 experts working as decision-
makers, such as technical managers, or DPAs. Two of these
experts work as technical managers and others as DPA. Tech-
nical managers are qualified as chief engineers and DPAs are
qualified as captains. In addition, the duration of each expert's
work onboard is over 15 years. These 6 experts were asked to
compare the marine and air pollution criteria due to the rou-
tine operations of the ships and the sub-criteria of these crite-
ria. The hierarchical structure of the criteria is given in Figure
1. Microsoft Excel program was used to solve these compar-
isons.

Pairwise Comparison of Main Criteria

The data in Table 5 was created by taking the geometric mean
of the results in the survey evaluated by experts’ opinions of
the main criteria. Evaluation of the main criteria is shown in
Table 5.

The weights of the data in Table 5, i.e. their degrees of im-
portance, are calculated and shown in Table 6. Considering
the weight of the main criteria, it is thought that marine pol-
lution caused by oil and fuel causes more damage to the en-
vironment than marine pollution caused by pollutants other
than oil and fuel and air pollution. It is observed that the ma-
rine pollution caused by pollutants other than oil and fuel
causes the least damage. And also, the calculated consistency
ratio value is 0.02, since CR = 0.02 <0.10, the comparisons
were found to be consistent.

Table 4. Random Consistency Index (RI)

N 123 4 5 6 7 8 9 10 11

12 13 14 15

RI 0 0058 09 1.12 1.24 1.32 1.41 145 1.49 1.51 148 1.56 1.57 1.59

Source: Giingdr and Isler, (2005)

If the Consistency Ratio (CI) obtained is less than 0.10, the matrix created is consistent (Sengiil et al., 2012)
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Figure 1. The hierarchical structure of the criteria.
Table 5. Pairwise Comparison of Main Criteria
Marine Pollution Caused by Marine Pollution Air Pollution Caused

Criteria
and Fuel

Pollutants Other Than Oil

Caused by Oil and
Fuel

by Routine Operations
of Ships

Marine Pollution Caused by Pollutants Other Than
Oil and Fuel
Marine Pollution Caused by Oil and Fuel 6.008

Air Pollution Caused by Routine Operations of Ships 2:430

0.166

1
0.179

0.411
5.581
1

Table 6. Weights of Main Criteria

Criteria

Weights

Marine Pollution Caused by Pollutants Other Than Oil and Fuel
Marine Pollution Caused by Oil and Fuel

Air Pollution Caused by Routine Operations of Ships
Consistency Ratio (CR): 0.02

0.081
0.696
0.222
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Pairwise Comparison of Sub-Criteria for Marine Pollution
Caused by Pollutants Other than Oil and Fuel

Sub-criteria of marine pollution caused by pollutants other
than oil and fuel were compared by experts. The group deci-
sion was calculated after the geometric mean of the data ob-
tained by preparing the paired comparison matrix in Table 7.

Considering the weights in Table 8, the ballast water sub-cri-
terion was evaluated as the most damaging pollutant to the
environment by experts’ opinions. Sewage, on the other hand,
is the least harmful pollutant. Since the Consistency Ratio =
0.019 <0.10, the pairwise comparison matrix was found to be
consistent.

Pairwise Comparison of Sub-Criteria for Marine Pollution
Caused by Oil and Fuel

Sub-criteria of marine pollution caused by oil and fuel were
compared by experts. The group decision was calculated after
the geometric mean of the data obtained by preparing the
paired comparison matrix in Table 9.

Considering the weights in Table 10, the bilge waters sub-
criterion was evaluated as the most damaging pollutant to the
environment by experts’ opinions. Tank Washing Water
(Slop), on the other hand, is the least harmful pollutant. Since
the Consistency Ratio = 0.021 <0.10, the pairwise compari-
son matrix was found to be consistent.

Pairwise Comparison of Sub-Criteria for Air Pollution
Caused by Routine Operations of Ships

Sub-criteria of air pollution resulting from the routine opera-
tions of ships were compared by experts. The group decision
was calculated after the geometric mean of the data obtained
by preparing the paired comparison matrix in Table 11.

Considering the weights in Table 12, Sulphur Oxide (SOx)
sub-criterion was evaluated as the most damaging pollutant
to the environment by experts’ opinions. Nitrogen Oxide
(NOy), on the other hand, is the least harmful pollutant. Since
the Consistency Ratio = 0.073 <0.10, the pairwise compari-
son matrix was found to be consistent.

Table 7. Pairwise comparison of sub-criteria of marine pollution caused by pollutants other than oil and fuel

Criteria Cargo residues Ballast water Sewage Garbage
Cargo residues 1 0.350 3.992 0.321
Ballast water 2.853 1 3.360 2.078
Sewage 0.250 0.297 1 0.303
Garbage 3.107 0.481 3.295 1
Table 8. The weights of sub-criteria of marine pollution caused by pollutants other than oil and
fuel
Criteria Weights

Cargo residues 0.180

Ballast water 0.488

Sewage 0.082

Garbage 0.249

Consistency Ratio (CR): 0.019

Table 9. Pairwise comparison of sub-criteria of marine pollution caused by oil and fuel

Criteria Bilge Waters Oily Sludge Tank Washing Water
Bilge Waters 1 6.265 5.273
Oily Sludge 0.159 1 1.348
Tank Washing Water 0.189 0.741 1
Table 10. The weights of sub-criteria of marine pollution caused by oil and fuel
Criteria Weights

Bilge Waters 0.738

Oily Sludge 0.140

Tank Washing Water (Slop) 0.121

Consistency Ratio (CR): 0.021

47


https://doi.org/10.3153/AR22005

Aquat Res 5(1), 39-52 (2022) e https://doi.org/10.3153/AR22005

Research Article

Table 11. Pairwise comparison of sub-criteria of air pollution resulting from the routine operations of ships

Criteria Nitrogen Oxide (NOyx) Sulphur Oxide (SOx) Particulate Matter (PM)
Nitrogen Oxide (NOx) 1 0.278 0.458
Sulphur Oxide (SOx) 3.595 1 3914
Particulate Matter (PM) 2.182 0.255 1

Table 12. The weights of sub-criteria of air pollution resulting from the routine operations of ships

Criteria Weights
Nitrogen Oxide (NOx) 0.138
Sulphur Oxide (SOx) 0.637
Particulate Matter (PM) 0.224

Consistency Ratio (CR): 0.073

Results and Discussion

Three main criteria and their sub-criteria were prioritized by
experts using the AHP method. The weights written in bold
color in Table 13 are criteria that have the highest weight re-
solved according to the data obtained from experts.

oil and fuel comes first, and then air pollution and marine pol-
lution caused by pollutants other than oil and fuel, respec-
tively. As can be seen from the weights, oil and fuel pollution
has emerged as the most damaging pollutant to the environ-
ment. It is observed that the damage caused by the discharge
of the bilge waters of the ships into the sea is the most. The

bilge water, which consists of fuel, oil, and cooling water
used in the machines, causes corrosion and wetting of the
load and creates a negative effect on the ship. Discharge of
bilge waters into the sea without complying with international
rules plays a significant role in marine pollution.

As seen in Table 13, when the main criteria that cause envi-
ronmental pollution caused by the routine operations of ships
are listed by weight, it is seen that marine pollution caused by

Table 13. The weights of criteria of environmental pollution caused by routine operations of ships

Criteria Weights of Criteria  Sub-criteria Weights of Sub-Criteria
Cargo residues 0.180
Marine Pollution Caused by Pollu- 0.081 Ballast water 0.488
tants Other Than Oil and Fuel ’ Sewage 0.082
Garbage 0.249
. . . Bilge Waters 0.738
Mz:lri?ne }’ollutlon Caused by Oil 0.696 Oily Sludge 0.140
and tue Tank Washing Water (Slop) 0.121
. . Nitrogen Oxide (NOx) 0.138
ﬁgl;i’llel‘gl":r;f‘s;:i}’ghi . 0.222 Sulphur Oxide (SOx) 0.637
P P Particulate Matter (PM) 0.224
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Air pollution caused by the routine operations of ships ranks
second. It is thought that the damage caused by sulphur oxide
to the environment is more in emission emissions. As a result
of the burning of fossil fuels in ship engines, a lot of sulphur
oxide gas is mixed into the atmosphere. The release of sul-
phur oxide causes problems such as ozone depletion, acid
rain, and respiratory distress in humans.

Marine pollution caused by pollutants other than oil and fuel
is thought to be the least. Among the sub-criteria, it was ob-
served that ballast water ranks first among pollutants. As a
result of the ballast operation, sea creatures carried by ballast
water can be included in a different marine ecology and harm
the living creatures there.

Conclusion

In the study, environmental pollution caused by the routine
operations of the ships has been discussed. In this context,
practices in routine operations of ships that cause environ-
mental pollution are listed based on expert opinions accord-
ing to their damage to the environment. Thus, the perception
of ship operators about environmental pollution has been re-
vealed. The main and sub-criteria formed as a result of the
literature review were presented to the expert group with a
questionnaire and they were asked to compare these criteria
and sub-criteria. In the study, the AHP technique, which is
the most used method among Multi-Criteria Decision-Mak-
ing Techniques and an effective method in paired compari-
sons, was used. According to the priorities obtained as a result
of the calculations specific to AHP, it is seen that the damage
to the environment by Marine Pollution Caused by Oil and
Fuel is in the first place. The second is Air Pollution Caused
by Routine Operations of Ships. Marine Pollution Caused by
Pollutants Other Than Oil and Fuel is thought to pollute the
environment the least.

In marine pollution, it is seen that the pollution caused by oil
and fuel wastes such as bilge, slop, and sludge in the seas
comes to the fore. It is a necessity for these pollutants to be
delivered to waste reception facilities in ports or to be dis-
charged to the seas in accordance with international rules, to
protect the marine environment. In addition, according to
MARPOL 73/78, ships must store on board wastes that are
not allowed to be discharged into the sea. However, in order
to fulfill this, the number of waste reception facilities in ports
should be increased. Another issue that should be considered
is the necessity of operating the existing treatment systems in
ships in accordance with IMO standards.

Regarding emissions, which rank second, the use of high sul-
phur fuels comes first in ship-borne air pollution. To prevent
this IMO has introduced restrictions on sulphur emissions.

With the decision of IMO, the sulphur rate in the fuels of
ships sailing outside the ECA region in 2020 was reduced
from 3.5% to 0.5%. For this purpose, ship operators are ex-
pected to use low-sulphur fuel, to turn to renewable energy
sources, or to exhibit more environmentally friendly ship
management by taking advantage of chimney filtering sys-
tems such as scrubber.

Within the scope of marine pollution caused by pollutants
other than oil and fuel, it is seen that ballast operations are in
the first place because they are carried out without complying
with the rules and thus negatively affect the marine ecology.
In this context, it is considered important to equip ships with
ballast water management systems within the scope of The
International Convention for the Control and Management of
Ships’ Ballast Water and Sediments, which was put forward
by IMO in 2004 and entered into force in 2017.

As a result, by applying an environmentally sensitive man-
agement policy of ship operators, it will be important to raise
the awareness of ship personnel about environmental pollu-
tants and their damage to the environment, to improve marine
pollution prevention training, and to eliminate operational de-
fects in preventing marine pollution.
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ABSTRACT

Two specimens of the butterfly blenny, Blennius ocellaris, were caught off the coast of Ordu
(Black Sea, Turkey) in April 2021 by trammel net. The aim of this paper is to further document
occurrence and distribution of the butterfly blenny for the Black Sea and for Turkish marine ich-
thyofauna and to provide first morphometric, reproduction, and genetic data on this species to the
Black Sea fauna species. Some morphometric and meristic characters were measured and pre-
sented as the percentage of total length (TL%). All morphometric measurements except eye diam-
eter, pre-anal length, and maximum body depth were higher in the male individual. It was observed
that the head makes up almost 1/4 of the body. It was determined that the ripe eggs were in their
final stage of development (Stage IV). Gonad’s weight of a female individual was 2.85 g and the
number of eggs was determined as 2993. The mean egg diameter was measured as 1070.7 £15.63
um (from 1050.2 to 1123.1 um). The mitochondrial DNA gene regions of 16S rRNA and COI of
the specimens were sequenced and analyzed. The generated partial sequences of COI and 16S
rRNA were 621 bp and 551 bp, respectively. The maximum likelihood tree generated with the
COI gene sequences retrieved from the GenBank database demonstrated geographic region-based
distinction and sequences of the Black Sea specimens nested with the reference specimen se-
quences from the Western Mediterranean Sea and the Sea of Marmara.

Keywords: Butterfly blenny, Black Sea, Ichthyofauna, Morphology, Reproduction, mtDNA
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Introduction

The butterfly blenny, Blennius ocellaris (Linnaeus, 1758)
(Family: Blenniidae), is a demersal species inhabiting inshore
waters. This species is widespread from the English Channel
to Morocco and throughout the Mediterranean Sea and parts
of the Red Sea. It is found especially over rocky substrates
covered with seaweed. It is commonly found from 30 to 200
m depth, up to 400 m on the Algerian coast (Zander, 1986).
B. ocellaris is a carnivorous and nocturnal fish that mainly
feed on small fish, polychaetes, mollusks, crustaceans, echi-
noderms, bryozoans, and ascidiaceans (Kabasakal, 1999).
Eggs that are demersal and adhesive, are laid under mussel-
shells or stones and guarded by male. Depending on the water
temperature, spawning takes place between April (Marseille)
and July (England). Larvae are planktonic and often found in
shallow coastal waters (Watson, 2009). It may sometimes be
captured as a bycatch in bottom trawlers. It was caught as by-
catch in about 37% of experimental trawls conducted in the
Aegean Sea, but was not abundant (Damalas et al., 2010).

Little is known about the distribution and habitats of butterfly
blenny. The occurrence of B. ocellaris was reported from the
Mediterranean Sea (Basusta & Erdem, 2000; Cicek et al.,
2006), the Aegean Sea (Kabasakal, 1999; Torcu & Aka,
2000; Acarli et al., 2014; Bilge et al., 2014; Coker and Ci-
hangir, 2018; Hkyaz et al., 2018), the Sea of Marmara, and
Turkish Straits (Slastenenko, 1959; Moosleitner, 1988; Bok
et al., 2011; Daban et al., 2020). This species is also globally
listed as Least Concern (LC) in the [IUCN Red List of Threat-
ened Species (Di Natale et al., 2014). The occurrence of B.
ocellaris in the Black Sea was first mentioned in the marine
fish checklist for Black Sea without species description by
Bilecenoglu et al. (2014) referring Erazi (1942). The species
has also been reported on the coasts of the Bulgaria (Zander,
1986) and Ukraine (Rass, 1987) in the Black Sea. Lastly, Bat
et al. (2005) reported the presence of the species in their fauna
studies on Sinop coasts, Turkey (central Black Sea). Moreo-
ver, the butterfly blenny was described as a rare species in the
Black Sea and listed as endangered (EN: high risk of extinc-
tion in the wild) for Turkish Black Sea coast by the Black Sea
Commission (BSC, 2021). There is no scientific evidence of
the presence of the species in the Black Sea other than cited
literatures. Nevertheless, none of the scientific data in the
Black Sea provides the data on capture sites, capture depths,
sizes of fish, morphological characters and genetic character-
ization. Morphological characters, such as meristic counts
and body shape, have long been used in stock identification
(Haddon & Willis, 1995; Turan et al., 2004). The aim of this
paper is to further document butterfly blenny for the Black
Sea and for Turkish marine ichthyofauna and to provide first
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morphometric, reproduction, and genetic data on this species
to the Black Sea fish fauna.

Material and Methods
Sampling and Morphology

A single male and female B. ocellaris specimens were caught
in the southern Black Sea coast of Ordu, Turkey
(41°02'14.89" N —37°30'02.80" E) on 21-22 April 2021 (Fig-
ure 1). The individuals were captured as a discard during red
mullet fisheries by commercial trammel nets with 28 mm
mesh size on the sandy seabed at 50 m depth. Specimens were
morphologically identified at species level according to the
main references (Fischer et al., 1987; Uiblein & Heemstra,
2010). Taxonomic classification was determined according to
FishBase (Froese & Pauly, 2019) as: Animalia (Kingdom);
Chordata (Phylum); Actinopterygii (Class); Blenniiformes
(Order); Blenniidae (Family); Blenniinae (Subfamily); Blen-
nius (Genus); B. ocellaris (Species); B. lepus, Adonis pavoni-
nus (Synonymus). The sex of each specimen was determined
by macroscopic gonadal examination. Morphometric and me-
ristic characters were measured on each specimen according
to Gharaei (2012). Different morphometric characteristics
were calculated as the percentage of total length (TL%)
(Gaygusuz et al., 2006). Morphological characters were
measured in the laboratory with an electronic caliper to the
nearest 0.01 mm and weight of specimens were weighed to
the nearest 0.01 g. In order to determine reproduction charac-
teristics, eggs were weighed on a balance with a sensitivity of
0.001 g. The egg size and number of eggs were determined
from egg subsamples according to Bagenal (1978) and Murua
et al. (2003). For egg diameter inspection, diameter was
measured with a calibrated ocular microscope using imaging
software (Nikon NIS Elements 3.0) to the nearest 0.01 pm
(Jakobsen et al., 2009).

Genetic Analysis

The genomic DNA was extracted from fin clips using Ge-
nomic DNA purification kit (SV Wizard, Promega). The in-
tegrity and concentration of the DNA was assessed with gel
electrophoresis. Two mtDNA gene regions; 16S rRNA and
cytochrome oxidase subunit-I (COI) were analyzed for ge-
netic characterization and species identification. PCR assay
was performed in a total volume of 25 pl containing, 12.5 pl
2X PZR mastermix (Hibrigen), 1 pl of each primer (10 pmol),
100 ng DNA and ultrapure water. The primers of 16Sbr-H
and 16Sar-L (Palumbi, 1996) were used to amplify 16S rRNA
gene region. The primers of Fish-F1 and Fish-F2 (Ward et al.
2005) were used to amplify COI gene region. The thermal
cycling condition was as follows: 95°C for 3 min, followed
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by 35 cycles of 95°C for 50 s, 54°C-55 °C (16S rRNA and
COI) for 45 s, and 72°C for 45 s with a final extension step of
5 min at 72°C. PCR products were visualized on agarose gel
and sequenced on ABI 3500 Genetic Analyzer (Thermo
Fisher) using a Big Dye v.3.1 Terminator Cycle Sequencing
Kit.

The raw sequence reads were manually checked, trimmed,
and aligned using BioEdit (Hall, 1999). The quality checked
sequence data was compared with reference sequences in the
NCBI GenBank database (https://www.ncbi.nlm.nih.gov) us-
ing BLAST (Basic Local Alignment Search Tool). Species
assignment was performed based on the sequence similarity
comparison.

N

t

% b

The phylogenetic relationships were inferred with a maxi-
mum likelihood tree using available COI and 16S rRNA se-
quences of the species with known geographic information.
The reference COI sequences (MG837120, MG837122,
KJ709487, KY176406, JQ774790, KJ205345, JQ774787,
KJ768218) and 16S rRNA sequence (AY098815) of B. ocel-
laris were retrieved from NCBI GenBank database. Salaria
pavo (MH190459) was used as an outgroup. The maximum
likelihood trees were generated in Mega X (Kumar et al.,
2018). The robustness of the trees was tested with 1000 boot-
strap replicates. The best suitable sequence evolution model
was chosen based on the Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC).

413N
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Figure 1. Sampling site. The red star in the figure represents the capture site (41°02'14.89" N — 37°30'02.80" E).
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Results and Discussion Morphology

Description The lists of morphometric and meristic characters used for the
analysis of B. ocellaris are presented in Table 1. All morpho-
metric measurements except eye diameter, pre-anal length
and maximum body depth were higher in male individual.
RVRSL ooty ; X The TL% of all fins were also higher in male. It was observed
were similar in male aqd female individuals. Basic color.atlon that the head makes up almost 1/4 of the body. The body
was brown and yellowish for male and female, respectively. height of the female is apparently higher (with the highest

Dorsal fin rays XII + 15; anal fin rays II + 15; pectoral fin
rays 12; pelvic fin rays I + 3. Anterior part of the dorsal fin is
conspicuously longer than the posterior part. These features

Five or seven distinctly dark bars on the body. There was a = yifference rate of 5.51%) than that of the male. Therefore, the
observed differences in TL% can be characterized by gender;
especially by body depth. Nevertheless, studies with a suffi-
cient sample size are needed to be able to make a definite de-
termination.

black spot with white margin between 6th and 8th dorsal fin
rays of both male and female. The white margin was more
pronounced in the female. This dark spot on the dorsal fin is
a known characteristic feature of B. ocellaris (Figure 2).

rmmmlmrmrrmf;n||,n|m||mm‘*f i
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Figure 2. Male (left) and female (right) view of the sampled butterfly blenny, Blennius ocellaris, in the central Black Sea.

Table 1. Some morphometric and meristic properties of sampled Blennius ocellaris

. Male Female

Morphometric characters Value TL% Value TL%
Total length (mm) 105.20 - 104.00 -
Standard length (mm) 84.12 79.96 82.00 78.85
Head length (mm) 23.34 22.19 22.60 21.73
Post-orbital length (mm) 13.85 13.17 12.47 11.99
Eye diameter (mm) 5.80 5.51 5.75 5.53
Pre-dorsal length (mm) 19.48 18.52 17.77 17.09
Dorsal fin base length (mm) 65.13 61.91 64.17 61.70
Pre-anal length (mm) 46.00 43.73 4591 44.14
Anal fin base length (mm) 34.00 32.32 33.47 32.18
Pre-pelvic length (mm) 20.67 19.65 19.72 18.96
Pelvic fin length (mm) 16.72 15.89 16.47 15.84
Pre-pectoral length (mm) 25.44 24.18 23.32 22.42
Pectoral fin base length (mm) 23.74 22.57 22.86 21.98
Max. body depth (mm) 21.73 20.66 27.22 26.17
Min. caudal peduncle depth (mm) 8.59 8.17 7.57 7.28

Body weight (g) 14.78 - 16.06 -
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Reproduction

Ovary became more enlarged occupying almost the entire
body cavity and eggs were macroscopic and clearly visible.
Ripe eggs were large transparent, red-whitish in color with
conspicuous partially blood vessels (Figure 3). The gonad
weight of the female individual was weighed as 2.85 g and
the number of eggs was determined as 2993. The egg diame-
ter ranged from 1050.2 to 1123.1 um, with an average size of
1070.7 £15.63 um.

Genetic Characterization

Two mtDNA gene regions of the two specimens were suc-
cessfully sequenced. The generated partial sequences of COI
and 16S rRNA were 621 bp and 551 bp, respectively. A sin-
gle haplotype for COI and 2 haplotypes for 16S rRNA were
identified. Comparison of COI and 16S rRNA sequences
against the GenBank database using BLAST gave a success-
ful match with available B. ocellaris sequences with pairwise
sequence identity similarity of 99.52% for COI and 99.82%-
100% for 16S rRNA genes. Generated COI and 16S rRNA
sequences were deposited in GenBank (Accession numbers:
COI, MZ822975; 16S rRNA, MZ823046-MZ823047). There
was only a single reference sequence of 16S rRNA of B. ocel-
laris. Thus, maximum likelihood tree was only generated
with COI gene region using Kimura two-parameter (K2P)
model.

The topology of tree generated with Maximum Likelihood
(ML) method with available COI ingroup references of B.
ocellaris and outgroup (S. pavo) retrieved from GenBank da-
tabase clearly recovered geographic region-based grouping.
The Black Sea B. ocellaris genotype nested with the reference
sequences generated from the specimens sampled from the
Western Mediterranean Sea and the Sea of Marmara popula-
tions. Whereas reference sequences from the Atlantic Ocean
and the North Sea were nested separately (Figure 4).

Upon evaluating the occurrences reported for the butterfly
blenny in the Black Sea and the coastal waters of Turkey in
Table 2, it was determined that the populations of the species
in the Black Sea have not been described before. As we men-
tioned in the introduction section, presence of the butterfly
blenny has been reported from the western (Erazi, 1942) and
central (Sinop region) (Bat et al., 2005) Black Sea. Yet, there
is no information about its morphometry, reproduction, and
genetic properties of B. ocellaris for the Black Sea. The fac-
tors affecting growth and distribution of a fish species could
be stated as nutrient availability, feeding, oxygen, salinity,

temperature, pollutants, and predator density (Helfman et al.,
2009). The fact that the female individual obtained in this
study has ripe (eyed) eggs indicates that butterfly blenny is in
the reproductive period in April in the Black Sea. Looking at
the appearance of the ripe eggs, the maturity stage fits the IV
stage definition (Carrasson & Bau, 2003). The findings of
flkyaz et al. (2018) in the Aegean Sea confirm our determi-
nation regarding the reproduction period. They reported that
the spawning of B. ocellaris occurs from January to May in
Izmir Bay (Aegean Sea) and found that the first maturity
length was 10.02 cm (3-years old).

Blenniiformes is a rich taxon and comprise over 150 genera
and 900 species found in different aquatic ecosystems. De-
spite being diverse, there are limited number of genetic stud-
ies on blennies. Previously B. ocellaris was subjected to phy-
logenetic and DNA barcoding studies. Almada et al. (2005)
assessed phylogenetic structure of 27 blennioid species in-
cluding B. ocellaris distributed in the Mediterranean Sea and
the Northeastern Atlantic Ocean based on 12S rRNA and 16S
rRNA gene sequences. Distribution and presence of B. ocel-
laris was identified based on DNA barcoding studies in the
Mediterranean Sea (Lanti et al., 2014; Vecchioni et al., 2018),
the North Sea (Knebelsberger et al., 2012), and the Atlantic
Ocean (Costa et al., 2012). Yet there is no genetic study on B.
ocellaris in Turkish coastal waters. The mtDNA sequence
data generated in the present study would contribute to the
reference libraries for 16S rRNA, COI, and Turkish ichthy-
ofauna.

There are no comprehensive studies regarding the ichthy-
ofauna, especially on Blenniidae, of the Turkish coasts of the
Black Sea. In this paper, the first basic morphological, ge-
netic, and reproduction aspects of butterfly blenny were rec-
orded in the Black Sea. The result of the present study indi-
cates that the B. ocellaris has adapted to the region and that
matured individuals have realized the activity of reproduc-
tion. Thus, the presence of the species in the eastern Black
Sea indicates residency of the species in the region. Further-
more, there is a lack of information on age, growth, mortality,
and diet of this species in coastal waters in Turkey. Addi-
tional biological and ecological studies on B. ocellaris would
contribute biodiversity of the Black Sea.
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Figure 3. Ripe eggs of matured butterfly blenny (Stage IV according to
Carrasson and Bau, 2003). Green lines represent long (X) and
short (Y) axes of egg size measures.

45 T Blennius ocellaris (MG837122) Western Mediterranean Sea

24 —— Blennius ocellaris (MG837120) Western Mediterranean Sea

a0

Blennius ocellaris (KJ709487) Western Mediterranean Sea

84

Blennius ocellaris (KY176406) Sea of Marmara

Blennius ocellaris (This study) Black Sea

Blennius ocellaris (JQ774790) Atlantic Ocean

£ Blennius ocellaris (KJ205345) North Sea

aa — Blennius ocellaris (JQ774787) Atlantic Ocean

2 Blennius ocellaris (KJ768218) Atlantic Ocean

Salaria pavo (MH190459)

Figure 4. Maximum likelihood tree generated with the COI sequences of Blennius ocellaris along with reference sequences
obtained from NCBI GenBank database
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Table 2. Length range of Blennius ocellaris from different studies in coastal waters in different seas

TLmin (cm) TLmax (cm) N Region Sea References
8.0 20.6 30 Balearic Islands Balearic Sea Merella et al. (1997)
8.6 10.37 11 Aegean Sea Kabasakal (1999)
12.9 15.3 3 Iskenderun Bay Mediterranean Sea Basusta and Erdem (2000)
11.8 13.3 4 Edremit Bay Aegean Sea Torcu and Aka (2000)
5.3 14.1 117 Thracian Sea Lamprakis et al. (2003)
4.1 9.6 43 Mersin Bay Mediterranean Sea Cicek et al. (2006)
11.2 13.7 15 Sea of Marmara Bok et al. (2011)
6.0 11.0 69 [zmir Bay Aegean Sea Acarli et al. (2014)
7.5 15.3 35 Aegean Sea Bilge et al. (2014)
5.5 16.5 279 [zmir Bay Aegean Sea Ilkyaz et al. (2018)
7.2 13.1 44 Sea of Marmara Daban et al. (2020)

TL = 10.52 male 1 Ordu Black Sea Current study
TL = 10.40 female 1 Ordu Black Sea Current study
Conclusion References

The present study confirms the occurrence of butterfly
blenny, B. ocellaris in the coastal area of the Black Sea. Little
is known about the distribution, habitat and biological aspects
of butterfly blenny in Turkey. Moreover, in the present study,
B. ocellaris was genetically characterized for the first time in
the Black Sea based on mtDNA gene sequences. The findings
of the study contribute to better understand distribution of the
species in the Black Sea and report first detailed data on biol-
ogy, morphology, and reproduction of this species in Turkish
coastal waters of the Black Sea.
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Bu ¢alismada, Istanbul Bogazi’nda 10 yillik periyotta meydana gelen deniz kazalar1 gemi kdkenli
risk faktorleri acisindan ele alinmis ve elde edilen veriler, R — Studio program dili kullanilarak
frekans analizine tabi tutulmustur. Bu kapsamda T.C. Ulastirma ve Altyap1 Bakanli§1 Ana Arama
Kurtarma Koordinasyon Merkezi’nden temin edilen kaza verileri, MMSI numaralar1 {izerinden
Tiirk Loydu veri tabanindan gemi bilgileri ile eslestirilmistir. Boylelikle, ¢alisma kapsaminda kul-
lanilacak gemi kokenli risk faktorleri belirlenmis ve 10 farkli kriter analizlere dahil edilmistir.
Bunlar, gemi boyu, gemi genisligi, gemi su ¢ekimi, gemi yasi, gemi deadweight tonaji, manevra
yarigap1, donme noktasi, L/B orani, B/T orani ve pervane sayisidir. Verinin mekansal olarak filt-
relenmesi ve gemi kdkenli kaza nedenlerinin siniflandirilmasiyla veri seti olugturma siireci tamam-
lanmis ve degiskenler Biiyiik Sayilar Yasasi perspektifinde frekans analizine tabi tutulmustur. Elde
edilen sonuglarla, Istanbul Bogazi’ndan en emniyetli sekilde gecis yapabilecek optimum karakte-
ristikler belirlenmistir.

Anahtar Kelimeler: Istanbulmaks, Biiyiik sayilar yasas1, Seyir emniyeti, Frekans analizi,
Olasilik, Istanbul Bogazi

ABSTRACT

Investigation of maritime accidents in the strait of Istanbul in the perspective of
navigational safety: ISTANBULMAX ship type recommendation

In this study, maritime accidents that occurred in the Strait of Istanbul over a 10-year period were
evaluated in terms of ship-based risk factors. The frequency analysis was performed using the R -
Studio program language. In this context, the accident data obtained from the Ministry of Transport
and Infrastructure Main Search and Rescue Coordination Center were matched with the ship in-
formation accessed from Tiirk Loydu database. Thus, ship origin risk factors to be used within the
scope of the study were determined and 10 different criteria were included in the analysis. These
are ship length, ship breadth, ship draught, ship age, ship DWT, turning point, turning radius, L/B
ratio, B/T ratio and number of propellers. The process of creating a data set was completed by
spatially filtering the data and classifying of the ship-based causes accidents. The variables were
examined with frequency analysis in the perspective of the Law of Large Numbers. With the re-
sults obtained, optimum characteristics based on ship origin risk factors have been revealed for
each ship type that will pass through the Strait.

Keywords: Istanbulmax, Law of large numbers, Safety navigation, Frequency analysis,
Probability, Strait of Istanbul
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Giris

Her tiirlii tasima iglemlerinde 6lgek ekonomisine en uygunu,
birim maliyeti diigiik olan kitle tasimalaridir. 1960’11 yillar-
dan bu yana yaygin gelisme gosteren kitle tasimacilig, biiytik
hacimli, petrol, komiir, tahil gibi kitle tipi yiiklerin tasinma-
sin1 ifade etmektedir (Bozkurt ve dig., 2018). Kitle tagimaci-
1181 iginde ise birim tagima maliyeti en diisiik olan1 denizyo-
ludur. Uluslararast Deniz Ticaret Odasi verilerine gore, gii-
nlimiizde diinya ticaretinin %90’1 deniz yoluyla yapilmakta-
dir (ICS, 2020). Kiiresel ticarete en iyi entegre olan nakliye
aglarimi ise Cin, Singapur ve Kore Cumhuriyeti olusturmak-
tadir. Birlesmis Milletler Ticaret ve Kalkinma Konferansi
(United Nations Conference on Trade and Development —
UNCTAD) 2020 istatistikleri ve Clarksons arastirmalari,
Asya ekonomilerinin uluslararasi deniz ticaretine en ¢ok
katki saglayan bolge oldugunu gostermektedir. 2019 yil1 iti-
bariyle diinya 6l¢eginde yiiklenen ve tahliye edilen yiik tonaj-
lar1, asagida Sekil 1°de verilmistir (UNCTAD, 2020).

Farkli kita ve ekonomiler arasinda igleyen deniz ticareti, bu
merkezler arasinda faaliyet gdsteren gemiler i¢cin zaman ige-

Research Article

risinde ¢esitli ticaret rotalar1 olusturmustur ve bu rotalar ¢o-
gunlukla dar kanal ve su yollar1 vasitasiyla birbirine baglan-
maktadir.

Rodrigue (2017) tarihli ¢calismasinda, uluslararasi deniz tica-
retinin ana giizergahlarini, biiylik ekonomiler arasinda koprii
gorevi goren birincil rotalar ve daha kiiclik pazarlar arasin-
daki baglantilar1 olusturan ikincil rotalar olarak ikiye ayirmig-
tir. Yapilan bu siniflama dogrultusunda, deniz ticaretinin ana
rotalar1 {izerinde bulunan ve deniz ticaret aginin kesisim nok-
talarii olusturan birincil su yollart Malakka Bogazi, Bab-el-
Mandeb, Hiirmiiz Bogazi, Siiveys Kanali, Istanbul Bogazi,
Cebelitarik Bogazi ve Panama Kanali olarak belirlenmistir.

Tarihsel veriler, deniz kazalarinin genellikle dar ve islek su
yollarinda meydana geldigini gostermektedir (Butt ve dig.,
2012). Dolayisiyla, risklerin en yiiksek oldugu alanlar da yine
dar su yollar1 ve kanallardir. Bu bolgelerdeki gemi gegisleri
her ne kadar kilavuzluk hizmetleri ile desteklense de fiziki
kisitlar dolayisiyla, agik denizdeki seyir sartlari ile ayni ko-
sullar olugsmamaktadir. Dar kanallar ve su yollari, deniz tica-
retinin ana baglanti noktalarin1 olusturdugundan bu alanlar-
daki yogun trafik de kaza riskini arttirmaktadir.

Latin Ameri aribbean

L] T
B Goods loaded
B Goods unicaded

T

Sekil 1. 2019 yili itibariyle diinya 6l¢eginde yiiklenen ve tahliye edilen yiik tonajlar1 - Milyar Ton. (UNCTAD, 2020)

Figure 1. Tonnage loaded and unloaded, 2019 (Billions of tons)
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Kiiresel ticaret dongiisiiniin islemesinde gemilerin, ana ticaret
rotalar1 iizerinde bulunan su yollarindan emniyetle gecisi
onem arz etmektedir. Oyle ki deniz ticaretinde faaliyet goste-
ren gemiler hem maliyet avantaji hem de ulasimin daha kisa
yoldan gerceklestirilmesi amaciyla zaman icerisinde gecis
yapacaklar1 su yollarinin fiziki sartlar1 baz alinarak boyutlan-
dirilmaya baglanmis ve bu durum denizcilik sektoriinde yer-
lesmis bazi tanimlar1 meydana getirmistir. Panama ve Siiveys
kanallarindan ge¢is yapmaya uygun en biiyiik boyutlu gemi-
leri ifade eden Panamax ve Suezmax gemiler ile Malakka Bo-
gazi’ndan gecis yapabilecek azami boyutlara haiz olan Ma-
laccamax gemiler bu ihtiyacin iirlinii olarak ortaya ¢ikmislar-
dir.

Uluslararasi deniz trafigi agisindan bakildiginda, gemi gecis
sayist bakimindan diinyanin en islek su yolu olan Malakka
Bogazi’ndan giinde yaklasik 200 geminin gecis yaptig1 goriil-
mektedir. Yilda ortalama 70.000 gemiye denk gelen bu sayi;
kuzeydogu Asya’ya tasinan petrol tagimaciliginin %80’ini
olusturmaktadir (Xiaobo ve Meng, 2012; Gilmartin, 2008).
Akdeniz ile Atlas Okyanusu’nu birbirine baglayan Cebelita-
rik Bogazi’ndan gegis yapan gemi sayisi yilda ortalama 7.000
civarinda olup, bu say1 2017 yilinda 8.262 gemi ile en yliksek
seviyeyi gormiistiir (MSFD, 2020). Akdeniz ve Kizildeniz’i
birbirine baglayan Siiveys Kanali’ndan gegis yapan gemi sa-
yis1 yilda yaklagik 18.000 iken, Atlas ve Biiylik Okyanusu
birbirine baglayan Panama Kanali’nda bu say1 yaklagik
14.000’dir (Rodrigue, 2017). Karadeniz tilkelerini Diinya’nin
diger iilkelerine baglayan tek su yolu olan Istanbul Bogaz1 ise
Panama Kanali’ndan 4, Siiveys Kanali’ndan 3 kat daha yogun
uluslararas1 deniz trafigine sahiptir (DNV, 2013). Buna ek
olarak bolgede, giinde 2 milyon insanin tagindigi 2500 adet
yerel deniz trafik hareketi mevcuttur (Basaraner ve dig.,
2011; Istanbul Liman Baskanligi Yerel Deniz Trafigi Reh-
beri, 2011).

Y ogun deniz trafiginin yaninda sahip oldugu akint1 sistemi ve
kivrimli jeomorfolojisi, Istanbul Bogazi’ndan gegis yapan ge-
miler i¢in risk olusturmaktadir. Bolgede yakin ge¢miste bir-
cok deniz kazasi meydana gelmis ve bu kazalardan bazilari
diinya 6lceginde endise yaratan cevre felaketleri ile sonuglan-
mistir. Sadece 1979 yilinda meydana gelen Independenta ka-
zasinda 95.000 ton (ITOPF, 2020); 1994 senesinde yasanan
Nassia kazasinda ise 33.000 ton ham petrol denize dokiilmiis-
tir (EEA, 2020). Giiniimiizde, gelisen gemi insa teknolojisi
ile Bogaz’dan gecis yapan gemilerin boyutlar1 ve tehlikeli
yiik tasima kapasiteleri, sz konusu kazalarin meydana gel-
digi yillara gore biiyiik 6l¢iide artmistir. Bu durum, olasi bir

kazada meydana gelebilecek felaketin boyutlarin1 da arttir-
maktadir.

Istanbul Bogazi, UNESCO Diinya kiiltiir miras1 listesinde yer
alan Istanbul sehrinin ortasindan ge¢mekte olup, bdlgedeki
kaza riski gecis yapan gemilerin yaninda 15.52 milyon niifusa
sahip olan Istanbul sehrini de tehdit etmektedir. Rodrigue
(2017) tarihli calismasinda diinya deniz ticaret aginin birincil
rotalar1 iizerinde bulunan su yollarina iliskin kapasite, kisit ve
tehlikelerini incelemis ve Istanbul Bogazi igin en biiyiik teh-
didin kisith seyir sartlar1 dolayisiyla ortaya ¢ikan deniz kazasi
riski oldugunu belirtmistir. Yakin tarihte ¢cevre felaketi ve can
kayiplariyla sonuglanan birgok deniz kazasi bu argiimani des-
teklemis ve Bogaz’daki seyir emniyetini arttirmak i¢in bdlge-
den en emniyetli sekilde gecis yapabilecek gemi karakteris-
tiklerinin belirlenmesini giindeme getirmistir. Bu ihtiyag, em-
sal su yollar1 temelinde Istanbulmaks tanimmi yesertmeye
baslamis ve Bogaz’daki kaza riskinin azaltilmasi i¢in bir ¢6-
ziim Onerisi olarak, Panamax, Suezmax gemiler gibi Istanbul
Bogaz1 icin de benzer bir tamim yapilmasi fikri dogmustur
(Ogugziilgen, 2006). 2016 yilinda gergeklestirilen 80. Yilinda
Montreux Tiirk Bogazlar1 Sempozyumu’nda Istanbul Bo-
gazi’nin fiziksel 6zellikleri ve gegmis kazalarin profili dog-
rultusunda “Istanbulmaks” gemi tipinin tanimlanmasi bir
oneri olarak sunulmustur (BAU, 2016). Son olarak Istanbul
Biiyiiksehir Belediyesi tarafindan yayimlanan “Kanal Istanbul
Cok Disiplinli Bilimsel Degerlendirme” isimli ¢alismada Is-
tanbul Bogazi’nda deniz trafiginin daha emniyetli hale geti-
rilmesi i¢in Istanbulmaks tipi gemi modelinin yasal taniminin
yapilmasi ve 2030 yilindan itibaren uygulamaya konmasi bir
oneri olarak sunulmustur (Askin vd., 2020: 79). Burada kritik
ayrim, Panamax, Suezmax tanimlarindan farkli olarak Istan-
bulmaks taniminin Bogaz’dan gegis yapacak en biiyiik gemi
boyutlarii degil; Bogaz’dan en emniyetli sekilde gegcis yapa-
bilecek gemi karakteristiklerini icermesidir. Boylelikle, s6z
konusu kriterlere haiz gemi gegislerinin 6zendirilmesi, farkli
risk seviyelerinde bulunan gemiler i¢in ilave tedbirler uygu-
lanmas1 ve yeni onlemler gelistirilmesi miimkiin olacak ve
bolgedeki seyir emniyeti seviyesi arttirilabilecektir. Bu ¢a-
lisma kapsaminda fiziksel 6zellikleri ve bolgedeki kaza pro-
fili dahilinde istanbul Bogazi’ndan en emniyetli sekilde gegis
yapabilecek gemi karakteristikleri arastirilmis ve Istanbul-
maks tanim icerisinde yer alabilecek gemi karakteristikleri-
nin belirlenmesi hedeflenmistir. Bu dogrultuda 6ncelikle lite-
ratiir taramas1 gergeklestirilmis ve Istanbul Bogazi’nda seyir
emniyetini arttirmaya yonelik ¢aligmalar incelenmistir. Elde
edilen sonuglar, asagida verilmistir.
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Atasoy (2008), Istanbul Bogazi’ndaki yerel trafik yogunlu-
gunu incelemis ve elde ettigi sonuglarla seyir emniyetinin si-
kintiya diismesine neden olabilecek kor noktalarin belirlene-
rek gerekli 6nlemlerin alinmasi i¢in ¢aligmalar yapilmasi ge-
rektigine dikkat ¢cekmistir.

Ozbas (2010), gemi gegis trafiginin risk analizini yapnus ve
gemi takip mesafelerinin azaltilarak daha fazla gemi gecisi
saglamanin Istanbul Bogazi’nda kaza riskini arttiran ana fak-
torlerden biri oldugunu tespit etmistir.

Kegeci (2010), gemi boyu faktoriiniin giivenli seyre etkisini
arastirmis ve gemi boyunun Istanbul Bogazi’ndaki kazalar
iizerindeki etkisini AHP metodu kullanarak incelemistir. Ca-
lisma sonuglart, 151 — 200 m gemi boyu aralifindan sonra
gemiyi etkileyen tehlike etkenlerinin seyir emniyeti iizerinde
belirgin bir etki yarattigin1 gostermistir.

Basaraner ve dig. (2011), Bogaz’dan ugraksiz gecis yapan ge-
milerin kullandig1 rotalarin iyilestirilmesi icin batimetrik mo-
dele dayali mekansal analizlerle daha hassas rotalar belirle-
mislerdir.

Ozlem (2011), Istanbul Bogazi’ndaki gemi trafik akigma yo-
nelik bir simiilasyon modeli kurmustur.

Kiigiikosmanoglu (2012), Bogaz’daki deniz kazalarimi tah-
min edebilmek i¢in yapay bir sinir ag1 modeli gelistirmistir.
Caligma sonuglari, 6zellikle 58.000 GRT den biiyiik gemile-
rin kilavuz kaptan almadig1 durumlarin kaza riskini arttirdi-
gin1 gostermistir.

Det Norske Veritas tarafindan hazirlanan raporda Istanbul
Bogazi’nda seyir emniyetini tehdit eden risk faktorlerine dik-
kat ¢ekilmis, bu faktorlerin kaza tiirii bazinda degiskenlik
gosterdigi saptanmis ve kazalar1 6nleyebilmek i¢in ilave ted-
birler alinmasi ihtiyact ortaya konmustur (DNV, 2013).

Candanoglu (2013), Istanbul Bogazi’ndan ugraksiz gecis ya-
pan gemilerin bekleme siiresini en aza indirmeye yonelik bir
model gelistirmistir.

Arslan (2014), yaptig1 ¢aligmada Istanbul ve Canakkale Bo-
gazlari’'ndan gecis yapan gemi sayisini, yillara ve gemilerin
gros tonilatolarina gore trend analizi ile incelemistir. Calisma
sonuclari, gecen gemi sayilarinda azalma tespit edilmesine
karsin gemi gros tonajlarinin arttigini gostermistir.

Charlier ve dig. (2015), uluslararasi deniz ticaretinin baglanti
noktalarini olusturan su yollarini kiiresel 6l¢ekte incelemis ve
Istanbul Bogazi’nda seyir emniyetine etki eden risk faktorleri
hakkinda bilgi vermislerdir.
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Rodrigue (2017), deniz ticaret ag1 lizerinde bulunan rotalart
incelemis ve bu rotalarin kesisim noktalarini olusturan bogaz
ve kanallar1 aragtirmustir. Yapilan siniflama dogrultusunda Is-
tanbul Bogazi, deniz ticaret aginin birincil rotalarindan biri
olarak tanimlanmuistir.

Altan (2017), Istanbul Bogazi’nda otomatik takip sistemi te-
melli deniz trafigi modellemesi yapmis ve ¢atisma tiiriindeki
kazalar1 incelemistir. Caligma, geometrik catisma olasiligini
alansal dagilim olarak ortaya koymus ve en yiiksek catisma
olasilig1 olan bolgeyi Sartyer ve Umurbey arasinda bulurken,
en yliksek kaza olasilig1 olan noktay1, Kandilli ve Rumelihi-
sar1 arasinda tespit etmistir.

Ozlem (2018), Istanbul Bogazi’'nda carpisma ve karaya
oturma olasiliklarini matematiksel modeller yardimiyla ince-
lemis ve bu kazalarin yaygin olarak kuruytiik gemileri tarafin-
dan gerceklestirildigi sonucuna ulagmistir. Model sonuglari
karaya oturma ve ¢arpisma tipi kazalarin 6zellikle geceleri ar-
tis egiliminde oldugunu ve karaya oturma tiirii kazalarin tra-
fik yogunlugu ile paralel olarak artis gosterdigini ortaya koy-
mustur.

Tasan (2019), gemilerin Istanbul Bogaz’indan gegis siirele-
rini etkileyen faktorleri arastirmigtir,

Ozdemir (2019), 2003 — 2013 yillar1 arasinda bolgede mey-
dana gelen kazalar1 mekansal yogunluk analizi ile incelemis
ve kazalarin bekleme bolgelerinde yogunlastigi ve Istanbul
Bogazi’nda ¢atma-gatigma ve karaya oturma oranlarinin ge-
celeyin iki kat daha fazla oldugu sonucuna ulagmistir.

Istikbal (2020), Istanbul Bogaz1’nda gerceklesen biiyiik deniz
kazalarim sol seyir diizeninin kaldirilmasi perspektifinde in-
celemistir.

Kodak ve Acarer (2021), istanbul Bogazi’ndaki deniz trafik
diizenlemelerinin kaza oranina etkisini incelemislerdir. Ca-
lisma sonuglari, gegis yapan gemi sayisinin kazalar lizerinde
% 51 oraninda agiklayici giicii oldugunu, yapilan diizenleme-
lerin kazalar1 6nlemede biiyiik dlgiide basarili oldugunu ve
ozellikle 2010 yil1 sonrasinda kaza sayilarinda istikrarl bir
diisiis oldugunu ortaya koymustur.

Bu galisma ise gemi kaynakli faktorlere baglh olarak, Istanbul
Bogazi’ndan en emniyetli sekilde gecis yapabilecek gemi kri-
terlerini belirleyerek literatiire katkida bulunmay1 hedefle-
mistir. Boylelikle, s6z konusu kriterlere haiz gemi gecisleri-
nin 6zendirilmesi, farkli risk seviyelerinde bulunan gemiler
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i¢in ilave tedbirler uygulanmasi ve seyir emniyetinin arttiril-
masi i¢in yeni 6nlemler gelistirilmesi miimkiin olacaktir.

Materyal ve Metot

Caligma kapsaminda kullanilacak materyal, T.C. Ulastirma
ve Altyapt Bakanligt Ana Arama Kurtarma Koordinasyon
Merkezi’nden 2006 ile 2015 yillar1 arasinda Istanbul Bo-
gazi’nda gergeklesen deniz kaza kayitlarimin alinmasi, kaza-
larin VTS sektor sinirlarina gore filtrelenmesi, elde edilen ve-
rilerin kaza nedenlerine gore ayristirilmasi ve kazaya karisan

Veri Setinin
Olusturulmasi

Kaza Verisinin

gemilerin MMSI (Maritime Mobile Service Identity -Deniz
Seyyar Servis Tanitim Numarasi) numaralariin tespit edil-
mesi ile olusturulmustur. Elde edilen MMSI numaralar {ize-
rinden, Tiirk Loydu is birligi ile gemilerin boy, genislik, su
cekimi, yas, deadweight tonaj, donme noktasi, pervane sayisi,
manevra yarigapi ve gemi boyut orani bilgilerine erisilmistir.
Veri setinin olusturulma siireci asagida, Sekil 2° deki diyag-
ramda gosterilmistir.

Gemi Kokenli
Kriterler

Elde Edilmesi B
s 0 \
| | Galisma Alaninin T.C. |
Belirlenmesi Ulastirma i i"""ﬂ' """
i i TURK
¢ ve : ;
! i LOYDU
- . Altyapi | i
_Kaza Verisi?in Bakanligi i
Istanbul Bogazi L ;
— Sektor Alanlarina | T
Gore
L Filtrelenmesi J v
N
Kazalarl_n Gemi
Nedenlerine e e
o Bilgilerinin
Siniflandiriimasi Elde Edilmesi

J

—l Gemi Boyu (L) I

Gemi Genigligi (B)

Gemi Su Cekimi

(1)

-

Gemi Yasi ]

Gemi DWT

Gemi D6nme
Noktasi

Gemi Manevra
Yarigcapi

Pervane Sayisi

Gemi L/B Orani

Gemi B/T Orani

Sekil 2. Veri setinin olusturulmasi ve gemi kokenli kriterlerin belirlenmesi.

Figure 2. Creation of data set and determination of ship-origin criteria
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Gemi Kokenli Kriterler

Elde edilen veri igerigi dogrultusunda, Istanbul Bogazi’nda
deniz kazalarina sebep olabilecek gemi kokenli risk faktor-
leri; gemi boyu, gemi genisligi, gemi su ¢ekimi, gemi yasi,
gemi tonaji (DWT), gemi dénme noktasi, gemi donme yari-
¢ap1, gemi boyut oranlar1 ve pervane sayisi olarak belirlen-
mistir.

Gemi Boyu

Gemi geometrisinde bir gemi i¢in dort farkli boy tanimi yap-
mak miimkiindiir. Bunlar; Dikmeler Aras1 Boy (Lgp), Su Hatti
Boyu (Lwr), Tam Boy (Loa) ve Su Alt1 Tam Boy (Los)’dur.
Calisma kapsaminda, geminin dikmeler arasindaki boyu
(Lep) kullanilmis olup s6z konusu tanimlar, Sekil 3 {izerinde
aciklanmustir.

|- Loa —
—f
Derinlik L — /
Su Hath | /
".I /
LWL ‘-"\__ '
| A
~
/?
BL — l
AP ‘EE FP
1Y
e Lo =
Lws o
b Los - “‘.1]

Dikmelerarasi Boy (Lgp): Ki¢ dikme (AP) ile bas dikme (FP) arasindaki yatay
mesafe olarak tanimlanmaktadir Gemi Genisligi (B)

Sekil 3. LBP, LWL, LOA ve LOS boy tanimlarinin sekil
iizerinde gosterimi (Odabasi, 2011)

Figure 3. Illustrate of LBP, LWL, LOA and LOS definitions

Sekil 4’de D ile gosterilen gemi derinligi geminin enine orta
kesitinde temel hatt1 ile ana giivertenin borda noktasi arasin-
daki diisey mesafe olarak tanimlanmaktadir. (f), geminin
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enine orta kesitinde yiiklii su hatti ile ana gilivertenin borda-
daki noktasi arasinda kanal diisey mesafe olarak tanimlanan
fribordu ifade etmektedir.

B
Derinlik
3 . o !
Su Hatt
f
LWL —g— 1 L
D
T
BL .
CL

Sekil 4. Gemi genislik, su ¢ekimi, derinlik ve fribord ta-
nimlari

Figure 4. Definitions of the ship breadth, depth and freeboard

Gemi Su Cekimi (T)

Gemi su ¢ekimi (T) en basit tanimiyla orta kesitte omurga
hi-zasindan su hattina kadar olan diisey uzunluktur. Bir
baska ifadeyle geminin enine orta kesitinde temel hatt1 ile
yikli su hattt arasindaki diisey mesafe olarak
tanimlanmaktadir. Su ¢ekimi Sekil 4’de T harfi ile temsil
edilmektedir.

Gemi Yasi

Gemi yapim yilindan deniz kazasmin gergeklestigi tarihe
ka-dar gegen siireyi ifade etmektedir. Geminin kaza
sirasindaki yasi olarak caligmaya dahil edilmistir.

Gemi Boyut Oranlart

L/B: Gemi boyunun gemi genisligine oranini ifade etmekte-
dir. Gemi tiirline bagh olarak farklilik gosteren bu oran,
yolcu gemileri i¢in 6 ile 8, yiik gemileri i¢in 3 ile 5 arasinda
degis-mektedir. L/B oraninin biiyiik olmasi hiz i¢in avantaj
yaratir-ken, manevra kabiliyeti acisindan dezavantaj
olusturmakta-dir.


https://doi.org/10.3153/AR22007

Aquat Res 5(1), 63-88 (2022) e https://doi.org/10.3153/AR22007

Research Article

B/T: Gemi genisliginin gemi su ¢ekimine oranini ifade et-
mekte ve genellikle 2 ile 4.5 arasinda degismektedir (Kafali,
1963; Sabuncu, 1985).

Gemi formundaki farkliliklar ve boyut oranlar1 gemilerin ma-
nevra yetenegini etkileyen kriterler olup, uzun boylu gemile-
rin rota tutma yetenegi, genisligi fazla olan gemilere kiyasla
daha iyi olmakta, ancak bu durum dénme performansi agisin-
dan tam tersi bir etki yaratmaktadir (Sukas vd., 2017). Bu ¢er-
cevede gemi ana boyutlar1 ve bu boyutlarin birbirine olan
oranlarinin temel manevra yetenegi iizerindeki etkileri asa-
gida Tablo 1 ile agiklanmistir.

Tablo 1. Gemi ana boyutlarinin temel manevra yetenekleri
tizerindeki etkileri. (TMMOB GMO Gemi Miihen-
disligi El Kitabi, 2011; Sukas vd., 2017)

Tablo 1.Effects of ship main dimensions on basic maneuverability

Gemi Boyut ve Rota Muhafazasi  Donme Yetenegi
Oranlan
Boy (L) + -
Genigslik (B) - +
Su Cekimi (T) + -
L/B + -
B/T - +

Tablo 1°de goriildiigii lizere manevra yetenegi agisindan gemi
boyu faktorii rota muhafazasi ile pozitif iliskiye sahipken,
donme yetenegi ile ters orantilidir. Bir baska ifadeyle gemi
boyu arttikca geminin rota muhafazasi artmakta ancak donme
yetenegi azalmaktadir. Genislik agisindan bakildiginda ise bu
durumun tam tersi gegerli olmakta, yani geminin genisligi
arttikca rota muhafazasi azalmakta ve donme yetenegi art-
maktadir. Su ¢ekimi faktorii de rota muhafazasi ve donme ye-
tenegi lizerinde gemi boyu ile ayni etkiye sahiptir. Gemi bo-
yut oranlari ise bu li¢ degiskenin sentezi olarak manevra per-
formansim etkilemektedir. Bu noktada, gemi boyunun gemi
genisligine oran1 arttik¢a rota muhafazasi da artmakta, buna
karsilik donme yetenegi azalmaktadir. Gemi genisliginin
gemi su ¢ekimine olan orani arttiginda ise, rota muhafazasi
azalmakta ancak donme yetenegi artmaktadir.

Gemi Déonme Noktasi (P)

Hareket halindeki bir gemide diimen basildiginda donme ha-
reketi ile beraber savrulma hareketi meydana gelmekte ve
donme noktasi bas tarafa dogru kaymaktadir. Tornistan duru-
munda ise donme noktasi ayni nedenden dolay1 kica dogru
yer degistirmektedir. Bu dogrultuda, gemi tizerinde herhangi
bir kuvvet yokken doniis ekseninin gemi agirlik merkezine
yakin olarak ortada olustugu gozlemlenmektedir. ileri yol ve-
rildiginde donme noktas1 bas tarafa dogru kaymaktadir. Bu
kapsamda ileri yol ile birlikte gemi donme noktas1 dnce gemi
boyunun 1/8’1 kadar mesafede olugmakta ve ileri yoldaki hiz
istikrar kazandiginda ise doniis ekseninin bir miktar daha kica
kaymasiyla bag taraftan gemi boyunun 1/4 mesafesinde istik-
rar saglamaktadir. Benzer sekilde durmakta olan bir gemiye
tornistan verildiginde, donme noktasi ilk olarak ki¢ taraftan
1/8 gemi boyu mesafesinde olugsmakta ve geminin geriye
dogru hareketi istikrar kazandik¢a donme noktasi da bas ta-
rafa dogru kayarak 1/4 gemi boyu mesafede istikrar kazan-
maktadir. Gemi donme noktasinin gemiye kuvvet uygulan-
madigy, ileri yol verildigi ve tornistan durumundaki hareketi
asagida Sekil 5’de gosterilmistir.

1 Hareketsiz

<]
(@]

2. ileriyol

14 L

Pivot Noktasi _"‘"-
1/4L

Sekil 5. Gemi donme noktasinin, hareketsiz, ileri yol ve
tornistandaki hareketi (Cultofsea, 2021)

Figure 5. Illustrate of pivot point (Ship stopped, making he-
adway, making sternway)

Literatiirde Pivot Noktas1 olarak da bilinen ve P ile temsil edi-
len gemi donme noktasi, ¢aligma kapsaminda, LBP degerinin
yaklasik yaris1 kabul edilerek veri setine dahil edilmistir.
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Gemi Donme Yarigcapt

Gemi donme yarigapi (manevra yarigapl), gemi manevrasina
etki eden bir diger 6nemli faktordiir. Sabuncu (1985) tarihli
calismasinda, donme yarigapini tanimlarken, dénme yariga-
pinin, donme kabiliyeti ile ters, gemi rota tutma kabiliyetiyle
ise dogru orantili olduguna isaret etmistir. Bir baska deyisle,
dénme yarigapr ne kadar kii¢iikse geminin dénme kabiliyeti
o Ol¢iide yiiksek olmaktadir. Donme yarigapinin yiiksek ¢ik-
masl ise geminin rota tutma kabiliyetinin yiiksek oldugunu
gostermektedir (Sukas ve dig., 2017).

Sekil 6. Gemi donme yarigap1 (Cultofsea, 2021)

Figure 6. Turning Radius

Do6nme yarigapi, gemi boyuna bagli olarak gemi tiplerine
gore asagida verilen farkli katsayilar ile hesaplanmaktadir
(Sabuncu, 1985).

e Tankerlerde gemi boyunun (Lgp) minimum 3.4 mak-
simum 7.5 kati,

e Yiik gemilerinde gemi boyunun (Lgp) minimum 4.4
maksimum 6.1 kati,

e Yolcu gemilerinde gemi boyunun (Lgp) minimum 3
maksimum 5 kati,

e Romorkorlerde gemi boyunun minimum 1.5 maksi-
mum 2.3 kati,

e Biiyiik harp gemilerinde gemi boyunun (Lgp) mini-
mum 2.6 maksimum 4 kati,

e Destroyerlerde gemi boyunun (Lpp) minimum 4.3
maksimum 6 kati, (Yavas Tip)

e Destroyerlerde gemi boyunun (Lpp) minimum 6
maksimum 6.7 kati, (Hizli Tip).

Calisma kapsaminda en kétii senaryo baz alinmis ve analiz-
lerde gemi tiplerine iliskin maksimum katsayilar kullanilmis-
tir. Bu dogrultuda, gemi boyuna bagli olarak, tankerlerde
Lep’nin 7.5 Kkati, kuruyiilk ve dokmeyiik gemilerinde ise
Lgp’nin 6.1 kat1 olarak hesaplanmis ve veri setine dahil edil-
mistir.

Donme Yaricapi
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Pervane Sayisi

Calisma kapsaminda gemi kokenli risk faktorii degiskenlerin-
den bir digeri pervane sayisi olarak belirlenmis ve kaza yapan
gemilere iliskin pervane sayisi analizlere dahil edilmistir.

Gemi Deadweight Tonajt

Akten ve Siiygen (1985) tarihli calismasinda gemi deadwe-
ight tonajini, bir geminin yiik olarak tasima kapasitesi olarak
tanimlamislardir. Bu tanima gére deadweight tonaj, bir gemi-
nin yiik, yolcu, personel, yakit ve kumanya yiklii toplam
agirligi ile (deplasman tonaji) bos agirligi arasindaki fark ola-
rak hesaplanmaktadir. Milli Egitim Bakanlig1 (2016) tarafin-
dan yapilan Draft ve Sorvey Hesab1 ¢aligmasinda, deadwe-
ight agirligi kavramsal agidan ele alinmis ve bir geminin yaz
yiikleme hattina kadar batirildiginda tasiyabilecegi maksi-
mum agirlik olarak tamimlanmigtir. Bir bagka deyisle,
deadweight tonaj, geminin yiikli deplasmanindan bos gemi
agirhigi cikarildiginda bulunan 6lii agirliktir. Geminin ytik ta-
sima kapasitesi olarak da ifade edilen bu 6li agirligin igeri-
s inde, geminin tasidig1 yiik, yakit, yaglama yagi, i¢gme suyu,
kumanya, mefrusat, balast suyu gibi agirliklar da bulunmak-
tadir.

Verinin Mekansal Olarak Filtrelenmesi

Istanbul Bogazi’ndaki deniz trafigi, Denizde Catigmay1 On-
leme Tiizigi’'ne (COREG 72 - Comention on the Interna-
tional Regulations for Preventing olisions at Sea) gore dii-
zenlenmis ve Uluslararas1 Denizcilik iitii- IMO (Interna-
tional Maritime Organization) tarafindan kabul edilmis olan
trafik ayrim diizeni ¢ergevesinde ve bu diizen igerisinde ters
yonlii gemi trafigini birbirinden ayirmak icin tesis edilen tra-
fik seritleri dahilinde islemektedir (Denizde Catismay1 On
leme Thiziigi, 2017). Bogaz’da, kuzeyden gilineye dogru Sek-
tor Tiirkeli, Sektor Kandilli ve Sektdr Kadikoy olmak iizere
ic sektdrel alan bulunmakta ve deniz trafigi bu sektorler da-
hilinde takip edilmektedir (Tiirk Bogazlar1 Seyir Rehberi,
2015). Calisma kapsaminda Sektor Tiirkeli kuzey sinir ile,
Sektér Kadikdy Giliney sinir1 arasinda gergeklesen kazalar
filtrelenerek veri setine dahil edilmistir. Kiy1 Emniyeti Genel
Midiirliigii (2020) tarafindan hazirlanan Tiirk Bogazlar
Gemi Trafik Hizmetleri Kullanic1 Rehberi’nde Istanbul Bo-
gaz1 sektorleri agagida Tablo 2°deki gibi tanimlanmustir.
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Tablo 2. istanbul Bogaz1 sektor sinirlar

Table 2. Boundaries of the VTS Sectors in the Strait of Istanbul

Istanbul Bogazi GTH Sektorleri | Simrlar Tanimlar
Kuzey Sinir1 Istanbul Gemi Trafik Hizmetleri’nin kuzey siniridir.
g 1 Anadolu Kavagi Burnu (41 10.71°’N / 29 05.19°E)
Sektor Tiirkeli

Giliney Sinir1 ile Dikilitag Feneri’ni (41 10.97°N/ 29 04.73’E) bir-
lestiren hattir.

" o Kuzey Sinirt Tiirkeli sektoriiniin giiney siniridir
Sektor Kandilli Giiney Siniri 15 Temmuz Sehitler Kopriisiidiir.
Kuzey Siniri Kandilli sektoriiniin giiney siindir.

Gliney Sinir1

hattir.

A:4052.5°N /029 13.8’E
B:4048.5°N /029 09.0’E
Sektor Kadikoy C:4050.3’'N /028 52.0°’E
D: 40 55.1’N /028 43.4’E
E: 40 58.2°N / 028 43.4’E mevkilerini birlestiren

Kazalarin Nedenlerine Gore Siniflandiriimasi

Istanbul Bogazi’nda 10 yillik dénemde meydana gelen kaza
kayitlar1 nedenlerine gore incelendiginde kazalarin; demir ta-
ramasi, makine arizasi, insan hatasi, diimen kilitlenmesi, hava
kosullar1 sebebiyle gerceklestigi gozlemlenmistir. S6z ko-
nusu bagliklar disinda meydana gelen kazalar ise diger neden-
ler olarak raporlanmustir.

Caligma, gemi kokenli risk faktdrlerinin deniz kazalar {ize-
rindeki etkisine odaklanmaktadir. Bu dogrultuda insan hatasi
ve hava kosullar1 ihmal edilmis ve analizler; makine arizasi,
diimen kilitlenmesi ve demir taramasinin sebep oldugu kaza-
lar dahilinde gergeklestirilmistir. Istanbul Bogazi’nda ger-
ceklesen deniz kazlarinin, sebeplerine iligkin ana siniflama ve
gemi kokenli kaza nedenleri asagida Sekil 7°de gosterilmistir.

Gemi kokenli nedenlerden kaynaklanan kazalar, kaza 6znesi
olan gemi kriterleriyle birlikte incelenmis ve aragtirmada fre-
kans yaklagimi benimsenmistir.

Frekans yaklagimi “Biiylik Sayilar Yasas1” perspektifinde ele
alimmus ve rassal degiskenin uzun vadeli kararliligini tanim-
layan bir olasilik teoremi olarak degiskenlere uygulanmustir.
Bu dogrultuda oncelikle verinin dagilim, yigisma, degisken-
lik gibi temel karakteristiklerini anlasilabilir ve degerlendiri-
lebilir sekilde gorsellestirebilmek igin frekans dagilimlari
elde edilmis ve bu dagilimlar iizerinden olasilik yogunluk
fonksiyonu tanimlanmustir.

Frekans analizi, olasilik dagilim fonksiyonu ve kiimiilatif da-
gilim fonksiyonu olarak iki baglik altinda yorumlanmis ve ilk
olarak olasilik dagilimi fonksiyonu agiklanmustir. Ikinci asa-
mada kiimiilatif dagilim fonksiyonu tanimlanmis ve her bir
gemi tipi icin degiskenlere uygulanmustir. Boylelikle, Istan-
bul Bogazi’nda gemi kokenli kriterlerin kaza frekansi pers-
pektifindeki olasilig1 elde edilmis ve kiimiilatif dagilim so-
nuglart ile bu olasiliklarin toplam igerisindeki pay1 ve uzun
vadedeki kararlihgr gdzlemlenmistir. {lgili siirecler asagida
Sekil 8, 9 ve 10°da gosterilmistir.
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Frekans Analizi

Frekans yaklasiminin 6zii olan Biiyiik Sayilar Yasasi, en sade
sekilde rastgele bir degiskenin uzun vadeli kararliligini ta-
nimlayan bir olasilik teoremidir (Evants ve Rosenthal, 2010).
Biiyiik Sayilar Yasasi’na gore, sonlu bir beklenen degere sa-
hip olan, birbirinden bagimsiz ve esit dagilima sahip bir rassal
degiskenler 6rnekleminde, bu gézlemlerin ortalamasi bu bek-
lenen degere yakinsayacak ve bu degere yakin bir seyir izle-
yecektir. Bu konuda verilebilecek en temel 6rneklerden biri,
alt1 yiizli olan bir zarin pes pese atilmasidir. Binom dagilinmu
kurallarina goére sonucun 1, 2, 3, 4, 5 ve 6 gelme olasilig1 esit
olup, bu sonuglarin aritmetik ortalamasi 3.5’tur. Zar atilma-
sina dair R — Studio program dilinde elde edilen deney sonug-
lar1, asagida Sekil 11°de verilmistir.

4.5

ortalama
3.5

3.0

WMWWWW

T T T T T T
0 200 400 600 800 1000

2.5

2.0

deneme sayisi

Sekil 11. Biiyiik sayilar yasasi zar deneyi
Figure 11. Law of Large Numbers - Dice Rolling Example

Sekil 11°de, ilk basta zar atiglarinin ortalamasinin bariz se-
kilde dalgalandig1 gozlemlenmektedir. Ancak, gdzlem sayisi
arttikca ortalamanin, Biiyiik Sayilar Yasas1 tarafindan 6ngo-
rildiigii gibi, beklenen deger olan 3.5'in etrafinda dengelen-
digi goriilmektedir.

Frekans analizi, sirastyla smif aralik sayisinin se¢imi, her bir
sinif araligina diisen n; eleman sayisinin belirlenmesi ve ilgili
sinif araligina diisen frekansin hesaplanmasi (fi) siire¢lerini
icermekte ve matematiksel olarak asagidaki sekilde ifade
edilmektedir.

fi ="/ (3.1)

Hesaplanan frekansa ait f;degerlerinin her simf araliginda ya-
tay eksen iizerine aktarimiyla “frekans diyagramlari” diger

bir ifadeyle histogramlar elde edilmektedir. Histogramlar, ve-
rilerin degiskenligi, yigisma ve dagilim yapis1 6zelliklerini
bir bakista gosterebilmesi agisindan avantaj saglamaktadir.
Eger gozlem sayisi arttirilir ve sinif araligi kiiciiltiiliir ise his-
togramin siirekli bir egriye yaklastig1; veri sayisi teorik olarak
sonsuz oldugu taktirde ise limitte bir egriye doniistiigii gézle-
nir. Bu egri, olasilik yogunluk fonksiyonu veya dagilim egrisi
olarak tanimlanmaktadir (Dekking ve dig., 2015).

Olasithigin Dagilim Fonksiyonu

Bir olayi, bir fonksiyonun degerleriyle tantmlamak miimkiin
olup, bunlar rastgele degisken fonksiyonu olarak tanimlanir-
lar. Burada fonksiyonun degerleri, 6rnek uzayin her elema-
nin1 gergel bir say1 olarak belirlemektedir. Rastgele degisken
biiyiik harfle (X), degerleri ise kii¢iik harfle (x) temsil edil-
mektedir.

Herhangi bir X rassal degiskeninin dagilim fonksiyonu F(X)
ile gosterilmekte ve X rassal degiskeninin x’e esit veya daha
kiigiik olma olasiligini ifade etmektedir. Bu birikimli olasilik,
dagilim fonksiyonu olarak tanimlanmaktadir.

F(x) =P(X < x) = Xyisx f(x0)
(3.2)

Olasilik dagilim fonksiyonunun incelenmesinde zar Grnegi
tizerinden gidilecek olursa ilk agama f(x)’in olusturulmasidir.
Dagilim fonksiyonu, olasilik fonksiyonunun birikimli hali ol-
duguna gore x; ve f(xi) asagidaki sekilde elde edilir.

‘ xi 1 2 3 4 5 [
‘ fi{xi) 16 /6 16 16 Ii6 /6
- 0 xi<l
1/6 1sxi<2
26 2sxi<3
FiX] = 3f6 Isxi<d
4f6 4 < xi <5
5/6 55 xi <6
= 6Bsxi

Sekil 12. Olasilik fonksiyonunun elde edilmesi. (Evants ve
Rosenthal, 2010)

Figure 12. Obtaining the probability function
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Sekil 13. Olasilik fonksiyonunun grafigi. (Evants ve Rosent-
hal, 2010)

Figure 13. Graph of probability funktion

nF(X)

5/6
3/6 —

1/6 =

L J

Sekil 14. Dagilim fonksiyonunun grafigi. (Evants ve Ro-
senthal, 2010)

Figure 14. Plotting probability distribution

Kiimiilatif Dagilim Fonksiyonu

Kiimiilatif dagilim fonksiyonu, siirekli bir rastgele degisken
olan X’in olasilik dagilimini tiimiiyle tanimlayan fonksiyon
olup, asagidaki gibi tanimlanmaktadir (Dean, 2018; Tabach-

nick ve Fidell, 2007).
Fx(x) = Pr[X <«x] (3.3)

Tipik bir kiimiilatif dagilim fonksiyonu asagida, Sekil 15°de
verilmistir.

Fy(x)
1.0

Sekil 15. Kiimiilatif dagilim fonksiyonu

Figure 15.umulative distribution function

Bulgular ve Tartisma

Frekans analizi kapsaminda elde edilen bulgular asagida alt
basliklar halinde incelenmistir.

Gemi Tiplerine Gére Frekans Dagilimlart

Frekans analizi kapsaminda, gemi kriterlerine iliskin sinif
aralik sayilar1 belirlenmis, her bir simif araligina diisen ele-
man sayisi tespit edilmis ve ilgili simif araliina diisen fre-
kanslar her dort gemi tipi icin hesaplanmistir. Elde edilen so-
nugclar; asagida Tablo 3’de incelenmistir.

Gemi Boyu: En yiiksek frekans degerleri kuruyiik ve kontey-
ner gemileri i¢in 100 — 150 metre, dokmeyiik gemileri i¢in
150 — 200 metre ve tankerler i¢in 50 — 100 metre araliginda
gbzlemlenmistir.

Gemi Genisligi: En yiiksek frekans degerleri kuruyiik gemi-
leri igin 10-15 metre, dokmeyiik gemileri i¢in 30-35 metre,
tankerler i¢in 10 — 20 metre ve konteyner gemileri i¢in 20 —
25 metre araliginda gozlemlenmistir.

Gemi Su Cekimi: En yiiksek frekans degerleri kuruyiik gemi-
leri i¢in 2 — 4 metre, dokmeyiik gemileri i¢in 4 — 6 metre,
tankerler icin 6 — 8 metre araliginda gozlemlenmistir. Kon-
teyner gemileri i¢in tek bir aralikta azami frekans degeri ta-
nimlanmamustir.

Gemi Yast: En yliksek frekans degerleri, kuruyilik gemileri
icin 30 — 35 yas, dokmeyliik gemileri, konteyner gemileri ve
tankerler i¢in 0 — 10 yas araliginda gézlemlenmistir.
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Tablo 3. Gemi tipleri i¢in karsilastirmali frekans tablosu
Table 3. Comparative frequency table for ship types
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Gemi Kriterleri Kuruyiik Gemileri Dokmeyiik Gemileri  Tankerler Konteyner Gemileri
Gemi Boyu 100 — 150 m 150 —200 m 50 -100 m 100 — 150 m
Gemi Genisligi 10— 15m 30-35m 10-20m 20—25m
Gemi Su Cekimi 2—4m 4—-6m 6—-8m -

Gemi Yagsi 30-35 0-10 0-10 0-10

Gemi DWT 0-5.000 - 0 -50.000 0—20.000
Manevra Yarigapt 500 — 600 m 1.000 — 1.200 m 500 — 1.000 m 500 — 1.000 m
Donme Noktasi 150 —200 m 80— 100 m 20-40m 60 — 80 m
L/B Oram 6-7 6—-6.5 5-6 6—6.5

B/T Oram 1-2 2-3 - 35-4
Pervane Sayisi 1 1 1 1

Gemi Deadweight Tonaji1: En yiiksek frekans degerleri, kuru-
yik gemileri i¢cin 0 — 5.000 DWT, tankerler i¢in 0 — 50.000
DWT ve konteyner gemileri i¢in 0 — 20.000 DWT araliginda
gozlemlenmistir. Dokmeyiik gemileri i¢in tek bir aralikta
azami frekans degeri tanimlanmamuistir.

Manevra Yaricapi: En yiiksek frekans degerleri, kuruyiik ge-
mileri i¢in 500 — 600 metre, dokmeyiik gemileri i¢in 1.000 —
1.200 metre, tankerler ve konteyner gemileri i¢in 500 — 1.000
metre araliginda gézlemlenmistir.

Donme Noktasi: En yiiksek frekans degerlerinin kuruyiik ge-
mileri igin 150 — 200 metre, dokmeyiik gemileri i¢in 80 — 100
metre, tankerler i¢in 20 — 40 metre ve konteyner gemileri i¢in
60 — 80 metre araliginda olustugu gézlemlenmistir.

L/B Orani: En yiiksek frekans degerlerinin kuruyiik gemileri
icin 6 — 7, dokmeyiik ve konteyner gemileri i¢in 6 — 6.5, tan-
kerler igin 5 — 6 araliginda olustugu gézlemlenmistir.

B/T Orant: En yiiksek frekans degerleri, kuruyiik gemileri
icin 1 — 2, dokmeyiik gemileri i¢in 2 — 3, konteyner gemileri
icin 3.5 — 4, araliginda gozlemlenmistir. Tankerler i¢in tek bir
aralikta azami frekans degeri tanimlanmamaigtir.

Pervane Sayisi: Elde edilen bulgular en yiiksek frekans de-
gerlerinin tiim gemi tipleri i¢in tek pervaneli gemilerde mey-
dana geldigini gostermistir. Bu durum, ¢ift pervaneli gemile-
rin manevra yeteneginde sagladigi artis dolayistyla ¢ok daha
az frekansa sahip oldugunu, bir baska deyisle pervane sayisi-
nin kazalar1 6nlemede etkili bir kriter oldugunu gostermekte-
dir.

Gemi Tiplerine Gore Olasilitk Yogunlugu

Calisma kapsaminda gemi kokenli kriterler, her bir gemi tipi
icin olasilik yogunluk fonksiyonu kapsaminda incelenmis ve
elde edilen sonuglar, asagida PDF (Probability Density Func-
tion) grafikleri ile incelenmistir.

Gemi Boyu: Elde edilen sonuglar, tepe noktasi 0.012’ye ula-
san kuruyiik ve dokmeyiik gemilerinin, tankerlere kiyasla
daha dengeli bir dagilim gosterdigini, konteyner gemilerinin
de 0.010’da pik yapan ve normal dagilima olduk¢a yakin sey-
reden bir dagilim izledigini gostermistir. Daha basik bir dagi-
lim egrisine sahip olan tankerlerinse, tepe noktasina 0.004 ci-
varinda ulastig1 gézlemlenmistir.

Gemi Genisligi: Elde edilen sonuglar, kuruyiik gemilerinin
diger gemi tiplerine kiyasla daha yiiksek bir ivmeye sahip ol-
dugunu ve 10 ile 15 metre araliginda 0.12’ye yaklasarak tepe
noktasina ulasgtigin1 gostermektedir. Tankerlere iliskin yo-
gunluk egrisi, gemi boyu kriterine benzer olarak yatay ve sta-
bil bir davranig sergilerken, 0.06 civarinda maksimum dege-
rine ulasan dokmeyiik ve konteyner gemileri benzer bir dagi-
lim profili gostermislerdir.
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Sekil 16. Gemi tiplerine gore karsilastirmali PDF grafikleri

Figure 16. Comparative PDF graphics by ship types

Gemi Su Cekimi: Dokmeyiik ve konteyner gemilerinin birbi-
rine oldukca yakin bir dagilima sahip oldugu gdzlenmistir.
Kuruyiik gemileri ve tankerler, dokmeyiik ve konteyner ge-
milerine gore daha saga carpik bir dagilim gostermislerdir.
Kuruyiik gemilerinin tepe noktasindaki yogunluk degeri 0.20
civarindayken, tankerlerde ve konteyner gemilerinde bu oran
0.12 civarinda gerceklesmistir. Dokmeyiik gemilerine ait ola-
silik yogunlugu egrisinin ise 2 kez pik yaptig1 ve bu noktala-
rin 0.10 altinda gergeklestigi goriilmiistiir. Bir bagka deyisle
dort gemi tipi igerisinde yogunluk egrisinin azami degerine
ulastig1 noktalar agisindan en diisiik seviye dokmeyiik gemi-
lerinde gozlemlenmistir.

Gemi Yasi: Elde edilen sonuglar, dokmeyiik gemileri ve tan-
kerlerin olduk¢a benzer bir davramis sergiledigini; her iki
gemi tipinin de 0 ile 10 yas araliginda ve 0.03 seviyesinde
azami degerine ulastigini gostermistir. 0.03 seviyesine kadar
dokmeyiik gemileri ve tankerlerle benzer egilim gdsteren
konteyner gemileri ise 10 ile 20 yas araliginda yeniden ivme
kazanarak tepe noktasina ulagmis ve sonrasinda keskin bir
diisiis sergilemistir. Buna karsilik kuruyiik gemileri normal
dagilima ¢ok daha yakin bir seyir izlemis ve maksimum de-
gerine 30 — 35 yas araliginda ulagmustir.

Gemi DWT: Elde edilen sonuglar, kuruyiik gemilerinin diger
gemi tiplerine gore oldukga farkli bir dagilim sergiledigini
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gostermistir. Dokmeylik gemileri, konteyner gemileri ve tan-
kerler azami degerlerine 0 — 50.000 DWT araliginda ve
0.00004 seviyesi altinda ulasirken, kuruyiik gemilerinin mak-
simum degerine 0 — 5.000 DWT araliginda ve 0.00014 civa-
rinda ulastigr gézlemlenmistir. Buna ek olarak, dokmeyiik
gemileri ve tankerlerin, x ekseni boyunca 0.0002 seviyesi al-
tinda ve birbiriyle olduk¢a yakin bir dagilima sahip oldugu
gbzlemlenmistir.

Manevra Yarigapi: Elde edilen sonuglar, her dort gemi tipinin
de birbirinden oldukga farkli dagilimlara sahip oldugunu gos-
termistir. Kuruyiik ve konteyner gemileri, diger gemi tiple-
rine gore daha saga ¢arpik bir dagilim sergilerken, tankerlerin
genel olarak 0.0006 seviyesi altinda yatay bir dagilim izledigi
gbzlenmistir. Kuruyiik ve dokmeyiik gemileri azami degerle-
rine 0.0020 civarinda ulagmis, ancak dagilim olarak oldukga
farkli davranis sergilemislerdir. Normal dagilima oldukga ya-
kin bir dagilim gdsteren dokmeyiik gemileri 1.100 ile 1.200
metre araliginda tepe noktasina ulasirken, kuruyiik gemileri
bu noktay1 500 ile 600 metre araliginda yakalamigtir.

Doénme Noktasi: Elde edilen sonuglar, dort gemi tipinin de
birbirinden oldukga farkli dagilimlara sahip oldugunu goster-
mistir. Dokmeyiik gemileri, konteyner gemileri ve tankerler
0 — 100 metre araliginda azami degerlerine ulasirken, bu gemi
tiplerine nazaran normal dagilima daha yakin bir seyir izleyen
kuruyiik gemileri, 150 — 250 metre araliginda maksimum de-
gerine ulagsmigtir. Dokmeytiik gemileri i¢in en yiiksek yogun-
luk 0.025 seviyesinde gergeklesirken bu oran, konteyner ge-
milerinde 0.020, tankerlerde 0.010 ve kuruyiik gemilerinde
ise 0.07 civarinda gézlemlenmistir.

L/B Orani: Elde edilen sonuglar, her dort gemi tipinin de bir-
birinden oldukga farkli ve diizensiz bir dagilima sahip oldu-
gunu gostermistir. Buna gore kuruyiik ve dokmeyiik gemile-
rinin 0.6 seviyesinde ve ayni L/B oranlar1 i¢in 2 kez pik yap-
t1g1 goriilmiistiir. Normal dagilima yakin davranig sergileyen
tankerler ve konteyner gemileri ise kuruyiik ve dokmeyiik ge-
milerine benzer olarak 0.6 seviyesinde tepe noktasina ulagsmis
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ve sonrasinda birbirine yakin bir ivme ile diisiis egilimi gos-
termislerdir.

B/T Orani: Elde edilen sonuglar, dokmeyiik gemileri ve kon-
teyner gemilerinin 0.5 civarinda tepe noktasina ulastigini gos-
termistir. Tankerler ve kuruyiik gemileri ise, 0.4 seviyesine
yakin bir degerde azami degerlerini almislardir

Gemi Tiplerine Gore Kiimiilatif Dagilimlar

Veri seti kapsamindaki deniz kazalari, dort gemi tipi i¢in elde
edilen gemi bilgileri dogrultusunda boy, genislik, su ¢ekimi,
deadweight tonaj, yas, manevra yaricapt ve donme noktasi
agisindan incelenmis ve elde edilen sonuglarla Sekil 17°deki
kiimiilatif dagilim grafikleri elde edilmistir.

Veri seti kapsamindaki deniz kazalari, kuruyiik gemileri i¢in
incelendiginde,

Gemi Boyu: Kuruyiik gemileri i¢in gemi boyu 50 metre ara-
liklarla smiflandirildiginda verinin, % 99’unun 200 metre ve
alt1 gemilerden, %90’ 1mn1n 150 metre ve altindaki gemilerden,
%75’inin 120 metre ve alt1 gemilerden ve % 50’sinin yaklasik
100 metre ve altindaki gemilerden olustugu gézlemlenmistir.

Gemi Genisligi: Kuruyiik gemileri igin gemi genisligi 10
metre araliklarla siniflandirildiginda verinin, %99’unun 30
metre ve alti gemilerden, %90’ min 18 metre ve altindaki ge-
milerden, %75’inin 16 metre alti gemilerden ve %50’sinin 15
metre ve alti gemilerden olustugu gézlemlenmistir.

Gemi Su Cekimi: Kuruyiik gemileri igin gemi su ¢ekimi 5
metre araliklarla siniflandirildiginda verinin, %99’unun 12
metre ve altinda, %90’1min 7.5 metre ve altinda, %75’inin 6.5
metre ve altinda, %50’sinin 5.5 metre ve altinda oldugu goz-
lemlenmistir.

Gemi Yasi: Kuruyiik gemileri i¢in gemi yasi kriteri i¢in 10
yillik araliklarla siniflandirildiginda verinin, %99’unun 48
yas ve altinda, %90’ min 40 yas ve altinda, %75’inin 34 yas
ve altinda, %50’sinin 28 yas ve altinda oldugu gozlemlenmis-
tir.
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Sekil 17. Kuruyiik gemileri i¢gin CDF grafikleri
Figure 17. CDF charts for dry cargo ships
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Sekil 18. Dékmeyiik gemileri icin CDF grafikleri
Figure 18. CDF charts for bulk carriers
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Sekil 19. Tankerler i¢in CDF grafikleri
Figure 19. CDF graphics for tankers
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Sekil 20. Konteyner gemileri i¢gin CDF grafikleri
Figure 20. CDF charts for container ships

Gemi DWT: Kuruyiik gemileri i¢in gemi deadweight tonaji
50.000 DWT araliklarla siiflandirildiginda  verinin,
%99’unun 50.000 DWT ve altinda, %90’1nin 10.000 DWT
ve altinda, %75’inin 7.000 DWT ve altinda, %50’sinin 5.000
DWT ve altinda oldugu gozlemlenmistir.

Manevra Yarigapi: Kuruyiik gemileri i¢in manevra yarigapi
500 metre araliklar dahilinde siniflandirildiginda verinin,
%99’unun 1.250 metre ve altinda, %90’1nin 800 metre ve al-
tinda, %75 inin 700 metre ve altinda, %50’sinin 650 metre ve
altinda oldugu gozlemlenmistir.

Doénme Noktasi: Kuruyiik gemileri i¢in gemi donme noktasi
100 metre araliklar dahilinde siiflandirildiginda verinin,
%99’unun 400 metre ve altinda, %90’1min 280 metre ve al-
tinda, %75 inin 220 metre ve altinda, %50’sinin 205 metre ve
altinda oldugu gozlemlenmistir.

Veri seti kapsamindaki deniz kazalari, dokmeyiik gemileri
i¢in incelendiginde,

Gemi Boyu: Dokmeyiik gemileri i¢in gemi boyu 50 metre
araliklarla simflandirildiginda verinin, %99’unun 300 metre
ve alt1 gemilerden, %90’ 1min 230 metre ve altindaki gemiler-
den, %75’inin 190 metre ve alt1 gemilerden ve %50’sinin
yaklasik 180 metre ve altindaki gemilerden olustugu gézlem-
lenmistir.

Gemi Genisligi: Dokmeyiik gemileri i¢in gemi genisligi 10
metre araliklarla siniflandirildiginda verinin, %99’unun 40
metre ve alt1 gemilerden, %90’ 1nin 32 metre ve altindaki ge-
milerden, %75’inin 31 metre alt1 gemilerden ve %50’sinin 29
metre ve alti gemilerden olustugu gézlemlenmistir.
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Gemi Su Cekimi: Dokmeyiik gemileri igin gemi su ¢ekimi 2
metre araliklarla siniflandirildiginda verinin, %99 unun 14
metre ve altinda, %90’ min 12.5 metre ve altinda, %75 inin
11.5 metre ve altinda, %50’sinin 9.5 metre ve altinda oldugu
gozlemlenmistir.

Gemi Yast: Dokmeyiik gemileri i¢in gemi yasi kriteri, 10 yil-
lik araliklarla siniflandirildiginda verinin, %99’unun 40 yas
ve altinda, %90’min 35 yas ve altinda, %75’inin 26 yas ve
altinda, %50’sinin 13 yas ve altinda oldugu g6zlemlenmistir.

Gemi DWT: Dokmeyiik gemileri i¢in gemi deadweight tonaji
50.000 DWT araliklarla siiflandirildiginda  verinin,
%99’unun 80.000 DWT ve altinda, %90’ 1nin 70.000 DWT
ve altinda, %75’inin 50.000 DWT ve altinda, %50’sinin
35.000 DWT ve altinda oldugu gézlemlenmistir.

Manevra Yarigapt: Dokmeyiik gemileri i¢in manevra yari-
¢ap1 500 metre araliklar dahilinde siniflandirildiginda veri-
nin, %99 unun 1.500 metre ve altinda, %90’ 1min 1.350 metre
ve altinda, %75’inin 1.300 metre ve altinda, %50’sinin 1.200
metre ve altinda oldugu gézlemlenmistir.

Doénme Noktasi: Dokmeyiik gemileri i¢in gemi donme nok-
tas1 20 metre araliklar dahilinde siniflandirildiginda verinin,
%99’unun 120 metre ve altinda, %90’min 115 metre ve al-
tinda, %75’inin 95 metre ve altinda, %50’sinin 90 metre ve
altinda oldugu gozlemlenmistir.

Veri seti kapsamindaki deniz kazalari, tankerler i¢in incelen-
diginde asagidaki sonuglara ulagilmigtir.

Gemi Boyu: Tankerler i¢in gemi boyu 50 metre araliklarla
smiflandirildiginda verinin, %99’ unun 280 metre ve alt1 ge-
milerden, %90’min 240 metre ve altindaki gemilerden,
%75’inin 180 metre ve alt1 gemilerden ve %50 sinin yaklasik
130 metre ve altindaki gemilerden olustugu gozlemlenmistir.

Gemi Genigligi: Tankerler i¢in gemi genisligi 10 metre ara-
liklarla simiflandirildiginda verinin, %99’unun 50 metre ve
alt1 gemilerden, %90’1nin 40 metre ve altindaki gemilerden,
%75’inin 30 metre alt1 gemilerden ve %50’sinin 20 metre ve
alt1 gemilerden olustugu gozlemlenmistir.

Gemi Su Cekimi: Tankerler i¢in gemi su ¢ekimi 5 metre ara-
liklarla siniflandirildiginda verinin, %99 unun 15 metre ve al-
tinda, %90’min 10 metre ve altinda, %75’inin 7.5 metre ve
altinda, %50’sinin 6 metre ve altinda oldugu gozlemlenmis-
tir.

Gemi Yast: Tankerler i¢in gemi yasi kriteri i¢in 10 yillik ara-
liklarla siniflandirildiginda verinin, %99’unun 40 yas ve al-
tinda, %90’ 1n1n 30 yas ve altinda, %75’inin 20 yas ve altinda,
%50’sinin 10 yas ve altinda oldugu gdézlemlenmistir.

Gemi DWT: Tankerler i¢in gemi deadweight tonaji 50.000
DWT araliklarla siniflandirildiginda  verinin, %99 unun
150.000 DWT ve altinda, %90’ 1min 100.000 DWT ve altinda,
%75’inin 50.000 DWT ve altinda, %50’sinin 20.000 DWT ve
altinda oldugu gézlemlenmistir.

Manevra Yarigapi: Tankerler i¢in manevra yaricapt 500
metre araliklar dahilinde siniflandirildiginda  verinin,
%99’ unun 2.000 metre ve altinda, %90’1nin 1.800 metre ve
altinda, %75’inin 1.400 metre ve altinda, %50’sinin 900
metre ve altinda oldugu gézlemlenmistir.

Donme Noktasi: Tankerler icin gemi donme noktasi 20 metre
araliklar dahilinde smiflandirildiginda verinin, %99’unun
140 metre ve altinda, %90’mmn 110 metre ve altinda,
%75’1nin 90 metre ve altinda, %50’sinin 65 metre ve altinda
oldugu gozlemlenmistir.

Veri seti kapsamindaki deniz kazalari, konteyner gemileri
icin incelendiginde asagidaki sonuglara ulagilmigtir.

Gemi Boyu: Konteyner gemileri i¢in gemi boyu 50 metre ara-
liklarla siniflandirildiginda verinin, %99’ unun 330 metre ve
alt1 gemilerden, %90’ 1nin 180 metre ve altindaki gemilerden,
%75’inin 170 metre ve alt1 gemilerden ve %50’sinin 150
metre ve altindaki gemilerden olustugu gézlemlenmistir.

Gemi Genisligi: Konteyner gemileri i¢in gemi genisligi 5
metre araliklarla simiflandirildiginda verinin, %99’unun 42
metre ve alti gemilerden, %90’ min 27.5 metre ve altindaki
gemilerden, %75’inin 27 metre alt1 gemilerden ve %50’sinin
21 metre ve alt1 gemilerden olustugu gozlemlenmistir.

Gemi Su Cekimi: Konteyner gemileri i¢in gemi su ¢ekimi 2
metre araliklarla siniflandirildiginda verinin, %99’unun 12
metre ve altinda, %90’min 11 metre ve altinda, %75’inin 9
metre ve altinda, %50’sinin 7 metre ve altinda oldugu goz-
lemlenmigtir.

Gemi Yast: Konteyner gemileri i¢in gemi yast kriteri, 5 yillik
periyotlarla simiflandirildiginda verinin, %99’unun 21 yas ve
altinda, %90’ 1mn 20 yas ve altinda, %75’inin 17 yas ve al-
tinda, %50’sinin 10 yas ve altinda oldugu gézlemlenmistir.

Gemi DWT: Konteyner gemileri icin gemi deadweight tonaji
50.000 DWT araliklarla smiflandirildiginda  verinin,
%99’unun 100.000 DWT ve altinda, %90’min yaklasik
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30.000 DWT ve altinda, %75’inin 20.000 DWT ve altinda,
%50’sinin 10.000 DWT ve altinda oldugu gézlemlenmistir.

Manevra Yarigapi: Konteyner gemileri i¢in manevra yarigapi
500 metre araliklar dahilinde siniflandirildiginda verinin,
%99’unun 2.000 metre ve altinda, %90’1nin 1.200 metre ve
altinda, %75’inin 1.000 metre ve altinda, %350’sinin 500
metre ve altinda oldugu gozlemlenmistir.

Donme Noktasi: Konteyner gemileri i¢in gemi donme noktasi
20 metre araliklar dahilinde smiflandirildiginda verinin,
%99’unun 180 metre ve altinda, %90’ min 90 metre ve al-
tinda, %75’inin 85 metre ve altinda, %50’°sinin 70 metre ve
altinda oldugu gozlemlenmistir.

Sonug¢

Uluslararas1 Deniz Ticaret Odasi verilerine gore bugiin,
Diinya ticaretinin %90’1 denizyolu tasimaciligi ile gercekles-
tirilmektedir. Bu durum, kitalar1 birbirine baglayan a¢ik deniz
ve okyanuslarda, karayolu havayolu ve demiryoluna gore ¢ok
daha biiyiik bir trafik yogunlugu yaratmaktadir. Artan trafik
hacminin en dogal sonuglarindan biri ise kaza riskidir. Tarih-
sel veriler, deniz kazalarinin genel olarak dar kanal ve islek
bogazlarda meydana geldigini gostermektedir. Acik denize
gore cok daha sinirl seyir sartlarina sahip olan bu su yollari,
bulunduklari cografyanin fiziksel kisitlar1 dolayisiyla gemile-
rin manevra sahasini daraltarak kaza riskini arttirmaktadir.
Seyir emniyeti acisindan acik denize gére cok daha yiiksek
kaza riski tastyan dar kanal ve bogazlar, ayn1 zamanda deniz
ticaret aginin ana baglantilarini olusturan kesisim noktalari-
dir. Artan deniz ticaretiyle birlikte bu su yollarindaki trafik
hacmi de her gegen giin artmaktadir. Ustelik bu trafigin bii-
yiik bir boliimiinii, gelisen gemi insa teknolojisi ile yakin gec-
mise kiyasla tek seferde ¢ok daha fazla tehlikeli yiik tasima
kapasitesine sahip gemiler olusturmaktadir. Bu durum, olasi
bir kazada meydana gelebilecek sonuclar1 da daha dramatik
boyutlara tagimaktadir.

Yakin tarihte diinya 6lceginde endiseye sebep olan bir¢cok de-
niz kazasi, dar kanal ve bogazlarda gerceklesmis ve bu durum
seyir emniyetinin arttirilmasina yonelik ¢aligmalarin 6nemini
ortaya ¢ikarmustir. Literatiirde yer alan Panamax, Suezmax ve
Malaccamax gemi tanimlari, dar kanal ve bogazlardan emni-
yetli gecis kriterlerinin, seyir emniyeti agisindan ne kadar be-
lirleyici oldugunun gostergesidir. Bu ¢aligmada, uluslararasi
deniz tasimaciliginin ana giizergahlari arasinda yer alan {s-
tanbul Bogazi’nda 10 yillik donemde meydana gelen deniz
kazalari, gemi kokenli risk faktorleri agisindan incelenmis ve
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Bogaz’dan gecis yapacak bir gemi i¢in optimum karakteris-
tiklerin belirlenmesi yoluyla seyir emniyetine katki saglamak
hedeflenmistir. Boylelikle calisma kapsaminda elde edilen
bulgular, Istanbul Bogazi’ndan en emniyetli sekilde gecis ya-
pabilecek gemiler icin “ISTANBULMAKS” konseptinin ge-
listirilmesi konusunda da altyap1 olusturarak literatiire katki
saglayacaktir.

Ulasilan sonuglar 6zellikle gemi boyu faktorii icin 200 metre
kritik degerine dikkat cekmis ve Istanbul Bogazi’ndan gegis
yapacak gemiler i¢in ‘biiyiik gemi’ taniminin altini ¢izmistir.
Gerek Tiirk Bogazlart Deniz Trafik Diizeni Yonetmeligi
(2019) gerekse IMO tarafindan yayinlanan Ships’ Route-
ing’de Bogaz’dan gecis yapacak gemiler i¢in 200 metre de-
geri vurgulanmaktadir.

Elde edilen bulgular, 200 metre iizeri tehlikeli yiik tagiyan ge-
milere uygulanan ilave tedbirlerin de kaza dnleyici etkiye sa-
hip oldugunu gostermistir. istanbul Bogazi’ndan en emniyetli
sekilde gecis yapabilecek gemi karakteristiklerinden gemi
boyu faktorii igin referans degerin, yasal mevzuatta da alti ¢i-
zildigi tizere 200 metre oldugu yargisina ulasilmaktadir.

Gemi manevra yetenegi agisindan, gemi boyu faktoriiniin rota
mubhafazasi ile dogru, donme yetenegi ile ise ters orantil ilig-
kiye sahip oldugu goriilmiistiir. Bir baska deyisle, gemi boyu
arttiginda, geminin rota muhafazasinin arttig1, ddnme yetene-
ginin ise azaldig1 gozlemlenmistir.

Genislik faktorii agisindan bakildiginda gemi genisligi art-
tikca rota muhafazasimin azaldigi, buna karsilik donme yete-
neginin ise arttig goriilmiistiir. Bir bagka deyisle, gemi boyu
faktoriiniin tersine gemi genisliginin rota muhafazasi ile ne-
gatif, donme yetenegi ile pozitif iliskiye sahip oldugu goz-
lemlenmistir.

Su ¢ekimi faktoriiniin, rota muhafazasi ile dogru, donme ye-
tenegi ile ise ters orantili iligkiye sahip oldugu gorilmiistiir.
Analiz sonuglar1 su ¢ekimi faktorii agisindan incelendiginde
kuruyiik gemileri, dokmeyiik gemileri ve tankerlerde en yiik-
sek frekans degerlerinin sirasiyla 2-4, 4-6 ve 6-8 araliginda
gerceklestigi gozlemlenmistir. Konteyner gemileri i¢inse tek
bir aralikta azami frekans olusumu gozlenmemistir. Bu du-
rum kuruyiik gemileri, dokmeyiik gemileri ve tankerler icin
su ¢ekimi faktoriinlin azami frekans degeri acisindan birbiri-
nin {ist sinirindan basladigini géstermistir. Buradan hareketle
su ¢ekimi faktorii agisindan her dort gemi tipinin farkli risk
gruplar olusturdugunu séylemek miimkiindiir.
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Gemi boyut oranlari gemi boyu, gemi genisligi ve gemi su
¢ekimi degiskenlerinin sentezi olarak manevra performansini
etkilemektedir. Bu noktada, gemi boyunun gemi genisligine
orani arttik¢a rota muhafazasinin arttigi, ddonme yeteneginin
ise azaldig1 gozlemlenmistir. Gemi genisliginin gemi su ¢e-
kimine olan orani arttiginda ise, rota muhafazasinin azaldig,
dénme yeteneginin ise artt1g1 goriilmiistiir. Elde edilen sonug-
lar, L/B ve B/T oranlarinin dort gemi tipi icin farkli profile
sahip oldugunu gdstermistir. L/B orani tankerler i¢in 5 — 6,
kuruyiik gemileri i¢in 6 — 7, dokmeyiik ve konteyner gemileri
icinse 6 — 6.5 araliginda azami degerine ulasmistir. B/T orani
ise kuruyiik gemileri igin 1 — 2, dokmeyiik gemileri icin 2 —
3, konteyner gemileri i¢inse 3.5 — 4 araliginda tepe noktasina
ulasmustir.

Doénme yaricapi ile donme kabiliyeti arasinda ise ters oranti
oldugu gbzlemlenmistir. Yani, bir geminin donme yarigcapi ne
kadar kiigiikse geminin donme kabiliyeti o kadar yiiksek ol-
maktadir. Elde edilen sonuglar, donme yarigap1 igin frekans
degerlerinin kuruyiik gemileri i¢in 500 — 600, dokmeyiik ge-
mileri i¢in 1.000 — 1.200, tankerler ve konteyner gemileri
icinse 500 — 1.000 araliginda azami degerlerine ulastigini
gdstermistir. Buradan hareketle Istanbul Bogazi’nda 10 yillik
periyotta gerceklesen kaza frekanslari incelendiginde, donme
kabiliyeti agisindan en kuvvetli gemilerin, kuruyiik gemileri
oldugunu ve bunu sirasiyla tankerler, konteyner gemileri ve
dokmeyiik gemilerinin takip ettigini sdylemek miimkiindiir.

Caligma kapsaminda elde edilen bulgular, 10 yillik periyotta
kazalarin her dort gemi tipinde de biiylik bir farkla tek perva-
neli gemilerde yogunlastigini gostermektedir. Cift pervaneli
gemiler ise oldukea diisiik kaza frekansima sahiptir. Oyle ki,
dokmeyiik ve konteyner gemilerinde frekans degeri sadece
tek pervaneli gemilerde olusmustur. Kuruyiik gemileri ve tan-
kerlerde ise ¢ift pervaneli gemilerin frekans degeri mevcut ol-
masina karsin tek pervaneli gemilere gore oldukga diisiik ol-
dugu gozlemlenmigtir. Elde edilen sonuglar, pervane sayisi-
nin gemi manevra yetenegini arttiran etkisi diistiniildiigiinde,
cift pervaneli gemilerin olas1 bir kaza durumunda ¢ok daha
yiiksek manevra kabiliyeti ile kazadan kaginabilecegi yargi-
sim1 desteklemistir. Istanbul Bogazi’ndan en emniyetli sekilde
gecis yapabilecek geminin 200 metre altinda ve ¢ift pervaneli
olmasinin kaza frekansi acisindan etkili olacagi sonucuna
ulasiimustir.

Frekans analizi sonucunda elde edilen bulgular, gemi yasinin
frekans degeri iizerinde gemi tiplerine gore 6nemli 6l¢iide de-

gistigini gostermistir. Kuruyiik gemilerinde en yiiksek fre-
kans degerinin 30 — 35 yas araliginda olustugu gozlenirken,
bu deger dokmeyiik gemileri, konteyner gemileri ve tanker-
lerde 10 yas ve alt1 gemilerde olusmaktadir. Analiz sonuglari
gemi yasi ile birlikte kuruyiik gemilerinin deadweight tonaji-
nin da 5.000 DWT alt1 kosterlerde tepe noktasina ulastigini
gostermistir. Bir baska deyisle, 30 — 35 yas araliginda ve
5.000 DWT’den az kapasiteye sahip olan kosterler, kaza fre-
kansinin azami degerlerine ulastigi1 gemileri olusturmaktadir.
Oysa emniyetli ve giivenli bir tasimacilik i¢in koster tipi ge-
milerin yas ortalamasimin 10-15 yil olmas1 gerekmektedir.
IMEAK Deniz Ticaret Odasi bilgilerine gore, cogunlukla Ak-
deniz ve Karadeniz’de hizmet veren koster filosunda, sahibi
Tiirk armatorler olan yerli veya yabanci gemi mevcudu 2019
yil1 sonu itibariyle 770 olup, kapasite olarak 3.2 milyon DWT
civarindadir. Tiirk koster filosunun yas ortalamasi ise 27°dir.
Bu yas farki ilerleyen donemde rekabet giicli agisindan
o6nemli bir tehdit olusturmaktadir. Bu noktada elde edilen bul-
gular, Koster Yenileme Projesi’nin hayata ge¢irilmesinin kri-
tik 6nem tasidigini gostermektedir.

Calisma kapsaminda temin edilen kaza verileri, istanbul Bo-
gazi’'nda 2006 — 2015 yillar1 arasinda meydana gelen deniz
kazas1 kayitlarindan olugmaktadir. Analizler sirasinda, veri-
nin mekéansal olarak filtrelenmesi ve kaza nedenlerine gore
siiflandirilmasi agamalarinda, kaza nedeni bilgilerinin ¢o-
gunlukla kaza kayitlarinda bulunmadig tespit edilmistir. Bu
durum, elde edilen sonuglarin ¢oziiniirliiglini diisiirmekte ve
daha saglikli yorum yapabilmeyi giiclestirmektedir. Istanbul
Bogazi’nda deniz kazalari iizerine yapilacak olan gelecek ¢a-
lismalarda bu durumun 6nlenebilmesi igin, kaza kayitlarinin
daha ayrintili ve sistematik olarak tutulmasi onerilmektedir.
Boylelikle, elde edilecek yiiksek ¢oziiniirliiklii veriler gele-
cekte bu konu iizerinde ¢alisacak arastirmacilar igin kiime-
leme, lojistik regresyon ve diskriminant analizini gergeklesti-
rebilecek girdileri saglayacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atigmasinin olmadi-
gini1 beyan eder.

Etik kurul izni: Arastirma niteligi bakimindan etik izin gerektir-
memektedir.

Finansal destek: -
Tesekkiir: -
Aciklama: -
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oz

Son yillarda denizcilikle ilgili kuruluglar ve sirketler risk bazli bir yaklasima ge¢mistir. Riskleri
belirlemek icin, kazalarin neden olustugunu ve nasil gelistigini kapsamli bir sekilde anlamak ge-
rekir. Kaza dnleme tedbirlerinin basariyla uygulanabilmesi i¢in en etkili nlemlerin belirlenmesi
gerekmektedir. Gegmiste yapilan bilimsel ¢alismalarin sonuglarina gore; seyir esnasinda meydana
gelen kazalarin kaza nedenlerinin %80’inin insan faktorlii risklerden kaynaklandigi tespit edilmis-
tir. Giiniimiizde insan kaynakli risklerin azaltilmasinda seyir teknolojilerinin kullanilmasi en etkili
yontem olarak karsimiza ¢ikmaktadir. Bununla birlikte, elektronik seyir cihazlariin kullanimi ka-
zalar1 tamamen ortadan kaldirmamustir. Bu ¢alismada Insan Faktorleri Analiz ve Smiflandirma
Sistemi (HFACS) yontemi uygulanarak elektronik seyir cihazlaria dayal risklerin neden oldugu
catisma ve karaya oturma kaza raporlart incelenmistir. Calismanin sonucunda, kazalarin goriiniir
(aktif) nedenlerinin yarisindan fazlasinin elektronik seyir ekipmanlari igletim hatas1 faktorlii ol-
dugu tespit edilmistir. Kaza faktorlerinin olusumunu 6nleyici tavsiyelerde bulunulmustur.

Anahtar Kelimeler: Kaza arastirmasi, Elektronik Seyir Cihazlari, HFACS

ABSTRACT
The effects of electronic navigation devices on marine accident occurrences

In recent years, maritime-related organizations and companies have moved to a risk-based appro-
ach. To determine the risks, it is necessary to understand comprehensively why accidents occur
and how it develops. The most effective measures need to be identified to implement the accident
prevention measures successfully. According to the results of scientific studies conducted in the
past, 80% of human factors risks were effective in marine accidents. Nowadays, maritime techno-
logies are the most effective method for reducing the risks of human factors. However, the use of
electronic navigation devices has not eliminated accidents. In this study, the accident reports for
collision and grounding due to the electronic navigation devices' risk was evaluated using Human
Factors Analysis and Classification System (HFACS) method. As a result of the study, more than
half of the visible (active) causes of accidents have been identified as operating failure factors in
electronic navigation equipment. Recommendations to prevent the occurrence of accident factors
have been made.

Keywords: Accident investigation, Electronic Navigation Devices, HFACS
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Giris

Uluslararas1 denizcilik 6rgiitii (IMO) kuruldugu tarihten iti-
baren deniz kazalarin1 6nlemek adina personel ve gemi stan-
dartlarinin minimum gereklerini belirlemektedir. Bunun so-
nucu olarak glinlimiizde meydana gelen kazalarin ¢ok az1 tek-
nik aksakliklar veya makine problemi yiiziinden meydana
gelmesine ragmen kaza sayilarinda anlamli azalmalar goriil-
memektedir (Emsa, 2018). Gecmiste gerceklestirilen kaza
aragtirmalarinda kazaya sebep olan etkenlerin yiiksek oranda
insan kaynakli hatalar oldugu belirtilmistir (Emsa, 2018; Y1l-
dirim vd., 2017; Chauvin vd., 2013; Celik & Cebi, 2009) in-
san kaynakli hatalar sadece bir faktdrden degil bir¢ok farkl
alt nedenin birlesimi sonucu meydana gelmektedir. Faktorler-
den biri 6nceden fark edilebilseydi ve Onleyici tedbirler uy-
gulansaydi bu kazalarin meydana gelmesi onlenebilirdi (Ras-
hid vd., 2010; Chen & Chou, 2012; Chen vd., 2013; Akhtar
& Utne, 2014).

IMO insan hatalarin1 azaltabilmek adina bazi ¢aligmalar ger-
ceklestirmektedir. Bu ¢alismalardan biri 2006 yilinda duyu-
rulan e- seyir kavramidir. Bu kavram elektronik seyir yardim-
cilan tarafindan bilgilerin sunumu, cihazlar arasi aktarimi,
birlestirilmesi ve analizi islemlerine uyumlu hale getirerek
gemi seyir emniyetini ve ilgili hizmetleri daha emniyetli hale
getirmesini  saglayan ¢alismalara verilen isimdir (IMO,
2006). Calismanin sonucunda IMO tarafindan tasarlanan in-
san-makine etkilesimi gelistirilerek daha kullanigh ve deniz
emniyetini arttiran standart kopriilistli seyir sisteminin olus-
turulmas1 amacglanmaktadir. Calismanin basariya ulasmasi
elektronik seyir cihazlari ile alakali insan faktorlii isletim ha-
talarinin tespit edilmesine baglidir.

Bu ¢alismayla amaglanan gegmiste meydana gelen kazalarin
raporlarinin kaza arastirma yontemlerinden sistematik tek-
nikler altinda degerlendirilen HFACS modeli ile inceleyerek
kazalara neden olan aktif ve gizli hatalarin tespiti ve koprii-
iistii seyir ekipmanlarinin kazalar iizerindeki potansiyel etki-
lerinin belirlenmesidir. Calismanin sonunda belirlenen kaza
faktorlerinin olusumunu engelleyici tavsiyelerde bulunul-
mustur.

Seyir kazalarina katki yapan faktorlerin tespiti amaciyla gec-
miste yapilan caligmalarda elektronik seyir cihazi isletim ha-
talariyla ilgili olarak cesitli goriisler ortaya ¢ikmustir. Sistem
karmasikligl ve otomasyonu (Grabowski & Sanborn, 2003),
egitim ve asinalik eksikligi (Ugurlu vd., 2015), insan mer-
kezli sistem tasarimi (Sotiralis vd., 2016), potansiyel tasarim
temelli hatalar (Hahn & Liidtke, 2013), vardiya zabitinin zi-
hinsel durumu (Akhtar & Utne, 2014), cihaz igletim hatala-
rma sebep olan etkenler icin farkli perspektiflerdir.
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Literatiirde kaza raporu iizerinden kopriiiistii elektronik cihaz
isletim hatalarina odaklanan c¢aligma sayisi olduk¢a azdir.
Graziano ve arkadaglar1 (2016) yapmis olduklart ¢aligmala-
rinda bilissel hatalarin geriye doniik ve ongiisel analizi (TRA-
CER) metodunu kullanmuslardir. Calismanin veri setini 3
farkli kaza aragtirma kurumunun yaymnlamis oldugu 32 ka-
raya oturma ve 32 ¢atisma kaza raporundan olusturmuslardir.
Kaza raporlarint TRACER teknigine gore kodlamis ve ana-
lizlerinin sonucunda toplam 289 adet gorev hatasi tespit et-
miglerdir. Hatalarin %96,5 kopriilistii gorev hatalari, %3,4
makine kontrol odas1 gorev hatalarindan olugsmaktadir. Kop-
riilistii gérev hatalarinin ayrimi sonucunda en ¢ok rastlanan
%28,7 kilavuzlu, uydusal ve radar seyirlerinde cihaz kulla-
nimi1 ve %17,2 seyir esnasinda nezaret eksikliginden kaynak-
landigim1 belirlemiglerdir. Gorev hatalarinin olusmasinda
yanlis kararla baglantili planlama eksikligi, organizasyonel
eksiklikler, yorgunluk, uygun olmayan egitim ve aginaligin
en etkili alt faktorler oldugunu belirtmislerdir (Graziano vd.,
2016).

Parayis ve arkadaglar1 (2010) yapmus olduklart ¢aligmala-
rinda 5 farkli kaza arastirma kurulusunun yayimlamis oldugu
100 kaza raporunu incelemislerdir. Inceledikleri kazalarin
%41 karaya oturma ve %39’u catma/catisma kazalarinda
elektronik seyir cihazi igletim hatasi, cihaz arizasi sebebiyle
meydana geldigini tespit etmiglerdir. Catma/catigsma kazala-
rinda Radar, diimen sistemi karaya oturma kazalarinda dii-
men sistemi ve kiiresel seyriisefer uydu sistemi alicist
(GNSS) cihazinin en etkili cihazlar oldugunu belirtmislerdir.
Calismanin devaminda farkli ehliyetlere sahip 50 giiverte si-
nifi vardiya zabiti ve kaptanla yaptiklar yiiz yiize goriisme-
lerde elektronik seyir cihazlari ile ilgili aldiklar egitim mem-
nuniyetlerini, cihazlarin islevselliklerini ve etkinliklerini var-
diya zabitinin vardiyadaki gorevlerine gore degerlendirmeleri
istenmistir. Caligmanin sonuglarinda ankete katilan vardiya
zabitlerinin %35°nin aldig1 egitimden memnun olmadigini
belirtmislerdir. Ayrica geminin mevkii ve rota takibinde
(%48) elektronik harita goriintiileme ve bilgi sistemi
(ECDIS) cihazina, catigma tehlikesi tespitinde (%74) Radar
cihazina giivendikleri sonucuna varmiglardir (Parasyris vd.,
2010).

Diger bir elektronik seyir ekipmani kaynakli kazalarin ince-
lendigi calismada 2000-2017 yillart arasinda meydana gelen
290 catma/catisma ve karaya oturma kazasi Kaptan ve arka-
daslar1 (2021) tarafindan incelenmistir. Onlar kaza raporarin-
dan tespit edilen uygunsuzluklar ve arasindaki iligkileri olus-
turduklar1 Bayes agiyla nitel ve nicel olarak degerlendirmis-
lerdir. Calismalarinin sonucunda kopriiiistii seyir cihazlarinin
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isletiminde yapilan hatalarin kazaya direk olarak sebep olma-
di1g1 ama karar hatasina zemin hazirlayan énemli unsurlardan
biri oldugunu belirtmisler ve kazalarin 6nlenmesine iligkin
onerilerde bulunmuslardir (Kaptan vd., 2021a).

Materyal ve Metot

Insan faktorleri analiz ve simiflandirma sistemi, Shappell ve
Wiegmann tarafindan Reason’1n Isvigre peyniri modeli teme-
linde kaza analizinde kullanilmak {izere gelistirilmistir.
HFACS insan hatalarin1 tanimlamak i¢in kanitlanmisg bir yon-
temdir ve hiyerarsik bir yapida kaza olusumlarinin arastiril-
masina izin verir (Shappell & Wiegmann, 2000; Weigmann
& Shappell, 1997).

HFACS"'n ana g¢ergevesinde kazaya neden olan olaylar dort
farkli seviyeye ayrilir ve bu seviyeler iki ana baglik altinda
pasif ve aktif hatalar seklinde gruplandirilir. 1k ii¢ seviye
(emniyetsiz eylemleri hazirlayan 6n kosullar, emniyetsiz de-
netim ve kurumsal etkiler) gizli hatalar1 temsil eder. Son se-
viye olan (emniyetsiz eylemler) aktif hatalar1 tanimlar (Sekil
1). Bumodele gore aktif bagarisizliklarin ardinda gizli hatalar
vardir (Reason, 1990).

Emniyetsiz !_E*_.-'Iemleri

Hazirlayan On
Emnivetsiz Wosullar

Eylemlar

kKayiplar - Rgph-

Sekil 1. Reason’un Isvigre peyniri modeli

Diger taraftan ge¢mis orijinal HFACS yapisina uygulama
alanlarina, kaza tiirlerine gore ana yapida revizyonlar yapil-
mistir. Sadece deniz kazalarinin incelenmesinde HFACS’in
bes farkli revizyonlu yapisi karsimiza ¢ikmaktadir (Kaptan
vd., 2021b). Bunlardan biri olan Ugurlu ve arkadaglarinin
yolcu gemilerinin karismis oldugu karaya oturma ve
catma/catisma kazalarina sebep olan kaza faktorlerini tespit
ettikleri ¢caligmalarinda ana HFACS yapisinda revizyon yap-
miglardir. Yapmis olduklar revizyonda HFACS yapisint 5
seviyede tanimlamuslardir (Ugurlu vd., 2018). Ilk ii¢ seviyesi
gizli hatalar kurumsal etkiler, emniyetsiz denetim ve emni-
yetsiz eylemleri hazirlayan 6n kosullardir. Son iki seviyesi
aktif hatalar, emniyetsiz eylemler ve operasyonel kosullardir
(Sekil 2). Kazalarin meydana gelmesinin operasyonal kosul-
larin mevcudiyetine bagli oldugunu ispatlamiglardir. Bu kap-
samda gergeklestirilen kaza analizleri revizyonlu HFACS ya-
pisina gore gerceklestirilmistir.

Yapilan ¢alismayla; 2008-2018 yillar1 arasinda en az bir tane
elektronik seyir cihazi kaza etken faktoriiniin etkili oldugu
catma/catisma ve karaya oturma kazalar1 incelenmistir. Ca-
ligsma kapsaminda, 9 farkli kaza arastirma kurulugunun yayin-
lamis oldugu detayl1 kaza raporlar1 arasindan toplam 153 adet
kaza raporunun HFACS analizi yapilmistir (Tablo 1).

Kurumsal Etkiler

Emnivetsiz
Deneaetim . e

Tehlike

Bazansizhik veya
Eksiklik
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Kaynak vénetimi Kurumsal ortam Kurumsal siireg

Emnivetsiz Denetim
(]

Uvgmsuz olarak A
. . . : Problemi ¢dzmeds
Yetersiz denetim plalﬂar_]ml:- basarisizlik
operasyonlar
Emniyetsiz Eylemleri Hazidayan On
Ko §=ll]ar
| |
Telmoloji ve arayiz arizalar Standart dig1 elap iyeleri
'] ]
] ] 1 ] 1
Elektronik sevir Ak Diger telmolojik Talam irvelerinin Talam ifyelermin
vardimetlar arizalan eSSt L arizalar standart altt durumu standart alt1
uygulamalar:
Emniyetsiz Eylemler
|
1 1
Hatalar Ihlaller
| 5
I 1 I T 1
Prosedir Yasal diizenleme Yetkanin kbtityve
Karar hatalari Beceri hatalan Algs hatalary ihlalleri ihialleri ol lanimast
Operasvonek Kosullar
1
| |
Dhg kogullar I kosullar
1 I I 1
! ! Gemi hereketini _
Hava kogullar EKommmnsal kusitlamalar engelleven Gemi yapisal kusurlan
uvgunsuzluklar ve
aksaldiklar
Sekil 2. Insan Faktorleri Analizi ve Simiflandirma Sistemi (HFACS-PV)
Tablo 1. Kaza veri tabanlar1 inceleme durumu
Table 1. Accident databases review status
Veri Tabam Karaya Oturma Catma/Catisma Toplam
MAIB 11 15 26
ATSB 15 13 28
JTSB 2 14 16
TSB 12 6 18
NTSB 2 7 9
EMSA 9 18 27
MARDEP 1 13 14
BMA 5 2 7
KAIK 2 6 8

Toplam 59 94 153
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Analizi edilen her bir kaza raporunda meydana gelen kazala-
rin aktif nedenleri ve gizli kusurlari belirlenmistir. Belirlenen
kusurlar HFACS yapisi altinda smiflandirilmigtir. Siniflandi-
rilan aktif nedenleri ve gizli kusurlar i¢in frekans analizi ya-
pilmistir. Elde edilen sayisal veriler goz 6niinde bulundurula-
rak, elektronik seyir cihazlar1 etkenli catma/catigma ve karaya
oturma kazalarma neden olan etken faktorler ve oOncelikli
agirliklari ortaya konmustur.

Tablo 2. Elektronik seyir cihazi faktorlii gatma-catisma ve karaya oturma kazalart HFACS kategorilerinin yiizdesel dagilimlar
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Bulgular ve Tartisma

Karaya oturma ve ¢atma/catisma kazalarinin kaza olusum ya-
pilar1 geregi farkli olarak analizleri yapilmistir. Analizler so-
nucunda elde edilen kaza faktorlerinin HFACS modeli kap-
saminda seviyelerine gore yiizdelik dagilimlar1 Tablo 2 ‘de
gosterilmistir.

Table 2. Percentage distribution of HFACS categories of collision-collision and grounding accidents with electronic navigational device factor

HFACS Kategorileri Catma/Catisma Kazasi Karaya Oturma Kazasi
% %
1-Kurumsal Etkiler 14 22
a- Kaynak Yonetimi 9 11
b- Kurumsal Ortam 0 0
c- Kurumsal Siirec 5 10
2-Emniyetsiz Denetim 9 11
a- Yetersiz Denetim 4 6
b- Uygunsuz Olarak Planlanmig Operasyonlar 5 4
c- Problemi C6zmede Basarisizlik 0 1
3-Emniyetsiz Eylemi Hazirlayan 6n Kosullar 30 27
a-Standart Dis1 Ekip Uyeleri 28 23
b-Teknoloji ve Arayiiz Arizalari 2 4
4-Emniyetsiz Eylemler 34 27
a-Beceri Hatalar1 6 6
b-Karar Hatalar1 7 5
c-Algi Hatalar 7 7
d-Ihlaller 13 10
5- Operasyonel Kosullar 13 13
a- Dis Kosullar 13 13
b-i¢ Kosullar 0 0

Kaza faktorleri HFACS kategorilerine gore incelendiginde
one c¢ikan alt kategoriler ve ylizdeleri su sekildedir;

Kurumsal etkiler seviyesi HFACS modelinde organizasyonel
faktorleri kapsayan birinci seviyedir. Bu seviyede ¢atma/ca-
tisma kazalarinda kaynak yonetimi alt bagliginda degerlendi-
rilen gemiye egitim ve asinalik (% 4) , personel donatimm
(%3) &n plana ¢ikmaktadir. Insan kaynaklar1 yonetimindeki
uygunsuzluklar tiim gemi operasyonlarini etkileyen 6nemli
aktivitedir. Bu aktivitenin 6nemi bir¢cok kaza arastirmacisi ta-
rafindan vurgulanmistir (Akyuz, 2017; Mazaheri vd., 2015;
Ugurlu vd., 2013). Karaya oturma kazalarinda ise; kurumsal
stirec alt baghiginda degerlendirilen prosediir kaynakli eksik-
likler (%6) en ¢ok karsilasilan kaza faktorii olarak tespit edil-
mistir. Prosediirel eksiklikler hem bireysel hem de isletenin
emniyet performansini etkileyen dnemli kdk uygunsuzluktur.

Denizcilikte bunun 6niine gegilmesi amaciyla emniyetli yo-
netim sistemi (SMS) uygulamasi benimsenmistir. Fakat bazi
durumlarda yetersiz kaldigi goriilmektedir (Chauvin vd.,
2013).

Emniyetsiz denetim, yonetim eksiklikleri ve sonuglarini, per-
sonel kaynaklar1 yonetimini, operasyon planlamasini, bilinen
problemleri ¢6zmeyi ve benzeri durumlari inceleyen HFACS
seviyesidir (Patterson & Shappell, 2010). Bu seviyede 6ne ¢i1-
kan kaza faktorleri catma/catigma kazalarinda uygunsuz plan-
lanmig operasyonlar (%5), karaya oturma kazalarinda (%06)
yetersiz denetim bu kategoride en fazla kaza faktoriine sahip
alt kategorilerdir. Her iki kaza faktorii gegmiste yapilan calig-
malarda dnemle vurgulanmistir (Sotiralis vd.,2016; Hulme
vd., 2019; Altinpinar & Basar, 2021)
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Emniyetsiz eylemeleri hazirlayan 6n kosullar seviyesi, kaza-
larda vardiya zabitinin standart alt1 kosullar1 ve standart alti
uygulamalarinin tespit edildigi kategoridir. Bu kategori em-
niyetsiz eylemlerin ortaya ¢ikmasinda rol oynayan son asa-
madir. Her iki kaza tiirlinde de takim {liyelerinin standart alti
uygulamalar1 en etkili alt baslik olarak tespit edilmistir.
Catma/Catisma kazalarinda (%7) iletisim yoksunlugu karaya
oturma kazalarinda (%7) uygunsuz yonetim faaliyetleri n
plana ¢ikan kaza etmenleridir. Catma/catisma kazalarinda 6n
plana cikan iletisim eksikligi durumsal farkindaligin gideril-
mesi ve yabanci dil kaynakli zorluklarin asilmasina baglidir
(Kaptan vd., 2021a). Diger taraftan karaya oturma kazala-
rinda 6n plana ¢ikan yonetimsel faaliyetler otorite ve yone-
timsel uygunsuzluklar1 icermektedir. Giinlimiiz teknoloji-
sinde gemilerin emniyetli seyri ekip ¢alismasina baglidir. Bu
kapsamda ekip amiri olan gemi kaptanlar kilit rol oynamak-
tadir (Akhtar & Utne, 2014; Chauvin vd., 2013).

Emniyetsiz eylemler kazalarin goriiniir nedenlerini kapsayan
seviyedir. Kaza aragtirmacilarinin ¢ogunlugunun odak nokta-
sidir. Bu seviyede tespit edilen en 6nemli kaza faktorlerinin
dagilimi ¢atma/gatisma kazalarinda ihlaller alt kategorisinde
yer alan yasal diizenleme ihlalleri denizde gatismay1 6nleme
tiiziigli (COLREG) %9, karaya oturma kazalarinda %6 beceri
hatalaridir. COLREG kurallar ¢atismayr 6nlemede vardiya
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zabitinin uygun hareket tarzini belirlemesi i¢in olusturulmus
uluslararasi kurallardir. Vardiya zabitleri tarafindan eksiksiz
ve dogru olarak eksiksiz uygulanmas1 gerekir. Fakat giinii-
miizde uygulama eksiklikleri siklikla rastlanmaktadir (Perera
& Guedes Soares, 2015; Martins & Maturana, 2013). Beceri
hatas1 kaynakli uygunsuzluklar vardiya zabitinin kopriilistii
donanimlarina hakimiyeti eksikligi kaynakli kaza faktorlerini
icermektedir. Gegmiste yapilan ¢aligmalarda ifade edildigi
iizere egitim sisteminin gelistirilmesi veya otonom kopriidistii
sistemlerinin devreye alimmasi bu tiir uygunsuzluklarin
oniine gecilmesindeki ¢6ziim yoludur (Kaptan vd., 2021a).

Elektronik Seyir Ekipmanlari isletim Hatalarimin Cihaz ve
Hata Tiiriine Gore Dagilimi

Kopriiiistii elektronik seyir ekipmanlari insan faktorlii isletim
hatalar1 diger kaza faktorleri gibi HFACS hiyerarsik yapi-
sinda siniflandirilmistir. Caligmada tespit edilen emniyetsiz
eylemler seviyesinde kaza faktorlerinin karaya oturma kaza-
larinda %55°1 ¢atma/catigsma kazalarinda %57’1 seyir cihaz-
larinin isletim hatasi ile alakali oldugu tespit edilmistir. Seyir
isletim hatalar1 emniyetsiz eylemler seviyesinde ihlaller, algi
ve beceri hatalar icerisinde degerlendirilmistir. Verilerin bii-
yiikliigii nedeniyle kaza faktdrlerinin bazilar1 Tablo 3 de gos-
terilmistir.

Tablo 3. Kazalardan elde edilen elektronik seyir cihazlar1 gérev hatalar1 6rnekleri

Table 3. Examples of electronic navigational equipment mission errors from accidents

Faktorler Gorev Hatasini Tlgili Kaza Tiirii
Hfacs simifi Cihaz
Cihaz giincellemesi Prosediir ihlali ECDIS Karaya Oturma

Calistirilmayan Cihaz

Calistirilmayan cihaz

Alarm sesinin kisilmasi

Alarm sesinin kisilmasi

Gemi pozisyonu takibi

Trafik takibi

Isitsel gdzciilitk

Sistemsel sorunu sezinleyememe
Hedef gemi varligi

Paralel index 6zelliginin kullanilmamas1
Diimen modu ayarlari

Istasyon se¢imi

Kumanda paneli kullanim1

Rotadan diisme 6zelligi kullanilmamis
Guard zone alarmi kullanilmamis

Prosediir ihlali BNWAS Karaya Oturma
Prosediir Thlali Derinlik Olcer Karaya Oturma
Stistimaller ECDIS Karaya Oturma
Stistimaller Radar Catma/catisma
Algi hatasi GNSS Karaya Oturma
Algi hatasi Radar Catma/Catigma
Algi hatasi VHF Catma/Catigma
Algi hatasi Cayro Catma/Catigsma
Algi hatasi AIS Catma/Catigsma
Beceri hatasi Radar Catma/Catigma
Beceri hatasi Diimen kontrol sistemi Karaya Oturma
Beceri hatasi Navtex Catma/Catigsma
Beceri hatasi Makine kontrol sistemi Catma/Catigma
Beceri Hatas1 ECDIS Catma/Catigma
Beceri Hatasi Radar Catma/Catigsma
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Karaya oturma kazalarinda ihlaller kategorisinde degerlendi-
rilen kaza faktorlerinin %48’1 seyir ekipmanlar ile alakali
prosediir ihlalleri ve suiistimaller kaynakli oldugu goriilmiis-
tiir. Kopriitistii seyir vardiyasi alarm sistemi (BNWAS) ve de-
rinlik 6lger cihazinin prosediirlere aykiri olarak aktif kullanil-
mamasi en ¢ok karsilagilan ihlal tliriidiir. Catma/gatisma ka-
zalarinda ihlaller kategorisinde degerlendirilen kaza faktorle-
rinin %11°1 seyir ekipmanlar ile alakal faktorlerdir. Radar
ve ECDIS cihazinin alarmlariin kisilmasi en ¢ok karsilagilan
ihlal tiirtidiir.

Karaya oturma kazalarinda algi hatalar kategorisinde deger-
lendirilen kaza faktdrlerinin %66°si seyir ekipmanlar ile il-
gili hatalardan kaynaklanmaktadir. ECDIS cihaz1 2012 yilin-
dan itibaren gemilerde zorunlu elektronik seyir ekipman ol-
maya baslamistir. Bundan dolay1 ¢alismada incelenen tiim
gemilerde cihaz bulunmamaktadir. ECDIS cihazi bulunan ge-
milerde ECDIS, bulunmayan gemilerde GNSS cihaz1 ve ha-
ritada mevkii takibinin diizenli olarak takip edilmemesi 6ne
¢ikan kaza faktorii olarak tespit edilmistir. Catma/catisma ka-

zalarinda alg1 hatasi kategorisinde degerlendirilen kaza fak-
torlerinin %681 seyir ekipmanlari ile alakal faktorlerdir. Ra-
dar cihazinin saglamis oldugu gemilere ait verilerin plotlan-
mamasi veya diizenli takibinin gerceklestirilmemesi sonu-
cunda kaza riskinin algilanamamasi en ¢ok karsilasilan kaza
faktorleridir.

Karaya oturma ve Catma/catisma kazlarinda beceri hatalari
altinda smiflandirilan kaza faktorlerinin tamami elektronik
seyir cihazlari ile alakal faktorlerden olusmaktadir. Tespit
edilen beceri hatalar igerisinde karaya oturma kazlarinda
ECDIS ve GNSS, catma/catisma kazalarinda Radar cihazinin
Ozelliklerinin etkin kullanilmamas1 veya dogru ayarlanama-
mas1 sonucu olusan faktorler 6n plana ¢ikmaktadir.

Kopriiiistii elektronik seyir cihazlar ile alakali kaza faktorle-
rinin olusumunda 6n plana ¢ikan cihazlar %38 Radar, %19
ECDIS, %12 diimen kontrol sistemi ve %10 GNSS olarak
tespit edilmistir. Bu faktorlerin emniyetsiz eylemler seviye-
sinde dagilim1 %42 beceri hatasi, %37 algi hatas1 ve %21 ih-
laller alt kategorisinde oldugu tespit edilmistir (Sekil 3).

Cihaz Isletim Hatalarinin Dagilimlari
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Alg1 Hatalan

Sekil 3. Kopriiiistii elektronik seyir cihazlarinin isletim hatalarinin dagilimi

Figure 3. Distribution of operational errors of bridge electronic navigation devices
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Sonug¢

Kazalarin goriiniir nedenlerini iceren HFACS emniyetsiz ey-
lemler seviyesindeki kaza faktorlerinin yarisindan fazlasi
kopriiistii seyir yardimcilarinin isletim hatasi ile alakali fak-
torler oldugu tespit edilmistir. IMO’ nun yayinlamis oldugu
sirkiilerlerinde (IMO, 2013; IMO, 2014) elektronik seyir sis-
temlerinin etkin kullaniminin denizde can giivenligi uluslara-
rast sdzlesmesine (SOLAS) tabi gemilerin seyir kazalarina
karigma oranlarinda %52,7 azaltacagi ongoriilmektedir. Bu
kapsamda calismada aktif kaza nedenlerinin dagilimina ba-
kildiginda 6ngoriiyii destekler niteliktedir.

Caligmada 6n plana ¢ikan elektronik seyir cihazi isletim ha-
talarinin 6nlenmesine yonelik tavsiyeleri su sekilde siralaya-
biliriz.

o Elektronik seyir cihaz isletim hatalarmin yarisina yakini
beceri hatalar1 kaynakli olmas1 vardiya zabitlerinde cihaz
egitimi ve aginaliginin eksikliginden kaynaklanmaktadir.
Bu durumun 6niine gegilebilmesi igin belli araliklarla var-
diya zabitlerine hizmet i¢i egitim verilmesinin IMO nez-
dinde zorunlu hale getirilmesi uygun olacaktir.

e IMO tarafindan elektronik seyir cihaz iireticilerinden is-
tenilen cihaz performans standartinin yaninda arayiiz (ek-
ran gorlntiisiiniin) standart haline getirilmelidir. Bdyle-
likle vardiya zabitinin ge¢cmis gemilerde farkli cihazlar
iizerinde edindigi tecriibelerinin devamliligi saglanmis
olacaktir.

o BNWAS ve derinlik 6l¢ger cihazlariin prosediirlere aykir
olarak c¢aligir hale getirilmemesinin 6niine gecilmesi en-
tegre kopriilistii sistemi/ entegre seyir sistemine sahip ge-
milerde sistemsel denetimle saglanmalidir. Eyer gemi bu
sisteme sahip degilse ise siki liman devleti kontrolii (PSC)
denetimi ile denetlenmelidir.

e (Calismada tespit edilen cihazlarla alakal1 alg1 hatalari, ci-
haz takibi eksikliginden dolay1 kaza riskinin veya cihaz
arizasinin algilanamamasi1 kaynakli hatalardir. Bunun
Oniine gecilmesini cihazlarin takip kabiliyetlerinin artiril-
mas1 ve ekran takibini zorunlu hale getirecek ara yazilim-
larin eklenmesi ile saglanabilecegi diistiniilmektedir.

Calismada elde edilen bulgular sadece kaza raporlarina da-
yanmaktadir. Bu durum elektronik seyir cihazlarinin seyir
emniyetine etkisi tek veriye dayali olarak degerlendirilme-
sine neden olmustur. ileride yapilacak c¢alismalarda arastir-
macilarin dijital verilerle gercek verileri bir arada sunan arti-
rilmis gergeklik (AR) yazilimlan {izerine ¢aligmalarina yo-
gunlagmalari vardiya zabitlerinin cihazlar kullaniminda isle-
tim hatalarin1 azaltacagini ve durumsal farkindaliklarini arti-
racag diisiiniilmektedir.
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Manuscript Types

Original Articles: This is the most important type of article
since it provides new information based on original research. The
main text should contain “Introduction”, “Materials and Meth-
ods”, “Results and Discussion” and “Conclusion” sections.

Statistical analysis to support conclusions is usually necessary. Sta-
tistical analyses must be conducted in accordance with interna-
tional statistical reporting standards. Information on statistical
analyses should be provided with a separate subheading under the
Materials and Methods section and the statistical software that
was used during the process must be specified.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).

Review Articles: Reviews prepared by authors who have exten-
sive knowledge on a particular field and whose scientific back-
ground has been translated into a high volume of publications
with a high citation potential are welcomed. These authors may
even be invited by the journal. Reviews should describe, dis-
cuss, and evaluate the current level of knowledge of a topic in
researches and should guide future studies. The main text
should start with Introductionand end with Conclusion sections.
Authors may choose to use any subheading in between those
sections.

Short Communication: This type of manuscript discusses im-
portant parts, overlooked aspects, or lacking parts of a previ-
ously published article. Articles on subjects within the scope of
the journal that might attract the readers’ attention, particu-
larly educative cases, may also be submitted in the form of a
“Short Communication” Readers can also present their com-
ments on the published manuscripts in the form of a “Short
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Communication”. The main text should contain Introduction,
“Materials and Methods”, “Results and Discussion” and “Con-
clusion” sections.

Table 1. Limitations for each manuscript type

Type of manu- Abstract Reference
script Page word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, presented af-
ter the reference list, and they should be numbered consecu-
tively in the order they are referred to within the main text. A
descriptive title must be placed above the tables. Abbreviations
used in the tables should be defined below the tables by foot-
notes (even if they are defined within the main text). Tables
should be created using the “insert table” command of the
word processing software and they should be arranged clearly
to provide easy reading. Data presented in the tables should
not be a repetition of the data presented within the main text
but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in main doc-
ument WORD files (in JPEG or PNG format) through the submission
system. Any information within the images that may indicate an indi-
vidual or institution should be blinded. The minimum resolu-
tion of each submitted figure should be 300 DPI. To prevent delays in
the evaluation process, all submitted figures should be clear in reso-
lution and large (minimum dimensions: 100 x 100 mm). Figure leg-
ends should be listed at the end of the main document.

All acronyms and abbreviations used in the manuscript should be de-
fined at first use, both in the abstract and in the main text. The ab-
breviation should be provided in parentheses following the defini-
tion.

When a drug, product, hardware, or software program is mentioned
within the main text, product information, including the name of the
product, the producer of the product, and city and the country of the
company (including the state if in USA), should be provided in paren-
theses in the following format: “Discovery St PET/CT scanner (General
Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the or-
der they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original arti-
cles should be mentioned in the Discussion section before the
conclusion paragraph.



AQUATIC

AQUATIC RESEARCH
E-ISSN 2618-6365

RESEARCH

References

Reference System is APA 6t Edition

In-text Citation with APA

The APA style calls for three kinds of information to be included in in-
text citations. The author's last name and the work's date of publica-
tion must always appear, and these items must match exactly the cor-
responding entry in the references list. The third kind of information,
the page number, appears only in a citation to a direct quotation.

....(Crockatt, 1995).

Direct quote from the text

"The potentially contradictory nature of Moscow's priorities sur-

REVISIONS

When submitting a revised version of a paper, the author must
submit a detailed “Response to the reviewers” that states point
by point how each issue raised by the reviewers has been cov-
ered and where it can be found (each reviewer’s comment, fol-
lowed by the author’s reply and line numbers where the
changes have been made) as well as an annotated copy of the
main document. Revised manuscripts must be submitted
within 15 days from the date of the decision letter. If the re-
vised version of the manuscript is not submitted within the al-
located time, the revision option may be cancelled. If the sub-
mitting author(s) believe that additional time is required, they
should request this extension before the initial 15-day period
is over.

faced first in its policies towards East Germany and Yugoslavia,"

(Crockatt, 1995, p. 1).

Major Citations for a Reference List in Table 2.

Note: All second and third lines in the APA Bibliography should be in-

dented.

Accepted manuscripts are copy-edited for grammar, punctua-
tion, and format. Once the publication process of a man-
uscript is completed, it is published online on the journal’s
webpage as an ahead-of-print publication before itis included
in its scheduled issue. A PDF proof of the accepted manuscript
is sent to the corresponding author and their publication ap-
proval is requested within 2 days of their receipt of the proof.

Table 2. Major Citations for a Reference List

Material Type

Reference List/Bibliography

A book in print

A book chapter, print version
An eBook

An article in a print journal

Preview article in a journal
with DOI

Websites - professional or
personal sites

Websites - online government
publications

Photograph (from book, mag-
azine or webpage)

Artwork - from library data-
base

Artwork - from website
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