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ABSTRACT

Technical efficiency assessment and enhancement is critical to sustainable fisheries development
in Nigeria. This study examines stochastic frontier of catfish aquaculture agribusiness for sustain-
able fisheries development. Purposive sampling technique was employed to select 110 catfish
farmers in areas with high density catfish farms. Primary data were collected directly from catfish
farmers using structured questionnaire. The analytical tools used were descriptive statistics, net
farm income, stochastic frontier production function (SPF) and t-statistics. The result shows that
most of the catfish farmers were young people within the productive age of 40-49 years. Catfish
farmers had obtained various levels of formal education. Finding shows that feeds cost was the
highest variable cost (72.75%). Feed had a positive and significant relationship (P<0.05) with cat-
fish output. Mean technical efficiency is 53.49%. The estimated variance (62s=0.2125) is statisti-
cally significant (P<0.05), indicating that profit inefficiency is highly significant among catfish
farmers. Estimated Gamma (y) value of 0.26 implies that 26% of the total variation in catfish profit
efficiency is due to the joint effect of technical inefficiency factors. The most significant efficiency
factors are fish feed and pond size. The age and educational status of farmers are the most im-
portant determining factors of inefficiency in catfish production system. Lack of finance was the
most serious constraint faced by catfish farmers. The study recommended that catfish farmers
should form cooperative unions to facilitate their access to cooperative funding.

Keywords: Stochastic frontier analysis, Catfish aquaculture, Technical efficiency, Sustainable
fisheries development
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Introduction

The increasing cases of global undernourishment and starva-
tion among human population, particularly in the developing
countries had been reported at various development debate
fora. This is a world-wide issue of major concern that calls
for scaling up of food production. There aquaculture and fish-
eries are two of the three important sources (agriculture, ag-
uaculture and fisheries) of food production. As it stands,
world’s natural stock of fish has finite supply limits. Most of
natural water bodies have attained maximum fishing limit.
Aquaculture holds the potential for sustainable aggregate fish
supply to satisfy fish increasing global fish demand (Okechi,
2004).

Aquaculture refers to the cultivation of aquatic organisms un-
der controlled or semi-controlled conditions for economic
and social benefits (Fourier, 2006). Catfish farming is a sub-
set of aquaculture which involves the rearing of catfish under
controlled conditions for economic and social benefits. Ac-
cording to Adewunmi and Olaleye (2011), the favoured cat-
fish for culture include Clarias gariepinus, Heterobranchus
bidorsalis, Clarias heterobranchus hybrid (heteroclarias),
with C. gariepinus and H. bidorsalis being the most cultured
fish in Nigeria. Clarias gariepinus is regarded as an excellent
aquaculture species because it grows fast and feeds on a va-
riety of agricultural by-products. It is hardy and can tolerate
extreme temperature, easy to produce in captivity with high
annual production and good feed conversion rate. Globally,
fish provides about 3 billion people with almost 20percent of
their intake of animal protein, and 4.3 billion people with
about 15 percent of such protein (FAO, 2012). Increasing de-
mand for fish products has resulted in the growth of fish farms
to meet a substantial part of the world’s food requirement
(Olasukanmi, 2012).

The current shortfall in fish supply compared to local demand
is putting pressure on the price of fish and its products. This
can make fish unaffordable for many households in Nigeria
and further decreasing the per capita fish consumption rate
(FAO, 2010). However, there is significant interest in sustain-
able development of the catfish industry in Nigeria. A sure
means of substantially solving the demand-supply gap is by
embarking on widespread homestead/ small scale fish pro-
duction. Also, considerable efforts have been directed at ex-
amining productive efficiency of fish farmers in Nigeria that
is exclusively focused on technical efficiency of fish farmers
in general and profitability of fish farming (Kudi et al., 2008).
Consequent upon the increment in awareness of catfish farm-
ing and a substantial percentage of small scale catfish farmers
in Nigeria, it has prompted the interest of researchers in this

field. However, most of the past studies in Nigeria focused on
large scale fish farming (Obasi, 2002).

The catfish aquaculture sector is yet to record sustainable de-
velopment in terms of fish output to further close demand-
supply gap that is evident in the sector in Nigeria (Olujimi,
2002). Squires et al. (2003) and Achoja et al. (2020), reported
that fishers’ age and educational attainment have considera-
ble impacts on the technical efficiency fish aquaculture.
Young and educated fishers have potential for sustainable de-
velopment of catfish aquaculture on the basis of their youth-
fulness and technical skills (Revilla-Molina et al. 2009; Oy-
inbo et al. 2016; Achoja et al. 2020).

New technologies from research and development initiatives
generate sustainable development if they are made available
by extension officers to catfish producers for efficient appli-
cation. As it stands, the relatively high inefficiencies in the
catfish aquaculture can be eroded with sustainable fisheries
development policies (Baruwa and Omodara, 2019).

There is dearth of empirical information on technical effi-
ciency of catfish aquaculture agribusiness in Nigeria. Catfish
business in Nigeria has low and sub-optimal technical effi-
ciency. This low efficiency is attributable to the poor man-
agement of some factors of production (Goksel 2008; Onoja
and Achike 2011; Oyinbo et al. 2016; Baruwa and Omodara,
2019).

Stochastic frontier analysis of catfish (Clarias gariepinus)
aquaculture agribusiness for sustainable fisheries develop-
ment is a research puzzle that is worthy of investigation. The
broad objective of the study is to determine the technical ef-
ficiencies of catfish aquaculture using stochastic frontier ap-
proach.

The specific objectives are to:

1. Determine the socioeconomic characteristics of cat-
fish producers in the study area;

2. Estimate the cost and return of catfish production;
3. Estimate the technical efficiencies of catfish produc-
tion;

4. Identify the production constraints faced by catfish
aquaculture farmers in the study area.

Material and Methods

The study was conducted in Delta State, Nigeria. Delta State
is located in the Niger delta Zone of Nigeria. It lies between
latitude 5°00' and 6°45'. The state is located in the Niger
Delta Region of Nigeria and lies within mangrove swamp,
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fresh water swamp forest and derived savannah vegetation
belts. The state is well irrigated naturally by many rivers, riv-
ulets and streams. It has two prominent seasons, the wet sea-
son which, last from March to October and the dry season
which last from November to February. The state is shared
into three agricultural zones The major occupation of the peo-
ple is farming and fishing. Their cropping systems are mainly
mixed cropping, intercropping as well as sole cropping and
the main crops cultivated in the area are cassava, yam, okra,
garden egg, cocoyam, rice maize and sweet potato.

Purposive sampling technique was used to sample 110 catfish
farmers selected from areas with high density catfish farms.
Data were collected from primary sources. Primary data were
collected using structured questionnaire which was adminis-
tered on the respondents. Data collected was on the socioec-
onomic characteristics such as age, gender, household size,
farm size, farming experience, income and level of education
and data on catfish production like cost and returns, con-
straints to catfish production, income and expenditure of the
household was also collected. The analytical tools that were
employed to achieve the objectives and hypothesis of the
study include descriptive statistics, net farm income, stochas-
tic frontier production function analysis, food insecurity line
and Z-statistic. Descriptive statistics such as frequency distri-
bution, mean, percentage, minimum and maximum values
was also used to achieve objectives I, and vi of the study.

Budgeting technique was used to achieve objective ii. The in-
dicators that were used include Net Farm Income (NFI) and
profitability index. NFT is expressed as:

NFI = SPyiYi-SPx; -SFk oo n(1)

Where:

NFI= Net Farm Income ($)/production cycle;

Pyi=Unit price of the output of Catfish ($)

Yi= Total output of catfish (Kg);

Pxj= Unit price of variable inputs ($)

Xj=Quantity of variable inputs (where j=1,2,3,...,n)

Fi= Depreciated Cost of fixed inputs ($) (where k=1,2,3,...,n)
X =Summation sign

The stochastic frontier function used by Onu et al. (2000) as
derived from the error model of Aigner et al. (1977) was em-
ployed to achieve objectives iii and iv. The Cobb-Douglas
production function was fitted to the frontier model of catfish
production. The result was estimated using the maximum

likelihood method. The stochastic frontier production func-
tion is written as:

Yi=f(X:f)+e .oovevriiiinannn... 2)
ei=Vi—Ul ..., 3)

Where Yi=Output of the ith farm
Xi=Vector of inputs used by the ith farm
B=Vector of the parameters estimated
ei=Composite error term

Vi=Random error outside farmers control
Ui=technical inefficiency effects

The empirical Stochastic frontier model that will be em-
ployed is specified as follows:

In Y1 = B0 + BilnXii +f2InXoi + B3lnXsi + PBalnXai + BsinXsi
+ PslnXel +Vi—Ui......... 4

Subscripts ij refer to the jth observation of ith farmer
In= Logarithm to base e

Y=Output of catfish(kg)

Bo=Constant

B1 -Be=Parameters estimated

Xi=Number of Fingerlings

X,= Fish feed (kg)

Xs=Labour (Man-days)

X4=Drugs($)

Xs=Fuel (Litres)

X¢=Pond size (m?)

Vi=Random noise (white noise)

Ui=Inefficiency effects which are non-negative with half nor-
mal distribution.

It is assumed that inefficiency effects are independently dis-
tributed and Uj; arises by truncation (at zero) of the normal
distribution with mean Uj; and variance U?

Where U; is specified as:

U= 80+01InZ11+0,21nZ04+83InZ3i+041nZ4+051nZ5+661nZs;
Where:

U= Inefficiency effect of catfish production

do= Constant

d1 - 8¢ = Parameters to be estimated

Z, = Farmers age (years)

Z,= Household size of farmer (number)

Z3= Years of Formal education of the farmer (years)

Z4= Years of farming experience of the farmer in catfish
production (years)

Zs= Number of years in cooperative society (years)
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Z¢= Number of contacts with extension agents (measured
as number of contacts in a year)

Results and Discussion

This section deals with the results and discussion of findings
under the following sub-headings: Distribution of Socioeco-
nomic Characteristics of Catfish Farmers, Cost and Return
of Catfish Production, Technical Efficiencies of Catfish Pro-
duction (technical efficiency factors and technical ineffi-
ciency factors), Production Constraints of Catfish farmers.

Table 1. Distribution of demographic parameters of Catfish

Farmers
Parameter Frequency/% Mode
Age(years)
20-29 7(8.75) 43
30-39 16(20)
40-49 30(37.5)
50-59 17(21.25)
>60 10(12.5)
Gender
Male 55(68.75) 55
Female 25(31.25)
Marital Status
Married 56(70.00) 56
Unmarried 24(30.00)
Educational Level
No formal education 0(0.00) 61
Primary 6(7.50)
Secondary 13(16.25)
Tertiary 61(76.25)
Farming Experience
1 -5 years 49(61.25) 1-5 years
6 -10 years 22(27.50)
11 -15 years 7(8.75)
Above 16 years 2(2.50)
Membership of cooperative
Non member 52(65.00) 52
Member 28(35.00)
Extension Contact
No 50(62.5) 50
Yes 30(37.5)

Socioeconomic Characteristics of Catfish Farmers
Age

The frequency distribution of respondents according to socio
economic characteristics is shown in Table 1. The table
shows that majority (37.5%) of the catfish farmers fell within
the productive age range of 40-49years. The average age of
the catfish farmers was estimated to be 43years which means

that catfish farmers are in their prime and active age of pro-
duction. They are likely to be productive in the next decade
and catfish production in the country will likely increase. Ac-
cording to Sikiru, et al. (2009), this age bracket is a produc-
tive age which predicts better future for catfish production.

Gender

Table 1 showed that both men and women were actively in-
volved in catfish production but the percentage of men were
more. Men accounted for 68.5% while female were about
31.25%. The high number of males might be attributed to
hard task carried out in catfish production process.

Marital status

Result from Table 1 showed that about 70% of the respond-
ents were married. About 13.75% were single while 7.5%
were divorced and 8.75% were widowed. The high number
of married people in the business was to reduce labour cost
as most married persons have children that constitute the la-
bour force in catfish production.

Farming experience

Table 1 also shows the distribution of respondents by farming
experience. As shown in the table there was influx of new
entrants into catfish production in recent times. This could be
due to the ban on importation of frozen catfish product by the
federal government. This is represented by about 61.25%
who had from 1-5 years of experience as the majority. This
was followed by about 27.5% who had farming experience of
6-10 years, 8.75% had farming experience of 11-15 years and
2.5% had farming experience of 6-10 years, 8.75% had farm-
ing experience of 11-15 years and 2.5% had farming experi-
ence of 11-15years and 2.5% had farming experience of 6-10
years, 8.75% had farming experience of 11-15 years and
2.5% had farming experience of 16 years and above. Table 1
shows that the average farming experience of the respondents
was about 5 years which means that they were still new in the
business and had no experience in catfish production. This
agrees with Williams et al (2012), that the ability to manage
fish pond efficiently depends on the years of experience and
this is directly related to the total productivity of the farm.

Educational level

The result shows that 7.5% of small scale catfish farmers had
six years of formal education and 26.3% of small scale catfish
farmers had 12 years of formal education while 40% of small
scale catfish farmers had 10 years of formal education. With
this level of education, there is tendency of the farmers being
able to increase the level of technology adopted and skill ac-
quisition. This study agrees with the findings of Ologbon


https://doi.org/10.3153/AR21001

Aquat Res 4(1), 1-9 (2021) e https://doi.org/10.3153/AR21001

Research Article

(2012) that found out that greater percentage of small scale
catfish farmers in Ogun State had formal Education.

Membership of cooperative society

The result in Table 1 shows that 65% of the catfish farmers
in the study area belong to a cooperative society while 35%
of the respondents do not belong to any cooperative society.

Extension contact

The information in Table 1 reveals that majority of the farm-
ers (62.5%) have access to extension service delivery while
37.5% of the catfish farmers in the study area indicated that
they do not have contact with extension agents.

Cost and Return of Catfish Production

The information in table 2 shows the cost and return of catfish
production in the study area. The average fixed cost incurred
by the farmers in the study area amounted to the sum of
$444.44. Findings indicated that cost of feed accounted for
about $1,584.31 which is the greatest variable cost. This is
followed by purchase of fingerlings and labour that accounted
for $289.36 and $78.55 respectively. From the enterprise
budget analysis for the catfish shown in the table, it could be
observed that catfish production is a profitable venture in the
study area. The result of the survey shows a Gross Margin of
92.32percent and average net returns was calculated to be
$1,411.9. The result also revealed that rate of return was

Technical Efficiency Level of Catfish Production System

0.575. Since the rate of return is greater than one, catfish pro-
duction is considered profitable in the study area. The busi-
ness is profitable with about 57.5% profit on investment. The
study revealed that for every $1.00 invested in catfish pro-
duction, a return of $0.57 is made. This result is consistent
with the finding of Alawode (2014) who observed that fish
farming is profitable. Therefore, the null hypothesis which
states that catfish farming is not profitable is rejected and the
alternative accepted.

Table 2. Cost and Return of catfish production

Items Amount(N)
Variable cost

Feeds 570 350
Fingerlings 104 169
Medication 10 300
Labour 28 277
Water 10 804
Total variable cost 723 900
Fixed cost

Pond preparation 108 000
Water pump 52 000
Total fixed cost 160 000
Total cost 883 900
Total Revenue 1392217
Gross margin 92.32%
Net farm income 508 317

Return on Investment 0.575

Table3. Profit Efficiency and inefficiency factors of catfish production

Variables Parameters Coefficients Standard error t-value
Profit factors

Constant Xo 0.2116 0.1169 1.810
Fingerlings Xi -0.9731 0.9782 -0.9948
Fish feed Xa 0.7128 0.2192 3.252%%*
Labour X3 -0.1581 0.1457 -1.085
Pond Size (m?) X4 0.6071 0.1193 5.089%**
Inefficiency Factors

Constant Zo 0.7017 0.1169 6.002%**
Age Z4 0.9397 0.1877 5.006%**
Household size Ve 0.1434 0.0706 2.031%**
Years of Education VA -0.2184 0.0526 -3.95]1***
Farming experience Zs -0.2068 0.1648 -1.255
Number of extension contacts Zs -0.3251 0.1395 -2.330%**
Diagnostics statistics

Total variance 52 0.2125 0.0328 6.478***
Variance ratio r 0.2574 0.1409 1.827
LR Test 0.1727

Log-likelihood function 0.4053
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Estimated Profit Factors

The result of maximum likelihood (ML) estimates of the
Cobb-Douglas stochastic frontier production function for
small scale catfish farmers are presented in Table 3.

Fingerlings

The coefficient of cost of fingerlings is the a priori expected
negative sign. This implies that 1% increase in the cost and
quantity of fingerlings stocked beyond a threshold level will
reduce the quantity of catfish output and technical efficiency
of resource utilization as well as profit by 0.9731.

Fish feed

Feed has the a priori expected positive sign and significant
(p<0.05) showing a direct relationship with output and profit
efficiency. This implies that a 1% increase in of feed will in-
crease the quantity of catfish output by 0.7128.

Pond size

Pond Size has the a priori expected positive sign and signifi-
cant (p<0.05) showing a direct and positive relationship with
output and profit efficiency. This implies that a 1% increase
in of feed will increase the quantity of catfish output by
0.6071.

Technical Inefficiency Factors

Table 3 shows the result of technical inefficiency factors in
catfish production system. The estimated variance & =
0.2125 is statistically significant at 1% level of probability.
This value indicates that profit inefficiency is highly signifi-
cant in the catfish farmers’ production activities. The y pa-
rameter shows the relative magnitude of the variance in out-
put associated with technical efficiency. The coefficients of
the variables derived from the Maximum Likelihood Estima-
tion (MLE) are very important for discussing results of the
analysis of the data. This coefficient represents percentage
change in the dependent variables due to percentage change
in the independent (or explanatory) variables. The value of
estimated Gamma (y) is 0.2574 and is statistically significant
at (p<0.05) indicating that 26% of the total variation in catfish
profitability is due to technical inefficiency factors.

Age

Age of catfish farmers entered the technical inefficiency
model with a negative sign (-0.9397) and significant
(p<0.05). This finding implies that increase in age (old age)
of catfish farmers will increase the technical inefficiency of
catfish production system in the study area. This result col-
laborates with the earlier report of Achoja et al. (2020) that

age is an important variable in the productivity of aquaculture
in Nigeria.

Household size

The result shows that house size has a positive and significant
relationship (p<0.05) with the technical inefficiency of cat-
fish production system. This finding implies that a 1% in-
crease in household size will increase technical inefficiency
of catfish farms by 0.1434. A catfish farmer with large house-
hold will likely divert resources meant for the fish farm to
family upkeep to the detriment of the farm.

Years of education

This variable entered the technical inefficiency model with a
negative coefficient (-0.2184) and significant (p<0.05). This
finding indicates that increase in the years of education, es-
pecially with catfish orientation will reduce the technical in-
efficiency of catfish production system. This result implies
that an educated catfish farmer will be able to adopt modern
fish farming technologies and avoid wastage of farm re-
sources, thereby reducing technical inefficiency. This result
collaborates with the earlier report of Achoja et al. (2020) that
education is an important human capital variable in the
productivity of aquaculture in Nigeria.

Number of extension contacts

The frequency of extension contact with catfish farmer en-
tered the technical inefficiency function with a negative co-
efficient (-0.3251) and it is significant (p<<0.05). This implies
that the more the number of extension contact a catfish farmer
has with extension officers the lower the technical ineffi-
ciency in the catfish production system. More access to ex-
tension information on catfish production the lower the re-
sulting technical inefficiency.

Technical Efficiency of Catfish Farms
Table 4. Analysis of Technical Efficiency of Catfish Farms

Technical Efficiency level (%) Frequency Percentage
<41 14 17.5
41-50 18 22.5
51-60 35 43.75
61-70 12 15
71-80 1 1.25
81-90 0 0
91-100 0 0
Total 240 100
Mean Technical efficiency 53.49%

Minimum Technical 46.01%

efficiency

Maximum Technical efficiency 71.21%
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The Technical Efficiency shows the ability of farmers to de-
rive maximum output from the inputs used in catfish produc-
tion. Given the results of the Cobb-Douglas stochastic fron-
tier model, the technical estimates are presented and dis-
cussed in Table 3. The Technical efficiency of the sampled
households is less than 1 indicating that all the households are
producing below the maximum efficiency frontier. A range
of technical efficiency is observed across the sampled house-
holds where the spread is large. The best catfish household
had a Technical Efficiency of 71.21%, while the worst house-
hold had a technical efficiency of 46.01%. The mean Tech-
nical efficiency was 53.49%. This implies that on the average,
the respondents were able to attain approximately 53.5% of
optimal technical efficiency from a given set of inputs utili-
zation in catfish production system. This shows that catfish
farmers households Technical Efficiency can be improved by
46.51% in order to raise the level of catfish technical effi-
ciency in the study area. The finding tallies with the result
obtained by Tsue et al. (2012) in their study on profit effi-
ciency among catfish farmers in Benue State, Nigeria. Their

Table 5. Production Constraints Faced by Catfish Producers

findings showed that profit efficiency ranged from 23
percent to 99 percent with a mean efficiency of 84 percent.

Production Constraints Faced by Catfish Farmers

Some constraints were identified as hindrances to technical
efficiency of catfish production system in the study area.
These constraints include: lack of finance, acquisition of
Land, purchase of farming inputs, technical support
from government or local authorities, pollution and
environmen-tal/climate  change. Among the various
constraints that affect the level of productivity in the study
area, lack of finance was identified as the most serious
challenge, followed by tech-nical support from
government / local authorities. The result of this finding
supports that of Tisdell (2003) who stated that the most
important factor inhibiting fish farmer’s productiv-ity in the
study area include lack of access to financial capital and high
cost of feed or other farm input.

Name Nota Minor Major Mean Remarks
prob- problem Problem
lem
Lack of finance 7 26 47 2.50  Significant
Acquiring land on which to farm 7 43 30 2.29  Significant
Farming inputs(water, fingerlings, 5 59 16 2.14  Significant
equipment and machinery)
Technical support from government/lo- 44 31 2.33 significant
cal authorities
Pollution 37 19 1.94  Not significant
Environmental/Climate Change 43 11 1.81  Not significant

Cut off point=2.00
Mean>2.00=a problem, mean<2.00=not a problem
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Conclusion

This study examines stochastic frontier of catfish aquaculture
agribusiness for sustainable fisheries development in Nige-
ria. It was found out that catfish farming in the study area is
relatively young and there is hope for an increase in level of
involvement among the people in the study area. The majority
of those who were involved in catfish production were able
bodied men in their active age bracket, hence the potential to
sustain catfish farming for many more years. A positive net
farm income with increased return per naira invested indi-
cated that catfish farming in the study area was profitable.
Quantity of fingerlings and fish feed negatively and posi-
tively influencing the output of catfish respectively. The re-
sult shows that the modal class of the catfish farmers was
within the productive age of 40-49 years. Catfish farmers had
obtained various levels of formal education. Finding shows
that feeds cost was the highest variable cost. The result
also revealed that the rate of return on investment was
57.5%. The study revealed that for every $1.00 invested in
catfish production, a net return of $0.57 is generated.
Feed has a positive and significant relationship with catfish
output. Mean technical efficiency is 53.49%. The profit inef-
ficiency is highly significant among catfish farmers. About
26% of the total variation in catfish profitability is due to
technical inefficiency factors. The most significant efficiency
factors are fish feed and pond size. Age of farmer, educational
attainment, lack of finance and technical support from gov-
ernment authorities are the most important inefficiency fac-
tors that require urgent policy attention for sustainable catfish
aquaculture development.

Based on the findings of the study, the following recommen-
dations are hereby made to promote increased catfish produc-
tion in the study area.

Government should provide facilities such as incentives, sub-
sidies and facilitate access to credit by catfish farmers in the
study area by the review of the stringent lending policies of
the formal lending institutions. Catfish farmers should come
together to form co-operative unions to facilitate their access
to credit and other inputs. Adequate trainings and seminars
should be held at interval to update catfish farmers’
knowledge on the art of catfish farming so that they could
have access to improved methods and technologies of catfish
production. Effort should be made to bring down the cost of
feeds by exploring alternative sources of feed for catfish
through well-funded research.
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Bu ¢alismada Istanbul Bogaz bolgesi olarak Istanbul Gemi Trafik Hizmetlerinin kapsama alania giren Tiir-
keli, Kandilli, Kadikdy ve Marmara sektorlerinde 2001-2016 yillari arasinda meydana gelen ticari gemi ka-
zalar1 incelemeye tabi tutulmustur. Ulastirma ve Altyap: Bakanligi Ana Arama Kurtarma Koordinasyon Mer-
kezi (AAKKM) veri tabanindaki kaza kayitlarina uygulanan filtrelemeler sonucunda 500 groston iizeri ticari
yiik gemilerinin karistig1 535 adet gemi kazasi analiz edilmistir. Belirtilen sektorlerde meydana gelen ticari
yiik gemi kazalar1 Ki-kare Otomatik Etkilesim Dedektorii (CHAID) karar agaci yontemi ile incelenmistir.
CHAID karar agaci yontemi siniflandirma ve biiyiik veri kiimelerinden anlaml kurallar ¢ikarmada en yaygin
kullanilan karar agaci algoritmalarindan biridir. CHAID karar agaci yontemi icra edilerek ticari yiik gemile-
rinde meydana gelen kazalarin tipi (catigma/catma, karaya oturma ve diger) ile gemi faktorleri (gemi tipi,
gemi boyu, gemi tonaji, gemi yasi, gemi bayragi, gemi yiikliiliik durumu), zaman faktérleri (kaza zamani ve
kaza mevsimi) ve diger faktorler (kazanin meydana geldigi sektor, kaza nedeni ve gemiye pilot alinmasi
durumu) arasindaki iliski incelemeye alinmistir. Kazanin meydana geldigi sektor, gemide pilot bulunmasi
durumu, gemi tipi ve kaza zaman1 kaza tipini etkileyen en 6nemli girdi degiskenleri olarak bulunmustur. Veri
setine uygulanan Karar Agact yontemi sonucuna gére Kadikdy sektoriinde meydana gelen kazalarin % 86
olasilikla ¢atigma/¢atma, Kandilli veyahut Marmara sektorlerinde meydana gelen kazalarin % 48 olasilikla
catisma/catma ve Tirkeli sektoriinde ise kazalarin % 36 olasilikla ¢atisma/catma ve diger kaza tipleri ile
sonuglandig1 goriilmiistiir.

Anahtar Kelimeler: Istanbul Bogazi, Gemi kazalar1, Kaza analizi, Karar agac1

ABSTRACT

Analysis of merchant vessel accidents in Istanbul strait through decision tree method

In this study merchant vessel accidents which occured between 2001 and 2016 in the sectors of Tiirkeli,
Kandilli, Kadikdy, Marmara which constitutes Istanbul Strait region under Istanbul Vessel Traffic Services
scope have been examined. Data was obtained from database of Ministry of Transport and Infrastructure
Main Search and Rescue Coordination Center, and after data cleansing process, 535 vessel accidents which
involve merchant cargo vessels of above 500 grosston have been analyzed. Merchant cargo vessel accidents
which were taken place in the specified sectors have been examined with CHAID (Chi-square Automatic
Interaction Detector) Decision Tree method. CHAID Decision Tree method is one of the most common used
decision tree algorithms in extracting meaningful rules from big datasets and for classification. Through con-
ducting CHAID Decision Tree method for merchant vessel accidents relationship between accident type (col-
lision/contact, grounding and other) and vessel factors (vessel type, Length overall (LOA), vessel gross ton-
nage, vessel age, flag, loading condition), time factors (accident time, season of accident) and other factors
(sector where accident occured, pilot on board or not) has been analyzed. Accident occuring sector, pilot on
board/not, vessel type and accident time have been found as the most important input variables. Based on the
result of the Decision Tree method applied to the data set, it was observed that the accidents occurring in the
Kadikdy sector were collision / contact with 86% probability, the accidents occurring in the Kandilli or Mar-
mara sectors were collision / contact with 48% probability and in the Tiirkeli sector, both collision / contact
and other accident types had 36% occurring probability.

Keywords: Istanbul Strait, Vessel accidents, Accident analysis, Decision tree
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Kuzeyde Anadolu Feneri ile Tiirkeli Feneri’nin birlestigi hat-
tan baslayan ve giineyde ise Ahirkap1 Feneri ile Kadikdy In-
ceburun Feneri’nin birlestigi hatta son bulan Istanbul Bogaz
diinyanin en dar kanallarindan birisidir ve yogun bir deniz
trafigine maruz kalmaktadir. Bogaz cografi yapisi ve osinog-
rafik 6zellikleri sebebiyle riskli bir suyoludur. Bogaz’in orta-
lama genisligi 1500 metre iken en dar yeri 696 metredir ve en
s1g yerde 19 metre derinlige sahiptir (Ozdemir, 2019). Kiv-
rims1 yapisindan dolay1r Bogaz toplam sayilari 12’yi bulan
keskin doniise sahiptir ve buna istinaden Kandilli’de 45°°1ik,
Umur Banki’'nda 70°’lik ve Yenikdy’de ise 80°’lik biiyiik
acil1 rota degisikligi yapilmaktadir (Akten, 2003; Ece, 2016).
Bu keskin doniislere ek olarak dipteki ve yiizeydeki ters akin-
tilar seyir emniyetini ciddi bir sekilde etkilemekte ve zaman
zaman 6 ile 8 knota varan bir akint1 rejimi s6z konusu olabil-
mektedir (Ozdemir, 2019).

Karadeniz tilkelerinin ticaret hacimlerindeki ve filo hacimle-
rinde artis, Tuna-Ren, Tuna-Main gibi i¢ suyollarinin devreye
alinmasi ve son zamanlarda 6l¢ek ekonomisinden istifade
amacima binaen gemi boyutlarinda goriilen artiglar Bo-
gaz’dan taginan yik miktarinda artisa sebebiyet vermistir
(Ece, 2011). Ulastirma ve Altyap1 Bakanlig1 verilerine gore
Bogaz’da tasian tehlikeli yiik miktar1 yildan yila artis gos-
termekte ve 2010 yilinda tagian tehlikeli yiik miktar1 yakla-
stk 359 milyon ton iken bu oran 2018 yilinda yaklasik 147
milyon tonu tankerlerce taginmak kaydiyla yaklagik 439 mil-
yon tona ulasmistir (Deniz Ticareti Istatistikleri, 2018).
Malaka Bogaz’inin ardindan diinyanin en yogun ve tehlikeli
trafigine sahne olan Istanbul Bogazi Panama Kanalindan
yaklasik 3 kat, Siiveys Kanalindan 2 kat ve Kiel Kanalindan
1.5 kat daha yogun deniz trafigine sahiptir (Kiel Canal, 2018;
Panama Canal, 2019; Suez Canal, 2019). Ulastirma ve
Altyap1 Bakanlig: verilerine gore 8.957 adedi tanker olmak
lizere 2019 yilinda 41.112 gemi gecisi gerceklesmistir
(Ulastirma ve Altyap1 Bakanligi, 2019).

Emniyet kurallarindaki ve deniz tasimaciligindaki teknolojik
gelismelere ragmen kazalar vuku bulmaya devam etmekte,
onlenememekte ve ciddi bir sorun teskil etmeye devam et-
mektedir (Erol ve Basar, 2015). Bogazin hem hidrolojik, je-
omorfolojik ve meteorolojik yapisi hem de yogun deniz tra-
figi ve beraberinde artan gemi tonajlari ile taginan tehlikeli
yiikler deniz kazasi riskini arttirmaktadir. Meydana gelen ka-
zalar can/mal kaybina ve ¢evresel kirlilige sebep olmaktadir.
Bogaz’da meydana gelmekte olan deniz kazalarinin 6nlen-
mesi ve emniyetin tesisi i¢in evvela bu kazalarin farkl yon-
lerden analize tabi tutulmasi gerekmektedir. Bu amag dogrul-
tusunda ele alinan bu ¢aligma belirtilen sira ile organize edil-

mistir. Calismanin ikinci kisminda istanbul Bogazinda mey-
dana gelen gemi kazalari ile ilgili yapilan literatiir ¢aligmala-
rina yer verildikten sonra ii¢lincii kisimda ¢aligsmada istihdam
edilen veri setinin detaylar1 verilmistir. Akabinde ise verilerin
islenmesinde kullanilan Ki-kare Otomatik Etkilesim Dedek-
torii (CHAID) karar agaci yontemi agiklanmigtir. Bulgular
kisminda icra edilen yontemin ¢iktilar1 verildikten sonra so-
nug kisminda bazi 6neriler yapilmistir.

Istanbul Bogazinda meydana gelen kazalar baglaminda lite-
ratiir incelendiginde goriilmektedir ki Sezgin F. ve Kadioglu
M. (2000) tarafindan yapilan ¢aligma Istanbul Bogazi’'nda
1982 ile 1999 yillar arasinda vuku bulan 218 kaza verisini
yillara ve aylara ayirarak uygunluk analizi istatistiki yontemi
ile incelemistir ve bogazda meydana gelen kazalar sebep, yer,
meydana geldigi saat, kazaya miidahil olan geminin bayragi,
tonaj1 ve tirii gibi degiskenler baglaminda siniflandirilmistir.
Akten (2003) calismasinda 1953-2002 yillari arasinda Istan-
bul Bogazi’nda meydana gelen 461 kazay1 kaza tiirleri ve
kaza zamanina (gece-giindiiz) gore ayirmistir. Otay N. E. ve
Ozkan S. (2005) calismalarinda Istanbul Bogazinda gemile-
rin carpisma, sahile vurma ve karaya oturma olasiliklarini he-
saplamistir ve elde edilen sonuglar 1s18inda Istanbul Bo-
gazi’ndaki transit gemi trafigi igin kaza olasiliklarinin cografi
olarak dagilimini gdsteren risk haritalarini teskil etmislerdir.
Bayar vd. (2008) Istanbul Bogazindaki kazalar1 Gemi Trafik
Sisteminin (VTS) etkisini gorebilmek i¢in VTS kurulumu 6n-
cesi ve sonrasi donemlerini baz alarak incelemistir. VTS 6n-
cesi periyodu 1985 ve 2003 yillar1 aras1 baz alinarak ve VTS
sonrasi periyodu 2004 ve 2008 yillar1 aras1 baz alinarak ince-
lenmistir. Caligmada Istanbul Bogazinda meydana gelen ka-
zalar gemi tiirlerine, bayrak iilkelerine ve kaza tiirlerine gore
frekans dagilimi ile smiflandirilmistir ve VTS nin kazalari
azaltmada etkili olup olmadigi degerlendirilmistir. Ece
(2011) ise Istanbul Bogazi'nda Sag Seyir Diizeni’nin icra
edilmeye baslandig1 1982 yilindan 2008 yili sonuna kadar
meydana gelen 341 kaza i¢in kazaya karigan gemilerin adi,
tonaji, bayragi, kaza saat, giinii, ay1, yili, kaza tiirii, kaza ne-
deni ve kazaya karisan geminin kilavuz kaptan istihdam edip
etmedigi gibi bilgileri gibi degiskenleri ihtiva eden kaza veri
tabani teskil edilmistir. Bu degiskenlere iligskin olarak frekans
dagilim tablolar1 teskil edilmis olup degiskenler arasindaki
iliski icin Ki-Kare liski Analizi gibi istatistiki analizler icra
edilmistir. Ayrica Bogazdaki gemi kazalarinin 6nlenmesine
dair bazi 6nerilerde bulunulmustur. Erol ve Basar (2015) ¢a-
lismalarinda Karadeniz, Marmara Denizi ile Akdeniz ve Ege
Denizinin bir kismindan miitesekkil olan Tiirkiye Arama ve
Kurtarma sahasinda 2001 ve 2009 yillar1 arasinda vuku bulan
1247 deniz kazasimi incelemistir. Calismalarinda Tiirkiye
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Arama Kurtarma sahas1 Trabzon, Samsun, Istanbul, Canak-
kale, izmir, Antalya ve Mersin olarak 7 bolgeye ayrilmistir
ve elde edilen veriler frekans analizi ile siniflandirilmis ve
karar agaci yontemi ile analiz edilmistir. Ece (2016) frekans
dagilimlari, Ki-Kare iliski Testi ve Cramer’s V Testi gibi
istatistiksel analizleri yaparak Istanbul Bogaz’inda 1982 ile
2014 yillar1 arasinda meydana gelen kazalara karisan gemiler
ile bunlarin kilavuz kaptan almalar1 arasindaki iliskiyi
incelemistir. Erol vd. (2017) veri filtreleme islemi sonucu Bo-
gaz’da 2001-2015 yillar1 arasinda meydana gelen 135 deniz
kazasin1 meteoroloji verilerini de hesaba katarak kaza sidde-
tine gore siniflandirarak incelemistir. Yilmaz ve ilhan (2018)
calismalarinda Ana Arama Kurtarma ve Koordinasyon Mer-
kezinden elde edilen verilerle 2002 ile 2014 seneleri arasinda
Istanbul Bogazi’n1 da igerecek sekilde Tiirkiye arama-kur-
tarma bolgesinde Tiirk bayrakli gemilerde veyahut Tiirk bay-
rakli gemilerin karigtig1 ve 6liim, yaralanma veyahut kayip ile
sonuclanan 182 adet deniz kazasi/olaymi istatistiki olarak
analiz etmislerdir. Ozdemir (2019) ise 2003 ile 2013 yillar
arasinda Turkiye Bogazlar Sistem’inde hasil olan deniz
kazalarmi frekans ve mekansal analiz yontemiyle genel
olarak ve bogazlarin sektorleri temelinde incelemistir. Bu
calismada kazalar Istanbul ve Canakkale Gemi Trafik
Hizmetleri bolgelerinde olusan kazalar olarak iki boliimde
degerlendirilmistir ve mekansal analiz i¢in Cografi Bilgi
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Sistemi istihdam edilmistir. Istikbal (2020) Bogaz’da mey-
dana gelen 3 biiylik gemi kazasini 1934-1982 yillar1 arasinda
gecerli olan “Sol Seyir Diizeni” ile olan iligkileri baglaminda
degerlendirmistir.

Materyal ve Metot
Veri Seti Detaylar:

Bu calismada, Istanbul Bogazi’nda 2001-2016 yillar1 ara-
sinda meydana gelen deniz kazalar1 konu edilmistir. Tiirkiye
Cumbhuriyeti Ulastirma ve Altyapi Bakanlii Deniz ve i¢ Su-
lar Genel Midiirliigii Ana Arama Kurtarma Koordinasyon
Merkezi (AAKKM) s6zii gecen yillar arasinda Istanbul Bo-
gazi’nda meydana gelen toplam 1091 deniz kazasini/olayini
kayit altina almigtir. Bu 1091 deniz kazasi/olayindan 535 ta-
nesi gerekli filtrelemelerden sonra ¢alismaya dahil edilmistir.
535 deniz kazasi, 500 groston iistii ticari yiik gemilerinin Is-
tanbul Bogaz Bolgesi’'ndeki Gemi Trafik Hizmetlerinin
(GTH) siirdiiriildiigi ve asagidaki Sekil 1°de de gorildiigi
tizere Kadikoy, Tiirkeli, Marmara ve Kandilli sektorlerinde
meydana gelen kazalari kapsamaktadir. Balik¢i tekneleri,
yolcu gemileri, gezinti tekneleri vb. kazalar1 ¢aligma kapsami
disinda tutulmustur. Ayrica ¢aligmada sadece gemi kazalari
ele alinip gemilerde meydana gelen is kazalari, saglik sorun-
lar1 vb. deniz olaylar1 incelenmemistir.

Siliwri

Marmara Denizi

Sekil 1. Istanbul GTH alan1 ve sektorleri (KEGM, 2020)
Figure 1. Istanbul VTS area and sectors (KEGM, 2020)
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Tablo 1’de ¢alismada kullanilan degiskenler, degiskenlerin
degerleri (kategorileri) ve bunlarin kaza tipine gore dagilimi
gosterilmistir. Toplam 11 degisken AAKKM nin kaza rapor-
lar1 incelenerek elde edilmis olup bu ¢alismada girdi (bagim-
s1z) degisken olarak kullanilmistir. Kaza tipi degiskeni ise
cikt1 diger adiyla bagimli degisken olarak ele alinmistir. Sekil

2’de goriildiigii iizere caligmada kullanilan 535 gemi kazasi-
nin 385’inin ¢atigma/gatma, 83 iiniin karaya oturma, 26’sinin
yangin/patlama, 21’inin alabora ve 20’sinin makine/ekipman
arizasi oldugu goriilmektedir. Kaza sayilariin yetersiz ol-
masi1 nedeniyle yangin/patlama, makine/ekipman arizasi ve
alabora tip gemi kazalar1 diger kategorisi altinda birlestirile-
rek caligmada kullanilmustir.

Tablo 1. Calismada kullanilan degiskenlerin kaza tipine gore dagilimi

Table 1. Distribution of input variables according to accident type

Toplam Kaza tipi
Degiskenler Degerler Catisma/ Karaya Diger
Catma oturma
Gemii tipi Genel yiik gemisi 359 (%67.1) 261 (%72.7) 54 (%15.0) 44 (%12.3)
Dokme kuruyiik gemisi 77 (%14.4) 59 (%76.6) 13 (%16.9) 5 (%6.5)
Petrol tankeri 15 (%2.8) 6 (%40.0) 4 (%26.7) 5 (%33.3)
Kimyasal tanker 25 (%4.7) 18 (%72.0) 3 (%12.0) 4 (%16.0)
Konteyner 16 (%3.0) 10 (%62.5) 4 (%25.0) 2 (%12.5)
Diger 43 (%8.0) 31 (%72.1) 5(%11.6) 7 (%16.3)
Gemi yasi [0-4] 32 (%6.0) 22(%68.6) 6 (%18.8) 4 (%]12.5)
[5-14] 46 (%8.6) 33 (%71.7) 8 (%17.4) 5(10.9)
[15-24] 94 (%17.6) 67 (%71.3) 15 (%16.0) 12 (%12.8)
25+ 363 (%67.9) 263 (%72.4) 54 (%14.9) 46 (%12.7)
Gemi grosston [500-10.000] 431 (%80.6) 312 (%72.4) 62 (%14.4) 57 (%13.2)
10.000+ 104 (%19.4) 73 (%70.2) 21 (%20.2) 10 (%9.6)
Gemi tam boyu (m) [0-100] 216 (%40.4) 143 (%66.2) 45 (%20.8) 28 (%13.0)
100+ 319 (%59.6) 242 (%75.9) 38 (%11.9) 39 (%12.2)
Gemi yiikliilik durumu Dolu 175 (%32.7) 124 (%70.9) 27 (%15.4) 24 (%13.7)
Bos 360 (%62.3) 261 (%72.5) 56 (%15.6) 43 (%11.9)
Gemi bayragi T.C. 133 (%24.9) 94 (%70.7) 22 (9%16.5) 17 (%12.8)
Kolay bayrak (FOC) 330 (%61.7) 241 (%73.0) 49 (%14.8) 40 (%12.1)
Diger 72 (%13.5) 50 (%69.4) 12 (%14.5) 10 (%13.9)
Gemide pilot durumu Var 213 (%39.8) 122 (%57.3) 48 (%22.5) 43 (%20.2)
Yok 322 (%60.2) 263 (%81.7) 35 (%10.9) 24 (%7.5)
Kaza zamani Gilindiiz 216 (%40.4) 147 (%68.1) 30 (%13.9) 39 (%18.1)
Gece 319 (%59.6) 238 (%74.6) 53 (%16.6) 28 (%8.8)
Kaza mevsimi [Ikbahar 105 (%19.6) 72 (%68.6) 19 (%18.1) 14 (%13.3)
Yaz 86 (%16.1) 58 (%67.4) 16 (%18.6) 12 (%14.0)
Sonbahar 142 (%26.5) 98 (%69.0) 26 (%18.3) 18 (%12.7)
Kis 202 (%37.8) 157 (%77.7) 22 (%10.9) 23 (%11.4)
Kaza sektorii Kadikoy 357 (%66.7) 307 (%86.0) 29 (%S8.1) 21 (%5.9)
Kandilli 61 (%11.4) 29 (9%417.5) 20 (%32.8) 12 (%19.7)
Marmara 31 (%5.8) 16 (%51.6) 9 (%29.0) 6 (%19.4)
Tiirkeli 86 (%16.1) 33 (%38.4) 25 (%29.1) 28 (%32.6)
Kaza nedeni Insan hatas1 147 (%27.5) 118 (%80.3) 17 (%11.6) 12 (%8.2)
Makine/ekipman arizast 52 (%9.7) 20 (%38.5) 18 (%34.6) 14 (%26.9)
Cevresel faktorler 136 (%25.4) 100 (%73.5) 23 (%16.9) 13 (%9.6)
Bilinmiyor 200 (%37.4) 147 (%73.5) 25 (%12.5) 28 (%14.0)
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Sekil 2. Istanbul Bogazi’'nda Meydana Gelen Kazalarin Kaza Tipine Gore Dagilim1

Figure 2. Distribution of vessel accidents occurred in Istanbul Strait according to accident type

Karar Agaclar ve Ki-kare Otomatik Etkilesim Dedektorii
(CHAID) Algoritmast

Bu ¢aligmada, 2001-2016 yillar1 arasinda Istanbul Bogazi
Bolgesi’nde meydana gelen ticari yiik gemisi kazalar1 Ki-
kare Otomatik Etkilesim Dedektorii (CHAID) karar agaci
yontemi ile IBM SPSS Modeler 18.0 kullanilarak analiz edil-
mistir. Veri seti % 65’1 egitim ve % 35’1 test amaciyla kulla-
nilmak tizere ikiye boliinmiigtiir. Egitim veri seti, model pa-
rametrelerini tahmin etmek ve modeli olugturmak igin kulla-
nilirken, test veri seti modeli bagimsiz verilere uygulanabilir-
ligini ve modelin genelleme yetenegini test etmek i¢in kulla-
nilmaktadir. CHAID karar agaci yontemi kullanilarak ticari
yiik gemilerinde meydana gelen kazalarin tipi (ga-
tisma/catma, karaya oturma ve diger) ile gemi faktorleri
(gemi tipi, gemi boyu, gemi biiyiikliigli, gemi yasi, gemi bay-
ragi, gemi yiiklilliik durumu), zaman faktorleri (kaza zamani
ve kaza mevsimi) ve diger faktorler (kazanin meydana geldigi
sektor, kaza nedeni ve gemide pilot durumu) arasindaki iligki
incelenmistir.

Karar agaci, hem siniflandiricilart hem de regresyon model-
lerini gostermek amaciyla kullanilabilen bir tahminleme yo6n-
temidir (Rokach ve Maimon, 2008). Bu yontemin temel
amact; bilyiik bir veri kiimesinden anlamli ve kullanilabilir
bilgiler ¢ikarabilmektir (De Ofia ve digerleri, 2013). Karar
agact, her i¢ diiglimiin (yapraksiz diigiim) bir 6znitelik iize-
rinde bir testi temsil ettigi, her dalin testin bir sonucunu temsil
ettigi ve her bir yaprak diiglimiiniin (veya terminal diigtimii-

niin) bir sinif etiketi icerdigi akis semas1 benzeri bir agac ya-
pisidir. Bir agactaki en {istteki diigiim kok diigiimdiir (Han ve
Pei, 2012). Karar agaglar1 finans, pazarlama, miithendislik ve
tip gibi uygulamali alanlarda siklikla kullanilmaktadir (Ro-
kach ve Maimon, 2008). Siniflandirma ve biiyiik veri kiime-
lerinden anlamli kurallar ¢ikarmak amaciyla kullanilan C5.0,
CART, CHAID, QUEST vb. bir¢ok karar agaci algoritmasi
mevcuttur. CHAID bu algoritmalar iginde en yaygin kullani-
lanlardan biridir (Lin ve Fan, 2019).

Kass (1980) tarafindan ortaya ¢ikarilan CHAID, karar aga-
cinda ikiden ¢ok boliinmeler olusturulmasini saglayan bir tiir
makine 6grenme algoritmasidir. CHAID, bir veri kiimesini
girdi degiskenleri (bagimsiz degisken) ile ¢ikt1 degiskenleri
(bagimli degisken) arasindaki iliskiler temelinde alt gruplara
ayirir (Prati ve digerleri, 2017). Algoritma temel olarak diger
Karar Agaclari algoritmalari ile benzer 6zelliklere sahiptir,
ancak ki-kare bagimsizlik testi kullanilarak agaci bolmelere
ayirir (Mistikoglu ve digerleri, 2015; Han ve Pei, 2012). Girdi
degiskenlerinin her biri ile ¢ikt1 degiskeni arasindaki ¢apraz
tablolar, ki-kare testi kullanilarak incelenir ve CHAID en
onemli girdi degiskenini secer. Bir girdi degiskeninin ikiden
fazla kategorisi varsa, CHAID karsilastirma kategorileri kar-
silastirir ve sonugta higbir farki olmayanlar bir araya getirilir
(Prati ve digerleri, 2017). Nihai CHAID karar agaci, girdi de-
giskenleri ile ¢ikt1 degiskenleri arasinda anlamli bir iliski kal-
mayinca sonlandirilir.

CHAID, her bir diigiimde ikiden fazla dali olan agaclar1 insa
edebilmesi agisindan diger siiflandirma yontemlerine gore
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cesitli avantajlar saglar (Luna veMéndez, 2006; SPSS, 1998).
Diger karar agaci algoritmalarinin aksine, bdliinme sonucu
ortaya c¢ikan dal sayisinin ikiden fazla olmasi, agag¢ yapisinin
daha kolay anlagilir ve yorumlanabilir olmasina olanak verir
(Virens, 2001). Bununla birlikte hem kategorik hem de sii-
rekli degiskenlerle ¢aligabilmesi CHAID algoritmasina kulla-
nimi agisindan esneklik saglamaktadir (Althuwaynee ve di-
gerleri, 2016). Ayrica, girdi ve ¢ikt1 degiskenleri arasindaki
iligkiyi incelemek i¢in parametrik teste ihtiyag duyulmamasi
ve verinin normal dagilimi sartinin aranmamasi1 CHAID al-
goritmasinin diger dnemli avantajlaridir (Diaz-Pérez ve Bet-
hencourt-Cejas, 2016; Althuwaynee ve digerleri, 2016).

Bulgular ve Tartisma

Daha 6nce belirtildigi gibi, CHAID algoritmasi, karar agaci
olugturmak i¢in kullanilan bir siniflandirma yontemidir. Bir
karar agaci, girdi degiskenleri (gemi tipi, kaza zamani, kaza
sektori, vb.) ve ¢ikt1 degiskeni (kaza tipi) arasindaki iligkiler
temelinde bir veri kiimesini alt gruplara ayirir. Her agag dii-
giimiinde veriler, bir girdi degiskeninin degerleri ile iki veya
daha fazla farkli gruba 6zyineli olarak boliiniir ve sonug ola-
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Normalize edilmis 6nem yiizdesi
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Gemi yuklaluk
durumu

Gemi grosstonu

Sekil 3. Degiskenlerin Normalize Edilmis Onem Yiizdesi

Figure 3. Normalized importance of input variables
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7
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Kaza zamani

rak bu boliinme islemi karar agacinda baska bir anlaml1 bo-
liinme ortaya ¢ikmayacak duruma gelene kadar devam eder.
Bu sayede CHAID, bir dizi eger-ise -degilse kuralim (if —
then — else rules) kullanarak ticari yiik gemi kazalariin ¢a-
tisma/catma, karaya oturma ve diger olarak sonuglanma du-
rumu hakkinda olusturdugu karar agaci yapist ile detayli bil-
giler saglar.

Sekil 3°de girdi degiskenlerinin modeldeki goreceli 6nem de-
recesi diger adiyla 6ngorii degeri normalize edilmis haliyle
verilmistir. Her bir girdi degiskeninin dnem derecesi, sonug
(bagimli) degiskeninin varyansindaki azalmanin duyarlilik
analizi yoluyla hesaplanmasi sonucu elde edilir. Kazanin
meydana geldigi sektor (100), gemide pilot bulunma durumu
(23), gemi tipi (16) ve kaza zamani (12), kaza tipinin belir-
lenmesinde en 6nemli girdi degiskenleri olarak bulunmustur.
Bununla birlikte, girdi degiskenlerinin dnem degeri, tek ba-
sina yordama gii¢lerinin altindaki mantig1 anlamak i¢in ye-
terli degildir. Bu yiizden, CHAID'in tahminleri hakkinda
daha derin bir fikir edinmek i¢in karar agaci yapisinin ve or-
taya cikarilan kurallarin incelenmesi gerekir.

100

23

Pilot durumu

Gemi tipi Kaza sektori

Degiskenler
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Sekil 4’de ticari ylik gemi kazalarinin hangi tiir kaza tipi ile
sonuglandigini belirten son agag¢ yapist goriilmektedir. Karar
agact yapist kaza sektorii, pilot durumu, kaza zamani, gemi
tipi, gemi doluluk durumu ve gemi grostonu olmak iizere top-
lam alt1 boliinmeye neden olan degisken icermektedir. 0 dii-
giimiindeki ilk boliinme, ticari yiik gemisi kazalarini ii¢ gruba
ayiran kaza sektorii ile meydana gelmistir. Bu boliinmeye
gore, kazanin meydana geldigi yer Kadikdy sektorii oldu-
gunda kazalar %86 olasilikla ¢atisma/catma ile kazanin mey-
dana geldigi yer Kandilli veya Marmara sektorleri oldugunda
kazalar %48 olasilikla catigma/catma ile ve kazanin meydana
geldigi yer Tiirkeli sektorii oldugunda ise kazalar %36 olasi-
likla ¢atigma/gatma ya da diger kaza tipleri ile sonuglanmaistir.
Burada catigma/catma olasiliginin Kadikoy sektdriinde yiik-
sek olmasi bir nebze buranin Bogaz boélgesindeki en yogun
deniz trafigine sahip bdlge olmasi ile izah edilebilir. Zira Ka-
dikdy sektorlii Bogaz’in giiney girisini temsil etmektedir ve
bolgede yer alan Kartal ve Ahirkapi demir sahalarinda demir-
leme yapan ¢ok sayida gemi bulunmaktadir (Ozdemir, 2019).

Karar agacinin ikinci seviyesinde, Kadikdy sektdriinde mey-
dana gelen ticari gemi kazalari, gemide pilot olma durumuna
gore ikiye boliinmiistiir. Eger Kadikoy sektdriinde kaza yapan
gemilerde pilot mevcut ise gatisma/catma kazasi meydana
gelme olasilig1 %73 iken, gemide pilot olmamas1 durumunda
ise catigma/gatigma kazasi olasilig1 %92’ye yiikselmistir. Bo-
gaz gegislerinde kilavuz kaptan istihdam etmeyen gemilerin
kazalara karigma oraninin artmasi Ece (2016) ¢aligmasinda
da teyit edilmistir. Zira gemi kazalar ¢ok yliksek bir oranda
insan hatasindan kaynaklanmaktadir ve Bogaz’1 iyi bilen,
yliksek tecriibe, egitim seviyesi ve uzmanliga sahip kilavuz
kaptanlarin alinmasi personel hatalarindan kaynaklanan ka-
zalar1 minimize etmektedir. Agacin ti¢lincii seviyesinde, Ka-
dikdy sektoriinde gemiye pilot almadan seyir yapan ticari ge-
milerin yapmis oldugu kazalar gemi tipine gore diger gemiler
ve genel yiik; dokme kuru yiik; kimyasal tanker; petrol tan-
keri; Ro-Ro; konteyner gemileri olmak iizere iki alt gruba ay-
rilmistir. Diger gemilerin yaptig1 altt kazadan dordil ¢a-
tisma/catma diger ikisi ise diger kaza tipleri ile sonuglanmis-
tir. Dokme kuru yiik; kimyasal tanker; petrol tankeri; Ro-Ro
veya konteyner gemilerinin yaptig1 kazalarin ise %93 olasi-
likla gatigma/catma oldugu tahmin edilmistir. Agacin dor-
diincii seviyesinde, diger gemi tipleri sinifi haricindeki gemi-
lerin yapmis oldugu kazalar geminin doluluk/ytikliilik duru-
muna gore bos gemi ve dolu gemi olmak {izere iki alt gruba
ayrilmistir. Dolu gemiler i¢in %87 olan ¢atigma/gatma kazasi
olasiliginin, bos gemiler igin %97’ye ¢iktig1 gdriilmiistiir.
Kargo tasimayan gemilerin yiiklii gemilere kiyasen daha
fazla gatigma/catmaya miidahil olmasi riizgar etkisine daha
acik olmasi, pervanesinin daha az batik olmasi, fribordunun
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(geminin su iizerinde kalan kismi1) ¢cok olmasi, diimen dinle-
mesinin iyi olmamasi, bogazdaki akintidan daha fazla etki-
lenme ve geminin yapisal durumlarinin (makine, boy, dizayn,
tip vs.) balastl gemide aleyhe islemesi gibi unsurlarla izah
edilebilir. Ayrica dolu gemilerin yapmis oldugu 62 kazadan
6’s1 karaya oturma iken, bos gemiler i¢in 89 kazadan sadece
2’sinin karaya oturma oldugu tespit edilmistir. Son olarak
agacin besinci seviyesinde, yiiklii gemilerin yapmis oldugu
kazalar, gemi grostonuna goére 10.000 groston iistii gemiler
ve [500-10.000] groston arasindaki gemiler olmak lizere iki
terminal diiglime ayrilmistir. 10.000 groston {istii gemilerin
gecirmis oldugu 13 kazanin 9’u ¢atisma/catma, 4’ ise karaya
oturma kazasi olarak bulunmustur. Yiiksek kapasiteli gemi-
lerde ¢atisma/gatma oraninin yiiksek olmasi bu gemilerin do-
niis ¢apinin artmasi ile ilintilendirilebilir. Diger tarafta ise
[500-10.000] groston arasindaki gemilerin yapmig oldugu ka-
zalarin yaklagik %92’sinin ¢atigma/gatma ile sonuglandigi
goriilmiistiir. Bu baglamda belirtilebilecek onemli bir husus
sudur ki diisiik tonajli gemi zabitlerinin ehliyetinin yakin yol
ehliyeti olma orani yiiksektir ve burada personel kalifikasyo-
nunun yetersiz olmasmin negatif bir rol oynadigi diisliniil-
mektedir.

CHAID Karar Agaci yapismin ikinci seviyesinde Tiirkeli
sektoriinde meydana gelen kazalar, kaza zaman1 degiskenine
gore gece ve glindiiz olmak iizere iki alt gruba ayrilmistir. Bu
boliinmeye gore, Tiirkeli sektoriinde gece meydana gelen ka-
zalar %47 olasilikla ¢atigma/catma, %29 olasilikla karaya
oturma ve %23 olasilikla diger kaza tipi oldugu goriilmiistiir.
Ayni1 sektdrde gilindiiz meydana gelen kazalarin %59°u diger,
%22’si karaya oturma ve %18’inin ¢atigma/¢atma oldugu tes-
pit edilmigstir. Tirkeli sektoriinde catigma/catma tipi ticari
gemi kazalarinin geceleri meydana gelme olasiliginin giindiiz
vakitlerine kiyasla daha yliksek oldugu goriilmektedir. Bu du-
rum vardiya tutan personelde durumsal farkindalik eksikligi
yani algilarin azalmasi ile izah edilebilir. Zira personelin yor-
gunlugu ile beraber Bogaz manzarasi ve insan popiilasyonu
bu baglamda vardiya zabitinin dikkatini dagitic1 bir unsur ola-
rak negatif katkida bulundugu diisiiniilmektedir. Buna ek ola-
rak koprii iistiinde gorevli olmayan gemi personelinin fotog-
raf veya telefon goériigmeleri yapmak icin kopri iistii civa-
rinda bulunarak dikkat dagitici hareketlerde bulunmalar1 da
bu minvalde belirtilebilir. Ayrica Bogaz trafigine dahil olan
balik¢1 gemisi, yat veya tur motoru kaptanlarinin ticari gemi-
lerin gecis ustiinliigiine engel olacak sekilde manevra yapma-
lar1 veya ¢atismay1 dnleme kurallarina aykiri manevralari ile
beraber eksik iletisim de bu durumu bir nebze izah etmekte-
dir. Bu baglamda son husus olarak gece 6zellikle Bogaz kiyi-
sindaki sahil 1giklarinin vardiya zabiti/kaptanin goriisiinil
olumsuz etkiledigi belirtilebilir.
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Bu ¢alismada dikkate alinan degiskenler yukarida belirtilen- sonug diiglimiindeki frekans sayisinin asgari 5 olarak belir-
ler ile sinirhidir. Ote yandan belirtilmelidir ki karar agacinda lenmesi Kandilli/Marmara ve Tiirkeli sektoriinde daha fazla
degiskene ait yeterli boliinme saglanabilmesi i¢in her bir de- dal olugmasina engel teskil etmistir. Buna istinaden, calis-
giskene ait olan deger sayisinin yeterli frekansa sahip olmasi mada daha ziyade Kadikoy sektorii iizerine yogunlagilmistir.
gerekmektedir. Bu ¢alismada, Kadikoy sektoriinde meydana Bir sonraki ¢alismada Uluslararasi Denizcilik Orgiitii’niin de-
gelen kaza sayis1 357 iken, Kandilli/Marmara sektoriinde top- niz kazalarinin siddeti-seviyesi hususunda yaptig1 ¢ok ciddi
lam kaza sayis1 92 ve Tiirkeli sektoriindeki mevcut kaza sa- deniz kazasi, ciddi deniz kazas1 ve deniz olay1 gibi bir siif-

yisinin 86 olmasi agag yapisinin bu sekilde olugsmasina neden landirmay1 temel alarak ve kazaya sebebiyet veren unsurlarin
olmustur. Ayrica karar agacinda meydana gelen bdliinmeler da AAKKM’den kaza bazli derlenip hesaba katilmasi ile bu

sonucu elde edilen kurallardaki vaka sayisinin az olmasi, bu calismanin daha biitiinciil bir analiz yapmaya daha elverigli
kuralin genel kabul edilebilirligini olumsuz etkilemektedir. hale gelecegi diistiniilmektedir.

Bu ylizden, CHAID karar agaci uygulamasi 6ncesinde her bir

Kaza tini
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Figure 4. CHAID decision tree structure


https://doi.org/10.3153/AR21002

18

Aquat Res 4(1), 10-20 (2021) e https://doi.org/10.3153/AR21002

Sonuc¢

Istanbul Bogaz’1 uluslararas tasimacilik baglaminda stratejik
oneme sahip alternatifsiz bir suyoludur. Ozellikle Karadeniz
bolge iilkelerinin denizyolu ¢ikis kapisidir ve bu bogazda
meydana gelebilecek kazalar Bogaz gemi trafigini ciddi ma-
nada sekteye ugratabilir. Bu nihayetinde bolge iilkelerinin
ekonomilerine ciddi bir zarar verebilme potansiyeli ihtiva et-
mekle beraber can kayiplarina ve ¢evre felaketlerine de yol
acabilir. Bu baglamda, kazalarin 6nlenmesi hususunda poli-
tika yapicilarin alacagi onlemlerin daha efektif olabilmesi
icin kazalarin etkili ve kapsamli bir sekilde analiz edilmesi ve
degerlendirilmesi gerekmektedir. Bu kapsamda icra edilen
calismada AAKKM’den elde edilen verilerle dort sektorden
tesekkiil olan Istanbul Bogaz Bolgesi’nde 2001-2016 yillari
arasinda 500 groston iizeri ticari ylik gemilerinin karistigi 535
adet gemi kazas1 (CHAID) karar agac1 yontemi ile incelen-
mistir. CHAID Karar Agaci vesilesi ile ticari yiik gemileri
icin ¢ikt1 degiskeni olan kaza tipi ile gemi tipi, kaza zamani,
kaza sektorii vs. gibi girdi degiskenleri arasindaki iliskiler in-
celenmistir ve en 6nemli girdi degiskenleri olarak kazanin ol-
dugu sektor, gemiye pilot alinmasi durumu, gemi tipi ve kaza
zamani tespit edilmistir. Bunu takiben goriilmektedir ki en
yiiksek ¢atigma/catma olasiligi Kadikdy sektoriinde iken bu
olasilik Kandilli/Marmara sektorlerinde diisiis gostermekte
ve Tirkeli sektoriinde en diisiik orana sahip olmaktadir. Ka-
dikoy sektoriinde pilot istihdam etmeden ve yiiklii olarak se-
yir yapan ticari gemilerden genel yiik, dokme kuru yiik, kim-
yasal tanker, petrol tankeri, Ro-Ro ve konteyner gemilerinde
catigma/catma kazasi olasiligi %87 iken bu oran bos gemiler
icin % 97’ye ¢ikmaktadir. Ayrica, Tiirkeli sektoriinde gece
olusan kazalarda c¢atigma/catma olasilig1 gilindiiz meydana
gelen kazalara kiyasen daha yiiksek oldugu goriilmekte iken
karaya oturma olasilig1 ¢cok diisiik bir oranla gece daha yiik-
sek ¢ikmaktadir. Diger taraftan gemiye pilot almadan Bogaz
gecisi yapan ticari yiik gemilerinin pilot alarak seyir yapan
gemilere kiyasla yaklagik iki kat daha fazla kazaya karismig
oldugu goriilmiistiir. Bu baglamda, Bogaz’daki seyir emniye-
tinin iyilestirilmesi ve kaza riskinin azaltilmasi amacina bi-
naen Idare’nin gemilerin pilot almasini tegvik edici bir rol oy-
namasi1 gerekmektedir. Bu ¢caligmada ulasilan sonuglarin bo-
gaz gecisini sik kullanan armatorlerin yaninda tekne & ma-
kine ve emtea sigortacilart ile donatanin iicilincii partilere
karst mesuliyetini teminat altina alan Koruma ve Tazminat
(P&I Club) Kuliiplerinin risk degerlendirmesinde ve adil bir
prim seviyesinin tespitinde dikkate almas1 6ngdriilmektedir.
Bir sonraki ¢aligmada kazaya sebebiyet veren unsurlar olarak
insan hatast, arizalar ve kazanin meydana geldigi andaki hava
durumu gibi verilerin ve kazanin siddeti baglaminda IMO s1-

Research Article

niflandirmasia dayal verilerin de ¢aligmada dikkate alin-
masi1 daha biitiinciil bir degerlendirme yapmak i¢in 6nem arz
etmektedir.

Etik Standart ile Uyumluluk

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

Etik kurul izni: Bu ¢alisma i¢in etik kurul iznine gerek yoktur.
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ABSTRACT

The main objective of this study was to evaluate the community structure of the order Ephem-
eroptera in the Southern Western Ghats ecoregion along with Principal Component Analysis
(PCA) and Canonical Correspondence Analysis (CCA) from 2017 to 2018. Ecological param-
eters estimated at each collecting site were pH, dissolved oxygen, biological oxygen demand,
hardness and alkalinity. This research investigation was carried out in 30 streams of Palni and
Cardamom hills in Western Ghats of Southern India. With PCA examination, the sites like
Dhobikana, Fern hill and Poomparai of Palni hills are plotted far apart and are not supported
by the ecological parameters like in the other sites. Dhobikana of Palni hills is exceptionally
contaminated in light of the fact that dhobis are associated with washing garments so cleanser
contamination is prevalent around there. In cardamom hills, Santhamparai near bridge and
Nayamakkadu are left far apart indicating they are not supported by physico-chemical param-
eters, mainly due to pollution. From to the CCA results, it is discovered that Baetis species
favor B-mesosaprobic habitat and Indialis badia inclines toward high altitudinal region. From
the outcomes, it is presumed that pH, dissolved oxygen, biological oxygen demand, hardness
and alkalinity were the essential components administering the mayfly community and struc-
ture.

Keywords: PCA, Dhobikana, Dissolved oxygen, pH, Baetis, Ephemera nadinae
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Introduction

Ephemeroptera also called as mayflies and they are cosmo-
politan in distribution (Barber-James et al., 2008). They do
secondary production activity in freshwater habitat. Most
families of mayflies are sensitive to pollution and they inhabit
only in freshwater environment, so they serve as bio indica-
tors of water quality.

Streams and rivers are an example of an important habitat and
source of water for all living organism and human being. Pol-
lution either by anthropogenic activity or by nature can unfa-
vorably influence any biological ecosystem. The pollution in
the freshwater ecosystem affects the mayfly’s richness and
diversity. Streams become contaminated by water entering
from the farming area or modern destinations, and the nature
of the water will be reflected by the kinds of the animals that
can endure such as mayflies.

The ecological attributes like pH, turbidity, dissolved oxygen,
air temperature, water temperature, alkalinity, total dissolved
solids and various pollutants legitimately and by implication
influence the mayfly populations. Deforestation is one of the
primary threats to mayfly biodiversity and conservation in the
tropics (Benstead and Pringle, 2004) whereas pollution (Ros-
enberg and Resh, 1993) or habitat fragmentation (Zwick,
1992) are the major causes in the temperate areas.

Numerous investigations have been made in recent years on
the effect of climate change on mayflies. Clearly, climate
changes are affecting the behavior and ultimately the ecology
of some mayflies, for example, small increases in temperature
(3°C) over the short term cause early emergence of mayflies
(McKee and Atkinson, 2000). Climate changes alter precipi-
tation pattern, leading to greater flood magnitude and fre-
quency in certain rivers. This results in changes in ecological
structure and function, and loss of diversity through too fre-
quent scouring. With the continuing trend of temperature in-
crease, the proportion of glacial melt and snow melt waters
will change and lead to drastic changes in macroinvertebrate
communities, including mayflies.

Ephemeroptera have been extensively used as bioindicators
in aquatic biomonitoring programs (Srinivasan et al., 2019),
in biomarker studies and in ecotoxicological studies. During
the last two decades, EPT concept has successfully empha-
sized the significance of Ephemeroptera, Plecoptera, and Tri-
choptera in describing environmental conditions (Lenat and
Barbour, 1994). In the current investigation, we utilize multi-
variate examination strategy Canonical Correspondence
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Analysis (CCA) to establish the community structure of may-
flies and Principal Component Analysis (PCA) to find the re-
lationship between stations and environmental parameters.
Multivariate investigation strategies have just been utilized to
consider the connection between benthic macroinvertebrate
community and ecological factors in all around the globe
from the previous studies (Kazanci ef al, 2017; Duran and
Akyildiz, 2011). As Palni and Cardamom hills belongs to the
southern part of the Western Ghats, which is one of the eight
hottest hotspots in the globe (Myers et al., 2000) and no work
had to be done in the population dynamics and community
structure of mayflies in this part of Western Ghats, so this
work aims to assess the relationship between mayfly commu-
nity and environmental factors in Palni and Cardamom hills
of Western Ghats.

Material and Methods

Study Area

Mayfly nymphs were collected from 2017- 2018 in thirty
sites (16 from Palni hills and 14 from Cardamom hills) using
Im wide Kick-net (Burton and Sivaramakrishnan, 1993) with
mesh size of about Imm and they were identified with the
help of various taxonomical literatures. Table 1 shows the de-
scriptions of these sites. List of mayfly taxa of Palni and Car-
damom hills is given in the Table 2 and 3 respectively.

Measuring Physicochemical Parameters

Water samples were collected from sampling sites and vari-
ous physicochemical parameters like pH, dissolved oxygen,
air temperature, water temperature, water current, width of
the stream, hardness, alkalinity, total dissolved solids, con-
ductivity and Biological oxygen demand were analyzed using
APHA guidelines (2005).

Statistical Analysis

To view the trend of distribution of the stations based on en-
vironmental parameters the PCA (Principal Components
Analysis) was used. PCA was calculated by using PAST soft-
ware 4.02 (Hammer et al., 2001). Mathematically, PCA con-
sists of Eigen-analysis of a covariance or correlation matrix
calculated on the original measurement data. To investigate
the relationships between ecological factors and various sta-
tions, PCA was used. Canonical Correspondence Analysis
(CCA) was made to found the community structure of may-
flies in relationship to environmental variables.
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Table 1. Details of the 30 study sites
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S. Name of Abbreviation Abbreviation Stream | Altitude Latitude Longitude
No the study site in PCA in CCA order (m) (N°) (E°)
1 Oothu Ooth P-1 3 1300 10°12' 77°26'
2 Perumalmalai Peru P-2 2 1400 10°18' 77°33"
3 Kurusadai Kuru P-3 2 1700 10°20' 77°28'
4 Ghandhi nagar Gand P-4 2 1600 10°18' 77°27
5 Silver cascade Silv P-5 2 1700 10°12' 77°28'
6 Vattakanal Vatt P-6 2 1000 10°11' 77°25'
7 Fairy falls Fair P-7 3 290 10°13' 77°27"
8 Bear Shola falls Bear P-8 2 300 10°14' 77°27"
9 Fern hill falls Fern P-9 3 122 10°12' 77°20"
10 Pillar rock Pill P-10 1 2250 10°17' 77°28'
11 Near pillar rock Near pill P-11 | 2255 10°12' 77°30'
12 Pambar stream Pamb P-12 2 2248 10°13' 77°28'
13 Dhobikana Dhob P-13 3 2075 10°24' 77°24'
14 GundarFalls Gund P-14 2 2200 10°14' 77°26'
15 Poomparai Poom P-15 2 2133 10°13' 78°16'
16 Kounchi Kouc P-16 2 2360 10°29' 77°30"
17 Kurangani up Kura-up C-1 2 2410 11°00' 77°50'
18 Kurangani down Kura-down C-2 2 2345 11°00' 77°45'
19 B. L. Rave B.L.Rave C-3 1 1250 10°11' 77°25'
20 Poonthampanai Poon C-4 1 1300 11°12' 77°26'
21 Santhamparai near bridge San-bridge C-5 2 1350 11°00' 77°52'
22 | Santhamparai near SDA school San-SDA C-6 4 1400 11°13' 77°28'
23 Mattupetty Dam stream Matt C-7 2 1700 11°16' 77°29'
24 Anayirankal stream Anai C-8 2 1950 11°18' 77°31
25 Aranmanaiparai Aran C-9 3 2050 11°21' 77°33'
26 Popparai Popp C-10 4 1785 11°44' 77°26'
27 Bodimettu Bodi C-11 2 1500 11°15' 77°24'
28 Thoovanam falls Thuv C-12 3 1550 11°15' 77°15'
29 Nayamakkadu falls Naya C-13 2 2197 11°20' 77°10"
30 Chinnakanal falls Chin C-14 1 1800 11°27' 77°30"
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Table 2. Species of Mayflies in Palni hills

ORDER FAMILY GENUS AND SPECIES 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Ooth | Peru |Kuru |Gand |Silv | Vatt |Fair |Bear |Fern |Pill | Near pill | Pamb | Dhob | Gund | Poom Koun

Baetidae Baetis acceptus 11 12 8 31 11 19 22 19 27 17 11 17 17 24 30 17
Baetis conservatus 8 17 11 11 8 21 18 11 17 20 23 22 18 26 19 32

Tenuibaetis frequentus 12 21 22 8 17 43 52 29 29 33 42 32 20 42 17 42

Baetis ordinates 8 11 5 0 0 0 14 5 10 5 10 19 10 27 42 12

Labiobaetis geminatus 5 7 11 11 17 45 29 28 17 7 5 8 0 42 29 32

Ephemeroptera Centroptella similis 12 11 20 21 17 46 23 17 12 11 0 21 0 0 17 14
Centroptella ceylonensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Acentrella vera 0 0 0 0 0 0 0 0 0 0 0 0 12 11 0 11

Heptageniidae Afronurus sp. 26 0 0 22 0 0 0 0 0 0 0 0 34 41 0 0
Afronurus kumbakkaraiensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Epeorus petersi 0 0 0 0 0 0 0 0 0 10 0 0 0 26 0 0

Thalerosphyrus flowersi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0

Leptophlebiidae | Choroterpes alagarensis 22 18 0 47 41 39 52 37 23 47 32 38 65 27 0 35
Edmundsula lotica 0 0 17 10 0 33 29 27 15 53 62 31 24 17 17 33

Indialis badia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 13

Isca purpurea 24 19 21 25 41 43 21 26 37 27 18 23 36 28 0 39

Nathanella_indica 10 5 17 0 0 0 19 22 27 0 5 11 0 0 0 0

Notophlebia jobi 5 0 11 0 23 16 6 17 17 7 0 23 0 0 21 0

Petersula courtallensis 15 0 0 20 17 18 14 10 18 11 11 10 17 14 17 0

Neoephemeridae | Potamanthellus ganges 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
Thraulus gopalani 0 0 6 4 0 8 5 9 0 0 13 21 0 0 21 0

Teloganodidae Teloganodes dentata 11 8 17 14 17 11 8 21 14| 24 19 12 19 0 32 32
Teloganodes kodai 17 14 8 27 14 21 22 23 33 16 62 42 0 0 27 28

Teloganodes insignis 13 6 15 8 19 0 0 0 0 14 5 45 52 38 54 0

Ephemeridae Ephemera nadinae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52
Caenidae Caenis sp. 32 14 8 10 27 12 21 32 29 13 18 7 8 12 29 36
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Table 3. Species of Mayflies in Cardamom hills

ORDER FAMILY GENUS AND SPECIES 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Kura-up |Kura- down |[B.L.Rave |Poon San-bridge [San-SDA  [Matt |Anai |Aran Popp Bodi Thuv _ [Naya Chin

Baetidae Baetis acceptus 0 0 17 17 0 0 0 42 0 0 22 0 41 12
Baetis conservatus 0 0 11 15 0 0 0 31 0 19 0 12 29 32

Tenuibaetis frequentus 42 21 29 42 13 21 32 31 17 23 33 27 17 27

Baetis ordinatus 0 0 33 27 31 17 17 21 22 17 22 18 23 30

Labiobaetis geminatus 32 17 21 41 0 39 32 42 17 10 17 27 37 41

Ephemeroptera Centroptella similis 37 21 17 31 34 13 33 27 0 15 16 22 0 30
Centroptella ceylonensis 0 0 16 34 5 25 29 0 11 0 0 0 17 0

Acentrella vera 0 0 25 0 0 30 31 0 0 21 32 0 0 0

Heptageniidae Afronurus sp. 0 0 0 32 0 0 33 24 29 42 0 33 32 25
Afronurus kumbakkaraiensis 37 17 42 42 15 19 47 37 33 32 21 37 29 33

Epeorus petersi 31 20 33 27 23 22 31 33 12 42 32 33 37 12

Thalerosphyrus flowersi 47 28 0 0 0 0 0 0 0 33 14 0 0 0

Leptophlebiidae Choroterpes alagarensis 62 32 52 21 33 41 21 35 27 55 32 41 24 32
Edmundsula lotica 0 0 0 0 16 17 31 0 31 32 37 33 23 27

Indialis badia 23 32 0 0 0 0 0 29 0 0 0 0 0 0

Isca purpurea 5 0 15 33 21 55 36 44 32 17 13 31 21 30

Nathanella_indica 32 17 0 0 0 28 0 0 0 0 0 0 0 21

Notophlebia jobi 13 11 27 13 14 10 19 0 35 27 20 27 30 21

Petersula courtallensis 10 15 0 0 0 0 23 27 34 32 15 13 11 0

Neoephimeridae | Potamanthellus ganges 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thraulus gopalani 17 11 0 0 0 0 0 0 25 0 0 0 5 0

Teloganodidae Teloganodes dentata 0 0 0 27 21 18 0 16 20 19 27 0 27 23
Teloganodes kodai 0 0 0 0 23 21 43 0 34 0 14 17 10 0

Teloganodes insignis 0 0 0 0 17 17 0 0 25 0 0 0 0 0

Ephemeridae Ephemera nadinae 98 5 0 0 0 0 0 0 0 0 0 0 0 0
Caenidae Caenis sp. 27 42 42 33 17 29 21 32 19 31 0 23 39 31
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Results and Discussion
PCA Analysis of Palni Hills

Based on the scree plot results, three components were cho-
sen in both Palni and Cardamom hills. PCA of Palni hills
identified three principle components of water quality
measures that explained 80.05% of the variation (Table 4) in
water quality between streams. Figure 1 shows the PCA of
Palni hills. PCA analysis of Palni hills categorize the sites
into three groups which are referred as components namely
component 1, component 2 and component 3.

Component 1 is positively correlated with the parameters like
water temperature, air temperature and dissolved oxygen
(DO), velocity and width of the stream (Figure 2), pH and
hardness are not supporting these sites. The sites included in
this component are Oothu, Fairy falls, Vattakanal, Perum-
almalai, Kurusadai and Bear chola. In this component Perum-
almalai is distantly placed.

The study sites in component 2 are Dhobikana, Poomparai
and Pambar are highly correlated with Hardness, alkalinity,
water temperature, air temperature and width of the stream
(Figure 3). pH, conductivity, DO and BOD are negatively
correlated with the component 2 sites. In this component,

Dhobikana and Poomparai are distantly placed. Component 3
(Figure 4) includes Silvercascade, Kounchi, Pillar rock, near
pillar rock, Fern hill, Gundar and Ghandhinagar. Here pH,
water temperature, air temperature, conductivity, width and
TDS are highly positively correlated whereas DO, velocity,
hardness, alkalinity and BOD are negatively correlated. Fern
hill is placed away from other sites.

Table 4. Variance explained and the eigen val-
ues for the physico-chemical variables

of Palni hills
Axis Eigen value | % Variance

1 2.94849 26.804
2 2.5278 22.98

3 1.86774 16.979
4 1.23612 11.237
5 0.904433 8.2221
6 0.722309 6.5664
7 0.422977 3.8452
8 0.210023 1.9093
9 0.088112 0.80101
10 0.069933 0.63575
11 0.002067 0.018794

3.6
.Dhop 3]
Poom-p . 2'4AAIkaIinity
PCA2 Pamp 18 Peru’
Hardne's 1.2
Y velocity _
-~ ,,/,W;tertelfﬁb’.
‘ | ‘ - ‘ | Air temp Qoth
3 24 18 712 06 . Dpge 12 18 24
Pill -0.4 \\ Kuru DO yart
"ouc SV N\
ouc —1.2‘ \ .
Gund BOD Fern
. G /
Pitn angl g Conductivity
PCA 1

Figure 1. Principal component Analysis for Palni hills
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Figure 3. Component 2 of PCA in Palni hills
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Figure 4. Component 3 of PCA in Palni hills

PCA Analysis of Cardamom Hills

PCA for Cardamom hill is shown in Figure 5. The first three
components of the PCA for physicochemical parameters at
the sites collectively explained 77% of the variability at these
sites (Table 5).

In component 1 (Figure 6) DO, air temperature, water tem-
perature, hardness, alkalinity, TDS, conductivity and BOD
are positively correlated with the sites Popparai, Poontham-
panai, Bodimettu, Anayirangal, Chinnakanal, Aranmanai-
parai and Mattupatti. But these sites are negatively correlated
with pH, velocity and width of the stream. Supporting factors
of component 2 (Figure 7) are pH, velocity, width of the
stream, hardness, BOD and alkalinity. Air temperature, water
temperature, DO, TDS and conductivity are negatively corre-
lated to the site Nayamakkadu. Nayamakkadu alone is placed
under component 2.

Figure 8 representing component 3 shows that all the param-
eters are highly positively correlated with the sites. The sites
included in this component are Kurangani up, Kurangani
down, Thoovanam, B. L. Rave, Santhamparai SDA and San-
thamparai near bridge. The site Santhamparai near bridge is
plotted far away in the third components.

Table 5. Variance explained and the eigenvalues for
the physico-chemical variables of Carda-

mom hills
Axis Eigen value | % Variance
1 3.58035 32.549
2 2.38903 21.718
3 1.77327 16.121
4 1.06369 9.6699
5 0.880061 8.0006
6 0.468153 4.2559
7 0.416393 3.7854
8 0.222051 2.0186
9 0.118548 1.0777
10 0.062119 0.56472
11 0.026342 0.23947
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PH

Mayfly nymphs are sensitive to low pH. In Palni hills com-
ponents 1 and 2 are negatively correlated with pH whereas,
component three is positively correlated. The pH of the sites
ranges between 6.3-7.52 (Table 6). Due to anthropogenic im-
pacts, the pH is slightly acidic in certain sites like Vattakanal.
Streams typically have a slightly basic pH value ranging from
7 to 8. Most organisms have optimal pH ranges in which they
live that fall between 6 and 8 (Campbell and Wildberger,
2001). Even slight changes in the normal pH can have con-
siderable effects on mayflies. In cardamom hills except com-
ponent 1 the other two components are negatively correlated
with pH. In this hill the pH ranges 6.0 to 7.4 (Table 7).

Dissolved Oxygen

The standard levels indicate that Dissolved Oxygen (DO) 4 —
7 mg/l is good for mayflies (Payne, 1986). DO plays a vital
role in supporting aquatic life and is susceptible to slight en-
vironment changes and hence DO have been extensively used
as a parameter delineating water quality and to evaluate the
degree of freshness of a river (Fakayode, 2005). DO is posi-
tively correlated with component 1 of Palni and Components
1 and 3 are positively correlated in Cardamom hills. The DO
in the sites was found within the range (4 -7.7 mg/L) (Table
6).

Water Temperature and Air Temperature

Based on the earlier works it is understood that the positive
correlation with the water temperature and air temperature
plays a major role in maintaining the number of organisms.
The PCA results of both the hills show positive correlation
for Water temperature and air temperature except component
2 in cardamom hills.

Alkalinity

Total alkalinity of water is due to presence of mineral salt
present in it. It is primarily caused by the carbonate and bi-
carbonate ions. Levels of alkalinity between 100 and 200
mg/L provide ideal buffering within a stream. But it has the
permissible limit up to 600mg/L. In the present study the al-
kalinity falls under the permissible limit (345-367 mg/L).
Among both the hills alkalinity show positive relation with
all components except Component 3 of Palni hills.

Total Dissolved Solids (TDS)

Total Dissolved Solid is a measurement of inorganic salts, or-
ganic matter and other dissolved materials in water, TDS
above 1340 mg/l may adversely affect mayflies (Good fellow
etal., 2000; SETAC, 2004). TDS and the associated elevated
conductivity seem to be particularly toxic and stressor to
mayfly community in the streams (Pond et al., 2008). In the

present study TDS is highly correlated with all the compo-
nents.

Hardness

Total hardness is used to describe the effect of dissolved min-
erals (mostly Ca and Mg). Optimal values of hardness of
aquatic life range from 100 to 200 mg/L. At levels above 250
mg/L, calcium carbonate will begin to precipitate. According
to the results, hardness is negatively correlated with compo-
nents 1 and 3 in Palni hills, and in Cardamom hills it is posi-
tively correlated with all the sites. The high value of total
hardness may be due to discharge of sewage from nearby
places, use of soaps and detergents by laundries, washing,
bathing by people.

Biological Oxygen Demand (BOD)

Healthy streams which have BOD reading of less than 2 mg/1,
whereas polluted streams is of 10 mg/L. In components 2 and
3 in Palni hills, the BOD is negatively correlated and the other
components are positively correlated.

Conductivity

Most streams ranges between 50 to 1500 pS/cm. Ideal levels
of conductivity for the mayfly richness ranges 150 to 500
uS/cm. In the study sites, components 2 of both the hills are
negatively correlated.

Velocity and Stream Width

Velocity is correlated positively except component 3 for Palni
hills and component 1 of Cardamom hills. Stream width is
positively correlated except component 1 of Palni hills.

CCA Analysis

The relationship between the mayfly’s communities and the
environmental parameters was depicted by CCA (Canonical
Correspondence Analysis). For CCA analysis, eleven envi-
ronmental variables were used. Figure 9 shows the result of
ordination of sites and Ephemeroptera with respect to envi-
ronmental variables in Palni hills. From the outcomes, the
destinations P-1, P-4, P-11, P-13, P-14 and P-16 were found
away from the referenced ecological factors and were influ-
enced by anthropogenic action and slightly polluted. The sites
P-2, P-3, P-5, P-6 P-7, P-8, P-9 and P-10 were decidedly con-
nected with factors like air temperature, water temperature,
DO, BOD, TDS, conductivity and current speed whereas it is
it is contrarily related with pH, altitude, hardness and alkalin-
ity. Sites include P-12 and P-15 were positively correlated
with pH, altitude, hardness and alkalinity and adversely re-
lated with air temperature, water temperature, DO, BOD,
TDS, current speed and conductivity.
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Table 6. Physico-chemical features, water quality parameters of the sampling sites in Palni hills

D.O Air temp | Water temp | Current speed Width Hardness | Alkalinity | Total dissolved | Conductivity BOD
S. No Site pH | (mg/L) °O) °O) (sec m™) (m) (mg/L) (mg/L) solids (ppt) (us/cm) (mg/L)
1 Ooth 6.8 4.6 18.7 15 11 6-—7 73 342 0.132 108 2.3
2 Peru 6.3 4.7 18.3 15.4 11 2-3 87 342 0.099 79 2.45
3 Kuru 7.3 4.2 17.7 16 6 25-3 83 312 0.089 87 3.88
4 Gand 7.35 4.3 16 14 5 2-3 90 288 0.093 112 2.65
5 Silv 7.36 4.2 15.7 13.4 3 5-10 98 299 0.084 103 2.34
6 Vatt 6.3 4.9 18.3 14 5 1-2 85 321 0.079 102 2.53
7 Fair 6.5 4.4 19.7 16.1 9 1-2 94 314 0.083 97 2.78
8 Bear 7.1 4 18.9 15 6 2-3 85 323 0.769 110 2.57
9 Fern 6.5 4.8 19 14.6 8 1-2 102 312 0.094 125 4.12
10 Pill 7.47 44 15 11.4 6 0.5-1 90 343 0.122 105 3.23
11 Near pill | 7.4 4.5 15.4 10 6 1-2 92 288 0.093 112 2.65
12 Pamb 6.9 4.3 15.8 13.2 5 2-3 112 345 0.098 93 1.3
13 Dhob 7.52 4 16.3 14.1 6 1-2 156 367 0.085 76 2.32
14 Gund 7.45 4 14.5 13 4 4-6 107 304 0.097 126 2.87
15 Poom 7.25 4.3 15.4 12 5 2-3 143 353 0.112 88 1.4
16 Kouc 7.3 4.4 14 10.5 4 0.25-0 .5 94 314 0.083 97 2.78
Table 7. Physico-chemical features, water quality parameters of the sampling sites in Cardamom hills
D.O Air Temp | Water temp| Current speed | Width | Hardness | Alkalinity | Total dissolved Conductivity BOD
S. No Site Ph | (mg/L) (°O) (°O) (sec m™) (m) (mg/L) (mg/L) solids (ppt) (ns/cm) (mg/L)
1 Kura-up 6 6.7 21 18.5 3-4 10 72 312 0.077 80 1.74
2 Kura-down | 7.3 6.4 22 18.4 4 -5 11 82 267 0.089 79 1.32
3 B.L.Rave 7.2 6.3 23 19.1 4 -6 8 48 333 0.082 92 0.89
4 Poon 7.4 6 22 20.2 3 -4 10 94 384 0.132 108 2.3
5 San-bridge | 6.5 7.7 23 18.3 2 -3 5 87 267 0.688 124 1.65
7 San-SDA 7.4 6.8 23 20.2 4 -5 11 55 237 0.073 86 1.54
6 Matt 6.4 7.4 24 19.1 3 -4 4 89 306 0.129 105 2.65
8 Anai 7.1 7.4 24 20.3 3 -4 8 173 435 0.1 89 3.46
9 Aran 6.5 6 23 16.5 4 -6 7 102 354 0.093 106 2.32
10 Popp 7.5 5.2 23 18.4 5-6 12 156 345 0.098 105 4.32
11 Bodi 6.4 6.5 20 19.4 4 -5 4 98 299 0.084 103 2.76
12 Thuv 6.4 6.8 22 17.1 3 -4 10 61 321 0.043 79 1.32
13 Naya 6.8 4.1 21 16.4 4 -5 8 143 342 0.098 93 1.3
14 Chin 6 6.3 22 18.3 5-6 3 156 345 0.096 106 4.35
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The taxa like B con- Baetis conservatus, B ord- Baetis ordi-
natus, Ac ver- Acentrella vera, T flo- Thalerosphyrus flow-
ersi, C ala- Choroterpes alagarensis, Ed lot- Edmundsula lo-
tica, Ind bad- Indialis badia, Po gan- Potamanthellus ganges,
Th gop- Thraulus gopalani, Te ins- Teloganodes insignis
gets upheld by environmental attributes like pH, altitude,
hardness and alkalinity and negatively correlated with air
temperature, water temperature, DO, BOD, TDS, conductiv-
ity and current speed. If riparian vegetation is high, there is
an increase of pH in natural water (Wetzel, 2001). So the out-
comes appears, the above taxa lean toward denser riparian
environment for their source of living..Te fre- Tenuibaetis
frequentus, Lb ger- Labiobaetis geminatus, Ce sim- Centrop-
tella similis, Ce cey- Centroptella ceylonensis, A kum- Af-
ronurus kumbakkaraiensis, C ala- Choroterpes alagarensis,
I pur- Isca purpurea, N ind- Nathanella indica, No jo- No-
tophlebia jobi, Cae sp- Caenis sp gets enriched by the attrib-
utes like air temperature, water temperature, DO, BOD, TDS,
conductivity and current speed and diminished by the factors
pH, altitude, hardness and alkalinity. They don't lean toward
low temperature and low dissolved oxygen, so above refer-
ence taxa just incline toward cool condition and they are the
markers of natural contamination since they are profoundly
tolerant to the acidic and basic situations. B acc- Baetis ac-
ceptus, A ker- Afronurus sp., Ep pet- Epeorus petersi, P cour-
Petersula courtallensis, Te den- Teloganodes dentata, Te
kod- Teloganodes kodai and Eph nad- Ephemera nadinae
shows no relation to any of the above 11 environmental vari-
ables.

The ordination diagram of CCA (Figure 10) displays the sites
of Cardamom hills with species of Ephemeroptera and envi-
ronmental variables. They display variation in species com-
position over the sites. From the results, sites C-3, C-4, C-8,
C-10, C-13 and C-14 shows positive correlation with BOD,
pH, alkalinity and hardness and shows negative correlation
with DO. Sites C-5, C-6, C-7, C-9, C-11 and C-12 shows pos-
itive correlation with TDS, conductivity and air temperature
and negatively correlated with water temperature, current
speed and altitude. Site 2 shows negative correlation with
ecological attributes like TDS, conductivity and air tempera-
ture and shows positive correlation with water temperature,
altitude and current speed.

Ce sim- Centroptella similis, T flo- Thalerosphyrus flowersi,
N ind- Nathanella indica, P cour- Petersula courtallensis
and Th gop- Thraulus gopalani were sensitive to low amount
of DO and delicate to high discharge of BOD, pH, alkalinity
and hardness. It proves the above reference organisms are
good indictaors of water quality because they are highly sen-
sitive to acidic, alkaline environment. B acc- Baetis acceptus,
B con- Baetis conservatus, B ord- Baetis ordinatus, Lb ger-

Labiobaetis geminatus, A ker- Afronurus sp., A kum- Af-
ronurus kumbakkaraiensis, Ep pet- Epeorus petersi, P cour-
Petersula courtallensis, Po gan- Potamanthellus ganges and
Te den- Teloganodes dentata were sensitive to low BOD, pH,
alkalinity and hardness and sensitive to high DO. It shows
that Baetis genera are tolerant to acidic and alkaline environ-
ment. Taxa such as Ce cey- Centroptella ceylonensis, Ac ver-
Acentrella vera, Ed lot- Edmundsula lotica, 1 pur- Isca pur-
purea, No jo- Notophlebia jobi, Te kod- Teloganodes kodai
and Te ins- Teloganodes insignis shows sensitivity to low
levels of TDS, conductivity and air temperature and shows
sensitivity to high levels of water temperature, current speed
and altitude. Te fre- Tenuibaetis frequentus and Cae sp- Cae-
nis sp shows sensitivity to high levels of TDS, conductivity
and air temperature and shows less sensitivity to high levels
of water temperature, whereas Ind bad- Indialis badia shows
less sensitivity to altitude and current speed

Site C-1, which is not delicate to any of the eleven ecological
factors, and Ephemera nadinae, which additionally shows no
relationship or availability with any of the variable. The CCA
results of both Palni and Cardamom hills substantiates that
the distribution and community structure of Ephemera nadi-
nae is mysterious and still needs further more investigation
of overwhelming metals and other environmental properties.
Baetis and Tenuibaetis both shows distinctive community
structure pattern, though they both originates from a single
ancestor. Gencer Turkmen and Ozkan (2011) and Gencer
Turkmen and Nilgun Kazanci (2020) suggests that Baetis
milani is B-mesosaprobic, our results also substantiates with
that as Baetis species are sensitive to high DO and it prefers
-mesosaprobic habitat. According Caenis sp. in both Palni
and Cardamom hills prefers different habitats and it proves
that more Caenis species complex were present in Palni and
Cardamom hills. The outcome likewise demonstrates Indialis
badia diversity and distribution were more in high altitudinal
area. From the results, it is apparent that Centroptella similis
prefer oligosaprobic environment.

It was noticed that locales Poomparai, Dhobikana, Kounchi
of Palni hills and Kurangani up and down of Cardamom hills
are plotted away from all the variables and the only reason
that can be suggested is human impedance (i.e. Anthropo-
genic impacts).
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Figure 9. Canonical Correlation Analysis of Palni hills
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Figure 10. Canonical Correlation Analysis of cardamom hills

Conclusions

Based on PCA results, it tends to be reasoned that the sites in
Palni hills, which are plotted far apart like Dhobikana, Fern
hill and Poomparai, are not supported by the physico-chemi-
cal parameters like the other sites in Palni hills. This is abso-
lutely a direct result of anthropogenic activity, because Fern
hill and Poomparai are excursion spots where human obstruc-
tion is more in these streams. Whereas Dhobikana is a place
where dhobis are involved in washing clothes so detergent
pollution is more there. In cardamom, hills Santhamparai near
bridge and Nayamakkadu are left far apart indicating they are

not supported by physicochemical parameters, mainly due to
pollution. However, Ephemeroptera were sensitive to water
quality changes specially to DO, pH, conductivity and hard-
ness their number is less in these stations compare with other
stations. From the CCA results, it is found that Baetis species
lean towards B-mesosaprobic habitat and Indialis badia fa-
vors high altitudinal area. Sites like Poomparai, Dhobikana,
Kounchi of Palni hills and Kurangani up and down of Carda-
mom hills are plotted away from all the environmental varia-
bles.
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In this work, it is discovered that not all physicochemical pa-
rameters are emphatically or adversely corresponded. But it
is understood that pH, dissolved oxygen, BOD, hardness and
alkalinity were the crucial factors. This agrees with numerous
investigations that have been done previously (Steinman et
al., 2003). Dissolved oxygen is the key to the abundance of
Ephemeroptera as oxygen is the significant component to all
living creature to remain alive and slight changes on the pH
likewise change the presence of Ephemeroptera.
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ABSTRACT

In this study, the fish species inhabiting the Bolaman Stream drains to the Black Sea from the Fatsa
coast (Ordu Province, Turkey) was reported for the first time. The study was caught out non-
periodically by sampling from seven stations in the Bolaman Stream between July 2017 and No-
vember 2018. Fish samples were captured with an electroshock device. With this study, it was
determined that the fish fauna of the Bolaman Stream is represented by 10 species in five families
(Acheilognothidae, Cyprinidae, Gobiidae, Leuciscidae, and Salmonidae). These species were as
follows, respectively Rhodeus amarus, Barbus tauricus, Capoeta banarescui, Neogobius fluviati-
lis, Ponticola turani, Alburnus derjugini, Squalius cephalus, Vimba vimba, Alburnoides fasciatus,
and Salmo coruhensis.

Keywords: Fish fauna, Fish taxonomy, New record, Inland waters
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Introduction

Since three-quarters of the world constitute an aquatic habi-
tat, there is a continuous rise as a result of increasing scien-
tific studies in the species number of fish having the fifty per-
centages of vertebrates. It was reported that this number has
been 35672 by adding new species within the last quarter of
2020 (Fricke et al., 2020). In Turkey, the first ichthyo-faunis-
tic study began in the first half of the nineteenth century by
sending twenty marine species collected from Trabzon Prov-
ince to British researcher (Abbot, 1835). In the last 15 years,
it has been observed that the number of fish detected has in-
creased from 236 (Kuru, 2004) to 384 (Cigek et al., 2020) in
Turkey. This number reached 391 with some recent addi-
tional records by Cicek (2020), Kaya et al. (2020a; 2020b),
and Kaya (2020). However, in another source, it was in-
formed that this species number reached only 401 in freshwa-
ters of Turkey (Froese and Pauly, 2019). Many studies in this
area are still ongoing, and it is understood that Turkish inland
waters have a potential for new species that have not yet been
discovered. By redefining previously discovered fish species,
species confusion is also being tried to be eliminated. There
are many small streams of various sizes such as the Kurna,
Tabakhane (Unye), Calis (Fatsa) Streams for, etc. in the
Black Sea basin and have not been studied as ichthyofaunistic
yet. The Bolaman stream in Ordu Province was one of them,
also.

The Bolaman is a stream to flow into the Black Sea in the
northern Turkish provinces of Ordu and Tokat. The stream
was called Sidenus in antiquity. The Bolaman Stream rises in
the Canik Mountains, a mountain range of the Pontic Moun-
tains. The Bolaman stream continues its course to the north
and pours into the Black Sea in the eastern of Fatsa (Anony-
mous, 2018).

In consider the other taxonomic studies conducted in a lake
and several rivers in around Ordu province, in which have
been Melet River, Ilica and Yalikoy Streams, Gaga Lake,
Turnasuyu Stream, Curi Stream, Elekc¢i Stream, Ilica Stream
and Tifi Brook (Turan et al., 2008; Dar¢in, 2014; Donel and
Yilmaz, 2016; Bostanci et al., 2015; 2016; Yilmaz, 2016;
Saygun et al., 2017; Turan et al. 2017).

In this study, it was aimed to reveal actual taxonomic status
of the fish species living in the Bolaman Stream.

Material and Methods

The study was carried out by sampling nonperiodically fish
at seven sampling stations on the Bolaman Stream (Figure 1)
between July 2017 and November 2018 as specified in the
examined material section below. The Bolaman Stream ini-
tially flows along the provincial borders of Tokat and Ordu
in a westerly direction. Later, it turns north and passes
through the village of Zaferimilli in Ordu Province. It flows
shortly afterward east past the city Aybasti. The Bolaman
Stream then flows through the city Kabatas. Then the G6lkdy
Stream flows from the right into the stream. In Elesi Brook
meets the stream from the left (Anonymous, 2018). Detailed
survey information (coordinates, altitudes, species, specimen
quantity, and collection codes) of stations were listed in Table
1. At least five fish samples from each species were collected
quarterly with an electroshock device (SAMUS™-725MP).
After sampling, the fish specimens were firstly anesthetized
with oil of cloves and after stopping breath then stored within
a 4% formaldehyde solution in Fatsa Faculty of Marine Sci-
ence (FFMS) of Ordu University (ODU) for species identifi-
cation. Later, the meristic characters dorsal (D), pectoral (P),
pelvic (V), and anal fin (A) ray numbers (spinous and
branched rays) with lateral line (LL) scale counting were
made. Lateral line scales were counts from the anteriormost
scale (the first one to touch the shoulder girdle) to posterior-
most one (at the end of the hypural joint) (Stoumboudi et al.,
2006). Standard length (SL) was measured from the point of
the snout to the end of the hypural joint (Stoumboudi et al.,
2006). Head length (HL) was measured from the anteriormost
part of the head (jaws closed) to the posteriormost point of
the opercular bone, excluding spines and gills membrane
(Hol¢ik, 1989).

All the other morphometric characters changed from species
to species were recorded in Microsoft Excel™ program by
measuring digital caliper (Dasqua™) with 0.01 mm precision
as methods reported by Hol¢ik (1989). According to morpho-
metric measurement results obtained from the study, the per-
centages of some metric characters of fish samples were cal-
culated by proportioned of the standard length (SL%) and by
the head length (HL%) for different fish families (Holcik,
1989; Banarescu, 1999; Bandrescu and Bogutskaya, 2002;
Bandrescu and Paepke, 2003; Miller, 2003; Verep et al.,
2006; Turan et al., 2014; 2017).
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Figure 1. Fish sampling stations in the Bolaman Stream (Table 1)
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Table 1. Distribution of fish species as sampling stations in Bolaman Stream, sp: sampling points.

s Coordinates Altitudes Species Sampling
P (m) n Cyprinoids n Gobioids n__ Salmonids Date
2 A fasciatus
40°59'15"N 17  B. tauricus 2 N. fluviatilis
! 37°29'55"E 24 5 C. banarescui 11 P. turani ) 06.07.2017
9 8. cephalus
1 A fasciatus
11 A derjugini
23 B. tauricus
40°56'23"N . 2 N. fluviatilis
2 3792932 55 10 C. banarescui 12 P turani - 11.07.2017
4 R amarus
20 8. cephalus
5 V.vimba
ocnIon 5 C. banarescui C
3 AN R amarus 4 N fluviatilis ; 19.05.2018
37°26'01"E 2 P turani
3 S cephalus
40°51'14"N . .
4 379324 7"E 753 33 C. banarescui - 5 S. coruhensis 10.11.2018
1 A fasciatus
10 A. derjugini
40°4521"N 4 B tauricus .
5 3793038"E 526 2 C banarescui 10  P. turani - 30.06.2018
3 R amarus
9 8. cephalus
8 A derjugini
oA 6  B. tauricus
6 40042,01 ,,N 710 2 C. banarescui 4  P. turani - 30.07.2018
37°32'58"E
5 R. amarus
2 S cephalus
40°38'16"N
7 37993'10"E 772 No sample 30.07.2018

Results and Discussion

As aresult of the study, a total of 263 specimens of 10 species
were sampled in six sampling points determined on the Bo-
laman Stream (Figure 2) but the seventh station because not
come across to any fish species. The details of sampling sta-
tions, as well as the fish species discovered in each one of
them, were presented in Table 1. There were described two
species from Cyprinidae, a species from Acheilognothidae,
four species Leuciscidae, two species from Gobiidae, and one
species from Salmonidae in systematic order as follows. It
was seen that cypriniform species were predominant as in
other streams in the region and Ponticola turani, which is a
Gobioidae species, was also observed to be dense (Figure 3).

When looked at Figure 2, the percentages of seven cy-
priniform species consisted of Cyprinidae, Acheilognothidae,
and Leuciscidae were seen to be 81% (211 samples) of all
specimens.

According to the sampling stations in the Bolaman Stream,
all species, except Salmo coruhensis, were found in 2™ sta-
tion. Although all the stations of Capoeta banarescui were
also encountered but seventh station, which allowed no fish
species. Only two species identified in the fourth station
which were C. banarescui and S. coruhensis (Table 1).

The average percent data calculated according to some mor-
phometric values of the fish species obtained in the Bolaman
Stream were represented in Tables 2, 3, and 4. In these tables,
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the values were computed in percentages proportion to dif- of unclassified samples and distribution range (m-M) for each
ferent morphometric data of standard length (SL) and head sample were given in the tables.

length (HL) (for all species). However, means (¥) of morpho-

metric values percentage accounted standard deviations (%)

Table 2. Mean (¥) percentage values of some morphometric characteristics of Cypriniform species obtained from the Bo-
laman Stream according to standard length (SL) and head length (HL). + Standard deviation, m-M minimum-maxi-
mum values.

Barbus tauricus (n=50) Capoeta banarescui (n=57)
x + m-M x + m-M
Standard Length (mm) 106.50 16.31 72.61-139,62 97.70  21.02 59.39-142.62
In percent of standard length
Maximum body height 20.13 1.76 17.31-24.39 20.58 1.43 16.42-22.56
Minimum body height 9.71 0.54 8.70-11.44 10.25 0.62 8.79-11.76
Caudal peduncle height 11.19 0.83 9.47-14.44 11.78 0.80 10.08-13.30
Predorsal distance 50.22 3.13 46.53-66.59 48.72 1.58 45.59-52.11
Postdorsal distance 37.46 2.86 34.04-52.73 37.19 1.73 32.86-40.17
Prepelvic distance 53.37 2.82 48.38-69.10 53.61 1.55 51.18-58.02
Preanal distance 74.20 2.23 64.74-77.86 73.94 2.28 68.90-80.10
Length of caudal peduncle 18.95 1.86 13.93-26.68 19.05 1.66 14.61-21.58
Length of dorsal fin 13.44 1.34 11.83-20.01 12.80 1.25 10.02-14.78
Dorsal fin height 19.50 1.51 16.45-25.73 20.08 1.53 17.45-24.13
Length of anal finbase 7.72 0.92 4.94-10.87 8.71 1.40 6.99-12.62
Depth of anal fin 18.09 1.32 15.51-23.23 17.71 1.40 12.46-19.54
Length of pectoral fin 18.52 1.30 15.83-23.81 18.36 1.02 15.99-19.64
Length of ventral (pelvic) fin 16.17 1.79 13.58-23.61 15.77 1.38 13.74-19.25
Distance between pectoral and pelvic fins 28.18 431 24.14-51.51 30.88 2.13 25.67-35.67
Distance between pelvic and anal fins 22.54 2.40 19.59-33.82 21.96 3.08 10.07-30.12
Body width 14.61 1.33 12.29-17.77 14.49 0.99 12.60-16.20
Caudal peduncle width 5.05 0.64 3.37-6.19 5.33 0.70 4.23-6.65
Head length 25.99 1.45 23.53-33.47 23.11 1.50 20.71-27.06
In percent of head length
Preorbital distance (snout length) 41.25 2.13 37.33-48.13 31.95 2.98 25.36-37.95
Horizontal diameter of eye 17.68 2.31 14.39-23.54 18.05 2.50 13.18-22.96
Postorbital distance 43.67 2.48 37.09-47.57 48.09 2.62 39.69-53.62
Head depth (at nape) 58.13 3.36 50.98-66.98 65.23 6.13 59.19-94.45
Head depth (at center of eye) 44.39 3.61 39.02-53.04 48.37 2.73 42.56-55.51
Head width 51.96 4.37 43.10-63.47 55.64 5.49 38.87-68.00
Interorbital distance 30.18 2.20 25.07-34.84 36.18 3.37 23.50-42.75
Distance between nostrils 17.42 1.85 13.69-24.23 22.76 2.99 16.66-28-94
Length of anterior barbel 18.59 1.99 12.72-22.45 16.21 3.26 10.66-24.46
Length of posterior barbel 22.70 2.29 17.60-27.23 20.16 3.56 13.10-27.96
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continuation of Table 2

Rhodeus amarus (n=23)

X + m-M
Standard Length (mm) 106.50 16.31 72.61-139.62
In percent of standard length
Maximum body height 21.73 1.21 19.04-23.69
Minimum body height 10.82 0.63 9.68-12.09
Caudal peduncle height 12.51 0.82 10.85-13.96
Predorsal distance 52.01 1.82 49.77-56.35
Postdorsal distance 36.77 2.07 31.50-39.74
Prepelvic distance 49.08 0.96 47.64-50.97
Preanal distance 70.64 4.40 67.08-87.50
Length of caudal peduncle 21.20 1.51 18.51-23.51
Length of dorsal fin 10.90 1.08 9.34-13.58
Dorsal fin height 18.30 1.46 15.74-20.98
Length of anal finbase 10.43 0.72 9.06-11.56
Depth of anal fin 15.90 0.85 13.80-17.11
Length of pectoral fin 17.04 1.16 14.38-19.18
Length of ventral (pelvic) fin 13.75 0.76 12.69-15.74
Distance between pectoral and pelvic fins 25.46 1.60 22.56-28.70
Distance between pelvic and anal fins 20.80 0.79 19.54-22.23
Body width 13.87 1.34 11.09-15.88
Caudal peduncle width 5.31 0.83 3.66-6.66
Head length 24.32 0.93 22.78-26.42
In percent of head length
Preorbital distance (snout length) 27.87 2.63 23.60-32.68
Horizontal diameter of eye 21.26 1.87 17.85-25.38
Postorbital distance 52.71 3.11 47.32-61.55
Head depth (at nape) 66.29 4.18 54.33-72.77
Head depth (at center of eye) 48.77 2.61 42.98-54.57
Head width 55.14 4.83 45.17-64.33
Interorbital distance 36.93 3.22 31.57-42.90

Distance between nostrils 21.45 2.56 16.24-27.68
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continuation of Table 2

Alburnus derjugini (n=29) Squalius cephalus (n=43)
X + m-M X + m-M
Standard Length (mm) 102.79 15.84  62.24-133.19 9749 2598 57.74-150.22
In percent of standard length
Maximum body height 19.98 0.95 17.43-21.77 26.61 1.12 25.88-28.83
Minimum body height 8.08 0.42 7.30-8.97 9.70 0.08 9.59-9.80
Caudal peduncle height 10.37 0.75 9.24-12.63 1152 0.72 10.51-12.40
Predorsal distance 52.63 6.73 20.40-56.88 51.74  0.53 50.84-52.45
Postdorsal distance 35.34 1.75 32.86-40.30 38.70 1.66 35.80-40.18
Prepelvic distance 46.12 1.31 43.09-48.43 48.22 1.31 46.14-49.71
Preanal distance 64.82 2.01 60.86-70.23 66.89 1.91 64.57-70.16
Length of caudal peduncle 21.21 1.47 18.06-23.72 18.20 1.66 16.03-20.49
Length of dorsal fin 11.05 1.06 9.16-12.97 1222 0.53 11.36-12.91
Dorsal fin height 16.52 1.54 13.73-19.99 2134 232 18.08-24.16
Length of anal finbase 15.69 1.17 13.44-17.64 18.44  0.99 16.53-19.18
Depth of anal fin 12.36 1.32 10.13-15.24 13.46 1.05 12.04-14.77
Length of pectoral fin 18.02 1.40 15.21-20.44 18.07  0.98 16.80-19.36
Length of ventral (pelvic) fin 13.57 1.53 11.11-19.49 1624  0.66 15.10-16.85
Distance between pectoral and pelvic fins 24.77 1.33 21.69-27.43 2152 091 19.77-22.42
Distance between pelvic and anal fins 18.94 1.13 16.79-21.67 21.11 0.91 19.55-22.07
Body width 12.21 1.46 10.00-16.05 12.86  0.88 11.56-13.86
Caudal peduncle width 5.06 0.54 4.08-6.13 4.36 0.21 4.13-4.61
Head length 23.13 1.98 20.91-31.97 2494  0.61 24.07-25.74
In percent of head length
Preorbital distance (snout length) 29.78 3.13 20.32-34.63 31.47 2.75 28.79-35.39
Horizontal diameter of eye 25.55 3.35 18.43-31.75 21.98 1.11 20.16-23.55
Postorbital distance 43.65 4.44 30.11-49.70 46.43 242 42.85-49.61
Head depth (at nape) 63.73 5.24 44.66-73.64 71.46 3.69 67.69-78.12
Head depth (at center of eye) 47.65 4.08 35.50-54.81 53.06 2.65 50.58-56.89
Head width 45.61 3.56 31.75-49.05 48.34 1.08 46.49-49.39
Interorbital distance 28.78 3.59 20.94-40.58 31.86 2.33 29.46-35.77

Distance between nostrils 14.48 2.51 8.69-19.94 17.25 1.09 15.72-18.25
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continuation of Table 2

Vimba vimba (n=5) Alburnoides fasciatus (n=4)
X + m-M X + m-M
Standard Length (mm) 115.86 5.26 105.75-120.23 67.39  1.77 64.41-69.06
In percent of standard length
Maximum body height 26.61 1.12 19.04-23.69 20.47  0.88 19.15-21.47
Minimum body height 9.70 0.08 9.68-12.09 8.25 0.26 7.90-8.57
Caudal peduncle height 11.52 0.72 10.85-13.96 9.77 0.37 9.18-10.11
Predorsal distance 51.74 0.53 49.77-56.35 42.67  2.07 41.28-46.24
Postdorsal distance 38.70 1.66 31.50-39.74 29.88 1.29 28.19-31.73
Prepelvic distance 48.22 1.31 47.64-50.97 39.20  2.03 36.80-42.41
Preanal distance 66.89 1.91 67.08-87.50 1743  0.76 16.17-18.10
Length of caudal peduncle 18.20 1.66 18.51-23.51 16.05 049 15.65-16.89
Length of dorsal fin 12.22 0.53 9.34-13.58 11.93 1.17 10.53-13.76
Dorsal fin height 21.34 2.32 15.74-20.98 17.11  3.28 11.96-21.04
Length of anal finbase 18.44 0.99 9.06-11.56 1498  2.08 11.78-17.13
Depth of anal fin 13.46 1.05 13.80-17.11 1438 141 12.45-16.08
Length of pectoral fin 18.07 0.98 14.38-19.18 1743  0.76 16.17-18.10
Length of ventral (pelvic) fin 16.24 0.66 12.69-15.74 1463  0.59 13.65-15.21
Distance between pectoral and pelvic fins 21.52 0.91 22.56-28.70 20.11 0.84 18.79-21.07
Distance between pelvic and anal fins 21.11 0.91 19.54-22.23 16.99  2.26 14.39-20.58
Body width 12.86 0.88 11.09-15.88 10.31  0.37 9.90-10.86
Caudal peduncle width 4.36 0.21 3.66-6.66 4.59 0.37 4.08-5.11
Head length 24.94 0.61 22.78-26.42 20.06  0.17 19.89-20.34
In percent of head length
Preorbital distance (snout length) 31.47 2.75 23.60-32.68 2695  2.66 23.13-29.56
Horizontal diameter of eye 21.98 1.11 17.85-25.38 27.49  3.05 22.35-30.04
Postorbital distance 46.43 242 47.32-61.55 46.32  2.16 42.63-48.12
Head depth (at nape) 71.46 3.69 54.33-72.77 73.54  1.72 71.88-76.38
Head depth (at center of eye) 53.06 2.65 42.98-54.57 5540  3.80 51.39-61.54
Head width 48.34 1.08 45.17-64.33 4735  3.28 44.98-52.94
Interorbital distance 31.86 2.33 31.57-42.90 34.03  3.46 31.14-39.93

Distance between nostrils 17.25 1.09 16.24-27.68 15.92 242 13.09-19.78
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® Species Quantity 1 2 4 1 2
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Figure 2. Families’ distribution of Bolaman Stream according to specimen quantity
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Figure 3. Number of samples (n) and percentage ratios (n %) of fish species obtained from Bolaman Stream
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Family: Cyprinidae

Capoeta banarescui Turan, Kottelat, Ekmekc¢i & Imamo-
glu, 2006 (Figure 4)

Examined Material. ODUFFMS 52410-06040, 5, 59.39-
142.62 mm SL; Turkey: Karatag, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 06 Jul 2017. — ODUFFMS 52410-06041,
10, 83.52-123.74 mm SL; Orencik, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 11 Jul 2017. — ODUFFMS 52420-06042,
5, 98.09-122.40 mm SL; Dere, Catalpinar/Ordu: Karakoyun
Stream; S. Saygun, 19 May 2018. — ODUFFMS 52430-
06043, 33, 70.82-100.98 mm SL; Kestaneyokusu,

Camag/Ordu: Bolaman Stream; S. Saygun, 10 Nov 2018. —
ODUFFMS 52600-06044, 2, 115.65-116.52 mm SL; Direkli,
Go6lkdy/Ordu: Bolaman Stream; S. Saygun, 30 Jun 2018. —
ODUFFMS 52600-06045, 2, 81.37-122.43 mm SL; Cetilli,
Go61koy/Ordu: Bolaman Stream; S. Saygun, 30 Jul 2018.

Figure 4. Capoeta banarescui, ODUFFMS 52410-06040,
142.62 mm SL; Turkey: Bolaman Stream

Capoeta banarescui including in Cyprinidae is known as one
of the widely resident species in Turkish freshwaters through
The Middle and East Blacksea Regions. Their distributions
are only accepted from northeast Turkey from the Coruh
River system, which drains through Georgia and the Black
Sea. Turan et al. (2006) reported that it was a different species
from Capoeta tinca. In the study, C. banarescui was obtained
at every stations except two sampling points as the second
most common Cyprinoid species in the Bolaman Stream. The
meristic characters of this barbel fish were designated as D
1/7-8, A1/12-14, P 1/14-15, V I/8 and LL 65-69. Morphomet-
ric ratios percent were shown in Table 2.

Barbus tauricus Kessler, 1877 (Figure 5)

Examined Material. ODUFFMS 52410-06030, 17, 72.61-
139.62 mm SL; Turkey: Karatas, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 06 Jul 2017. — ODUFFMS 52410-06031,
23, 83.85-129.15 mm SL; Orencik, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 11 Jul 2017. - ODUFFMS 52600-06032,
4, 76.92-127.27 mm SL; Direkli, G6lkoy/Ordu: Bolaman
Stream; S. Saygun, 10 Nov 2018. — ODUFFMS 52600-
06033, 6, 88.39-125.70 mm SL; Cetilli, G6lkoy/Ordu: Bo-
laman Stream; S. Saygun, 30 Jun 2018.

Barbus tauricus is a barbel fish and the second most common
species of cyprinoids in the Bolaman Stream. Results of mor-
phometric measurement ratios percent procured from forty
specimens of Crimean barbell were presented in Table 2. As
the numerical counts of meristic characters were fixed to be
D1/9,P1/8-9, V 1/7-8, A 1/5 and LL 50-58.

Figure 5. Barbus tauricus, ODUFFMS 52410-06030, 95.67
mm SL; Turkey: Bolaman Stream

Family: Acheilognothidae
Rhodeus amarus (Bloch, 1872) (Figure 6)

Examined Material. ODUFFMS 52410-06070, 4, 47.30-
57.06 mm SL; Orencik, Fatsa/Ordu: Bolaman Stream; S.
Saygun, 11 Jul 2017. — ODUFFMS 52430-06071, 11, 40.39-
61.28 mm SL; Dere, Catalpinar/Ordu: Karakoyun Stream; S.
Saygun, 19 May 2018. — ODUFFMS 52600-06072, 3, 42.48-
46.05 SL; Direkli, G6lkoy/Ordu: Bolaman Stream; S.
Saygun, 30 Jun 2018. — ODUFFMS 52600-06073, 1, 36.22-
60.16 mm SL; Cetilli, G6lkoy/Ordu: Bolaman Stream; S.
Saygun, 30 Jul 2018.

Figure 6. Rhodeus amarus, ODUFFMS 52410-06070,
55.28 mm SL; Turkey: Bolaman Stream

The European bitterling (Rhodeus amarus) originates in Eu-
rope, ranging from the Rhone River basin in France to the
Neva River in Russia. It was originally described as Cyprinus
amarus by Marcus Elieser Bloch in 1782 and has been re-
ferred to in scientific literature as Rhodeus sericeus amarus
(Kottelat & Freyhof, 2007). However, while it was previously
estimated to found a subspecies of Rhodeus sericeus in Tur-
key's freshwaters, R. amarus was determined to be only one
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species belonging to Acheilognothidae (Tan and Armbruster,
2018) family in Turkey (Bektas et al., 2013).

In this study, 23 European Bitterling specimens were caught
at four stations (2", 3™, 5" and 6" stations) at the Bolaman
Stream (Table 1). Results of the morphometric percent ratios
of these specimens were represented in Table 2. Looking at
meristic specialties being the other characters of bitterling,
were counted that D 1/8-9, A 1/8-9, P 1/6-8, V 1/6 and LL 35-
38 in the research.

Family: Leuciscidae

Alburnoides fasciatus (Nordmann, 1840) (Figure 7)

Examined Material. ODUFFMS 52410-06010, 2, 52.48-
56.11 mm SL, Turkey: Karatag, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 06 Jul 2017. — ODUFFMS 52420-06011,
1, 57.66 mm SL; Orencik, Fatsa/Ordu: Bolaman Stream; S.
Saygun, 11 Jul 2017. — ODUFFMS 52600-06012, 1, 56.07
mm SL; Direkli, G6lkoy/Ordu: Bolaman Stream; S. Saygun,
30 Jun 2018.

Figure 7. Alburnoides fasciatus, ODUFFMS 52410-
06010, 56.11 mm SL; Turkey: Bolaman Stream

In the study, the Transcaucasian Sprilin, A/burnoides fascia-
tus was obtained the least number of the sample with four
specimens from the Bolaman Stream. Morphometric percent
ratios of A. fasciatus samples was shown in Table 2. The me-
ristic characters of this species were determined D 1/8-9, A
1/12-14, P I/11-12, V 1/7 and LL 42-45.

Alburnus derjugini Berg, 1923 (Figure 8)

Examined Material. ODUFFMS 52410-06020, 11, 91.12-
101.54 mm SL; Orencik, Fatsa/Ordu: Bolaman Stream; S.
Saygun, 11 Jul 2017. — ODUFFMS 52420-06021, 8, 95.85-
128.94 mm SL; Dere, Catalpinar/Ordu: Karakoyun Stream;
S. Saygun, 19 May 2018. — ODUFFMS 52600-06022, 10,
62.24-133.19 mm SL; Direkli, G6lkoy/Ordu: Bolaman
Stream; S. Saygun, 30 Jun 2018.

Figure 8. Alburnus derjugini, ODUFFMS 52410-06020,
98.05 mm SL; Turkey: Bolaman Stream

The Georgian shemaya (A4/burnus derjugini), a species of Cy-
prinoid fish in the genus A/burnus and collected also in the
Bolaman Stream, distributed in eastern Black Sea tributaries,
from south of the Caucasus in Russia and Georgia, to the
south the Coruh River in eastern Anatolia and to the west the
Sakarya River (Freyhof, 2014). According to the latest pub-
lished molecular phylogenetic study (Bektas et al., 2020), 4.
derjugini was determined that synonymized species of A4. is-
tanbulensis, A. carinatus and A. schischkovi.

A. derjugini was one of the common cyprinoid species in the
Bolaman Stream and had an 11% ratio into total fish samples
in a rank of fourth (Figure 3). The countable characters of
Georgian Shemaya were defined being D I/8, A 1/13-14, P
1/12-13, V1/8 and LL 57-60. Percent ratios as to metric meas-
urements of 27 samples from the Bolaman Stream were rep-
resented in Table 2.

Squalius cephalus (Linneaus, 1758) (Figure 9)

Examined Material. ODUFFMS 52410-06090, 9, 57.74-
150.22 mm SL; Turkey: Karatag, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 06 Jul 2017. - ODUFFMS 52410-06091,
20, 65.65-138.14 mm SL; Orencik, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 11 Jul 2017. - ODUFFMS 52420-06092,
3,113.97-121.49 mm SL; Dere, Catalpinar/Ordu: Karakoyun
Stream; S. Saygun, 19 May 2018. — ODUFFMS 52600-
06093, 9, 74.02-118.80 mm SL; Direkli, G6lkoy/Ordu: Bo-
laman Stream; S. Saygun, 30 Jun 2018. — ODUFFMS 52600-
06094, 2, 79.02-118.65 mm SL; Cetilli, G6lkoy/Ordu: Bo-
laman Stream; S. Saygun, 30 Jul 2018.
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Figure 9. Squalius cephalus, ODUFFMS 52410-06090,
150.22 mm SL; Turkey: Bolaman Stream

The Squalius living from the rivers of the European and east-
ern Black Sea are usually identified as S. cephalus (Kottelat
and Freyhof, 2007). S. orientalis is available for the ‘Eastern’
lineage while they temporarily use S. cephalus for the ‘West-
ern’ lineage (Ozulug and Freyhof, 2011). Squalius sampled
in our study indicated that it belongs to the Western lineages.
Squalius cephalus (Chub) sample shown in Figure 9 was one
of the 43 samples procured from the Bolaman Stream. In the
Table 2, morphometric ratios percent of this species were
shown. The meristic results were detected D I/8, A 1/8, P 1/12-
13, VI/7-8 and LL 42-44.

Vimba vimba (Linnaeus, 1758) (Figure 10)

Examined Material. ODUFFMS 52410-06100, 5, 105.75-
120.23 mm SL; Orencik, Fatsa/Ordu: Bolaman Stream; S.
Saygun, 11 Jul 2017.

Figure 10. Vimba vimba, ODUFFMS 52410-06100, 120.13
mm SL; Turkey: Bolaman Stream

Vimba vimba species was one of the two species that col-
lected the minimum number in the Bolaman Stream. Five
specimens captured from the only the second station was
measured and counted some metric characters. The counting
characters were found D I/8, A 1/13-14, P 1/13-14, V 1/8 and
LL 50-54. Looking at the Table 2, the percentages of mor-
phometric measurements ratios were given in this species.

Family: Gobiidae
Neogobius fluviatilis (Pallas, 1814) (Figure 11)

Examined Material. ODUFFMS 52450-06040, 2, 82.55-
9424 mm SL; Turkey: Karatag, Fatsa/Ordu: Bolaman

Stream; S. Saygun, 06 Jul 2017. - ODUFFMS 52410-06051,
2, 88.96-106.72 mm SL; Orencik, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 11 Jul 2017. — ODUFFMS 52420-06052,
4, 59.56-105.93 mm SL; Dere, Catalpinar/Ordu: Karakoyun
Stream; S. Saygun, 19 May 2018.

Figure 11. Neogobius fluviatilis, ODUFFMS 52410-06050,
94.24 mm SL; Turkey: Bolaman Stream

Neogobius fluviatilis shown a specimen in Figure 11 were
sampled eight specimens in the Bolaman Stream in this study.
It was counted and measured their meristic and metric char-
acters of Monkey goby specimens. The meristic characters
were indicated to be D1 V, D2 14-18, A 1/13-14, LL 66-69.
In the Table 3, morphometric percent ratios of this species
were shown.

Ponticola turani (Kovaci¢ & Engin, 2008) (Figure 12)

Examined Material. ODUFFMS 52410-06060, 11, 79.32-
111.09 mm SL; Turkey: Karatas, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 06 Jul 2017. — ODUFFMS 52410-06061,
12, 84.35-108.18 mm SL; Orencik, Fatsa/Ordu: Bolaman
Stream; S. Saygun, 11 Jul 2017. - ODUFFMS 52420-06062,
2, 67.67-91.32 mm SL; Dere, Catalpmar/Ordu: Karakoyun
Stream; S. Saygun, 19 May 2018. — ODUFFMS 52600-
06063, 10, 77.00-110.98 mm SL; Direkli, G6lkdy/Ordu: Bo-
laman Stream; S. Saygun, 30 Jun 2018. — ODUFFMS 52600-
06064, 4, 67.94-91.89 mm SL; Cetilli, G6lkdy/Ordu: Bo-
laman Stream; S. Saygun, 30 Jul 2018.

Figure 12. Ponticola turani, ODUFFMS 52410-06060,
111.09 mm SL; Turkey: Bolaman Stream
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Aksu goby, one of the endemic species of Turkey, was the
fourth most caught species in the Bolaman Stream (Figure 3).
Percent ratios as to metric measurements of specimens from
the Bolaman Stream were represented in Table 3. Countable
characters were found to be D1 VI, D2 15-16, A 1/11-14, LL
60-65.

Family: Salmonidae

Salmo coruhensis Turan, Kottelat & Engin, 2010 (Figure
13)

Examined Material. ODUFFMS 52430-06080, 5, 116.94-
230.50 mm SL; Kestaneyokusu, Camas/Ordu: Bolaman
Stream; S. Saygun, 10 Nov 2018.

The Coruh trout, one of the endemic species in North inland
waters of Turkey, was observed in this study, too. Salmo
coruhensis, which is living commonly in cold streams of
Eastern Black Sea in Turkey and which is described as a new
endemic species by Turan et al. (2009), is still accepted as a
valid species in taxonomic literature but, in a molecular study
performed by Kalayci et al. (2018) it was reported that this
species and similar salmonid species are from the Danube lin-
eage of brown trout (Salmo trutta). S. coruhensis, which nat-
urally lives in higher places compared to other species, has
also been found at approx. 753m altitude (Table 1) of the
stream in this study. In the seventh station, the highest sam-
pling point, it was unbelievable not to come across neither
salmonids nor any fish species. The meristic data were
counted D 1/10-12, A 1/9-10, P 1/12, V I/8-9 and LL 87-90.

Figure 13. Salmo coruhensis, ODUFFMS 52430—060,
230.50 mm SL; Turkey: Bolaman Stream

Some morphometric characters of S. coruhensis specimens
were accounted for as a percentage ratio according to stand-
ard length (SL) and head length (HL). Morphometric percent-
age ratios of this species were shown in Table 4.

Conclusion

In this study, the number of species in the Bolaman Stream
was also the highest in the Cyprinoid species with about 80%
(211 samples), but the Barbus and Capoeta species were ap-
prox. 41% of the total sample number (Figure 2). According

to the distribution of fish species in the stream, the least in-
tense sampled species were about 2% of Alburnoides fascia-
tus, Salmo coruhensis and Vimba vimba. The Ponticola tu-
rani (approx. 15%) was the most common forth species after
C. banarecui, B. tauricus and S. cephalus. As a single species,
Salmo coruhensis from Salmonidae family and Rhodeus am-
arus species from Acheilognothidae family were obtained.
However, when the distribution in stations of the samples ob-
tained in the study was examined, the second station (nine
species) has the highest number of species compared to other
sampling points.

Squalius cephalus and S. orientalis are two species that are
similar to each other and have been difficulty distinguished.
Berg (1949) had identified S. cephalus from S. orientalis (as
subspecies of S. cephalus) by the number of branched anal-
fin rays (usually 8" in S. cephalus vs. usually 92 in S. ori-
entalis) and body shape (body more elongate in S. orientalis)
(Ozulug and Freyhof, 2011). 95% of the 43 samples
(ODUFFMS 52410-06090) obtained in this study had the
specified feature which are quite elongate and have all 8"
branched anal-fin rays.

As the conclusion of this study, for the first time, it was iden-
tified ten species in five different genera belonging to five
families (Acheilognothidae, Cyprinidae, Gobiidae, Leucis-
cidae, and Salmonidae) in the Bolaman Stream. During the
sampling performed, it was seen that there is pollution in sec-
tions, which also is less the water than the main riverbed and
even in the high parts of the stream. Moreover, it was deter-
mined that there are few or no species at some stations, where
environmental conditions threaten the habitats of the fish in
the research. According to data obtained from samplings con-
ducted in the study during the summer months, the Hydroe-
lectric Power Plants founded on the Bolaman Stream have
been observed that been threaten enough water regime for the
survival of fish. Contrary to what I expect in this study, it is
possible to say that environmental conditions threaten the
habitat of fishes along the stream as a result of taking more
fish samples of different species from small streams that flow
into the Bolaman Stream and are relatively cleaner than the
stream. The fact that no samples of any species were not ob-
tained from a station (7 st) on one of the highest elevations
can be also an indication of this. Monitoring of changes
threatening the future of fauna and flora in the stream and
more detailed physicochemical and taxonomic studies are
needed within or after a decade.
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Table 3. Mean (¥) percentage ratios of some morphometric characters of Gobioid species obtained from the Bolaman Stream
according to standard length and head length. &+ Standard deviation, m-M minimum-maximum values

Neogobius fluviatilis (n=8) Ponticola turani (n=39)
X + m-M X + m-M
Standard Length (mm) 83.46 17.68 59.56-106.72 93.35 11.33 67.67-111.09
In percent of standard length
Length of head 26.84 0.82 25.78-28.39 27.50 1.66 22.01-30.14
Head depth (at nape) 15.27 1.36 13.48-17.13 18.16 2.13 13.61-24.59
Predorsal distance 1 31.84 1.46 29.67-34.13 32.71 3.09 27.53-48.80
Predorsal distance 2 46.34 2.83 39.83-49.50 47.37 1.68 43.88-50.93
Pength of dorsal fin 2 40.30 1.10 37.73-41.73 46.25 2.50 38.36-51.72
Dorsal fin heigth2 13.76 1.57 11.48-17.06 29.40 3.60 22.50-41.84
Length of pectoral fin 23.14 2.39 19.17-27.37 21.82 2.87 11.55-29.16
Length of pelvic fin 19.20 1.82 16.19-21.90 16.45 1.18 14.17-18.79
Length of anal finbase 30.95 245 26.82-35.63 27.42 1.76 23.04-31.03
Length of caudal peduncle 18.23 1.62 15.81-20.69 17.78 2.33 12.90-22.74
Minimum body height 7.02 0.26 6.53-7.37 9.56 0.56 8.40-10.60
Maximum body height 17.06 1.40 14.52-19.11 19.98 1.33 16.19-22.52
Head width 17.19 2.08 15.21-22.07 21.58 1.73 18.24-25.44
In percent of head length
Preorbital distance 35.21 1.56 33.90-39.13 32.05 5.03 22.88-48.68
Horizontal diameter of eye 17.74 1.75 14.84-21.32 19.31 2.15 15.23-24.01
Postorbital distance 50.18 2.82 46.17-54.67 52.18 6.16 41.65-74.13
Head depth (at nape) 56.98 5.88 48.30-65.35 66.19 8.08 53.04-89.67
Head width 64.08 7.78 55.04-81.01 78.74 7.74 64.01-98.03

Interorbital distance 15.99 343 9.84-21.77 13.44 2.56 8.64-21.18
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Table 4. Mean (¥) percentage ratios of some morphometric characters of Salmo coruhensis from the Bolaman Stream to
standard length and head length, + Standard deviation, m-M minimum-maximum values

Salmo coruhensis (n=5)

X + m-M
Standard Length (mm) 163.49 50.69 116.94-230.50
In percent of standard length
head length 25.98 2.01 24.11-29.88
Maximum body height 21.96 1.20 20.59-23.90
Minimum body height 9.28 0.73 8.24-10.28
Predorsal distance 45.06 1.26 43.64-46.76
Postdorsal distance 41.73 2.08 39.63-45.55
Length of adipose finbase 4.00 0.49 3.20-4.58
Distance between adipose and caudal finbases 16.94 1.07 15.35-18.56
Prepelvic distance 54.19 1.84 51.97-56.82
Preanal distance 70.91 1.01 69.55-72.21
Distance between pectoral and pelvic fins 30.00 0.86 29.05-31.32
Dist. between pelvic and anal fins 19.62 0.61 18.91-20.34
Length of caudal peduncle 19.09 1.54 16.79-21.15
Length of dorsal fin 13.89 0.89 12.77-15.07
Dorsal fin heigth 18.47 1.62 15.86-20.16
Length of anal finbase 10.84 1.14 9.76-12.81
Depth of anal fin 15.44 1.41 13.21-16.73
Length of pectoral fin 18.13 1.07 17.28-20.23
Length of pelvic fin 14.22 0.69 13.11-15.16
In percent of head length
Head depth (at nape) 61.82 5.17 54.11-69.50
Head depth (at center of eye) 47.87 3.53 42.68-52.10
Preorbital distance 27.65 1.17 25.97-29.02
Horizontal diameter of eye 20.41 1.25 18.97-22.70
Interorbital distance 29.24 1.46 27.52-31.43
Postorbital distance 50.57 2.85 47.34-54.91
Depth of upper jaw 12.39 0.71 11.11-13.27
Upper jaw length 48.63 2.14 46.07-51.13

Lower jaw length 68.38 10.00 59.09-83.96
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Introduction

The greater weever is a trachinidae found in Eastern Atlantic;
Norway to Morocco, Madeira and Canary Islands, including
the Mediterranean and the Black Sea (Fischer et al., 1987,
FishBase: Froese and Pauly, 2020). Trachinus draco Lin-
naeus 1758 inhabits sandy, muddy or gravelly bottoms, from
a few meters to about 150 m. Rest on the bottom, often buried
with eyes and tip of first dorsal fin exposed (Frimodt, 1995).
The first dorsal fin rays, as well as the spine on the pre-oper-
culum contains venomous spines protecting the species from
predators. During night, the greater weever leaves the burrow
to feed on small invertebrates and fishes (Carpenter et al.,
2015). At night, it also swims around freely, even pelagically
(Muus and Nielsen 1999). T. draco is oviparous, eggs and
larval stages are pelagic (Tortonese, 1986). There are dark
markings along the scales; the anterior dorsal fin is black and
contains venomous spines. Its length is very common be-
tween 10 and 30 cm with a maximum of 45 cm in the Medi-
terranean and common between 15 to 20 cm with a maximum
of 36 cm in the Black Sea (Fischer et al., 1987).

Available bibliography for 7. draco is diversified dealing
with reproduction (Bagge, 2004; Ak and Geng, 2013), Para-
sites (Azizi et al., 2016; Kayis and Er, 2016), lipid content
(Loukas et al., 2010), feeding habits (Santic et al., 2016),
population structure and dynamics (Quigley, 1994; Portillo
Strempel et al., 2008; Buz and Basusta, 2015; Carpenter et
al., 2015; Custovic et al., 2014) but most of them focused on
envenomation and toxin properties (Muir evans 1907; Skeie,
1962; Chahl and Kirk, 1975; Perriere and Michel, 1986;
Halstead and Vinci, 1987; Chhatwal and Dreyer, 1992;
Bouree and Langon, 2002; Church and Hodgson, 2002; Ac-
ciaro et al., 2003; Verdiglione et al., 2003; Berger and
Caumes, 2004; Russell and Emery, 2006; Lopacinski et al.,
2009; Benlier et al., 2010; Portillo Strempel and Ceballos,
2012) and mainly on weight length relationship (Dorel 1986;
Coull et al., 1989; Gongalves et al., 1997; Merella et al.,
1997; Moutopoulos and Stergiou, 2002; Mendes et al., 2004;
Mendes et al., 2006; Ozaydin et al., 2007; Karakulak et al.,
2006; lkyaz et al., 2008; Mata et al., 2008; Ak et al., 2009;
Giacalone et al., 2010; Benmessaoud e? al., 2015; Oztekin et
al., 2016; Ozdemir et al., 2017; Hamed et al., 2016).

In fisheries science maximum length and maximum age are
important theoretical parameters found as entry data in ma-
jority of the models used in stock assessments (Allen, 1971;
Pauly, 1980; Welcomme, 1999; Froese and Binohlan, 2000).
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In this context, updating the maximum size of a species har-
vested for commercial or recreational purposes is gaining
more importance (Borges, 2001; Dulci¢ and Soldo, 2005;
Akyol and Sen, 2008). The maximum observed length is a
useful tool for a rapid evaluation of growth rates in the ab-
sence of basic data (Legendre and Albaret, 1991, Froese and
Binohlan, 2000). To date, for Algerian waters no such studies
were leaded on this trachinidae.

Material and Methods

On the 15™ April 2017, one female specimen of the greater
weever, Trachinus draco measuring 44.69 cm in total length
and weighting 885 g was captured by captured by trammel
net operating in Oran Bay (Cape Rousseau: 35°48'45.0"N
0°36'46.8"W) on sandy/rocky bottom at 120 m depth (Fig.
1).

1900° 0°50"  0°40"  0°30° 0°20* 01715 01°10°  00°00"  00°10"

Mediterranean Sea

36°00°F 136%00°

35°50°F

135°50"

35°40°F 435%40°

l“E)O' 0’;0' 0°4l® 0"‘30’ 0‘"20’ 1“‘15’ I°;0' DO"IDO' DO':10'
Figure 1. Sampling location of greater weever (Trachinus
draco) specimen.

The specimen was measured with an electronic caliper to 0.1
mm precision and weighted to the nearest 0.1 g then photo-
graphed. Eighteen morphometric characteristics were meas-
ured (Figure 2): Total length (TL), Fork length (FL), Standard
length (SL), Pectoral fin length (LP), Ventral fin length (LV), 1st
dorsal fin length (LD1), 2nd dorsal fin length (LD2), Cephalic
length (LC), Maxillary length (LM), Post-orbital distance (POD1),
Eye diameter (O), Post-orbital distance (POD?2), Pre-ventral fin
distance (PVDI), Post-ventral fin distance (PVD2), Anal fin
length (LA), Post-anal fin distance (PAD), Caudal peduncle mini-
mal depth (T), Maximum body height (TPC), Total weight (TW).
Description, measurements and percentage of each body part are
reported to total length are given in (Table 1).
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(LA), Caudal peduncle minimal depth (T), Maximum body height (TPC), Pre-ventral fin distance (PVD1), Post-anal fin distance (PAD), Post ventral fin
distance (PVD2).

Figure 2. Morphometric measurements of the greater weever Trachinus draco adapted from Fischer ef al. (1987).

Results and Discussion

On the 15™ April 2017, one female specimen of the greater
weever, Trachinus draco measuring 44.69 cm in total length
and weighting 885 g was captured by trawler operating in
Oran Bay at 120 m depth. Species identification sheets
(Fischer et al., 1987; Djabali et al., 1993) were used to iden-
tify the specimen of 7. draco (Fig.3) where the body appear
elongated and compressed. Small eyes located near the dorsal
profile of the head; width of the interorbital space roughly
equal to half the diameter of the eye; large oblique mouth, the
maxillary extending beyond the posterior edge of the eye
when the mouth is closed with villiform teeth.

According to Fischer et al., (1987) T. draco has a strong ven-
omous spine on the operculum, 2 spines on the anterodorsal
edge of the orbit and another above the upper lip, in front of
the eye. Two dorsal fins, the first short counting 5 to 7 spines,

the second, long counting 29 to 32 soft rays; anal with 2 Figure 3.Trachinus draco (44.69 cm TL §) caught in Oran Bay,
(Photographed by: ADDA NEGGAZ Hichem).

|

spines and 29 to 32 soft rays. Generally, the greater weever is
greenish brown back with dark spots on the head, yellowish-
white flanks according to the oblique rows of scales, of
brown, blue, yellow lines; second dorsal fin yellowish, anal
mauve.
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Measurements, meristic characteristics, weight and percent-
age of each body part of the greater weever caught in Oran Bay re-
ported to total length are given in (Table 1).

Table 1. Morphometric measurements as percentage of total
length (% TL) of Trachinus draco caught in Oran Bay (W.
Mediterranean Sea).

Morphometric characteristics Measurement Proportion

(cm) (Y0)
Total length (TL) 44.69 100.00
Fork length (FL) 43.44 97.20
Standard length (SL) 39.30 87.94
Pectoral fin length (LP) 5.76 12.90
Ventral fin length (LV) 3.28 7.360
1% dorsal fin length (LD1) 2.74 6.140
2™ dorsal fin length (LD2) 19.76 44.22
Cephalic length (LC) 7.67 17.16
Maxillary length (LM) 1.41 3.160
Post-orbital distance (POD1) 2.96 6.620
Eye diameter (O) 0.77 1.720
Post-orbital distance (POD2) 5.68 12.72
Pre-ventral fin distance (PVD1) 6.15 13.78
Post-ventral fin distance (PVD?2) 2.70 6.060
Anal fin length (LA) 25.70 57.51
Post-anal fin distance (PAD) 2.66 5.950
Maximum body height (TPC) 2.57 5.750
Caudal peduncle minimal depth (T) 8.40 18.80
Total weight (TW) 0.88 -

Meristic characteristics

Operculum spines 2%
Short eye spines 2
1* dorsal fin spines 7 (2*+5)
2" dorsal fin 32
Pelvic fin 6
Pectoral fins 15
Anal fin 31
Caudal fin 16

*: venomous

According to Portillo Strempel et al., 2008 T. draco showed
a seasonal migratory behavior, with a preference for shal-
lower waters, up to 75 m depth during autumn and for deeper
waters up to 160 m depth, during spring in the northern Al-
boran Sea (SW Mediterranean) which is the case of our spec-
imen captured in April 2017.
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The maximum length ever recorded of 7. draco belongs to
IGFA 2001 in the Atlantic Ocean (Canary island, 56cm) and
by Otel (2007) in Danube Delta (53cm) followed by Fischer
et al., 1987 (45cm) in the Mediterranean, all successive rec-
ords are shown in Table 2.

Greater Weever is caught as bycatch in the majority of fish-
eries and landings are declared from the following FAO re-
gions: Northeast Atlantic, Mediterranean and Black Sea. The
overall trend in landings is one of dramatic fluctuations with
a general increase in landings over time (Carpenter et al.,
2015). As stated previously little is known on its ecobiology,
population trends and most of studies focused on its toxins.

In the Mediterranean Sea, the maximum length of 7. draco
were reported as 45 cm TL (n=1124); 36 cm from Black Sea
(Fischer ef al.,1987); If we consider to maximum length rec-
orded during our study so this length represents the maximum
length for both Algerian and Western Mediterranean Sea. The
aim of this paper is to present a compilation of maximum
length for 7. draco with a new record for the greater weever
caught in Western Mediterranean Sea (Oran Bay).

Wootton 1990; 1999 in Helfman et al. (2009) stated that fac-
tors such as temperature, food availability, nutrient availabil-
ity, light regime, oxygen, salinity, pollutants, current speed,
predator density, intraspecific social interactions, and genet-
ics often working in combination, creating large variations in
size of fishes of the same and different ages, also populations
exposed to high fishing mortality/pressure will respond by re-
producing at smaller average sizes and ages. Generally, in the
Mediterranean and Black Sea where fishing activity is inten-
sive, the maximum length was relatively low (Table 2) 32 cm
in Tunisian waters, 38cm in French waters, 32.9 in Greek wa-
ters, 23 cm in Egyptian waters cm TL.

Contrarily, in oceanic and northern seawaters individuals
doesn’t face the same fishing pressure, maximum length ap-
pears more important with a maximal length recorded in Ca-
nary Islands reaching 56 cm (IGFA, 2001). In this context,
frequenting the eastern part of oranian shoreline an area un-
dergoing a less fishing pressure than the western area (Oran
Bay) (Pers.obs) we can explain that our specimen may have
reached this maximum length observed. Also, we can add the
fact that there is no predator known for 7. draco at the top of
the trophic chain.
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Table 2. Maximum length records of Trachinus draco given by several authors.

Location Depth (m) TL (ecm) TW (g) References
Aegean Sea <30 35.2 235.82* Karakulak et al., (2006)
Saros Bay 28-370 37.0 427.00 Ismen et al., (2007)
Izmir Bay - 34.1 288.99* Ozaydin et al., (2007)
N. Eastern Mediterranean 5-100 20.0 53.18 Sangun et al., (2007)
Aegean Sea 30-70 36.6 365.42* Ilkyaz et al., (2008)
Turkey Aegean Sea - 36.6 401.43 Kinacigil et al., (2008)
Eastern Black Sea 60 35.0 549.20 Ak et al., (2009)
Iskenderun Bay 18-19m 20.6 55.84 Gokge et al., (2010)
Eastern Black Sea 60 25.8 131.76 Ak and Geng, (2013)
Iskenderun Bay - 238221;/[ ;3133151% Buz and Basusta, (2015)
Aegean Sea 0-400 36.4  294.00  Oztekin et al., (2016)
Black Sea - 40 - Banarescu, (1964)
Romania Agigea Eforie Nord Area 9.3-12.5 16.5 18-27  Roscaet al., (2010)
Danube Delta - 53.0 - Otel, (2007)
Tunisia Gulf of Tunis - 32.0 236.30 Hamed and Chakroun-Marzouk, (2016)
France Gulf of Gascogne - 38.5 317.97* Dorel, (1986)
Catalan coast 1-80 38.5 375.00 Crec’hriou et al., (2012)
Cyclades, Aegean Sea 4-90 325 Erzini et al., (1999)
Greece, Aegean Sea - 32.0 219.03* Moutopoulos and Stergiou, (2002)
Greece Greece, Thermaikos Gulf - 30.5 189.37* Karachle and Stergiou, (2008)
Greece North Aegean Sea 15-800 28.8  149.40 Torres et al., (2012)
Korinthiakos Gulf 50-300 32.9 206.13* Moutopoulos et al., (2013)
40-80 242 83.90* Merella et al., (1997)
Balearic Islands 0.5-1713 26.5 125.00 Morey et al., (2003)
Spain - 340 259.64*  Garmon, (2005)
Eastern Atlantic <20 29.5 167.94* Mata et al., (2008)
Alboan Sea 50-164 39.0 - Portillo Strempel et al., (2008)
Eastern Atlantic Ocean 13-55 340 502.06* Gongalves et al., (1997)
Portugal Algarve coast - 39.6 554.10 Santos et al., (2002)
Eastern Atlantic 30-350 39.0 460.00 Mendes et al., (2004)
Egypt Alexandria Bay 30-200 23.0 200.52*  Abdallah et al., (2002)
Croatia Eastern Adriatic - 26.8 330.00 Dul¢i¢ and Kraljevi¢, (1996)
Italy  Sicily 10-200 29.5 169.26*  Giacalone et al., (2010)
Schull Bay - 42.0 510.00 Went, (1973)
Ireland Keem Bay (Co Mayo) - 354 311.00 Quigley et al., (1990)
Ballycotton Bay (Co Mayo) - 38.7 - Quigley et al., (1994)
North East Atlantic 35.0 344.00 Coulletal., (1989)
North Sea/North-East Atlantic - 36.5 352.78* Wilhelms, (2013)
Western Atlantic, Canary island - 56.0 1740.00 IGFA, (2001)
Northern/Central Adriatic - 32.8 - Custovic et al., (2014)
Denmark Kattegat 9.9-27.1 325M - 221.40 Bagge, (2004)
37.6 F 350.20
- gllz‘cigesrz anean Sea - ‘3‘2:8 - Fischer et al., (1987)
Algeria Oran Bay 120 44.69 885.00  Present study

*Weight calculated from LWR (length weight relationship).
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Conclusion

As conclusion, more efforts and means must be deployed to
explore Oran Bay biodiversity deeply, target large specimens
and try to study fish population’s dynamics and their interac-
tion with different biotopes present in the area (sandy,
muddy, rocky, gravelly).
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Introduction

Aquaculture activities have begun in Turkey in 1970s with
rainbow trout (Oncorhynchus mykiss). Production of rainbow
trout reached to 103.192 t in 2018 in Turkey. In this period of
time, by the increase of the number of fish farms and the pro-
duction, disease problems has begun and until recently, these
epizootics have increased rapidly parallel to the epizootics in
other countries.

Motile Aeromonas septicaemia (MAS, Bacterial hemorrhagic
septicemia, Aeromonad septicemia or Red Pest) caused by
motile members of the genus Aeromonas is a ubiquitous dis-
ease affecting freshwater and marine fish all over the world.
Fish pathogenic motile Aeromonads have often been associ-
ated with A. hydrophila (Austin and Austin, 2007). However,
other members of the genus including A. sobria (Toranzo et
al., 1989), A. allosaccharophila (Martinez-Murcia et al.,
1992), A. caviae (Candan et al., 1995), A. jandaei (Esteve et
al., 1995), A. veronii biovar sobria (Rahman et al., 2002) and
A. schubertii (Alvarez et al., 2004) have also been detected as
fish pathogens. These bacteria are known to cause various in-
fections, especially gastroenteritis, by passing from animals
to humans through food (Plumb and Hanson, 2011).

Aeromonas sobria has been recognized as a fish pathogen
since 1987 and it was first reported in wild gizzard shad
(Dorosoma cepedianum) in USA (Toranzo et al., 1989). In
Turkey, 4. sobria was first reported in intestinal tracts of
healthy Atlantic salmons (Sa/mo salar) in Black Sea (Kara-
tas, 1996). This pathogen was also detected in rainbow trout
(Oncorhynchus mykiss) (Kayis et al., 2009; Ozer et al., 2009;
Durmaz and Turk, 2009; Onuk et al., 2017), gold fish
(Carassius auratus) (Korun and Toprak, 2007), green terror
(Andinoacara rivulatus) (Sahin et al., 2019), gilthead sea
bream (Sparus aurata) and sea bass (Dicentrarchus labrax)
(Avsever et al., 2012) in Turkey. Wahli et al. (2005) declared
that A. sobria is a causative agent of ulcerative skin diseases
in farmed perch (Perca fluviatilis L.) with high mortality in
Switzerland. A. sobria caused mass mortality of Garra rufa
in a hatchery in Slovakia (Majtan et al., 2012).

Motile Aeromonas septicaemia are usually associated with
stressors (Shoemaker et al., 2015). Poor feeding response,
lethargy, pale gills, exophthalmia, and haemorhagic eyes are
the most common clinical findings of MAS. Scale loss,
frayed fins and necrotic lesions on the skin and friable organ
are also observed (Toranzo et al., 1989; Karatas, 1996;
Yardimci and Aydin, 2011; Shoemaker et al., 2015).

Infection of eggs, fry and larger fish by water mould is an-
other problem in cultured rainbow trout. Fungal infections
can occur as a secondary infection alongside bacterial, viral

Short Communication

or parasitic infections (Roberts, 2012). The present study
aimed to determine the cause of mortalities in rainbow trout
fry (Oncorhynchus mykiss) cultured in a research hatchery of
Marmara Region in Turkey.

Material and Methods

Bacteriological and Fungal Examination

Totally 18 moribund individuals were investigated by using
basic bacteriological and mycological methods. Samples
were taken from internal organs and streaked onto Tryptic
Soy Agar and Sabouraud %2 Dextrose Agar and incubated at
22°C for 48-72h. After incubation, the isolated bacterial pure
cultures were examined using standard protocols according
to Austin and Austin (2007) and Buller (2004). Also rapid
diagnosis kit API 20E was used in all isolates. Before nec-
ropsy, scrapings taken from fungal mats at the base of fins
were stained with lacto-phenol cotton blue and examined un-
der light microscope.

Antimicrobial Susceptibility Testing

All bacterial isolates were tested for antimicrobial suscepti-
bility by using Kirby-Bauer disc diffusion method and per-
formed using multidiscs (chloramphenicol, florfenicol, eryth-
romycin, oxytetracycline, kanamycin, streptomycin, ampicil-
lin, enrofloxacin, ciprofloxacin and flumequine). Isolates
were streaked onto Mueller-Hinton agar (Oxoid), incubated
at 22°C for 48h and interpreted according to Clinical and La-
boratory Standards Institute (CLSI) data (CLSI, 2013).

Histological Examination

Histopathological tissue samples from the internal organs
were taken and fixed in 10% buffered formalin, processed
with routine methods and embedded in paraffin blocks. Sec-
tions (Sum) were stained with haematoxylin-eosin (HE)
(Culling, 1963) and examined under light microscope using
the image analysis system NIS-Elements BR Microscope Im-
aging Software (Nikon Instruments).

Results and Discussion

The moribund fish samples externally showed loss of color
or darkening of the skin (Figure 1A, B), eroded fins and fun-
gal mats at the base of fins (Figure 1B), slight exophthalmia
(Figure 1C) and prolapse (Figure 1D). Internally, pale liver
and visceral fat and accumulation of a mucoid yellowish fluid
in the intestines were observed (Figure 1E). Petechial haem-
orrhage in the liver and splenomegaly were detected in a few
sample (Figure 1F). These clinical findings are similar to the
typical MAS findings reported by many researchers
(Snieszko and Bullock, 1965; Toranzo et al., 1989; Karatas,
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1996; Yardimci and Aydin, 2011; Shoemaker et al., 2015). In
MAS, outbreaks are associated with poor management and
environmental status and this stress-related situation causes
mortality (Plumb and Hanson, 2011). In this study, a consid-
erable level of mortalities occurred in the hatchery fish
stocks.

Total of twenty Gram-negative motile isolates were recov-
ered from kidney, spleen, liver and blood of ten moribund fish
samples. These motile Gram-negative short rods produced
white-cream convex colonies on Tryptic Soy Agar at 22°C
after 48h. All isolates showed the same biochemical, morpho-
logical characteristics and API 20E results. The bacterium
produces arginine dihydrolase, catalase, 3-galactosidase, in-
dole, lysine decarboxylase and oxidase but does not hydro-
lyse esculin. The API 20E profile is so similar with previous
A. hydrophila reports (Buller, 2004; Austin and Austin,
2007). They were characterized by haemolytic colonies on
sheep blood agar when grown at 25°C and 30°C and all of
them were identified as Aeromonas sobria (Table 1).

Table 1. Some phenotypic and morphological characteristics
of Aeromonas sobria isolates

A. sobria n=20

Characteristics
Colony colour Cream
Morphology Rods
Gram Staining -
Motility
Cytochrome Oxidase
Catalase

O/F Test +/+
Inositol -
Arabinose -
Sorbitol -
Esculin
Production of H2S -
Citrate

ONPG

0/129 (150ug)

Indole

Methyl Red
Voges-Proskauer Test
Arginine

Lysine -
Ornithine -
API 20E results 724713757

+: positive reaction, -: negative reaction, R: resistant, V: variable

+ |+ ]|+

+ |+ <]+ R +]+

Oomycetes of the genus Saprolegnia, especially S. parasit-
ica, are economically important pathogens of fish. Sapro-
legnia species also affect to decline of the amphibians and
crustaceans. In Japan, S. parasitica and S. diclina caused high
mortality of cultured rainbow, coho salmon (Oncorhynchus
kisutch) and ayu (Plecoglossus altivelis) (Yuasa et al., 1977,
Yuasa and Hatai, 1995). Grey-white patches on fish skin hav-
ing cotton-like appearance underwater were also observed in
some rainbow trout fries. When fungal mats that stained with
lacto-phenol cotton blue were examined under light micro-
scope, Saprolegnia sp. observed in fins and skin lesions. No
growth was detected on Sabouraud %2 Dextrose Agar after
the incubation at 22°C after 72h. For this reason, Saprolegnia
infection was considered as a secondary, opportunistic infec-
tion.

Durmaz and Tiirk (2009) reported that Aeromonas so-
bria isolates were highly resistant to oxytetracycline, strepto-
mycin and carbenicillin in their study. Onuk et. al (2017) re-
ported that A. sobria strains, that were isolated from rainbow
trout, from mullet and in water resources from different geo-
graphic regions of Turkey, were gentamicin-sensitive but re-
sistant to beta-lactam antibiotics and ampicillin. In this study,
all isolates were found to be susceptible to florfenicol, en-
rofloxacin and ciprofloxacin, while they were semi-sensitive
to chloramphenicol and flumequin, and resistant to erythro-
mycin, oxytetracycline, kanamycin, streptomycin, ampicillin
and vibriostatic agent O/129. Similar sensitivity to ciproflox-
acin and enrofloxacin were reported by other research-
ers (Guz and Kozinska, 2004; Durmaz and Turk, 2009; Onuk
et al., 2017; Sahin et al., 2019). We found that the highest
resistance was against ampicillin and oxytetracycline. While
ampicillin is used for the treatment of human diseases, oxy-
tetracycline is used in the treatment of bacterial diseases in
freshwater fish farming in Turkey. The possible cause of re-
sistance to these antibiotics is thought to be due to the heavy
use of these antibiotics.

Histopathologically, vacuolar degeneration and necrosis in
the parenchyma cells of liver, hyperaemia and haemorrhage
in the liver (Figure 2A, B), depletion of the spleen (Figure
2C), myopathy (Figure 2D), tubular necrosis, periglomerular
edema and multifocal melanomacrophage centers in the kid-
ney (Figure 2E), hyperplasia of gill lamellae and disruption
of gill epithelium (Figure 2F) and depletion of white pulp in
the spleen were determined. Our histopathological results are
similar with previously reported histopathological findings of
Motile Aeromonad infections (Yardimer and Aydimn, 2011;
Laith and Najiah 2013; Saharia et al., 2018).
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L AR

Figure 1. Moribund fish showed (A) depigmentation of the skin, (B) eroded fins and fungal mats at the base of fins (*), (C) slight exophthalmia (arrowed),
(D) haemorrhage and prolapse (arrowed), (E) visceral fat (*) and (F) splenomegaly(*).
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Figure 2. Photomicrographs of the tissue sections of moribund rainbow trout fries. (A) Vacuolar degeneration and necrosis in the parenchyma cells
of liver, hyperaemia and haemorrhage in the liver H&E X20, (B) necrosis in the parenchyma cells of liver and haemorrhage H&E X20,
(C) depletion of white pulp in the spleen H&E X20, (D) myopathy H&E X10, (E) tubular necrosis (n), periglomerular edema (*) and
multifocal melanomacrophage centers (mc) in the kidney H&E X20, (F) hyperplasia of the gill lamellae (arrowed) and disruption of the
gill epithelium (*) H&E X20.
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A co-infection caused by Saprolegnia parasitica and Aer-
omonas hydrophila were described previously in sea bass by
Dingtiirk et al. (2018) in a recirculating aquaculture system
and they suggested that S. parasitica could be dominant in the
outbreak, but in our case we found that Aeromonas sobria
was the primary cause.

Conclusion

In aquaculture, increased production, pressures on faster
growth, high stock density could create conditions conducive
to outbreak of bacterial infectious diseases. In conclusion,
motile Aeromonad septicaemia was described in this study.
Saprophytic fungus Saprolegnia sp. played a role as a sec-
ondary pathogen in this infection. In addition, according to
the data obtained from this study, enrofloxacin was success-
ful with a feed dose of 20 g/ 10 kg / 7-8 days in the treatment
of diseased fish.
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oz

Son yillarda artan plastik kullanimi ve yanlis geri doniisiim politikalari ekosistemde plastik atiklarin birikme-
sine neden olmustur. Sucul ekosistemdeki canlilar tizerindeki etkilerinin goriilmesiyle birlikte plastik kirliligi
kiiresel bir sorun haline gelmistir. Ortamda farkl1 fiziksel, kimyasal ve biyolojik etkenlerden dolay1 mikro-
plastiklere (MP’lere) ve nanoplastiklere (NP’lere) pargalanan plastikler, besin zincirine girerek insan sagli-
gin1 tehdit etmektedir. Yaygin plastik kirliliginin bir sonucu olarak, mikroplastikler ve nanoplastikler zoo-
planktonlardan, baliklara, kabuklu su iiriinlerinden deniz memelilerine kadar bir¢ok farkli canli tarafindan
yutulmaktadir. Su iiriinlerinin biinyelerine giren mikroplastikler canli dokuda sindirilip, doku ve organlar
arasinda yer degistirebilmektedir. Bununla birlikte su iiriinleri isleme teknolojilerinde yer alan bazi asamalar
da mikroplastik kontaminasyon kaynagi olabilmektedir. Mikroplastiklerin neden oldugu fiziksel, kimyasal
ve biyolojik toksisite etkileri heniiz tam olarak bilinmemektedir. Ileride yapilacak olan ¢alismalarda, tiiketici
saglig1 agisindan islenmis su iiriinlerindeki mikroplastiklerin kaynaginin ve bulagma yollarinin incelenip be-
lirlenmesi 6nem arz etmektedir. Bu derlemede, sucul ekosistemlerden besin zincirine giren mikroplastiklerin
gida giivenligi agisindan islenmis triinlerdeki riskleri tartigilip, bu arastirma alanindaki mikroplastiklerin
identifikasyonu ve sayimi i¢in analitik yontemler incelenmistir.

Anahtar Kelimeleri: Plastik kirliligi, Nanoplastik, Kontaminasyon, Isleme teknolojileri, FTIR, Raman
ABSTRACT

Microplastic risks in the seafood in terms of food safety and their research methods

Plastic waste has accumulated in the aquatic ecosystem as a result of the increasing use of plastic in recent
years and their wrong recycling policies. Plastic pollution has become a global problem with its effects on
aquatic organisms. Plastics that break down into microplastics (MPs) and nanoplastics (NPs) due to different
physical, chemical and biological factors in the environment enter the food chain and directly threaten human
health. As a result of widespread plastic pollution, microplastics and nanoplastics are ingested by many dif-
ferent species, from zooplankton, fish, shellfish to marine mammals. Microplastics that enter into marine
organisms can move within living tissue and move between tissue and organ. However, some stages in sea-
food processing technologies can also be a source of microplastic contamination. Physical, chemical and
biological toxicity effects caused by microplastics are not fully known yet. In future studies, it is important
to examine and determine the source and transmission routes of microplastics in seafood for consumer health.
In this review, the risks of microplastics entering the food chain from aquatic ecosystems in seafood products
in terms of food safety are discussed, and analytical methods for the identification and extraction of micro-
plastics in this research area are examined.

Keywords: Plastic pollution, Nanoplastics, Contamination, Seafood processing technologies, FTIR, Raman
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Giliniimiiz toplumunda plastik, diisiik yogunluklari, cok genis
bir sicaklik araliginda kullamilabilirlikleri, kimyasallara ve
1518a kars1 direncli olmalari, kolayca islenebilir 6zellikte ol-
malar1 ve nispeten diisiik maliyetleriyle giinliik yasamin vaz-
gegilmez bir pargasi haline gelmistir (Ryan, 2015). Ondoku-
zuncu ylizyilin baginda termoplastiklerin gelisimiyle birlikte
kullanim alani oldukg¢a genis olan dogal ve sentetik polimer-
ler lizerine aragtirmalar baglamistir. Plastigin modern geligimi
ise yirminci yiizyillarin baginda en az 15 yeni polimer sinifi-
nin sentezlenmesiyle genislemeye baslamistir (Andrady ve
Neal, 2009). Toplu plastik iiretiminin bagladigr 1930-
1940'ardan bu yana, plastik {iretim hacmi istikrarli bir se-
kilde artmaktadir (Ryan, 2015). Gilintimiizde kiiresel plastik
iretimi yillik 359 milyon tona ulasmistir (PlasticsEurope,
2019) ve ongorilebilir gelecekte siirekli hizli bir bliylime ile
artmasi beklenmektedir (Ryan, 2015).

Katlanarak artan plastik iiretim hacmi, uygun olmayan se-
kilde tasiman atik plastik miktarlariyla birlegince tiim diinya
ekosistemini tehdit eden kiiresel bir sorun ortaya ¢ikmigtir
(Barnes ve dig., 2009; Ryan, 2015). Ozellikle 1950'lerden bu
yana sanayinin gelisimiyle birlikte plastik malzemeler eko-
sistemdeki tiim ortamlarda kirlilik olusturmakta ve igerisin-
deki canlilar1 etkilemektedir (Cozar ve dig., 2014). Plastik ve
neden oldugu etkiler tiim diinyada ylizey sular1 (Cincinelli ve
dig., 2019; Lorenz ve dig., 2019), derin deniz sedimentleri
(Van Cauwenberghe ve dig, 2013; Zhang ve dig., 2020), am-
fipodlar (Jamieson ve dig., 2019), baliklar (Zhu ve dig.,
2019), ¢ift kabuklular (Moreschi ve dig., 2020); yumusakca-
lar (Oliveira ve dig., 2020), buzullar (Obbard ve dig., 2014;
Bergmann ve dig., 2019), toprak (Scheurer ve Bigalke, 2018),
hava ortami (Dris ve dig., 2017), deniz kuslar1 (Amélineau ve
dig., 2016) ve sofra tuzlar1 (Giindogdu, 2018) gibi farkli
madde ve ortamlarda tespit edilmistir.

Plastikler, altis1 "biiyiik alt1" olarak da adlandirilan yirmiden
fazla polimer ailesini igerir: polipropilen (PP), yiiksek ve dii-
stik yogunluklu polietilen (HDPE ve LDPE), polivinil kloriir
(PVC), poliiiretan (PUR), polietilen tereftalat (PET), polisti-
ren (PS) ve bu polimerler Avrupa'daki plastik iiretiminin %
80'ine karsilik gelmektedir (Dehaut ve dig., 2016; Andrady
ve Rajapakse, 2019; PlasticsEurope, 2019). Su anda iiretilen
plastiklerin ¢cogu fosil yakit bazli malzemelerdir ve kiiresel
olarak mevcut fosil yakitin %4 kadar1 ham plastik {iretimi i¢in
kullanilmaktadir (Geyer ve dig., 2017; ASmonaité, 2019).

Giliniimiizde biiylik bir sorun haline gelen asin plastik kulla-
nim1 ve bunlarin olusturdugu atiklar sonucu 6zellikle sucul
ekosistemlere yogun bir plastik partikiil desarji1 s6z konusu-
dur (Galgani ve dig., 2015). Okyanus gibi biiyiik su kitlele-
rine girdikten sonra plastik materyaller, mekanik ve biyolojik
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islemler sonucu mikroplastiklere par¢alanmaktadirlar. Parca-
lanan bu materyaller riizgar ve akint1 yardimiyla uzun mesa-
felere tasinip, kokenlerinden ¢ok uzaklardaki ortamlarda bi-
rikebilmektedirler (Barnes ve dig., 2009).

Mikroplastikler (MP'ler) genelde boyutu 5 mm'in altindaki
polimerik partikiiller olarak tanimlanmaktadir (GESAMP,
2015). EFSA (European Food Safety Authority: Avrupa Gida
Giivenligi Otoritesi) (2016)’da yayimladig1 raporda MP’leri
Smm-100 nm arast olarak tanimlarken, 100 nm’den kii¢iik
polimerik parcalar1 nanoplastikler (NP'ler) olarak tanimlan-
mustir. Bir bagka tanimlamada ise 2,5 cm’den biiyiik parcalar
makroplastik (Galgani ve dig., 2015), 500 pm—5 mm arasi
mezoplastik, 50-500 um arast mikroplastik ve 50 pm’dan kii-
¢lik parcalar ise nanoplastik olarak tanimlanmistir (Ryan,
2015). Literatiirde ¢ok sayida farkli boyut temelli tanimi ya-
pilmis olan bu maddelerin heniiz yaygin, standartlagtirilmis
bir tanimi bulunmamaktadir (GESAMP, 2015; EFSA, 2016;
ASmonaité, 2019).

Mikroplastik Kaynaklart

Deniz kiyilarinda, ylizeyinde ve tabaninda biriken atiklarin
onemli bir kismini plastik maddeler olusturmaktadir. Plastik
torbalar, balik¢ilik malzemeleri, gida ambalajlar1 gibi sahil-
lerde en yaygin bulunan 6geler, bulunan atiklarin %80'inden
fazlasini olusturmaktadir (Galgani ve dig., 2015). Bunun
yani sira MP’ler, biiyiik plastik tirtinlerin tiretiminde kullani-
lan peletler, graniiller, lifler ve tozlar, kisisel bakim {iriinle-
rindeki mikro asindiric1 partikiiller, ilaclar ve sentetik giysi-
lerin yikanmasi sonucunda da dogrudan ¢evreye desarj ola-
bilmektedirler (Browne, 2015).

Genis cografi dlgekleri asarak kutuplardan tropik ve iliman
bolgelere kadar tiim ekosistemlerde goriilen mikroplastik kir-
liliginin kaynaklari, dogrudan kullanim i¢in 6giitiilerek veya
ekstriizyon ile pargalanan plastik partikiillerin olusturdugu
“birincil kaynaklar” ve daha biiylik plastik materyalin ¢ev-
rede giderek daha kiiglik parcalara par¢alanmasiyla olustur-
dugu “ikincil kaynaklar” seklinde ikiye ayrilmaktadir. Birin-
cil kaynakli MP’ler, lastiklerin asinmasi veya yikama sira-
sinda sentetik tekstillerin asinmasi gibi tiretim, kullanim veya
bakim sirasinda biiyiik plastik nesnelerin aginmasindan da
kaynaklanabilirler (Browne, 2015; Boucher ve Friot, 2017;
ASmonaité¢, 2019). Deniz ortamindaki mikroplastiklerin
%69-81'1 ikincil kaynakli MP’lerden olusmakta ve dogaya
atilan tek kullamimlik plastiklerden, hayalet aglara kadar ge-
nig bir kapsam1 bulunmaktadir (Boucher ve Friot, 2017; EU,
2017).

Diistiniilenin aksine plastik kirliligine neden olan etmenlerin
onemli olciide bir kismi da icerisindeki materyalin 6zelligine
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¢ok da dikkat edilmeyen iirlinlerinden kaynaklanmaktadir;
yikama esnasinda sentetik fiber salinimi yapan kumash giy-
siler, yollarda asman araba lastikleri, suya veya topraga asi-
nim yapan gemi ve otoyol boya maddeleri ve mikroeksfoli-
yant madde igeren kisisel kozmetik {iriinleri bunlara 6rnektir
(Boucher ve Friot, 2017). Ornegin, yapilan deneysel bir ¢a-
lismada, ev tipi camasir makinelerinden atik suya bosaltilan
elyaf sayisini incelenmistir ve makinenin yikama basina 1900
adet elyaf suya salinim yaptigi sonucuna ulagilmigtir. Bu ¢a-
lisma sonucunda deniz habitatlarinda bulunan mikroplastik
liflerin biiylik bir kisminin, giysilerin yikanmasimnin bir so-
nucu olarak suya bulasabilecegi diisliniilmektedir (Browne,
2015). Rochman ve dig. (2015), insan tiiketimine sunulan ba-
lik ve midyelerde tekstil kokenli MP’lerin varligini bildirmis-
lerdir.

MP’ler, okyanuslara girdikten sonra yiizme veya batma egi-
limindedir ve bir kism1 da okyanus akimtilarindan kaynakla-
nan girdaplarda birikmektedirler. Bu MP’lerin 93,000 ila
268,000 tonunun (93-268 kilotonunun) su anda okyanuslarda
ylizdigii tahmin edilmektedir (Boucher ve Friot, 2017). Yo-
gunluklarina gdre, drnegin polipropilen gibi deniz suyundan
daha hafif MP’ler okyanuslarda yiizerek genis bir alana dagi-
lim gosterirken, akrilik gibi deniz suyundan daha yogun
MP’ler biiyiik olasilikla okyanus tabaninda birikerek nihaye-
tinde besin zincirlerine (Seltenrich, 2015) giris yapmaktadir-
lar (Boucher ve Friot, 2017).

Mikroplastiklerin Siniflandirilmasi

MP'ler tek tip mikrosferlerden, diizensiz sekilli plastik parca-
lara, peletlere, mikroskobik liflere, kopiiklere, filmlere ve fi-
lamanlara kadar farkli sekillerde bulunmaktadir (Hidalgo-
Ruz ve dig., 2012). Genellikle birincil kaynakli MP’ler, ikin-
cil kaynakli MP’lere gore daha diizenli ve tutarli bir morfolo-
jiye sahiptirler (Boucher ve Friot, 2017). Kullanim amacina
gore farklilik igerebildigi i¢in ¢ok farkli renklerde iiretilen
plastikler, siyah, seffaf, kirmizi, mavi, beyaz, pembe, sari,
mor, turuncu, yesil, kahverengi veya ¢ok renkli seklinde do-
gada bulunabilmektedir (Hidalgo-Ruz ve dig., 2012).

Plastiklerin Mikroplastiklere Bozunmast

Dogaya birakilan plastik parg¢aciklar zamanla farkli etmenler
sonucu daha kiigiik parcaciklara par¢calanmaya ve bozulmaya
devam etmektedir. Bozulma sonucunda yapilar1 degisen po-
limerlerde, renk bozulmasi, yiizey ¢atlamasi ve parcalanma
gibi etkiler gozlemlenebilmektedir (UNEP, 2015). Bu parga-
lanma biyolojik bozunma (mikroorganizmalar), kimyasal ay-
risma (UV 1smlar yardimiyla) veya fiziksel etkenler (dalga
hareketi, riizgar, agindirict kum veya ¢okelti yardimiyla) ne-
deniyle olugsmaktadir (Barnes ve dig., 2009; Hidalgo-Ruz ve
dig., 2012; Browne, 2015). MP'lerin bozunma siirecleri bes

farkli sekilde kategorize edilmistir; fotodegradasyon (UV 151k
gibi 151k veya fotonlarin etkisiyle), termal bozunma (yiiksek
sicaklikla) termo-oksidatif bozunma (yavas oksidatif bo-
zunma veya orta sicakliklarda gergeklesen molekiiler bo-
zulma), hidroliz (su ile reaksiyon sonucu) ve biyolojik bo-
zunma (organik materyallerin mikroorganizmalar tarafindan
ayrigtiritlmast). Bu bozunma, polimer tiirii ve polimer yasiyla
birlikte giines 15181, sicaklik, yagmur, nem, 1sinlama, pH, kir-
leticiler, termal dongiiler ve oksijen igerigi gibi ¢evresel ko-
sullar dahil olmak iizere bir¢ok farkli faktore baglidir (Vee-
rasingam ve dig., 2020).

Ozellikle sahillerde UV’ye ve oksidasyona maruz kalan plas-
tiklerde bu siire¢, daha yiiksek sicakliktaki bolgelerde veya
fiziksel aginmanin meydana geldigi yerlerde daha hizli ol-
maktadir. Plastik materyal tortu, topraga gomiildiigiinde veya
su siitunu igerisinde parcalanmanin hizi énemli Slgiide azal-
maktadir (UNEP, 2015). Su, 15181 neden oldugu oksidatif
bozunmay1 baskiladigindan, sudaki plastigin bozunma hizi
havadakinden veya kumsallardakinden ¢ok daha yavastir
(Veerasingam ve dig., 2020).

MP'lerin boyutu ¢ok kii¢iik oldugundan, zooplankton, omur-
gasizlar ve kiiclik baliklar tarafindan yanlislikla yiyecek ola-
rak yutulabilmektedir (Veerasingam ve dig., 2020) ve bu se-
kilde besin zincirine girmektedirler (GESAMP, 2015). Plas-
tikler genelde yapilarinda stabilizatorler, plastiklestiriciler,
alev geciktiriciler ve suya salinabilen pigmentler gibi bazi
katk1 maddelerini de igermektedir (EU, 2017). insan saghg
acisindan en biiyilik endiselerden biri de gida zincirinde biri-
ken MP’lerin igerisinde ortamdan emilen bazi toksik madde-
lerin taginmasidir (Ericksen ve dig., 2014). Bu kimyasallar
(katk1 maddeleri) biyolojik dokulara sizarak, organizmalarda
ve gida zincirinde biyolojik birikim yapabilmektedirler.
Farkli su ve canli ortamlarindaki MP’lerin polimerik bilesi-
mini belirlemek igin birgok analitik yontem kullanilmaktadir
(Veerasingam ve dig., 2020).

Besin Zincirine Mikro ve Nanoplastiklerin
Girisi

Mikroplastikle kontamine olmus gida maddesi disinda, gida-
nin iglenmesi sirasinda kullanilan teknik ekipman, katki mad-
deleri, igsleme prosediirii sirasinda kullanilan yardimei ekip-
manlar, kullanilan ambalaj ve diger dis kaynaklar ile konta-

mine olan gidanin tliketimi besin zincirine mikro ve nano-
plastiklerin girigini agiklamaktadir.
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Figure 1. Microplastic and nanoplastic contamination risks of human consumption due to aquatic species and seafood processing technologies
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Besin zincirine giren plastikler ve potansiyel zararh etkileri
son yillarda hem su triinleri hem de onlari tiiketen insanlar
icin tehlike olugturmaktadir (Sekil 1). Plastikler sucul canli-
larin hareket etmesine, nefes almasina ve beslenmesine engel
olacak sekilde viicutlarina dolanabilir veya takilabilir. Diger
bir yol ise plastiklerin canlilar tarafindan yiyecek zannedilip
yutulmasi yoluyla ger¢eklesmektedir (Kiihn ve dig., 2015).

Mikroplastiklerin besin zincirine girisi, kasitll veya yanlis-
likla yutulmasi sonucu ve ikincil kaynakli sindirimi sonucu
ger¢eklesmektedir. MP’ler renkleri sebebiyle sucul canlilar
tarafindan gida zannedilip kasith olarak tiiketilmektedirler
(Kiihn ve dig., 2015).

Kabuklu deniz canlilari, baliklar ve balinalar gibi bazi deniz
memelileri suyu filtre ederek beslendiklerinden dolay1 sudaki
MP’leri de yutmaya yatkindirlar. ikincil kaynakli sindirim
ise, canlilarin, biinyesinde MP bulunduran diger canlilar ile
beslendiginde olusan durumdur. Sudan zooplankterlere ve
daha sonra da baliklara kadar olan bu ge¢is sonucu mikro-
nano plastikler (MNP ler) yiiksek trofik seviyelerde birikime
yol agabilmektedirler. Besin zincirinde ilerleyen MP’ler, su
iirlinleri tiikketimi sonucu insanlara gegmektedir (GESAMP,
2015; Hantoro ve dig., 2019). Bu durum insanlar i¢in 6zel-
likle biitiin olarak tiiketilen kabuklu su iiriinlerini ve hamsi,
sardalya gibi kiigiik baliklar agisindan risk olugturmaktadir
(Hantoro ve dig., 2019). Baliklarda yapilan MP caligsmalar1
incelendiginde, bulunan mikroplastik parcaciklari cogunlukla
mide ve sindirim sistemlerinde bulunmakta ve bunlar genel-
likle temizleme sirasinda atilmaktadir. I¢ organlarm temiz-
lenmesi islemi mikroplastiklerle temas1 dogrudan en aza in-
direbilen bir yontemdir (Hantoro ve dig., 2019; Zhu ve dig.,
2019). Mikroplastikler, sucul canlilarin sindirim sistemle-
rinde yer degistirerek bagka organ ve dokulara gecebilmekte-
dir (Browne ve dig., 2008; Zeytin ve dig., 2020). Levrek ye-
minde bulunan MP’lerin (1-5 pm), ¢ok diisiik seviyelerde de
olsa, kas dokusuna gegebildigi tespit edilmistir. Bu gegisin
nasil gergeklestigi tam olarak bilinmemekle birlikte, mevcut
calismada bagirsak yoluyla gectigi tahmin edilmektedir (Zey-
tin ve dig., 2020). Benzer bir MP ¢alismasinda da (Karami ve
dig., 2017), solungag-i¢ organlarda ve solungac-i¢ organlari
cikarilmig biitiin (tuzlanmis-kurutulmus) balikta yapilan in-
celemeler sonucu temizlenmis balik etinde, i¢ organ igerigin-
den ¢ok daha fazla sayida MP tespit edilmistir. Bulunan bu
plastik partikiillerinin sindirim sisteminden ete gectigi diisii-
niilmektedir (Karami ve dig., 2017). Bu nedenle, gida giliven-
ligi agisindan ileride yapilacak olan ¢alismalarda MP’lerin
canli viicudu igerisindeki yerinin (translokasyonunun) ve ye-
nilebilir dokuya gecisinin incelenmesi 6nem arz etmektedir
(Zeytin ve dig., 2020).

Kiiresel su iirtinleri tiiketimi 2020 y1l1 itibariyle, tiiketilen tiim
proteinin %7'sini ve hayvansal protein tiiketiminin yaklagik
%17'sini temsil etmektedir. Tiiketilen su iirlinlerinin biiyiik
bir kism1 avceilik yoluyla (96,4 milyon ton), diger kismi ise su
iirlinleri yetistiriciligi (82,1 milyon ton) yoluyla sofralara gel-
mektedir (FAO, 2020). Su {iriinleri yetistiriciligindeki canli-
lar1, havuzlarda, tanklarda veya se¢ilmis su kiitlelerinde ye-
tistirerek ¢evresel kosullarini kontrol etmek miimkiindiir.
Yetistiriciligi yapilan canlilarin yagam siiresi genellikle do-
gadan avlanan canl tiirlerine kiyasla daha kisa oldugundan
zamanla MP birikimi ac¢isindan bunlarin tiiketiminin daha az
tehlikeli oldugu diisiiniilmektedir (Smith ve dig., 2018). Lite-
ratiirde yetistiricilik ve avciliktan elde edilen su {iriinlerinin
mikroplastik igeriklerindeki farkliliklar ve kaynaklari hak-
kinda belirsizlik bulunmaktadir. Van Cauwenberghe ve Jans-
sen (2014), ciftlik midyelerinin, dogadan yakalanan midye-
lerden (126 adet) 6nemli 6l¢iide daha yiiksek miktarlarda MP
icerigine (178 adet) sahip oldugunu bulmuslardir. Ek olarak,
Rochman ve dig. (2015) tarafindan Endonezya ve ABD’deki
pazarlarda ticari olarak satilan balik ve midyelerde mikrop-
lastiklerin (>500 um) varligi bildirilmistir (Rochman ve dig.,
2015).

Bununla birlikte su tirtinleri sektoriiniin yan iiriinii olarak tire-
tilen bazi tiriinlerde de sucul kaynaklardan gecen MP izlerine
rastlamak miimkiindiir. Insan tiiketimi i¢in kullanilmayan su
tiriinlerinden yapilan ticari bir {iriin olan balik ununda, polist-
ren (PS) ve polietilen tereftalat (PET) maddeleri tespit edil-
mistir (Castelvetro ve dig., 2020). Yapilan ¢alismalarda, mik-
roplastik iceren balik unu ile beslenen yetistiricilik balikla-
rinda MP gecisi oldugu gozlemlenmistir (Hantoro ve dig,
2019; Hanachi ve dig., 2019).

Gida giivenligi agisindan diger bir 6nemli konu da, gida mad-
delerinin iglenmesi sirasinda potansiyel kaynaklarla MP ile
kontamine olmasidir. Su iriinlerinin, isleme teknolojileri,
iirlinde kullanilan katk1 maddeleri, isleme prosesinde kullani-
lan yardimei elemanlar, ambalaj veya dis etkenler kaynakli
MP ile kontamine olabildigi diisiiniilmektedir (Sekil 1). In-
san tiiketimine sunulan balik, midye, ve deniz algi (nori) gibi
canlilarda ve bir¢ok farkli iglenmis su iirlinlinde MP varligina
iligkin ¢ok sayida kaynak bulunmaktadir (Van Cauwen-
berghe ve Janssen, 2014; Rochman ve dig., 2015; Karami ve
dig., 2017; Karami ve dig., 2018; Zhu ve dig., 2019; Akhba-
rizadeh ve dig., 2020; Giindogdu ve dig., 2020; Li ve dig.,
2020).

Gida maddelerine, isleme sirasinda kullanilan katki malze-
meleri kaynakli MP bulagmasi gergeklesebilmektedir (Lie-
bezeit ve Liebezeit, 2014; Smith ve dig., 2018). Isleme sira-
sinda kullanilan su (Koelmans ve dig., 2019), tuz (Giindogdu,
2018), bal ve seker (Liebezeit ve Liebezeit, 2013) gibi bazi
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gida maddelerinde MNP kirliligine rastlanmigtir. Piyasadaki
balik (sardalya ve c¢aca baligi) konservelerinde yapilan arag-
tirmada 13 iilkeden alinan 20 farkli markada, diisiik seviye-
lerde de olsa, MP izine rastlanmigtir (Karami ve dig., 2017).
Bir diger ¢alismada da incelenen 7 farkli marka balik (ton ve
uskumru) konservelerinin %80’inde en az 1 adet MP bulun-
mustur. Konserve baliklarda, baliklarin temizlenmesi ve/veya
konservelenmesi agsamasinda kullanilan katki maddeleri po-
tansiyel MP kaynaklar1 olarak bildirilmistir (Akhbarizadeh
ve dig., 2020). Ulkemizde 5 farkli sehirde 40 farkli saticida
tiiketime sunulan midye dolmalardaki (n=317) MP seviyele-
rini inceleyen Giindogdu ve dig. (2020), toplamda 204 adet
partikiil tespit edilmistir. Paketlenmemis olan bu midye dol-
malarda bulunan MP’lerin, isleme sirasinda dis kaynaklardan
dolay1r m1 bulastig1 yoksa canlinin igerisinde var olan miktar
mi1 oldugu bilinmemektedir (Giindogdu ve dig., 2020). Ben-
zeri iglenmis su Uriinleri i¢in bu durum tiiketici saglig1 agisin-
dan risk olusturmaktadir. Mikroplastik konsantrasyonu en
aza indirmek i¢in tuzlama, kurutma, dumanlama, paketleme
vb. isleme teknolojileri sirasinda olusabilecek MP kontami-
nasyon kaynaklari (Sekil 1) ivedilikle incelenmelidir.

Capraz kontaminasyonu 6nlemek amaciyla kolay temizlene-
bilen ve maliyeti az olan plastik malzemeler isletmelerde ter-
cih edilmektedir. Bununla birlikte bazi islemede yardimci
makinalar ve ekipmanlar da igerisinde plastik parcalar bulun-
durabilmektedirler. Isleme akisindaki bu kaynaklardan gida-
lara plastik ve MP girisi olabilir (Sekil 1). Bu kaynaklardan
bazilar; plastik kesme tahtalari, bigaklar, straforlar, isleme
makinalari, ¢alisanlarin giydigi eldiven, dnliikler, yiiz maske-
leri vb. seklinde siralanabilmektedir. Islenmis iiriin icerisinde
bulunan plastik vb. yabanci maddeler sonucu gida iiriinleri ile
ilgili biiylik {irlin geri ¢agirmalart meydana gelmektedir
(Wallace ve dig., 2010; Fadare ve dig., 2020; Fadare ve
Okoffo, 2020). Hem ekonomik agidan hem de insan sagligi
acisindan plastik maddelerin kontaminasyonunun 6nlenmesi
Oonemlidir.

Islenmis su iiriinlerinin paketlenmesinde farkli yapida amba-
laj malzemeleri kullanilmaktadir. Sektérde bu amagla en gok
kullanilan materyal plastik olup, ambalaj igerisinde yer alan
kalinti monomerlerinin ve katki maddelerinin son iiriine tasi-
narak paketlenmis iirliniin kalitesini bozabildigi bilinmekte-
dir. Ambalaj malzemelerinden ve bilesenlerinden onlarla te-
mas eden gida maddelerine gecen tehlikeli maddeler tiiketici-
nin saghgini ve giivenligini etkilemektedir (Sekil 1) (Alasal-
var ve dig., 2010; Du ve dig., 2020; Fadare ve dig., 2020).
Onceleri cam kaplarda ambalajli olarak sunulan bir¢ok gida
iriinii giinlimiizde artik plastik kaplarda paketlenmektedir
(Wallace ve dig., 2010). Su iiriinleri isleme endiistrisinde,
plastik ve plastik kaynakli malzemeler, fabrikalarda ham-
maddelerin ve iglenmis iiriinlerin depolanmasinda veya yari
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sert ve diger esnek bigimlerde ince ambalajlar seklinde yay-
gin olarak kullanilmaktadir (Alasalvar ve dig., 2010).

Su iiriinlerinin paketlemesinde yardimcei, yaygin olarak kulla-
nilan plastiklerden bazilari, polipropilen (PP), polistren (PS),
diisiik yogunluklu polietilen (LDPE), yiiksek yogunluklu po-
lietilen (HDPE), lineer al¢ak yogunluk polietilen (LLDPE),
yiiksek molekiiler yiiksek yogunluklu polietilen (HM-
HDPE), polyester, naylon, etilen akrilik asit (EAA) ve poli-
akrilonitril (PAN) seklinde siralanabilmektedir (Alasalvar ve
dig., 2010).

Gidaya bulasan MP’lerin kaynagi olarak goriilen diger risk
etkenleri ise ortamdaki hava ve ¢aliganlardir (Sekil 1). MP’le-
rin atmosferik emisyon ile i¢ ve dis ortamlardaki havada bu-
lunabildigi tespit edilmistir (Dris ve dig., 2017). Isleme tesis-
lerinde yer alan havalandirma sistemleri ve filtreler bu agidan
birer kontaminasyon kaynagi olup, bunlar1 kontrolii saglan-
malidir. Bunun yam sira ¢alisanlarin iizerinde giydigi kiya-
fetlerde (Onliik, bone, yiiz maskesi) MP fiberler i¢erebilmek-
tedir ve yapilan g¢aligmalarda ortamdaki havada bulunan
MP’lerin kaynagi olduklart tespit edilmistir (Dris ve dig.,
2017; Du ve dig., 2020; Fadare ve Okoffo, 2020). islenmis su
iirlinlerinde ve isleme tesislerinde yapilacak olan inceleme ve
arastirmalar sonucu bu MP’lerin kdkeni ve bulagsma kaynak-
lar1 incelenerek gida giivenligi ile ilgili uygun yonergeler ve
limitler belirlenmelidir.

Mikroplastikler ve Insan Saghgina Etkileri

Genel olarak 150 um veya daha biiyiik plastik partikiillerin
bagirsak sistemi tarafindan emilemedigi bildirilmistir. Yeni-
lebilir kas dokusunda ve farkli organlarda bulunan MP’lerin
ise mideye alinan <20 pum MP’ler oldugu varsayilmaktadir
(EFSA, 2016; Lusher ve dig., 2017). 0,1-10 um araligindaki
MP'lerin ise organlara, hiicre zarlarina, kan-beyin bariyerle-
rine ve plasentaya niifuz edebildigi belirlenmistir (Browne ve
dig, 2008; EFSA, 2016; Lusher ve dig., 2017). Benzer olarak
Zeytin ve dig. (2020), levrek baliginda bulunan MP’lerin (1-
5 um) bagirsak sisteminden kan hiicreleri yardimiyla kas do-
kusuna gectigini varsaymaktadir. Insanlar tarafindan yutulan
mikro ve nanoplastiklerin %90'indan fazlasimin insan viicu-
dunun bosaltim sistemi yoluyla atildigi diisiiniilmektedir
(Smith ve dig., 2018). Insan hiicreleri ile yapilan in vitro ¢a-
lisma sonuglarina gére, MP (10 um) ve NPlerin (40-250 nm)
insan hiicreleri lizerindeki potansiyel sitotoksik etkileri gos-
terilmigtir (Schirinzi ve dig., 2017).

Bununla birlikte mikro ve nanoplastikler, yapilarindaki pato-
jenik ve patojenik olmayan bakteriler, kimyasallar ve katki
maddeleri kaynakli da insan saglig1 agisindan tehlike yarat-
maktadirlar (Smith ve dig., 2018; Dehaut ve dig., 2019). Ya-
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pilan caligmalarda sahillerde 6rneklenen plastiklerde polik-
lorlu bifeniller gibi kalici organik kirleticiler tespit edilmistir.
Polisiklik aromatik hidrokarbonlar, bisfenol-A, ftalatlar gibi
katki maddelerinin salinimi insan viicudunda meydana gele-
bilmektedir (Rochman, 2015; Akhbarizadeh ve dig., 2020).
Birden fazla MP kaynagina uzun siireli maruz kalindiginda
viicuttaki kiimiilatif etki saglik sorunlarina neden olabildigi
gortiisii bulunmaktadir (Karami ve dig., 2018).

Insan viicudundaki MP’lerin dokuda tutulma ve doku disina
atilim orani, sekil, boyut, polimer tipi, ylizey kimyasi ve icer-
dikleri kimyasal maddeler gibi cesitli faktorlerden etkilen-
mektedir (Smith ve dig, 2018). MP’lerin hem insanlar hem de
su triinleri {izerindeki uzun vadeli etkileri tam olarak bilin-
memektedir. MP’lerin insan sagligi lizerine etkileri, tiikketilen
konsantrasyon seviyesine baglidir ve giinlimiizde MP tiiketim
miktarina iligkin yasal sinir degerler heniiz diizenlenmemistir
(Smith ve dig., 2018; Zeytin ve dig., 2020). Yapilan ¢aligma
sonuglarindan midye tiikketim orani ve maruz kalinan MP sa-
yist hesaplandiginda, Avrupa’nin yiiksek miktarda midye tii-
keticilerinin kisi bast yilda 11.000 adete kadar MP yuttugu
sonucuna varilmistir (Van Cauwenberghe ve Janssen, 2014).
Insanlarin gida yoluyla maruz kalabilecegi gercek mikroplas-
tik miktarim1 degerlendirmek icin yeterli bilgi bulunmamak-
tadir ve bu konuda yapilacak olan arastirmalara ihtiya¢ du-
yulmaktadir.

Mikroplastiklerin ve Nanoplastiklerin
Identifikasyonu ve Sayimi

Mikroplastikleri ve Nanoplastikleri Ortamdan Ayirma
Teknikleri

Mikro ve nanoplastiklerin (MNP) dogru ve kolay tanimlan-
mast i¢in analizi yapilacak karmasik yapili 6rneklerden plas-
tik partikiillerini izole etmek gerekmektedir (Nguyen ve dig.,
2019). Bu partikiilleri izole etme teknikleri; elle manuel ola-
rak ayirma veya partikiillerin fiziksel ve kimyasal 6zellikle-
rinden yararlanilarak ayirma seklinde uygulanmaktadir. Di-
seksiyon, fiksasyon ve kriyoseksiyon yontemleri manuel ola-
rak partikiillerin ayriminda kullanilan ucuz yontemlerdir (De-
haut ve dig., 2016; Nguyen ve dig., 2019). Diseksiyon iglemi,
balik, balina, midye vb. canlilarin gastrointestinal sistemle-
rinde >500 um mikroplastiklerin gorsel olarak tanimlanmasi
icin kullanilan bir yontemdir. Bununla birlikte, daha kii¢iik
mikroplastikler diger dokulara ve organlarda yer degistirebil-
mektedir ve fiksasyon ve kriyoseksiyon yontemleri ise bu tip
orneklerde, farkli MP translokasyonlarim (Karaciger dokusu
gibi) incelemede yararli olabilmektedir (Nguyen ve dig.,
2019). Bu yontemler karmasik biyolojik materyallerde yeter-
siz olabilmektedirler.

Kimyasal ayirma igsleminde yaygin olarak asitler (HNO; HCI
vb.), bazlar (KOH, NaOH vb.), okside edici iiriinler (H,0,,
NaClO, Fenton ayiraci vb.) ve enzimler (Tripsin, Proteinaz K
vb.) kullanilmaktadir (Dehaut ve dig., 2019; Nguyen ve dig.,
2019). Biyolojik matrislerin yok edilmesinde asitler oldukga
faydalidir; fakat sicakliga gore farklilasmakla birlikte ¢ok
giiclii asit veya alkali ortamlar, plastik polimerlerinin bozul-
masina neden olup ¢alismalarda analitik hatalara neden ola-
bilmektedir (Barbosa ve dig., 2020). Kimyasal ayirma isle-
minde kullanilan maddeler, plastige etkisi ve analiz agisindan
etkinligi hakkinda literatiirde metodoloji caligmalar1 da yapil-
maktadir (Dehaut ve dig., 2016; Karami ve dig., 2017).

Plastikler, bulunduklar1 1slak ¢evresel ortamdan daha az yo-
gun ve daha hidrofobik olma egiliminde olduklarindan dolay1
yogunluk farki ile de yiizdiiriilerek kolayca ayrilip ardindan
boyut ayirma yoluyla filtrelenirler (Silva ve dig., 2018;
Nguyen ve dig., 2019). MNP'lerin ayrilmasi i¢in yogunluga
dayali ayirmada NaCl, Nal, KI, ZnCl,, ZnBr; gibi doymus tuz
cozeltileri kullanilmaktadir (Barbosa ve dig., 2020). Plastik
polimerlerin yogunlugu 0,8-1,7 g cm™ arasinda degismekte-
dir (Loder ve Gerdts, 2015).

Literatiirde Onerildigi iizere, yogunluk ayrimlari rutin olarak
santrifiijleme yoluyla gerceklestirilmektedir (Nguyen ve dig.,
2019). MP’lerin yogunluk farki veya santrifiij yoluyla balik
dokusundan ayrimi bagarili olarak literatiirde uygulanmistir
(Karami ve dig., 2017; Giindogdu ve dig., 2020).

Ayrica bulunduklart ortamin kati igerigi diisiik oldugunda,
plastikler boyut bazli filtreleme ile kolayca ayirt edilebilirler
(Nguyen ve dig., 2019). Bu yontemlerin dezavantaji kiiglik
boyutlu partikiiller i¢in disaridan da kontaminasyon olabile-
cegi icin riskli olmasidir.

Fiziksel ayirma igsleminde ise filtrasyon, ultrasonik ve yerce-
kimi kaynakli ayirma teknikleri kullanilmaktadir. Filtrasyon
isleminde filtre tikanmadan olabildigince kii¢iik partikiilleri
yakalayip ayirmasi temel alinmahdir. Caligmalarda giderek
daha kiiciik gozenek boyutlarmin kullanildigr sirali filtre-
leme, filtre tikanmasini en aza indirebilen bir yontem olarak
uygulanabilir (Dehaut ve dig., 2016; Nguyen ve dig., 2019).
Filtrelemeden sonra, orneklerdeki partikiillerin kalitatif
(renk, sekil ve bilegen tanimlama) analiz ve niceliksel analiz
(say1s1 ve boyut dagilimi/araligy) igin filtrede tutulmasi gerek-
mektedir (Hidalgo-Ruz ve dig, 2012).

Dogru Filtre Seciminin Onemi

Kullanilan filtrenin gdzenek boyutu ve tiirii yapilan ¢aligma-
larin hassasiyeti acisindan oldukca 6nemlidir (Dehaut ve dig.,
2019; Toussaint ve dig., 2019; Cai ve dig., 2020). Filtrelerin
yapi tipleri ve gézenek boyutlart MP’lerin miktar tayini {ize-

79


https://doi.org/10.3153/AR21007

80

Aquat Res 4(1), 73-87 (2021) e https://doi.org/10.3153/AR21007

rinde etkili olup yanlis filtre kullanimi1 6rnekteki MP sayisi-
nin eksik hesaplanarak yanlig sonuca neden olabilmektedir.
Gozenek boyutu azaldikca bulunan plastik parcalarin sayist
da artmaktadir (Toussaint ve dig, 2019; Cai ve dig, 2020;
Akhbarizadeh ve dig., 2020).

MP ¢aligmalarinda, 6érnekleme yontemini ve 6zellikle kulla-
nilacak ag/membran filtre tiirlerini a¢iklayan tek tip bir pro-
tokol heniiz bulunmamaktadir. Su numunelerinde MP analizi
yapilan bazi arastirmalarda, ornekler Manta-trol ve ndston
vb. aglarla toplu olarak filtrelenmektedir (GESAMP, 2015).
Orneklemeden sonra, MP’leri ayirmak igin naylon, nitroselii-
loz, cam elyaf, polikarbonat veya paslanmaz c¢elikten yapil-
mis ¢esitli filtreler kullanilmaktadir (Cincinelli ve dig., 2017;
Giiven ve dig., 2017; Dehaut ve dig., 2019; Toussaint ve dig.,
2019; Cai ve dig., 2020).

Partikiillerin tutulma sekillerine bagli olarak membran filtre-
ler, gbzenek derinligi ve gbzenek genisligine gore iki tipte si-
niflandirilir. Gézenek derinligine sahip filtreler, paslanmaz
celik ag, naylon, cam elyaf/pamuk elyaf ve nitroseliiloz/kari-
sik seliiloz filtrelerdir. Yapi olarak birbirinden farkli olan bu
filtre tiirlerinin gozenekleri derin ve kivrimli olup boyutlar
ortalama bir degerdir (Yu ve dig., 2010). Polikarbonat memb-
ran filtreler gibi gézenek genisligine gore simiflandirilan filt-
relerde ise Olciilen dairesel gézenekler filtrenin gercek boyutu
olup, kanallari ise s1g ve diizdiir (Cai ve dig., 2020).

Calismalarda secilen filtre ve etkinligini inceleyen Cai ve dig.
(2020), filtre tiirli ve gézenek boyutunun yapilacak olacak ¢a-
lisma kosullarina uygun olarak minumum zaman alacak se-
kilde secilmesi gerektigini dnermistir. Filtrenin secilen goze-
nek boyutu, MP analizinin daha sonraki agamasi olan mikros-
kopla gozlem, secim ve tanimlama asamalariyla da tutarli ol-
malidir.

Laboratuvar Ortaminda Mikroplastik
Kontaminasyonunun Kontrolii

Mikroplastiklerin analizinin yapildig1 ortam ve kisilerden
kaynakli bulagma s6z konusu olup bu durum analiz sonugla-
rinin oldugundan fazla hesaplanmasina neden olabilmektedir
(Dehaut ve dig., 2019). Laboratuvar ortaminda ¢alisan kisile-
rin pamuk yerine sentetik yapili kumaslardan yapilma 6nliik
kullanimi sonucu MP bulasmasi s6z konusu olabilmektedir
(Van Cauwenberghe ve dig, 2013; Dehaut ve dig., 2019). Bu-
nun yani sira ¢alisanlarin ellerinde de tekstil kaynakli MP fi-
berleri bulunabilir. Bunun 6nlenmesi adina filtrelenmis su/al-
kol soliisyonlar1 veya basingli hava kullanilmast 6nerilmek-
tedir. Analiz yapilan alan temiz filtreye sahip oldugundan
emin olunan laminer hava akigh tezgah veya davlumbaz ol-
malidir. Kullanilan ¢dzeltilerin hepsi dnceden diisitk mikron
boyutlarinda filtreden gegirilmelidir (Dehaut ve dig., 2019).
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Standartlastirilmig bir MP analizi gergeklestirmek icin bu
adimlar 6nemlidir.

Mikroplastikler her alanda bulundugu i¢in analizden énce ve
analiz sirasinda numune kontaminasyonu kaginilmazdir (Bar-
bosa ve dig., 2019). Calismalarda kontaminasyon seviyesi
kontrol yapilarak siirekli her asamada belirlenmelidir. Bunun
icin ortama temiz bir cam petride filtre kdgidi birakilir ve her-
hangi bir asamada MP kontaminasyonu gerceklestiginde sa-
yis1 belirlenir (Dehaut ve dig., 2019).

Mikroplastiklerin ve Nanoplastiklerin
Kompozisyonlarinin Tespitinde,
Tammmlanmasinda ve Miktarlarinin
Belirlenmesinde Kullanilan Teknikler

Mikro ve nanoplastiklerin karakterizasyon yontemlerinde
kullanilan cihaz ve metotlarin avantaj ve dezavantajlari
Tablo 1’de 6zetlenmistir.

Gorsel Analiz Metotlar

Yapilan ¢aligmalarda; par¢acigin boyutlarinin ve morfolojisi-
nin belirlenmesi ve polimer miktarinin belirlenip ve 6lgiil-
mesi elzemdir. Bes yiiz pm’ye kadar olan partikiillerin gorsel
gdzlemi basit olarak, ¢iplak gozle veya bir diseksiyon mik-
roskobu kullanilarak yapilabilmektedir (Renner ve dig.,
2018). Daha ayrintili incelemeler igin farkli cihazlar kullanil-
maktadir. Partikiillerin boyut ve morfolojik agidan ayriminda
optik, elektron ve tarama 6zelliklerine dayanan polarize 151k
mikroskobu, stereoskop veya floresan mikroskobu kullanil-
maktadir (Barbosa ve dig., 2020). Bu yontemler hizli, ucuz
ve kolay metotlar olmasina ragmen plastik polimerlerinin
kimyasal yapilarin1 tanimlamada sinirli potansiyele sahiptir-
ler ve insan hatasina da olduk¢a agik metotlardir (Silva ve
dig., 2018). Taramali Elektron Mikroskobu (SEM), Trans-
misyon Elektron Mikroskobu (TEM), Taramali Tiinelleme
Mikroskobu (STM) gibi elektron ve taramali prob mikros-
koplari, MP’lerin ayrimini goriintii tabanli tekniklerle incele-
yen yaygin tekniklerdir; fakat aynm1 zamanda biiyiik 6lgekli
analizlerde olduk¢a zaman almaktadirlar (Nguyen ve dig.,
2019).
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Tablo 1.Mikro ve nanoplastiklerin karakterizasyon yontemlerinin avantaj ve dezavantajlari (Shim ve dig., 2017; Silva ve dig., 2018; Nguyen ve dig., 2019 ve Toussaint ve dig., 2019’ dan modifiye)

Table 1. Advantages and disadvantages of characterization methods of microplastics and nanoplastics (Modified from Shim et al., 2017; Silva et al., 2018; Nguyen et al., 2019 and Toussaint et al., 2019)

Tespit/Tamimlama/Miktar

Belirleme Yéntemleri Cihaz Avantajlar Dezavantajlar
Dlseks1yon Mlkroskobu Kimyasal dogrulama yok; Yiiksek oranda yanlig
Polarize stk Mikroskobu tanimlama olasilig; Kiiciik ve seffaf plastik
Floresan Mikroskobu Basit, hizli ve kolay analiz imkani; Diger metotlara £l B¢ 3 p

Gorsel Analiz

Taramal1 Elektron Mikroskobu (SEM)
Transmisyon Elektron Mikroskobu (TEM)
Taramali Tiinelleme Mikroskobu (STM)

gore daha ucuz

partikiillerin eksik olma olasilig1 yiiksektir;
Polimer bilesimi tanimlanamaz; Biiyiik 6l¢ekli
analizlerde zaman alict

FTIR spektroskopisi

Mikro-FTIR Spektroskopisi (u-FTIR)

Polimeri tanimlar; Segici ve tekrarlanabilir analiz;
Kiiciik numune miktarlar1 gerektirir; Ornegin 6n
islem hazirligi azdir; Ornegi tahrip etmez; Canli
organizmalardaki kalintilar1 lokalize edebilir

Polimer yapis1 zarar gormiis 6rneklerde etkili
degildir; FTIR-mikroskop kombinasyonu
pahalidir; Genis alan goriintiileme i¢in zaman alict
(20 saate kadar siiren)

Azaltilmig Toplam Yansimali-Fourier Doniigtim

Polimeri tanimlar; Ornegin 6n islem hazirlig1 azdir;

Biiyiik partikiilleri tammlayabilir; Ornegi tahrip

Optik Titresim Kizilétesi Titresimli Spektroskopisi (ATR-FTIR) Hizli ve ucuz analiz edebilir
Spektroskopisi Polimeri tanimlar; Segici ve tekrarlanabilir analiz; ~ Orneklerin otomatik floresansi, Raman sinyalini
Kiigiik numune miktarlar1 gerektirir; Ornegin &n maskeleyebilir; Polimer yapisi zarar gdrmiis
Mikro-Raman Spektroskopisi (nu-Raman) islem hazirlig1 azdir; Kismen tahribatsiz analiz drneklerde etkili degildir; Ornekler lazerle zarar
eder; Raman mikroskobu, tek tek mikron alt1 gorebilir; Genis alan gériintilleme igin zaman alici
parcaciklari ve tiirlerini tanimlayabilir; Canlt (38 saate kadar); Raman mikroskop aletleri
organizmalardaki kalintilar1 lokalize edebilir pahalidir
s« .. Polimeri tanimlar; Karbon baskin plastiklerin Sadege belir.li P io'lirnerleri tan}mlayabili.r (SEMiile
X-1511 Enerji Dagilimli X-151m1 Spektroskopisi inorganik pargaciklardan ayrminda etkilidir (SEM kombine edildiginde); Kombine EDS cihazlar
Spektroskopisi (EDS, EDX, EDXS veya XEDS) IOTgantk pargact’a Y pahalidir; Uzun zaman ve ¢aba gerektiren 6n iglem
ile kombine edildiginde). o
gerektirir
Polimerleri tanimlar; Yiiksek uzaysal ¢oziiniirliikli
goriintiileme miimkiindiir; Ornegi tahrip etmez; Kompleks data igeriginden dolay1 uzman bir
Pk .. G s . . Pargacik karisimlari i¢in uygundur; Diisiik pm operatore ihtiyag vardir; Pahalidir; Hava
Ikincil Iyon Kiitle Ugus Zamanl [kincil Tyon Kiitle Spektrometresi araliginda pargaciklari tespit edebilir (ppm ile ppb  kosullarina veya yiizey kirleticilerine gore
Spektrometresi (TOF-SIMS)

arasini dahil analiz edebilir); Potansiyel olarak
inorganik ve organik kimyasal kirleticiler (agir
metaller) hakkinda bilgi saglayabilir

tanimlamada yanlislik olabilmektedir; Numune,
vakum uyumlu olmalidir

Termal Analizler

Diferansiyel Tarama Kalorimetre (DSC)

Hizli, basit; Referans malzemeleri kullanarak
polimerleri tanimlar

Polimer karisimlarina sinirli uygulama

Piroliz-Gaz Kromatografisi-Kiitle Spektrometrisi
(Pyr-GC/MS)

Polimerleri ve organik katki maddelerini tanimlar;
Kiitle konsantrasyonundaki kii¢iik miktarlari
belirler (<0.5 mg); Ornegin 6n islem hazirhi
azdir; Biyolojik matrisler ve ¢cevresel 6rnek
taramast igin uygundur

Zaman alic1; Ornegi tahrip eder; Partikiil
numarasi, boyutu ve sekli hakkinda sonug vermez;
Kompleks data i¢eriginden dolay1 uzman bir
operatore ihtiyag vardir; Daha diisiik partikiil
boyutunu mm' nin kesirleri ile sinirlayan
numunenin manuel manipiilasyonu gerekli

Termal Ekstraksiyon ve Desorpsiyon-Gaz
Kromatografisi/Kiitle Spektrometrisi (TDS-GC-MS)

Polimerleri ve organik katki maddelerini tanimlar;
Ornek hazirlama asamasi kolaydir, Oregin 6n
islem hazirlig1 azdir; Yiiksek kiitleli (100 mg’ a
kadar) 6rneklerdeki miktarlari belirler

Ornegi tahrip eder; Zaman alici; Kalitatif
analizlerde smirl 6lgiim
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Optik Titresimli Spektroskopi

MP polimer pargaciklarini tanimlama ve sayimini ayni anda
yapabilen Raman ve Fourier Doniisiim Kiz1l6tesi (FT-IR) tit-
resimli spektroskopileri de kullanilmaktadir. Bu spektrosko-
pik yontemler 6rnegi tahrip etmeden analiz etmeyi saglayan
nispeten yavas, fakat kesin ve dogru sonug veren tekniklerdir.
FTIR mikroskoplar1 5 um'ye, Raman ise 1 um'ye kadar agisal
(uzaysal) ¢oOziiniirliige sahiptirler (Elert ve dig., 2017;
Nguyen ve dig., 2019). Genellikle, daha biiyiik MP'ler ATR-
FTIR (Azaltilmig Toplam Yansimali-Fourier Doniisiim Kizi-
16tesi Titresimli Spektroskopisi) ile tanimlanirken, 20 um'ye
kadar olan MP’ler u-FTIR ile ve <20 um olan MP’ler ise p-
Raman ile karakterize edilir (Képpler ve dig., 2016; Veerasin-
gam ve dig., 2020). iki yiiz-300 pm'den biiyiik boyutlu tek
partikiiller ise, FTIR analizinden 6nce gorsel inceleme yapi-
larak analiz edilmektedir. ATR-FTIR analizi maliyet etkin bir
yontem oldugundan ve 6rnek hazirlama veya karmagik mate-
matiksel islem gerektirmediginden &tiirli olmadigindan tercih
edilmektedir; fakat analiz sonucunda MP 6rnegi kristal ile
ezildiginden Otiirli tahrip gorebilmektedir (Veerasingam ve
dig., 2020). u-FTIR ise, dedektor yardimiyla daha genis filtre
alanlarinin yiiksek ¢oziintirliiklii kimyasal goriintiilemesine
izin veren bir cihazdir (Cincinelli ve dig., 2017). u-FTIR ve
Raman spektroskopisini karsilastiran Képpler ve dig. (2016),
ozellikle <20 um pargaciklar i¢in daha hassas 6l¢iim yapabi-
len Raman spektroskopisini 6nermistir; fakat bu yéntem p-
FTIR spektroskopisine (yaklasik 20 saate kadar) gére daha
cok zaman aldigi igin (yaklasik 38 saate kadar) metot terci-
hinde sikint1 olugturmaktadir (Tablo 1). Ayrica Raman tekno-
lojisinin diger dezavantajlar1 arasinda, fiberleri veya pigment
iceren parcaciklar1 kolayca tamimlayamamasi ve lazerinin
yiiksek enerji yogunlugu nedeniyle plastik numune pargacik-
larin1 tahrip etme O6zelligi bulunmaktadir (Dehaut ve dig.,
2019). FTIR cihazinin ise, nem igerigine karsi duyarli olmasi
ve siyah partikiilleri tanimlamadaki yetersizligi dezavantaj-
lar1 arasinda siralanabilir (Képpler ve dig., 2016). Yapilan ¢a-
ligmalardan ozetle, FTIR Raman’a gore kiiglik partikiilleri
(6zellikle <20 um, analiz etmede daha yetersiz oldugundan
%35 daha az plastik tespit edebilmektedir (Képpler ve dig.,
2016).

FTIR ve Raman cihazlarina ek olarak, SEM, TEM vb. elek-
tron mikroskobu ile goriintiilenen MP’ler, Enerji dagiliml X-
1s1n1 spektroskopisi (EDS) ile analiz edilerek temel bilesim-
leri identifiye edilebilmektedir. Kombine SEM-EDS cihaz1
maliyet acisindan pahalidir ve 6rnek hazirlama ve 6rnek in-
celeme icin 6nemli 6l¢lide zaman ve ¢aba gerektirir, bu da
analiz edilebilecek 6rnek sayisini sinirlamaktadir. MP’lerin
renkleri SEM cihazinda tanimlayici olarak kullanilamaz, bu
nedenle bu cihaz sadece plastik parcaciklarin yiizey karakte-
rizasyonu ve temel bilesim analizi i¢in dnerilmektedir (Shim
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ve dig., 2017; Silva ve dig., 2018). Buna ek olarak, bir diger
benzer yontem olan Ugus Zamanl Ikincil Iyon Kiitle Spekt-
rometresi (TOF-SIMS) cihazi ile de, SEM-EDS cihaz ile
analizi miimkiin olmayacak bazi organik malzemelerden ve
doku boliimlerinden polietilen gibi MP’lerin karakterizas-
yonu yapilabilmektedir (Jungnickel ve dig., 2016; Toussaint
ve dig., 2019).

Termal Analiz Metotlar

Termal analiz, belirli polimer tiirlerinin kimyasal tanimlan-
masi igin spektroskopiye dayali yontemlere alternatiftir. Bu
yontemlerin en dnemli dezavantaji, cihaza verildikten sonra
MP numunelerini tahrip ederek analiz etmeleridir (Shim ve
dig., 2017).

Diferansiyel tarama kalorimetrisi (DSC), polimerik malze-
melerin termal dzelliklerini incelemek i¢in yararli bir yon-
temdir. Yontem, polimer tilirlerini tanimlamak i¢in referans
malzemeleri gerektirir, ¢linkii her plastik tiriin, DSC'de farkli
ozelliklere sahiptir. DSC ile analiz nispeten basit ve hizlidir;
ancak cevresel numunelerde karisik polimer iiriinlerden
MP’lerin tanimlanmasinda sinirhidir (Shim ve dig., 2017; To-
ussaint ve dig ., 2019).

Bununla birlikte plastik partikiillerin kimyasal bilesimleri
(polimer tiirii) ise, spektroskopi veya kiitle spektrometrisine
dayali teknikler kullanilarak incelenebilmektedirler. Bu tek-
niklerden polimerlerin hizli tanimlanmasinda etkili ancak bo-
yut dagilimlarini belirleyemeyen Pyr-GC/MS (Piroliz-gaz
kromatografisi-kiitle spektrometrisi) veya TDS-GC-MS
(Termal Ekstraksiyon ve Desorpsiyon-Gaz Kromatogra-
fisi/Kiitle Spektrometrisi) gibi 6rnek tahrip edici termoanali-
tik yontemler en yayginlaridir (Zeytin ve dig., 2020).

Pyr-GC/MS vyiiksek sicakliklarda ayristirilan numunelerin
gaz kromatografisi ile ayrilmasi ve kiitle spektrometrisi ile
analizini iceren bir cihazdir (Nguyen ve dig., 2019). Piroliz
gaz kromatografisi-kiitle spektrometrisi tekniginin avantaji,
kat1 numune dogrudan cihaza verilebildigi i¢in 6n islem ihti-
yacini ortadan kalkmis olur ve 6rnek miktar1 oldukga azdir
(5-200 pg). Sadece numune basina polimer kiitlesini 6lgen
Pyr-GC-MS'in mikroplastiklerin sayisini, tiiriinii veya mor-
folojisini belirlemede yararli degildir, bu nedenle MP’lerin
analizinde optik tekniklerle birlikte kullanilmalidir (Dehaut
ve dig., 2016; Silva ve dig., 2018).

TDS-GC-MS, numunenin 1000°C'ye kadar olan sicakliklara
isitilmasiyla kiitlesinin termogravimetrik olarak o6lgiilmesi
prensibine dayanir (Nguyen ve dig., 2019). Nispeten yiiksek
kiitleli (100 mg'a kadar) numuneler i¢in uygun bir tekniktir;
ancak kalitatif analizlerde smirlidir (Duemichen ve dig.,
2015; Nguyen ve dig., 2019). TDS-GC/MS ile karsilagtirildi-
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ginda, Pyr-GC/MS yaklasik 50 pg' a kadar olan nanoplastik-
lerin tanimi ve Ol¢iimiinde daha hassastir (Nguyen ve dig.,
2019).

Sonuc¢

Gilintimiizde oldukga popiiler bir ¢alisma alani haline gelen su
iiriinlerinde mikroplastik kirliligi insan saglig1 acisindan arag-
tirilmasi gereken énemli bir konudur. Insanlarimn su iiriinleri
kaynakli mikroplastik tiikettigi bilinmektedir. Bu tiiketim he-
saplanarak, insanlar i¢in giinliik limit alim degerlerinin belir-
lenmesi elzemdir. insan tiiketimine sunulan islenmis su iiriin-
lerinde bulunan MP’lerin, sucul kirlilik kaynakli m1 yoksa is-
leme prosesleri sirasinda m1 bulastigiyla ilgili kaynagi tespit
etmeye yonelik heniiz bir ¢aligma bulunmamaktadir. Gida gii-
venligi acisindan MP’lerin analizi, insan sagligi agisindan
riskleri ve tiiketilen gidalara MP’lerin bulagma kaynaklari
gibi calisma konulariin uygun metot ve arastirma yontemleri
kullanilarak arastirilmasi gerekmektedir.

Etik Standart ile Uyumluluk

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

Etik kurul izni: Yazarlar, bu ¢alismanin etik izin gerektirmedigini
beyan etmiglerdir.

Finansal destek: -
Tesekkiir: -
Aciklama: -
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ABSTRACT

Marine diatom research in the coastal waters of Turkey started nearly two centuries ago. In the last
decades, increasing numbers of contributions extended the knowledge of the marine phytoplank-
ton. While several studies dedicated to planktonic forms and the checklists published concerning
on the phytoplankton, relatively low numbers of benthic diatom studies were performed. There-
fore, this is the first detailed list of the marine diatoms including both planktonic and benthic forms
in Turkish coasts. This paper brings up the checklist of the past research referring to the authors in
the last two centuries within the scope of the latest nomenclature. A total of 767 taxa (species,
varieties and forms) belonging to 183 genera were listed. This study focussed into the study areas
according to the reviewed literature and showed that many areas are yet to be investigated.

Keywords: Biogeography, Checklist, Epilithic, Epipelic, Epiphytic, Marine diatoms,
Phytoplankton, Turkey
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Introduction

The knowledge of biodiversity and biogeography of diatoms
showed remarkable progress in the last two centuries. In ma-
rine diatoms, drawings contributed into systematics and bio-
geography of the diatoms in mid-late 19th century and con-
tinued within the early 20th century with many atlas and mon-
ographs (Smith, 1853; Schmidt, 1874-1959; Cleve, 1894-
1895; Peragallo and Peragallo, 1897-1908), which are still
fundamental sources for marine diatom researchers. In the
last decades with the aid of light microscopy (LM) and scan-
ning electron microscopy (SEM), many species were discov-
ered in the marine coastal waters, which extended the
knowledge of diatom assemblages from different coasts. The
recent monographs revealed many endemic species and in-
creased the data of widespread taxa and some location-spe-
cific taxa with introductions to new locations; e.g., Baltic Sea,
Snoeijs (1993), Snoeijs and Vilbaste (1994), Snoeijs and
Potapova (1995), Snoeijs and Kasperoviciene (1996), and
Snoeijs and Balashova (1988), the Bahamas Hein et al.
(2008), the Mediterranean, Blanco and Blanco (2014), Mad-
agascar Metzeltin and Lange-Bertalot (2002), Kryk et al.,
(2020), the Pacific, Lobban et al., (2012), Stidolph et al.,
(2012). Witkowski et al. (2000) published a monograph of the
taxa from different locations of the marine coasts around the
world. These monographs and checklists (Hendey, 1974;
Lopez-Fuerte and Siqueiros-Beltrones, 2016) provided com-
plete biogeographical dispersal of the benthic diatoms and led
further studies in family, genus or even taxon-specific levels
(molecular and phylogeny).

The first study in Turkish coastal waters conducted in mid
19th century; Ehrenberg (1844), described species from the
Bosphorus in the Sea of Marmara, after some time, Hustedt
also described species with drawings in Bosphorus and the
Golden Horn in the Sea of Marmara (Hustedt, 1930-1966).
Simonsen (1987) illustrated these taxa from Hustedt collec-
tion later. However, the first studies were conducted quite a
while ago in Turkey; still today, there is very little data in
terms of benthic diatoms. The past papers published on the
phytoplankton of Turkish coastal waters included several
species with > 30 um diameter which also observed in the
benthos. Therefore, some diatom taxa living in benthos with
relatively bigger cell size or showing centric morphology
which allow cells to suspend in the water column easily (e.g.,
Pleurosigma elongatum W. Smith, Striatella unipunctata
(Lyngbye) C. Agardh, Navicula directa (W. Smith) Brébis-
son, Coscinodiscus spp.) were reported from the surface wa-
ters or open waters in Turkish seas. Several authors published
checklists regarding phytoplankton composition in the last
decades. Koray (2001) reported the phytoplankton from
Turkish seas, while Balkis (2004) published a checklist from

the Sea of Marmara, and Tas and Okus (2016) from the Black
Sea. A checklist of freshwater algae, which includes freshwa-
ter diatoms, by Aysel (2005), also covered many benthic dia-
toms; however, any lists comprising exclusively marine ben-
thic diatoms has yet not published. Even though research on
marine phytobenthos is increasing, the biodiversity in the ma-
rine coasts and the biogeography of the diatoms in Turkey
remained unclear. The low number of studies conducted in
the coastlines and the outdated nomenclature used in the pre-
vious papers prevented to produce a collective list of the ben-
thic diatoms, even though, Turkey surrounded by seas; Black
Sea, Mediterranean Sea, the Aegean Sea, and has an inland
sea; the Sea of Marmara. However, several benthic studies
were already performed, or checklists were published in the
adjacent countries, e.g., Romania (Caraus, 2002, 2012, 2017);
Russia (Nevrova, 2016); Greece (Foged, 1986; Louvrou,
2007).

Furthermore, the lack of drawings and micrographs or mor-
phological features allowed most of the taxa remained as
doubtful in the past studies (Koray 2001). There were re-
cently increasing research, including morphological details
providing comparable data for further studies. However,
there was still a need for marine diatom lists to understand
and enhance taxonomy and biogeography of diatoms in Turk-
ish coasts.

This paper aimed to create a list of reported marine diatom
species with updated nomenclature in the coasts of Turkey
with an emphasis on doubtful and illustrated taxa within the
results of major marine diatom studies performed so far. The
list was created to gather all the scattered previous data to
provide a comparable key particularly relying on the illus-
trated taxa for the future research in Turkey.

Methodology

This diatom checklist was created using information from the
publications between 1844-2020. The literature search re-
vealed 56 references included planktonic diatoms and marine
benthic diatoms in the coasts, coastal lake and lagoons of Tur-
key. Habitat information and the study areas were presented
for each species (Table 1). The references included articles,
reviews, checklists, PhD and MSc thesis. Freshwater species
reported in some studies were not excluded due to riverine
pressure and salinity changes in different locations from the
Mediterranean to the Black Sea. However, there were several
marine diatom species found in inland waters, according to
Maraslioglu and Goniilol (2020), these taxa were not taken
into account due to possible misidentifications.
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Some species reported with different names from the latest
taxonomical order. An effort was put to classify the species
with the updates to their current names, according to Guiry
and Guiry (2020) and Kociolek et al. (2020). Systematic clas-
sification followed Round et al. (1990). Taxa cited in species-
level with “confer” and “sp.” were not evaluated in the list
due to a need of confirmation of these species.

Many species lack images and even reported for the first time,
there were no illustrations or morphological features (e.g., di-
mensions, striae or fibulae counts). Therefore, references
used in the list with illustrations were shown with an asterisk
in Table 1.

The Current Status of Marine Diatoms in
Turkey

The list contained a total of 767 taxa (species, varieties and
forms) belonged to 183 genera. Amongst all, 70 taxa be-
longed to class Coscinodiscophyceae, 130 taxa to Medi-
ophyceae and 567 taxa to Bacillariophyceae (See Checklist).
Current nomenclature of the formerly reported taxa was listed
(See Updated Nomenclature). According to the literature, the
most cited genera with highest numbers of species were Na-
vicula Bory (57), Nitzschia Hassal (55), Chaetoceros Ehren-
berg (53), Mastogloia Thwaites (31), Cocconeis Ehrenberg
(23), Amphora Ehrenberg ex Kiitzing (18), Halamphora
(Cleve) Mereschkowsky (16). The most common six genera
in terms of species numbers consisted of 33.1% of all taxa
found in the literature. The most common species were Cyl-
indrotheca closterium (Ehrenberg) Reinmann & Lewin
which was reported from 21 studies and followed by
Nitzschia longissima (Brébisson ex Kiitzing) Grunow (cited
19), Coscinodiscus radiatus Ehrenberg, Thalassionema
nitzschioides (Grunow) Mereschkowsky, Pleurosigma nor-
manii Ralfs (cited 17), Licmophora abbreviata Agardh,
Achnanthes brevipes Agardh (cited 15) (Table 2).

The reviewed literature revealed that studies in the coastal
waters of Turkey were low in numbers. The Sea of Marmara
and the Aegean Sea was the most intensively studied areas
with 20 and 19 studies, respectively. Studies in the Mediter-
ranean and the Black Sea were rather scarce with 11 and 14
research in terms of both benthic and planktonic species com-
position and biogeographical dispersal.

The current paper represents the first exclusively detailed ma-
rine diatom list in the Turkish coastal waters. Since the stud-
ies started in 1844 with Ehrenberg, several authors showed a
significant contribution to the diatom composition through-
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out the years. Several checklists published in the past by var-
ious authors (Koray, 2001; Balkis, 2004; Tas and Okus,
2016), however, the latest and progressing systematics of di-
atoms resulted in many synonyms and transferred taxa into a
new species of a genus. This paper brings the data altogether
with the latest nomenclature with an emphasis on the current
names of the cited taxa. An essential part of the studies per-
formed dedicated to mostly planktonic forms of diatoms; the
papers here reviewed generally had both benthic and plank-
tonic diatoms. The number of the taxa seems to be high in the
checklist; however, diatom species number from the coasts of
Turkey are yet far from similar checklists (Hendey, 1974;
Lopez-Fuerte and Siqueiros-Beltrones, 2016; Caraus, 2017).
The number of only benthic species determined in the Adri-
atic Sea was 518 (Vilici¢ et al., 2002). In Turkey, the reason
for a low number of taxa might be related to the low number
of benthic studies performed in these coasts. Most of the stud-
ies reviewed in this paper used a similar sampling technique
(plankton net), which aimed to take phytoplankton; and in
some of these studies, benthic diatoms were also observed.
Therefore, the most cited taxa found to be relatively higher in
cell size, which observed through the plankton net. However,
the recent findings showed (Kaleli et al., 2020) that the num-
ber of taxa could increase with the forthcoming studies,
which especially aim to reveal benthic species.

The checklist revealed that a high number of freshwater taxa
observed in these studies (Cymbella spp., Gomphonema spp.,
Navicula spp.) mostly in the Black Sea coasts (Soylu et al.,
2011; Baytut et al., 2016). It might be related to the freshwa-
ter inputs e.g., two major rivers; Kizilirmak and Yesilirmak,
where relatively lower salinity might be a factor to detect the
freshwater diatoms in the Black Sea and yielded favourable
conditions for the taxa to survive; however, it was observed
that marine taxa could dominate in these coastal waters
(Kaleli et al., 2017) as well as in the northern Black Sea coasts
(Nevrova and Petrov, 2019). Many taxa reported in the list
have no documentation or sufficient data on geographical dis-
tribution. It is difficult to evaluate the local distribution of the
species in comparison to the papers reviewed; however, the
list gives an insight into the underlying distribution in the seas
of Turkey. The studies used in this checklist revealed that
many species lack morphological features and documented as
the first record in Turkey. However, in newly reported taxa,
LM, SEM and molecular techniques should be given in detail
for comparison with the species found in the coasts of Tur-
key, other coastal areas and beyond. Therefore, this paper re-
vealed the diatom composition in the Turkish coastal waters
with the latest nomenclature and could be used as a funda-
mental list for the latter studies.
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Table 1. Literature with all species or partially reported with illustrations marked with an asterisk. Black Sea (B), Sea of Mar-
mara (S), Aegean Sea (A), Mediterranean Sea (M).

Reference Habitat Location
1. Ehrenberg (1843) Epizoic S
2. Hustedt (1930-1966)* Benthos S
3. Egemen et al. (1999) Planktonic A
4. Witkowski et al. (2000)* Benthos M
5. Aktan (2001)* Epilithic, Epipelic S
6. Koray (2001) Planktonic B,S,A.M
7. Polat & Isik (2002) Planktonic M
8. Tiirkoglu & Koray (2002) Planktonic B
9. Balkis (2003) Planktonic S
10. De Stefano & Marino (2003)* Epiphytic A
11. Balkis (2004) Planktonic S
12. Aktan & Aykulu (2005)* Epipelic S
13. Balkis (2005)* Benthos A
14. Baytut et al. (2005)* Benthos B
15. Aka & Polat (2006)* Planktonic M
16. De Stefano et al. (2006)* Epiphytic A
17. Cevik et al. (2008) Benthos M
18. Colak Sabanci (2008)* Benthos A
19. De Stefano et al. (2008)* Epiphytic A
20. Swvaci et al. (2008) Benthos B
21. Deniz & Tas (2009) Planktonic S
22. Goniilol et al. (2009) Epipelic B
23. Colak Sabanc1 (2010)* Benthos A
24. Colak Sabanc1 & Koray (2010)* Benthos A
25. Polge et al. (2010) Epipelic S
26. Altug et al. (2011) Planktonic S,A
27. Soylu et al. (2011) Epiphytic B
28. Colak Sabanc (2012)* Benthos A
29. Ozman-Say & Balkis (2012) Planktonic M
30. Colak Sabanci (2013)* Benthos A
31. Aglac¢ & Balkis (2014) Planktonic A
32. Aktan et al. (2014) Epipelic S
33. Balkis & Toklu-Alichi (2014) Planktonic S
34. Blanco & Blanco (2014)* Benthos A
35. Pailles et al. (2014)* Fossil S
36. Tas (2014) Planktonic A
37. Baytut et al. (2016) Planktonic B
38. Kisa & Pabuccu (2016) Benthos, Planktonic B
39. Pennesi (2016)* Epiphytic A
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Table 1. Continue

40. Yildiz (2018)* Benthos S
41. Kaleli et al. (2017)* Epilithic B
42. Kaleli et al. (2018)* Epilithic B
43. Li et al. (2018)* Benthos AM
44. Kaleli et al. (2019)* Epilithic, Epipsammic M
45. Kaleli et al. (2020)* Benthos M
46. Tiifekci et al. (2008) Planktonic S
47. Topgu (2011) Planktonic A
48. Taskin et al. (2019) Planktonic, Benthic B,S,A.M
49. Baytut et al. (2013)* Planktonic B
50. Tas & Okus (2006) Planktonic B
51. Balkis & Tas (2016) Planktonic S
52. Tas (2017)* Planktonic S
53. Tas & Becerril (2017)* Planktonic S
54. Ayaz et al. (2018) Benthic M
55. Eker-Develi & Kideys (2003) Planktonic B
56. Feyzioglu & Seyhan (2007) Planktonic B

Table 2. Most common species in the Turkish coastal waters.
Taxon Citations Taxon Citations
Cylindrotheca closterium 21 Thalassionema fraunfeldii 15
Nitzschia longissima 19 Striatella unipunctata 15
Coscinodiscus radiatus 17 Ditylum brightwelli 14
Thalassionema nitzschioides 17 Cerataulina pelagica 13
Pleurosigma normanii 17 Chaetoceros affinis 13
Licmophora abbreviata 16 Chaetoceros lorenzianus 13
Pseudosolenia calcar-avis 16 Hemiaulus hauckii 13
Achnanthes brevipes 15 Pseudo-nitzschia pungens 13
Grammatophora marina 15 Skeletonema costatum 13

Melosira moniliformis 15 Proboscia alata 12
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Conclusion

Investigation of the marine diatoms started nearly two centu-
ries ago in Turkish coasts, however, still, a lot of geographical
spots were not investigated, and their diatom composition re-
mains unknown. The list comprised many benthic diatoms as
well as the previously expressed planktonic forms, neverthe-
less, showed that total taxa in the Turkish coasts were not en-
tirely determined yet. The future studies should focus on the
benthic diatom composition with the help of LM and SEM to
provide additional data for further implications. Morphologi-
cal details of the benthic diatoms would enhance the
knowledge not only on the taxonomy but also the biodiversity
and their geographical dispersal in the coastal waters like es-
tuarine areas, coastal lakes and lagoons. This paper brought
marine planktonic and benthic studies together and com-
prised a dataset which could be comparative for the future
studies in Turkey and other regions. Although there were
checklists on marine plankton, this study provided a list of
diatoms including both forms from the coasts of Turkey.
However, many of the species were not illustrated, future
studies could extend the knowledge with accurate identifica-
tion with the aid of the illustrated studies in the region. It

Updated Nomenclature

should be noted that there have been no changes in the taxon-
omy of the genera and species, the nomenclature was updated
in several taxa which were transferred or currently not in use
anymore, therefore, more research should be carried out to
clarify the systematic problems of diatoms in Turkish coastal
waters.
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List of updated species nomenclature (Taxa) cited in the previous studies (Cited Name), and their synonyms.

Current Name

Cited Name

Achnanthes brevipes var. intermedia (Kiitzing) Cleve
Achnanthes parvula Kiitzing

Achnanthes wellsiae (Reimer) Witkowski & Lange-Bertalot
Actinocyclus octonarius var. ralfsii (Smith) Hendey
Amphicocconeis disculoides (Hustedt) Stefano & Marino
Amphitetras antediluviana Ehrenberg

Aneumastus tuscula (Ehrenberg) Mann & Stickle
Ardissonea formosa (Hantzsch) Grunow
Asterionellopsis glacialis (Castracane) Round

Azpeitia nodulifera (Schmidt) Fryxell & Sims

Bacillaria socialis (Gregory) Ralfs

Berkeleya scopulorum (Brébisson ex Kiitzing) Cox
Biddulphia biddulphiana (Smith) Boyer

Brebissonia lanceolata (Agardh) Mahoney & Reimer
Caloneis amphisbaena var. subsalina (Donkin) Cleve
Catacombas gaillonii (Bory) D.M.Williams & Round
Chaetoceros atlanticus var. neopolitanus (Schroder) Hustedt
Chaetoceros neogracilis Van Landingham

Chaetoceros protuberans Lauder

Chaetoceros willei Gran

Cocconeis distans Gregory

Conticribra weissflogii (Grunow) Stachura-Suchoples & Williams
Coronia decora (Brébisson) Ruck & Guiry

Achnanthes intermedia Kiitzing

Achnanthes brevipes var. parvula (Kiitzing) Cleve
Astartiella welsiae (Reimer) Witkowski & Lange-Bertalot
Actinocyclus ralfsii (Smith) Ralfs

Cocconeis disculoides Hustedt

Triceratium antediluvianum (Ehrenberg) Grunow
Navicula tuscula (Ehrenberg) Grunow

Synedra formosa Hantzsch

Asterionella japonica Cleve

Coscinodiscus nodifer Schmidt

Bacillaria paradoxa Gmelin

Nitzschia paradoxa (Gmelin) Grunow

Navicula scopulorum Brébisson ex Kiitzing var. scopularum
Biddulphia pulchella Gray

Navicula lanceolata (Agardh) Kiitzing

Caloneis subsalina (Donkin) Hendey

Synedra gaillonii (Bory) Ehrenberg

Chaetoceros neapolitanus Schroder

Chaetoceros gracilis Schiitt

Chaetoceros didymus var. protuberans (Lauder) Gran &
Yendo

Chaetoceros affinis var. willei (Gran) Hustedt
Cocconeis granulifera Greville

Thalassiosira weissflogii (Grunow) Fryxell & Hasle
Campylodiscus decorus Brébisson
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Coscinodiscopsis jonesiana (Greville) Sar & Sunesen
Coscinodiscus pavillardii Forti

Craticula cuspidata (Kiitzing) Mann

Craticula cuspidata var. heribaudii (Peragallo) J.Y.Li & Y.Z.Qi
Craticula halophila (Grunow) Mann

Ctenophora pulchella (Ralfs ex Kiitzing) Williams & Round
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
Cymbopleura inaequalis (Ehrenberg) Krammer

Cymbopleura naviculiformis (Auerswald ex Heiberg) Krammer
Dactyliosolen fragilissimus (Bergon) Hasle

Dactyliosolen mediterraneus (H. Peragallo) H.Peragallo
Delphineis australis Watanabe, Tanaka, Reid, Kumada & Nagudo
Delphineis surirella (Ehrenberg) Andrews

Didymosphenia geminata (Lyngbye) Mart.Schmidt

Diploneis crabro (Ehrenberg) Ehrenberg

Ellerbeckia arenaria (D.Moore ex Ralfs) R.M.Crawford
Encyonema leiblenii (Agardh) Silva, Jahn, Veiga Ludwig & Menezes
Entomoneis alata (Ehrenberg) Ehrenberg

Entomoneis costata (Hustedt) Reimer

Entomoneis pulchra (Bailey) Reimer

Eupyxidicula turris (Greville) S.Blanco & C.E.Wetzel

Fallacia forcipata (Greville) Stickle & Mann

Fallacia forcipata var. densestriata (A.W.F.Schmidt) Gogorev
Fogedia finmarchica (Cleve & Grunow) Witkowski, Metzeltin &
Lange-Bertalot

Fragilaria tabulata var. truncata (Greville) Lange-Bertalot
Fragilariopsis rhombica (O’Meara) Hustedt

Grammatophora oceanica Ehrenberg

Guinardia delicatula (Cleve) Hasle

Guinardia striata (Stolterfoth) Hasle

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Gyrosigma macrum (W.Smith) J.W.Griffith & Henfrey
Gyrosigma reversum (Gregory) Hendey

Gyrosigma robustum (Grunow) Cleve

Halamphora coffeiformis (C.Agardh) Levkov

Halamphora costata (W.Smith) Levkov

Halamphora exigua (Gregory) Levkov

Halamphora holsatica (Hustedt) Levkov

Halamphora normanii (Rabenhorst) Levkov

Halamphora subholsatica (Krammer) Levkov

Halamphora veneta (Kiitzing) Levkov

Halamphora wisei (Salah) Alvarez-Blanco & Blanco
Helicotheca thamesis (Shrubsole) Ricard

Hippodonta capitata (Ehrenberg) Lange-Bertalot, Metzeltin &
Witkowski

Iconella biseriata (Brébisson) Ruck & Nakov

Karayevia clevei (Grunow) Round & Bukhtiyarova

Karayevia rostrata (Hustedt) Bukhtiyarova

Lyrella abrupta (Gregory) Mann

Lyrella atlantica (Schmidt) Mann

Lyrella lyra (Ehrenberg) Karajeva
Lyrella lyroides (Hendey) Mann
Mastogloia albertii A.Pavlov, E.Jovanovska, C.E.Wetzel, L.Ector &

Z.Levkov
Mastogloia lacustris (Grunow) Grunow

Review Article

Coscinodiscus jonesianus (Greville) Ostenfeld
Coscinodiscus perforatus var. pavillardi (Forti) Hustedt
Navicula cuspidata (Kiitzing) Kiitzing

Navicula cuspidata var. heribaduii (Peragallo) Cleve
Navicula cuspidata var. halophila Grunow

Synedra pulchella (Ralfs) Kiitzing

Nitzschia closterium (Ehrenberg) Smith

Cymbella inaequalis (Ehrenberg) Rabenhorst
Cymbella naviculiformis (Auerswald) Cleve
Rhizosolenia fragilissima Bergon

Leptocylindrus mediterraneus (H.Peragallo) Hasle
Rhaphoneis surirella var. australis (Petit) Grunow
Rhaphoneis surirella (Ehrenberg) Grunow
Gomphonema geminatum (Lyngbye) Agardh
Navicula crabro (Ehrenberg) Kiitzing

Melosira arenaria Moore ex Ralfs

Encyonema prostratum (Berkeley) Kiitzing
Ambhiprora alata (Ehrenberg) Kiitzing

Amphiprora costata Hustedt

Amphiprora pulchra Bailey

Stephanopyxis turris (Greville) Ralfs

Navicula forcipata Grevillei

Navicula forcipata Grevillei var. densestriata A.Schmidt
Navicula finmarchica (Cleve & Grunow) Cleve

Synedra fasciculata Ehrenberg var. truncata (Greville) Patrick
Nitzschia angulata Hasle

Grammatophora oceanica (Smith) Hustedt
Rhizosolenia delicatula Cleve

Rhizosolenia stolterfothii H. Peragallo

Gyrosigma spenceri (Quekett) Griffith & Henfrey
Pleurosigma macrum Smith

Pleurosigma reversum Gregory

Pleurosigma robustum Grunow

Amphora coffeaeformis (Agardh) Kiitzing
Amphora costata Smith

Amphora exigua Gregory

Amphora holsatica Hustedt

Amphora normannii Rabenhorst

Amphora subholsatica Krammer

Amphora veneta Kiitzing

Amphora turgida var. wisei Salah

Streptotheca tamesis Shrubsole

Navicula capitata Ehrenberg

Surirella biseriata Brébisson

Achnanthes clevei Grunow

Achnanthes clevei Grunow var. rostrata Hustedt
Navicula abrupta (Gregory) Donkin

Navicula abrupta var. atlantica (Schmidt) Peragallo &
Peragallo

Navicula lyra Ehrenberg

Navicula lyroides Hendey

Mastogloia smithii var. amphicephala Grunow

Mastogloia smithii var. lacustris (Grunow) M.Voigt
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Melosira moniliformis (Miiller) Agardh

Metacolioneis tumida (Brébisson ex Kiitzing) Blanco & Wetzel
Microtabella interrupta (Ehrenberg) Round

Navicula capitatoradiata H.Germain

Navicula comoides (Dillwyn) Peragallo & Peragallo

Navicula cryptotenella Lange-Bertalot

Navicula phyllepta Kiitzing

Navicula ramosissima (Agardh) Cleve

Navicula tripunctata (Miiller) Bory

Navicula veneta Kiitzing

Navicula viridula var. avenacea (Brébisson) Van Heurck
Navicymbula pusilla (Grunow) Krammer

Neocalyptrella robusta (Norman ex Ralfs) Hernandez-Becerril &
Meave del Castillo

Odontidium hyemale (Roth) Kiitzing

Olifantiella muscatinei (Reimer & Lee) Van de Vijver, Ector &
Wetzel

Pantocsekiella comensis (Grunow) Kiss & Acs

Pantocsekiella kuetzingiana (Thwaites) Kiss & Acs
Pantocsekiella ocellata (Pantocsek) Kiss & Acs

Paraplaconeis placentula (Ehrenberg) Kulikovskiy & Lange-
Bertalot

Parlibellus berkeleyii (Kiitzing) E.J.Cox

Parlibellus plicatus (Donkin) Cox

Petroneis latissima (Gregory) Stickle & Mann

Pinnunavis elegans (Smith) Okuno

Placoneis elginensis (Gregory) Cox

Plagiogramma minus (W.Gregory) Chunlian Li, Ashworth &
Witkowski

Plagiogrammopsis vanheurckii (Grunow) Hasle, Stosch &
Syvertsen

Planothidium hauckianum (Grunow) Bukhtiyarova
Planothidium hauckianum var. rostratum (Schulz ex Hustedt)
Andresen, Stoermer & Kreis, Jr.

Planothidium lanceolatum (Brébisson ex Kiitzing) Lange-Bertalot

Pleurosigma formosum var. dalmatica (dalmaticum) Grunow
Pleurosigma normanii Ralfs
Proboscia alata (Brightwell) Sundstrom

Proboscia indica (H.Peragallo) Herniandez-Becerril
Psammodictyon panduriforme (W.Gregory) D.G.Mann
Psammodiscus nitidus (Gregory) Round & Mann
Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle
Pseudo-nitzschia seriata (Cleve) H.Peragallo
Pseudosolenia calcar-avis (Schultze) Sundstrom
Rhizosolenia acuminata (H. Peragallo) H. Peragallo
Rhizosolenia imbricata Brightwell

Rhopalodia constricta (W.Smith) Krammer

Sellaphora pupula (Kiitzing) Mereschkowsky

Seminavis eulensteinii (Grunow) D.B.Danielidis, K.Ford &
D.Kennett

Meuniera membranacea (Cleve) P.C.Silva

Staurophora amphioxys (Gregory) Mann

Stellarima stellaris (Roper) Hasle & Sims

Melosira moniliformis (Miiller) Agardh var. moniliformis
Scoliopleura tumida (Brébisson ex Kiitzing) Rabenhorst
Striatella interrupta (Ehrenberg) Heiberg
Navicula cryptocephala var. intermedia Grunow
Navicula pseudocomoides Hendey
Navicula radiosa var. tenella (Brébisson ex Kiitzing) Van Heurck
Navicula lanceolata var. phyllepta (Kiitzing) Van Heurck
Navicula ramosissima var. ramosissima (Agardh) Cleve
Navicula gracilis Ehrenberg
Navicula cryptocephala var. veneta (Kiitzing) Rabenhorst
Navicula avenacea (Brébisson et Godey) Brébisson ex Grunow
Cymbella pusilla Grunow
Rhizosolenia robusta G.Norman ex Ralfs

Diatoma hiemalis Heibe
Olifantiella pseudobiremis Riaux-Gobin

Cyclotella comensis Grunow

Cyclotella meneghiniana var. kutzingiana (Thwaites) Playfair
Cyclotella ocellata Pantocsek

Navicula placentula (Ehrenberg) Kiitzing

Navicula pseudocomoides Hendey
Navicula plicata Donkin

Navicula latissima Gregory

Navicula elegans Smith

Navicula elginensis (Gregory) Ralfs
Dimerogramma minor (Gregory) J.Ralfs

Plagiogramma van-heurckii Grunow

Achnanthes hauckiana Grunow
Achnanthes houckiana Grunow var. rostrata Shultz

Achnanthes lanceolata (Brébisson) Grunow

Pleurosigma decorum W. Smith var. dalmaticum sensu Peragallo
Pleurosigma affine Grunow

Rhizolenia alata Brightwell

Rhizosolenia alata Brightwell f. gracillima (Cleve) Gran
Proboscia alata f. indica (H.Peragallo) Gran

Nitzschia panduformis Gregory

Coscinodiscus nitidus Gregory

Nitzschia pungens Grunow ex Cleve

Nitzshia seriata Cleve

Rhizosolenia calcar-avis M.Schultze

Rhizosolenia acuminata (H. Peragallo) Gran

Rhizolenia shrubsolei Cleve

Rhizosolenia imbricata var. shrubsolei (Cleve) Schroder
Rhopalodia musculus var. constricta (Brébisson ex Smith) H. &
M. Peragallo

Navicula pupula Kiitzing

Amphora angusta var. ventricosa (Gregory) Cleve

Stauroneis membranacea (Cleve) Hustedt
Stauroneis gregorii Ralfs
Coscinodiscus stellaris Roper
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Tabularia affinis var. acuminata (Grunow) Aboal
Tabularia fasciculata (Agardh) Williams & Round

Tetramphora intermedia (Cleve) Stepanek & Kociolek

Tetramphora ostrearia (Brébisson) Mereschkowsky
Thalassionema fraunfeldii (Grunow) Hallegraeff
Thalassiosira eccentrica (Ehrenberg) Cleve
Thalassiosira gravida Cleve

Thalassiosira leptopus (Grunow) Hasle & Fryxell
Toxarium hennedyanum (Gregory) Pelletan
Toxarium undulatum Bailey

Triceratium pelagicum (Schroder) Sournia

Trieres mobiliensis (Bailey) Ashworth & Theriot

Trieres regia (Schultze) Ashworth & Theriot
Tryblionella acuminata Smith

Tryblionella apiculata Gregory

Tryblionella granulata (Grunow) Mann

Tryblionella navicularis (Brébisson) Ralfs
Tryblionella punctata Smith

Ulnaria danica (Kiitzing) Compeére & Bukhtiyarova
Ulnaria ulna (Nitzsch) Compeére

Review Article

Synedra tabulata var. acuminata (Grunow) Hustedt
Synedra affinis Kiitzing

Synedra fasciculata (Agardh) Kiitzing

Synedra tabulata (C. Agardh) Kiitzing var. fasciculata (Kiitzing)
Grunow

Amphora rhombica Kitton var. intermedia Cleve
Amphora ostrearia Brébisson ex Kiitzing
Thalassiothrix frauenfeldii (Grunow) Grunow
Coscinodiscus excentricus Ehrenberg

Thalassiosira rotula Meunier

Coscinodiscus lineatus Ehrenberg

Synedra hennedyana Gregory

Synedra undulata (Bailey) Gregory

Biddulphia pelagica Schroder

Biddulphia mobiliensis (Bailey) Grunow & Van Heurck
Odontella mobiliensis (Bailey) Grunow

Odontella regia (Schulze) Ostenfeld

Nitzschia acuminata (W.Smith) Grunow

Nitzschia apiculata (Gregory) Grunow

Nitzschia granulata Grunow

Nitzschia navicularis (Brébisson ex Kiitzing) Grunow
Nitzschia punctata (Smith) Grunow

Synedra ulna (Nitzsch) Ehrenberg var. danica (Kiitzing) Grunow
Fragilaria ulna (Nitzsch) Lange-Bertalot

Synedra ulna (Nitzsch) Ehrenberg

Checklist

List of diatom species reported from previous 56 papers. Nomenclature updated, according to Guiry and Guiry (2020) and Kociolek et al.
(2020). Systematics followed Round et al. (1990).
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Coscinodiscophyceae

Actinocyclus cuneiformis (Wallich) F.Gomez, Lu Wang & Senjie Lin 3
Actinocyclus normnanii f. subsalus (Juhlin-Dannfelt) Hustedt 37
Actinocyclus octonarius Ehrenberg 6,37,48
Actinocyclus octonarius var. ralfsii (Smith) Hendey 6
Actinocyclus subtilis (Gregory) Ralfs 5
Actinoptychus splendens (Shadbolt) Ralfs 6,48

Asterolampra grevillei (Wallich) Greville
Asterolampra marylandica Ehrenberg
Asterolampra vanheurckii Brun
Asteromphalus flabellatus (Brébisson) Greville
Asteromphalus heptactis (Brébisson) Ralfs
Asteromphalus hookeri Ehrenberg
Asteromphalus hyalinus Karsten

Aulacoseira granulata (Ehrenberg) Simonsen
Aulacoseira italica (Ehrenberg) Simonsen
Azpeitia nodulifera (Schmidt) Fryxell & Sims
Coscinodiscopsis jonesiana (Greville) Sar & Sunesen
Coscinodiscus asteromphalus Ehrenberg
Coscinodiscus centralis Ehrenberg
Coscinodiscus concinnus Smith

Coscinodiscus gigas Ehrenberg

Coscinodiscus granii Gough

Coscinodiscus janischii Schmidt

6,7,29,31,36,48,51
6,7,15,29,31,36,48
6,48

6,7,18,29,36,48
6,7,29,36,48
6,15,29,48

6,48

14,2537

25

3,6,48,56

6,48

6,48

6,8,11,29,48,51
6,8,21,31,37,48,51,52
6,48
3,6,8,9,11,48,51,52,56
37
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Coscinodiscus marginatus Ehrenberg
Coscinodiscus oculus-iridis (Ehrenberg) Ehrenberg
Coscinodiscus pavillardii Forti

Coscinodiscus perforatus Ehrenberg
Coscinodiscus radiatus Ehrenberg

Coscinodiscus wailesii Gran & Angst

Dactyliosolen antarcticus Castracane

Dactyliosolen blavyanus (H.Peragallo) Hasle
Dactyliosolen fragilissimus (Bergon) Hasle
Dactyliosolen mediterraneus H.Peragallo

Ellerbeckia arenaria (D.Moore ex Ralfs) R.M.Crawford
Eupyxidicula turris (Greville) S.Blanco & C.E.Wetzel
Gallionella asperula Ehrenberg

Guinardia cylindrus (Cleve) Hasle

Guinardia delicatula (Cleve) Hasle

Guinardia flaccida (Castracane) Peragallo

Guinardia striata (Stolterfoth) Hasle

Hyalodiscus scoticus (Kiitzing) Grunow

Melosira borreri Greville

Melosira dubia Kiitzing

Melosira moniliformis (Miiller) Agardh

Melosira moniliformis var. octogona (Grunow) Hustedt
Melosira nummuloides Agardh

Melosira varians Agardh

Neocalyptrella robusta (Norman ex Ralfs) Hernandez-Becerril & Meave del Castillo

Paralia sulcata (Ehrenberg) Cleve

Podosira hormoides (Montagne) Kiitzing

Proboscia alata (Brightwell) Sundstrom

Proboscia alata f. alata (Brightwell) Sundstrom
Proboscia alata f. gracillima (Brightwell) Sundstrom
Proboscia indica (H.Peragallo) Hernandez-Becerril
Pseudosolenia calcar-avis (Schultze) Sundstrom
Rhizosolenia acuminata (H.Peragallo) H.Peragallo
Rhizosolenia bergonii H.Peragallo

Rhizosolenia castracanei H.Peragallo

Rhizosolenia faeroensis Ostenfeld

Rhizosolenia hebetata ].W .Bailey

Rhizosolenia hebetata var. semispina (Hensen) Gran
Rhizosolenia imbricata Brightwell

Rhizosolenia setigera Brightwell

Rhizosolenia styliformis Brightwell

Rhizosolenia temperei H.Peragallo

Stellarima stellaris (Roper) Hasle & Sims
Stephanopyxis palmeriana (Greville) Grunow
Triceratium dubium Brightwell

Triceratium favus Ehrenberg

Triceratium pelagicum (Schroder) Sournia
Mediophyceae

Amphitetras antediluviana Ehrenberg

Ardissonea crystallina (C.Agardh) Grunow
Ardissonea crystallina var. dalmatica (Kiitzing) Mills
Ardissonea formosa (Hantzsch) Grunow
Bacteriastrum comosum Pavillard

Review Article

6,8,48
6,48,51

6,8,48

7,8,9,11,15,29,31,37,51
6,7,8,9,11,15,21,26,29,31,33,37,48,
50,51,52,56

6,37,48

6,29,48

6,48
6,8,9,11,33,46,48,50,51,52,56
6,29,31,48,51

6

6,11,51

1

6,9,48,51

6,8,11,31,48,50,51,52
6,8,9,11,31,33,46,47,48,51
6,8,11,17,29,31,47,48,50,51,52
37

6,8,48

2
3,4,5,69,11,12,15,25,29,32,37,48,51,52
4
2,3,5,6,12,21,25,37,48,51,52,56
22,25,37,56

3,6,31,48,51,52

6,25,29,48,51

37
3,8,9,11,29,31,33,46,51,52,55,56
6,47,50

6,50

6,47,50
6,8,9,11,17,29,31,33,46,47,48,50,51,52,55,56
6,48

6,48

6,31,48,52

51

11,33,51,52

6,48,50

3,6,8,29,47,48,50,51
6,8,9,11,33,46,47,48,51,52
6,11,29,31,46,47,48,50,51
6,48,51

6,48,51

6,8,48

6,48

6,48

6,48

18
5,18
41,45
17
6,48
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Bacteriastrum delicatulum Cleve
Bacteriastrum elegans Pavillard
Bacteriastrum elongatum Cleve
Bacteriastrum hyalinum Lauder
Bacteriastrum mediterraneum Pavillard
Bellerochea horologicalis Stosch
Biddulphia alternans (Bailey) Van Heurck
Biddulphia biddulphiana (Smith) Boyer
Biddulphia tridens (Ehrenberg) Ehrenberg
Cerataulina pelagica (Cleve) Hendey
Chaetoceros aequatorialis Cleve
Chaetoceros affinis Lauder

Chaetoceros anastomosans Grunow
Chaetoceros atlanticus Cleve
Chaetoceros atlanticus var. neopolitanus (Schroder) Hustedt
Chaetoceros borealis Bailey

Chaetoceros brevis Schiitt

Chaetoceros coarctatus Lauder
Chaetoceros compressus Lauder
Chaetoceros constrictus Gran
Chaetoceros contortus Schiitt
Chaetoceros costatus Pavillard
Chaetoceros crinitus Schiitt

Chaetoceros criophilus Castracane
Chaetoceros curvisetus Cleve
Chaetoceros dadayi Pavillard
Chaetoceros danicus Cleve

Chaetoceros debilis Cleve

Chaetoceros decipiens Cleve

Chaetoceros densus (Cleve) Cleve
Chaetoceros diadema (Ehrenberg) Gran
Chaetoceros didymus Ehrenberg
Chaetoceros didymus var. anglicus (Grunow) Gran
Chaetoceros diversus Cleve

Chaetoceros eibenii Grunow

Chaetoceros fragilis Meunier
Chaetoceros holsaticus Schiitt
Chaetoceros imbricatus Mangin
Chaetoceros laciniosus Schiitt
Chaetoceros lauderi Ralfs ex Lauder
Chaetoceros lorenzianus f. forceps Meunier
Chaetoceros lorenzianus Grunow
Chaetoceros messanensis Castracane
Chaetoceros neogracilis Van Landingham
Chaetoceros pendulus Karsten
Chaetoceros perpusillus Cleve
Chaetoceros peruvianus Brightwell
Chaetoceros protuberans Lauder
Chaetoceros pseudocurvisetus Mangin
Chaetoceros rostratus Ralfs

Chaetoceros saltans Cleve

Chaetoceros similis Cleve

Chaetoceros simplex Ostenfeld
Chaetoceros socialis Lauder

Review Article

3,6,8,11,29,47,48,51

6,29,31,48

6,48,50

3,6,8,11,31,47,48,51,52

6,48

6,48

6,37,48,51

6,7,29,48

6,48
6,8,9,11,29,31,33,37,46,48,51,52,56
52,53
6,8,9,11,29,37,47,48,50,51,52,53,56
6,48,50

6,48

6,31

6,48

6,8,11,48,50,51,52,53,56

6,48

6,8,37,48,50,51,52
6,8,9,11,37,48,50,51,52,53,56

53

6,9,11,31,48,50,51,52,53

6,48,56

51
6,8,9,11,37,48,50,51,52,53,55,56
6,29,31,48
6,8,9,11,29,31,48,50,51,52,53,56
6,8,9,48,51,52,53
6,8,9,29,31,37,47,48,50,51,52,53,56
6,11,48,51
6,9,11,31,48,50,51,52,53
11,29,31,33,48,51,52,53

6

6,11,29,37,48,51

6,31,48

51

6,8,9,11,31,48,50,51,52,53

6,48

6,8,9,11,48,50,51
6,11,48,51,52,53,56

53
6,8,9,11,29,37,46,47,48,50,51,52,53
6,8,31,48,50,51

6,8,37,48

37

6,48
6,9,11,29,31,37,48,50,51,52,53
6,8

6,8,31,37,48
6,11,29,31,33,48,51,53

6,48

6,48,50,51

6,37,48,50,51
6,8,11,31,37,48,51,52
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Chaetoceros subsecundus (Grunow ex Van Heurck) Hustedt
Chaetoceros tenuissimus Menuier

Chaetoceros teres Cleve

Chaetoceros tetrastichon Cleve

Chaetoceros tortissimus Gran

Chaetoceros vistulae Apstein

Chaetoceros vixvisibilis Schiller

Chaetoceros wighamii Brightwell

Chaetoceros willei Gran

Climacosphenia elongata Mereschkowsky
Climacosphenia moniligera Ehrenberg

Conticribra weissflogii (Grunow) Stachura-Suchoples & Williams
Cyclotella atomus Hustedt

Cyclotella caspia Grunow

Cyclotella choctawhatcheeana Prasad

Cyclotella meneghiniana Kiitzing

Cyclotella radiosa (Grunow) Lemmermann

Cyclotella striata (Kiitzing) Grunow

Cymatosira belgica Grunow

Cymatosira lorenziana Grunow

Detonula confervacea (Cleve) Gran

Detonula pumila (Castracane) Gran

Ditylum brightwelli (T.West) Grunow

Eucampia cornuta (Cleve) Grunow

Eucampia zodiacus Ehrenberg

Eunotogramma marinum (Smith) H.Peragallo & M.Peragallo
Helicotheca tamesis (Shrubsole) Ricard

Hemiaulus hauckii Grunow

Hemiaulus membranaceus Cleve

Hemiaulus sinensis Greville

Lauderia annulata Cleve

Leptocylindrus danicus Cleve

Leptocylindrus minimus Gran

Lindavia comta (Kiitzing) Nakov, Guillory, Julius, Theriot & Alverson
Lindavia glomerata (H.Bachmann) Adesalu & Julius
Lithodesmium undulatum Ehrenberg

Neohuttonia reichardtii (Grunow) Hustedt

Odontella aurita (Lyngbye) Agardh

Odontella obtusa Kiitzing

Odontella sinensis (Greville) Grunow

Pantocsekiella comensis (Grunow) Kiss & Acs
Pantocsekiella kuetzingiana (Thwaites) Kiss & Acs
Pantocsekiella ocellata (Pantocsek) Kiss & Acs
Plagiogrammopsis vanheurckii (Grunow) Hasle, Stosch & Syvertsen
Pleurosira laevis (Ehrenberg) Compere

Skeletonema costatum (Greville) Cleve

Skeletonema dohrnii Sarno & Kooistra

Skeletonema marinoi Sarno & Zingone

Skeletonema menzelii Guillard, Carpenter & Reimann
Stephanodiscus hantzschii Grunow

Stephanodiscus minutulus (Kiitzing) Cleve & Moller
Thalassiosira allenii Takano

Thalassiosira angulata (Gregory) Hasle

Thalassiosira angustelineata (Schmidt) Fryxel & Hasle
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Thalassiosira antarctica Comber

Thalassiosira antiqua (Grunow) Proschkina-Lavrenko
Thalassiosira decipiens (Grunow) Jorgensen
Thalassiosira eccentrica (Ehrenberg) Cleve
Thalassiosira fragilis G.Fryxell

Thalassiosira gravida Cleve

Thalassiosira hyalina (Grunow) Gran
Thalassiosira leptopus (Grunow) Hasle & Fryxell
Thalassiosira minima Gaarder

Thalassiosira nordenskioeldii Cleve

Thalassiosira parva Proschkina-Lavrenko
Thalassiosira subtilis (Ostenfeld) Gran
Thalassiosira tenera Proschkina-Lavrenko
Toxarium hennedyanum (Gregory) Pelletan
Toxarium undulatum Bailey

Trieres mobiliensis (Bailey) Ashworth & Theriot
Trieres regia (Schultze) Ashworth & Theriot
Bacillariophyceae

Achnanthes bacillaris Ehrenberg

Achnanthes brevipes var. angustata Greville
Achnanthes brevipes var. brevipes Agardh
Achnanthes brevipes var. intermedia (Kiitzing) Cleve
Achnanthes coarctata (Brébisson ex W.Smith) Grunow
Achnanthes danica (Flogel) Grunow

Achnanthes kuwaitensis Hendey

Achnanthes lacunarum Hustedt

Achnanthes longipes Agardh

Achnanthes parvula Kiitzing

Achnanthes pseudobrevipes Aleem

Achnanthes wellsiae (Reimer) Witkowski & Lange-Bertalot
Achnanthidium affine (Grunow) Czarnecki
Achnanthidium minutissimum (Kiitzing) Czarnecki
Adlafia brockmannii (Hustedt) Bruder & Hinz
Amphicocconeis debesi (Hustedt) De Stefano
Amphicocconeis disculoides (Hustedt) Stefano & Marino
Amphipleura pellucida (Kiitzing) Kiitzing
Amphiprora angustata Hendey

Amphora angustata Cleve

Amphora arenicola Grunow ex Cleve

Amphora bigibba var. interrupta (Grunow) Cleve
Amphora binodis Gregory

Amphora cingulata Cleve

Amphora commutata Grunow

Amphora cymbamphora Cholnoky

Amphora delicatissima Krasske

Amphora eximia J.R.Carter

Amphora graeffeana Hendey

Amphora hamata Heiden

Amphora helenensis Giffen

Amphora laevis Gregory

Amphora marina Smith

Amphora ocellata Donkin

Amphora ovalis (Kiitzing) Kiitzing

Amphora pediculus (Kiitzing) Grunow
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Amphora proteus Gregory

Aneumastus tuscula (Ehrenberg) Mann & Stickle
Anomoeoneis sphaerophora (Kiitzing) Pfitzer
Anomoeoneis sphaerophora var. sculpta (Ehrenberg) Miiller
Anorthoneis exentrica (Donkin) Grunow
Anorthoneis vortex Sterrenburg

Asterionella bleakeleyii Smith

Asterionella formosa Hassal

Asterionella notata Grunow

Asterionellopsis glacialis (Castracane) Round
Bacillaria paxillifera (Miiller) T.Marsson

Bacillaria socialis (Gregory) Ralfs

Berkeleya antarctica Grunow

Berkeleya micans (Lyngbye) Grunow

Berkeleya obtusa (Greville) Grunow

Berkeleya rutilans (Trentepohl ex Roth) Grunow

Berkeleya scopulorum (Brébisson ex Kiitzing) Cox

Berkeleya sparsa M.Mizuno

Biremis lucens (Hustedt) Sabbe, Witkowski & Vyverman
Brachysira aponina Kiitzing

Brachysira estonarium Witkowski, Lange-Bertalot & Metzeltin
Brebissonia lanceolata (Agardh) Mahoney & Reimer

Caloneis amphisbaena (Bory) Cleve

Caloneis amphisbaena var. subsalina (Donkin) Cleve

Caloneis bacillum (Grunow) Cleve

Caloneis clevei (Lagerstedt) Cleve

Caloneis liber (Smith) Cleve

Caloneis linearis (Cleve) Boyer

Caloneis permagna (Bailey) Cleve

Caloneis silicula (Ehrenberg) Cleve

Caloneis undulata (W.Gregory) Krammer

Caloneis westii (W.Smith) Hendey

Campylodiscus bicostatus W.Smith ex Roper

Campylodiscus echeneis Ehrenberg ex Kiitzing

Campylodiscus fastuosus Ehrenberg

Catacombas gaillonii (Bory) D.M.Williams & Round

Catenula adhaerens (Mereschkowsky) Mereschkowsky
Chamaepinnularia alexandrowiczii Witkowski, Lange-Bertalot & Metzeltin
Chamaepinnularia clamans (Hustedt) Witkowski, Lange-Bertalot & Metzeltin
Chamaepinnularia hassiaca (Krasske) Cantonati & Lange-Bertalot
Cocconeis costata Gregory

Cocconeis diaphana Smith

Cocconeis dirupta Gregory

Cocconeis dirupta var. flexella (Janisch & Rabenhorst) Grunow
Cocconeis disculus (Schumann) Cleve

Cocconeis distans Gregory

Cocconeis guttata Hustedt & Aleem

Cocconeis irregularis (P.Schulz) Witkowski

Cocconeis latecostata Hustedt

Cocconeis margaritifera Ehrenberg

Cocconeis notata Petit

Cocconeis pediculus Ehrenberg

Cocconeis pellucida Grunow
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Cocconeis pelta Schmidt

Cocconeis peltoides Hustedt

Cocconeis placentula Ehrenberg

Cocconeis placentula var. euglypta (Ehrenberg) Grunow
Cocconeis placentula var. rouxii (Héribaud-Joseph & Brun) Cleve
Cocconeis pseudo-marginata Gregory

Cocconeis scutellum Ehrenberg

Cocconeis scutellum var. parva (Grunow) Cleve

Cocconeis scutellum var. posidoniae M.De Stefano, D.Marino & L.Mazzella
Cocconeis speciosa Gregory

Coronia decora (Brébisson) Ruck & Guiry

Cosmioneis lundstroemii (Cleve) D.G.Mann

Cosmioneis pusilla (Mann) Stickle

Craspedostauros decipiens (Hustedt) E.J.Cox

Craticula cuspidata (Kiitzing) Mann

Craticula cuspidata var. heribaudii (Peragallo) J.Y.Li & Y.Z.Qi
Craticula halophila (Grunow) Mann

Ctenophora pulchella (Ralfs ex Kiitzing) Williams & Round
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin

Cymatopleura elliptica ( Brébisson) W.Smith
Cymatopleura solea (Brébisson) W.Smith
Cymbella affinis Kiitzing

Cymbella cistula (Ehrenberg) Kirchner
Cymbella cymbiformis Agardh

Cymbella cymbiformis var. nonpunctata Fontell
Cymbella helvetica Kiitzing

Cymbella hustedtii Krasske

Cymbella lanceolata (C.Agardh) C.Agardh
Cymbella turgidula Grunow

Cymbella ventricosa Kiitzing

Cymbopleura inaequalis (Ehrenberg) Krammer
Cymbopleura naviculiformis (Auerswald ex Heiberg) Krammer
Delicata delicatula (Kiitzing) Krammer
Delphineis australis Watanabe, Tanaka, Reid, Kumada & Nagudo
Delphineis karstenii (Boden) G.Fryxell
Delphineis minutissima (Hustedt) Simonsen
Delphineis surirella (Ehrenberg) Andrews
Denticula subtilis Grunow

Diatoma moniliformis Kiitzing

Diatoma tenuis C.Agardh

Diatoma vulgaris Bory

Didymosphenia geminata (Lyngbye) Mart.Schmidt
Dimeregramma acutum Hustedt

Diplomenora cocconeiformis (Schmidt) Blazé
Diploneis aestuari Hustedt

Diploneis bombus (Ehrenberg) Ehrenberg
Diploneis chersonensis (Grunow) Cleve
Diploneis crabro (Ehrenberg) Ehrenberg
Diploneis decipiens Cleve-Euler

Diploneis interrupta (Kiitzing) Cleve
Diploneis notabilis (Greville) Cleve

Diploneis ovalis (Hilse) Cleve

Diploneis parma Cleve
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Diploneis pseudovalis Hustedt

Diploneis smithii (Brébisson) Cleve

Diploneis stroemii Hustedt

Encyonema leibleinii (Agardh) Silva, Jahn, Veiga Ludwig & Menezes
Encyonema minutum (Hilse) Mann

Encyonema silesiacum (Bleisch) D.G.Mann

Encyonopsis cesatii (Rabenhorst) Krammer

Entomoneis alata (Ehrenberg) Ehrenberg

Entomoneis calixasini Paillés, Blanc-Valleron & Poulin
Entomoneis costata (Hustedt) Reimer

Entomoneis gigantea (Grunow) Nizamuddin

Entomoneis ornata (Bailey) Reimer

Entomoneis paludosa (W.Smith) Reimer

Entomoneis pulchra (Bailey) Reimer

Eolimna minima (Grunow) Lange Bertalot

Epithemia argus (Ehrenberg) Kiitzing

Epithemia gibba (Ehrenberg) Kiitzing

Epithemia muelleri Fricke

Epithemia sorex Kiitzing

Eucocconeis flexella (Kiitzing) Meister

Eunotia arcus Ehrenberg

Eunotia bigibba Kiitzing

Eunotia septentrioralis Qstrup

Fallacia clepsidroides Witkowski

Fallacia cryptolyra (Brockmann) Stickle & D.G.Mann

Fallacia florinae (M.Mpller) Witkowski

Fallacia forcipata (Greville) Stickle & Mann

Fallacia forcipata var. densestriata (A.W.F.Schmidt) Gogorev
Fallacia nyella Hustedt

Fallacia pseudony (Hustedt) Mann

Fallacia pygmaea (Kiitzing) Stickle & D.G.Mann

Fallacia schaeferae (Hustedt) Mann

Fallacia subforcipata (Hustedt) D.G.Mann

Fogedia finmarchica (Cleve & Grunow) Witkowski, Metzeltin & Lange-Bertalot
Fogedia giffeniana (Foged) Witkowski, Lange-Bertalot, Metzeltin & Bafana
Fragilaria amphicephaloides Lange-Bertalot

Fragilaria capucina Desmazicres

Fragilaria crotonesis Kitton

Fragilaria eichornii Witkowski & Lange-Bertalot

Fragilaria gracillima Mayer

Fragilaria inflata Pantocsek

Fragilaria striatula Lyngbye

Fragilaria tabulata var. truncata (Greville) Lange-Bertalot
Fragilaria vaucheriae (Kiitzing) J.B.Petersen

Fragilariopsis atlantica Paasche

Fragilariopsis cylindrus (Grunow ex Cleve) Helmcke & Krieger
Fragilariopsis oceanica (Cleve) Hasle

Fragilariopsis rhombica (O’Meara) Hustedt

Frustulia creuzburgensis (Krasske) Hustedt

Frustulia rhomboides (Ehrenberg) De Toni

Gedaniella flavovirens (H.Takano) Chunlian Li, A.Witkowski & M.P.Ashworth
Gedaniella guenter-grassi (Witkowski & Lange-Bertalot) Chunlian Li, S.Sato &
Witkowski

Gedaniella mutabilis Chunlian Li & Witkowski
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Geisleria acceptata (Hustedt) Lange-Bertalot & Metzeltin
Glyphodesmis distans (W.Gregory) Grunow
Gomphonema acuminatum Ehrenberg

Gomphonema affine Kiitzing

Gomphonema angustatum (Kiitzing) Rabenhorst
Gomphonema capitatum Ehrenberg

Gomphonema helveticum Brun

Gomphonema minutum (C.Agardh) C.Agardh
Gomphonema olivaceum (Hornemann) Brébisson
Gomphonema parvulum (Kiitzing) Kiitzing
Gomphonema subtile Ehrenberg

Gomphonema truncatum Ehrenberg

Gomphonemopsis obscura (Krasske) Lange-Bertalot
Grammatophora angulosa Ehrenberg

Grammatophora angulosa var. mediterranea Grunow
Grammatophora arcuata Ehrenberg

Grammatophora macilenta W.Smith

Grammatophora marina (Lyngbye) Kiitzing
Grammatophora oceanica Ehrenberg

Grammatophora oceanica var. macilenta (Smith) Grunow
Grunowia solgensis (A.Cleve) Aboal

Gyrosigma acuminatum (Kiitzing) Rabenhorst
Gyrosigma attenuatum (Kiitzing) Robenhorst
Gyrosigma balticum (Ehrenberg) Rabenhorst

Gyrosigma eximium (Thwaites) Boyer

Gyrosigma fasciola (Ehrenberg) Griffith & Henfrey
Gyrosigma hippocampus Ehrenberg

Gyrosigma macrum (W.Smith) J.W.Griffith & Henfrey
Gyrosigma obscurum (W .Smith) Griffith & Henfrey
Gyrosigma peisone (Grunow) Hustedt

Gyrosigma reversum (Gregory) Hendey

Gyrosigma robustum (Grunow) Cleve

Gyrosigma scalproides (Rabenhorst) Cleve

Gyrosigma strigilis (Smith) Cleve

Gyrosigma tenuissimum (W.Smith) Griffith & Henfrey
Halamphora acutiuscula (Kiitzing) Levkov
Halamphora capitata (Hagelstein) A.Blanco & S.Blanco
Halamphora coffeiformis (C.Agardh) Levkov
Halamphora costata (W.Smith) Levkov

Halamphora exigua (Gregory) Levkov

Halamphora holsatica (Hustedt) Levkov

Halamphora hyalina (Kiitzing) Rimet & R.Jahn
Halamphora kolbei (Aleem) A.Blanco & S.Blanco
Halamphora normanii (Rabenhorst) Levkov
Halamphora pseudohyalina (Simonsen) J.G.Stepanek & Kociolek
Halamphora staurophora (Juhlin-Dannfelt) Alvarez Blanco & S.Blanco
Halamphora subholsatica (Krammer) Levkov
Halamphora tenerrima (Aleem & Hustedt) Levkov
Halamphora turgida (Gregory) Levkov

Halamphora veneta (Kiitzing) Levkov

Halamphora wisei (Salah) Alvarez-Blanco & Blanco
Hannaea arcus (Ehrenberg) Patrick

Hantzschia amphioxys (Ehrenberg) Grunow

Haslea britannica (Hustedt & Aleem) Witkowski, Lange-Bertalot & Metzeltin
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Haslea nautica (Cholnoky) Giffen

Haslea ostrearia (Gaillon) Simonsen

Haslea spicula (Hickie) Bukhtiyarova

Hippodonta capitata (Ehrenberg) Lange-Bertalot, Metzeltin & Witkowski
Iconella biseriata (Brébisson) Ruck & Nakov
Karayevia amoena (Hustedt) Bukhtiyarova
Karayevia clevei (Grunow) Round & Bukhtiyarova
Karayevia rostrata (Hustedt) Bukhtiyarova
Licmophora abbreviata Agardh

Licmophora dalmatica (Kiitzing) Grunow
Licmophora debilis (Kiitzing) Grunow ex Van Heurck
Licmophora ehrenbergii (Kiitzing) Grunow
Licmophora ehrenbergii f. grunowii (Mereschkowsky) Hustedt
Licmophora flabellata (Greville) Agardh
Licmophora gracilis (Ehrenberg) Grunow
Licmophora hyalina (Kiitzing) Grunow
Licmophora Iyngbyei (Kiitzing) Grunow ex Van Heurck
Licmophora paradoxa (Lyngbye) Agardh

Lyrella abrupta (Gregory) Mann

Lyrella atlantica (Schmidt) Mann

Lyrella clavata (W.Gregory) D.G.Mann

Lyrella lyra (Ehrenberg) Karajeva

Lyrella lyroides (Hendey) Mann

Mastogloia acutiuscula Grunow

Mastogloia albertii A.Pavlov, E.Jovanovska, C.E.Wetzel, L.Ector & Z.Levkov
Mastogloia angulata Lewis

Mastogloia aquilegiae Grunow

Mastogloia baldjikiana Grunow

Mastogloia belaensis Voigt

Mastogloia binotata (Grunow) Cleve

Mastogloia braunii Grunow

Mastogloia crucicula (Grunow) Cleve

Mastogloia crucicula var. alternans Zanon
Mastogloia danseyi (Thwaites) Thwaites ex Smith
Mastogloia emarginata Hustedt

Mastogloia exigua Lewis

Mastogloia fimbriata (Brightwell) Cleve
Mastogloia gieskeii Cholnoky

Mastogloia grevillei W.Smith

Mastogloia grunowii Schmidt

Mastogloia ignorata Hustedt

Mastogloia labuensis Cleve

Mastogloia lacustris (Grunow) Grunow
Mastogloia lanceoalata Thwaites ex Smith
Mastogloia ovalis A.Schmidt

Mastogloia paradoxa Grunow

Mastogloia pumila (Grunow) Cleve

Mastogloia pusilla Grunow

Mastogloia pusilla var. subcapitata Hustedt
Mastogloia similis Hustedt

Mastogloia smithii Thwaites ex Smith

Mastogloia splendida (Gregory) Peragallo
Mastogloia urvae Witkowski

Mastogloia vasta Hustedt
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Meloneis mimallis Louvrou, Danielidis & Economou-Amilli
Metacolioneis tumida (Brébisson ex Kiitzing) Mann
Microtabella interrupta (Ehrenberg) Round

Nanofrustulum shiloi (J.J.Lee, Reimer & McEnery) Round, Hallsteinsen & Paasche

Navicula abrupta var. rattrayi (Pantocsek) Peragallo & Peragallo
Navicula arenaria Donkin

Navicula arenaria var. rostellata Lange-Bertalot
Navicula cancellata Donkin

Navicula capitatoradiata H.Germain

Navicula cari Ehrenberg

Navicula cincta (Ehrenberg) Ralfs

Navicula cryptocephala Kiitzing

Navicula cryptotenella Lange-Bertalot

Navicula decussata Ehrenberg

Navicula digitoradiata (Gregory) Ralfs

Navicula directa (W.Smith) Ralfs

Navicula distans (Smith) Ralfs

Navicula exigua W.Gregory

Navicula formenterae Cleve

Navicula germanopolonica Witkowski & Lange-Bertalot
Navicula globosa F.Meister

Navicula gregaria Donkin

Navicula grevilleana Hendey

Navicula inornata Grunow

Navicula johanrossi Giffen

Navicula libonensis Schoeman

Navicula lusoria Giffen

Navicula menaiana Hendey

Navicula menisculus Schumann

Navicula metareichardtiana Lange-Bertalot & Kusber
Navicula palpepralis Brébisson ex W.Smith

Navicula parapontica Witkowski, Kulikovskiy, Nevrova & Lange-Bertalot
Navicula pavillardii Hustedt

Navicula pennata Schmidt

Navicula pennata var. pontica Mereschowsky

Navicula phyllepta Kiitzing

Navicula pontica (Mereschkowksy) A.Witkowski, M.Kulikovskiy, E.Nevrova &
Lange-Bertalot

Navicula pseudosilicula Hustedt

Navicula radiosa Kiitzing

Navicula ramosissima (Agardh) Cleve

Navicula ramosissima var. mollis (W. Smith) Hendey
Navicula ramosissima var. mucosa (Aleem) Hendey
Navicula resecta J.R.Carter

Navicula rostellata Kiitzing

Navicula ryhncocephala Kiitzing

Navicula salinarum Grunow

Navicula scabriuscula (Cleve & Grove) Mereschkowsky
Navicula sigma Ehrenberg

Navicula slesvicensis Grunow

Navicula subagnita Proschkina Lavrenko

Navicula subinflata Grunow

Navicula tenella Brébisson ex Kiitzing

Navicula transitans Cleve
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Navicula tripunctata (Miiller) Bory

Navicula tripunctata var. schizonemoides (Van Heurck) R.M.Patrick
Navicula trivialis Lange-Bertalot

Navicula veneta Kiitzing

Navicula viridula (Kiitzing) Ehrenberg

Navicula viridula var. avenacea (Brébisson) Van Heurck
Navicula zostereti Grunow

Navicymbula pusilla (Grunow) Krammer

Navicymbula pusilla var. lata Krammer

Neidiopsis levanderi (Hustedt) Lange-Bertalot & Metzeltin
Neidium dubium (Ehrenberg) Cleve

Neosynedra provincialis (Grunow) Williams & Round
Nitzschia acicularis (Kiitzing) Smith

Nitzschia aequorea Hustedt

Nitzschia amabilis Suzuki

Nitzschia amphibia Grunow

Nitzschia amplectens Hustedt

Nitzschia angularis Smith

Nitzschia bilobata Smith

Nitzschia brevissima Grunow

Nitzschia capitellata Hustedt

Nitzschia clausii Hantzsch

Nitzschia communata Grunow

Nitzschia compressa var. balatonis (Grunow) Lange-Bertalot
Nitzschia constricta f. parva Grunow

Nitzschia dissipata (Kiitzing) Rabenhorst

Nitzschia elegantula Grunow

Nitzschia flexa Schumann

Nitzschia fonticola (Grunow) Grunow

Nitzschia fontifuga Cholnoky

Nitzschia frustulum (Kiitzing) Grunow

Nitzschia frustulum var. perpusilla (Rabenhorst) Van Heurck
Nitzschia fusiformis Grunow

Nitzschia improvisa Simonsen

Nitzschia incerta (Grunow) M.Peragallo

Nitzschia inconspicua Grunow

Nitzschia insignis W.Gregory

Nitzschia intermedia Hantzsch

Nitzschia kuetzingiana Hilse

Nitzschia linearis (Agardh) Smith

Nitzschia linearis var. subtilis Hustedt

Nitzschia longissima (Brébisson ex Kiitzing) Grunow

Nitzschia lorenziana Grunow

Nitzschia microcephala Grunow

Nitzschia nana Grunow

Nitzschia nanodissipata Chunlian Li & Witkowski
Nitzschia navis-varingica Lundholm & Moestrup
Nitzschia obtusa Smith

Nitzschia ovalis Arnott

Nitzschia palea (Kiitzing) Smith

Nitzschia prolongata Hustedt

Nitzschia recta Hantzsch ex Rabenhorst
Nitzschia rectilonga Takano
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Nitzschia rectirobusta Lange-Bertalot

Nitzschia reversa W.Smith

Nitzschia scalpelliformis Grunow

Nitzschia sicula (Castracane) Hustedt

Nitzschia sigma (Kiitzing) Smith

Nitzschia sigmoidea (Nitzsch) Smith

Nitzschia socialis Gregory

Nitzschia socialis var. massiliensis Grunow

Nitzschia supralitorea Lange-Bertalot

Nitzschia tryblionella Hantzsch

Nitzschia umbonata (Ehrenberg) Lange-Bertalot

Nitzschia valdestriata Aleem & Hustedt

Nitzschia vermicularis (Kiitzing) Lange-Bertalot

Nitzschia vidovichii (Grunow) Grunow

Odontidium hyemale (Roth) Kiitzing

Olifantiella muscatinei (Reimer & Lee) Van de Vijver, Ector & Wetzel
Paraplaconeis placentula (Ehrenberg) Kulikovskiy & Lange-Bertalot
Parlibellus bennikei Witkowski

Parlibellus berkeleyi (Kiitzing) Cox

Parlibellus calvus Witkowski, Metzeltin & Lange-Bertalot

Parlibellus delognei (Van Heurck) E.J.Cox

Parlibellus plicatus (Donkin) Cox

Petrodictyon gemma (Ehrenberg) Mann

Petroneis humerosa (Brébisson ex Smith) Stickle & Mann

Petroneis latissima (Gregory) Stickle & Mann

Phaeodactylum tricornutum Bohlin

Pinnularia aestuarii Cleve

Pinnularia bipectinalis (Schumann) Greguss

Pinnularia borealis Ehrenberg

Pinnularia claviculus (Gregory) Rabenhorst

Pinnularia gentilis (Donkin) Cleve

Pinnularia interrupta W.Smith

Pinnularia lundii Hustedt

Pinnularia microstauron (Ehrenberg) Cleve

Pinnunavis elegans (Smith) Okuno

Placoneis amphibola Cleve

Placoneis clementis (Grunow) Cox

Placoneis elginensis (Gregory) Cox

Placoneis gastrum (Ehrenberg) Mereschkowsky

Placoneis placentula (Ehrenberg) Mereschkowsky

Plagiogramma minus (Gregory) Chunlian Li, Ashworth & Witkowski
Plagiogramma minus var. nanum (Gregory) Chunlian Li, Ashworth & Witkowski
Plagiogramma pulchellum var. pygmaeum (Greville) H.Peragallo & M.Peragallo
Plagiogramma tenuissimum Hustedt

Plagiotropis lepidoptera (Gregory) Kuntze

Plagiotropis lepidoptera var. minor (Cleve) Czarnecki & J.L.Wee
Plagiotropis lepidoptera var. proboscidea (Cleve) Reimer
Planothidium depertidum (Giffen) Witkowski, Lange-Bertalot & Metzeltin
Planothidium hauckianum (Grunow) Bukhtiyarova

Planothidium hauckianum var. rostratum (Schulz ex Hustedt) Andresen, Stoermer &
Kreis, Jr.

Planothidium lanceolatum (Brébisson ex Kiitzing) Lange-Bertalot
Planothidium lilljeborgei (Grunow) Witkowsi, Lange-Bertalot & Metzeltin
Planothidium rostratoholoarcticum Lange-Bertalot & Bak
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Pleurosigma aestuarii (Brébisson ex Kiitzing) W.Smith
Pleurosigma angulatum (Quekett) Smith

Pleurosigma delicatulum Smith

Pleurosigma elongatum Smith

Pleurosigma formosum Smith

Pleurosigma formosum var. dalmatica (dalmaticum) Grunow
Pleurosigma normani Ralfs

Pleurosigma rigidum Smith

Pleurosigma salinarum (Grunow) Grunow

Pleurosigma strigosum Smith

Podocystis perrinensis Ricard

Proschkinia bulnheimii (Grunow) Karayeva

Proschkinia complanata (Grunow) D.G.Mann

Psammodictyon panduriforme (W.Gregory) D.G.Mann
Psammodictyon panduriforme var. continuum (Grunow) Snoeijs
Psammodictyon rudum (Cholnoky) D.G.Mann

Psammodiscus nitidus (Gregory) Round & Mann
Pseudo-nitzschia calliantha Lundholm, Moestrup & Hasle
Pseudonitzschia delicatissima (Cleve) Heiden

Pseudo-nitzschia fraudulenta (Cleve) Hasle

Pseudo-nitzschia pseudodelicatissima (Hasle) Hasle
Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle
Pseudo-nitzschia pungens var. aveirensis Lundholm, Churro, Carreira & Calado
Pseudo-nitzschia seriata (Cleve) H.Peragallo

Pseudostaurosira elliptica (Schumann) Edlund, Morales & Spaulding
Pseudostaurosira perminuta (Grunow) Sabbe & Wyverman
Pteroncola inane (Giffen) Round

Rhabdonema adriaticum Kiitzing

Rhabdonema arcuatum (Lyngbye) Kiitzing

Rhabdonema minutum Kiitzing

Rhaphoneis amphiceros f. gemmifera (Ehrenberg) Peragallo & Peragallo
Rhoicosphenia abbreviata (Agardh) Lange-Bertalot
Rhoicosphenia marina (Kiitzing) Schmidt

Rhopalodia acuminata Krammer

Rhopalodia constricta (W.Smith) Krammer

Rhopalodia gibberula (Ehrenberg) Miiller

Rhopalodia musculus (Kiitzing) Miiller

Scoliopleura peisonis Grunow

Sellaphora pupula (Kiitzing) Mereschkowsky

Seminavis basilica Dainelidis

Seminavis eulensteinii (Grunow) D.B.Danielidis, K.Ford & D.Kennett
Seminavis insignis A.Blanco & S.Blanco

Seminavis robusta Danielidis & Mann

Seminavis strigosa (Hustedt) Danielidis & Economou-Amilli
Simonsenia delognei (Grunow) Lange-Bertalot

Stauroneis anceps Ehrenberg

Stauroneis membranacea (Cleve) Hustedt

Stauroneis smithii Grunow

Staurophora amphioxys (Gregory) Mann

Staurosirella martyi (Héribaud-Joseph) E.A.Morales & K.M.Manoylov
Staurosirella pinnata (Ehrenberg) D.M.Williams & Round
Stenopterobia sigmatella (Gregory) Ross

Striatella delicatula Kiitzing Grunow ex Van Heurck
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Striatella unipunctata (Lyngbye) Agardh

Surirella angusta Kiitzing

Surirella brebissonii Krammer & Lange-Bertalot
Surirella elegans Ehrenberg

Surirella fastuosa (Ehrenberg) Ehrenberg

Surirella minuta Brébisson

Surirella muelleri Hustedt

Surirella ovalis Brébisson

Surirella pandura Peragallo & Peragallo

Surirella robusta Ehrenberg

Surirella striatula Turpin

Synedra fulgens (Greville) Smith

Synedra gaillonii var. macilenta (Grunow) H.Peragallo
Tabellaria flocculosa (Roth) Kiitzing

Tabularia affinis var. acuminata (Grunow) Aboal
Tabularia fasciculata (Agardh) Williams & Round
Tabularia investiens (W.Smith) Williams & Round
Tabularia parva (Kiitzing) D.M.Williams & Round
Tabularia tabulata (C.Agardh) Snoeijs

Tetramphora intermedia (Cleve) Stepanek & Kociolek
Tetramphora lineolata (Ehrenberg) Mereschkowsky
Tetramphora rhombica (Kitton) Stepanek & Kociolek
Tetramphora sulcata (Brébisson) Stepanek & Kociolek
Tetramphora ostrearia (Brébisson) Mereschkowsky
Thalassionema fraunfeldii (Grunow) Hallegraeff
Thalassionema nitzschioides (Grunow) Mereschkowsky
Thalassiophysa hyalina (Greville) Paddock & P.A.Sims
Thalassiothrix longissima Cleve & Grunow
Thalassiothrix mediterranea Pavillard

Toxonidea insignis Donkin

Trachyneis aspera (Ehrenberg) Cleve

Trachysphenia acuminata Peragallo

Trachysphenia australis Petit

Trachysphenia australis var. rostellata Hustedt
Tryblionella acuminata Smith

Tryblionella angustata W .Smith

Tryblionella apiculata Gregory

Tryblionella circumsuta (Bailey) Ralfs

Tryblionella coarctata (Grunow) Mann

Tryblionella compressa (Bailey) Poulin

Tryblionella granulata (Grunow) Mann

Tryblionella hungarica (Grunow) Frenguelli
Tryblionella levidensis W.Smith

Tryblionella marginulata (Grunow) Mann

Tryblionella navicularis (Brébisson) Ralfs
Tryblionella pararostrata (Lange-Bertalot) Clavero & Hernandez-Mariné
Tryblionella punctata Smith

Tryblionella victoriae Grunow

Ulnaria acus (Kiitzing) Aboal

Ulnaria danica (Kiitzing) Compére & Bukhtiyarova
Ulnaria ulna (Nitzsch) Compére
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