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SUMMARY: Specimens of Garra rufa were collected from a warm river and a cool stream in the Bingdl Province, Turkey, once a month
over a period of one year. The effects of month, season, gender and location on the fatty acid composition in the muscle and the lipid
content were investigated and dietary marker fatty acids were used to obtain dietary preferences in different locations (Ilicalar, Garip)
and periods. Total lipid change was seasonally significant (ANOSIM-R=0.49) at both locations and 18:1w9, 20:5w3 and 20:6w3 were
the most abundant dietary fatty acids. Although G. rufa are predominantly herbivores, they can also feed omnivorously on mixed diets
depending on the presence and absence of their primary diet. The effect of season was significant on fatty acid composition, regardless of
the location (P =0.001). Significant seasonal changes in all the fatty acid compositions could be attributed to seasonal changes in the
abundance and diversity of dietary sources in the environment due to the effect of temperature.
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RESUMEN: ;Cudles son los factores bidticos y abioticos mas efectivos que afectan a la composicion de dcidos grasos de la Garra
rufa (Heckel, 1843)?. Se recolectaron especimenes de Garra rufa (pez doctor) de un rio calido y un arroyo frio en la provincia de
Bingol, Turquia, mensualmente durante un afio. Se investigaron los efectos del mes, la estacion, el género y la ubicacion en la compo-
sicion de acidos grasos musculares y el contenido de lipidos y se utilizaron los acidos grasos como marcadores dietéticos para obtener
preferencias dietéticas en diferentes lugares (Ilicalar, Garip) y periodos. El cambio total de lipidos fue estacionalmente significativo
(ANOSIM-R=0,49) en ambos lugares y 18:1m9, 20:5w3 y 20:6w3 fueron los acidos grasos dietéticos mas abundantes. Aunque G. rufa
son predominantemente herbivoros, también pueden alimentarse de forma omnivora con dietas mixtas segtin la presencia o ausencia de la
dieta principal. El efecto de las estaciones fue significativo en la composicion de acidos grasos independientemente de las localizaciones
(P__=0.001). Los cambios estacionales significativos en todas las composiciones de acidos grasos podrian atribuirse a los cambios en la
abundancia y diversidad de las fuentes dietéticas en el medio ambiente debido al efecto de la temperatura.
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1. INTRODUCTION

Garra rufa (Heckel, 1843), one of the smallest
members of the Cyprinidae family belongs to the ge-
nus Garra, which includes about 73 species (Coad,
2010). It is used in ichthyotherapy as an alternative
treatment for healing some skin diseases such as
psoriasis and eczema. It is therefore called “doctor
fish” (Yedier et al., 2016).

Lipids are among the most important energy
sources for animals and the fatty acids (FAs) in their
structure form the building blocks of cell mem-
branes (Iverson, 2009). Furthermore, they provide
the organism with essential fatty acids (EFAs), a key
nutrient for proper develeopment (Parrish, 2009).
The natural diets of many fish species contain large
amounts of long-chain polyunsaturated fatty acids
(LC-PUFAs). Unlike terrestrial animals, the lipid
composition of aquatic organisms contains high
levels of PUFAs, predominantly omega 3 (03) FAs
(Parrish, 2013). In addition, @3 FAs play an essential
role in the normal development of the embryos and
larvae of freshwater fish and in the regular function-
ing of nervous systems and sensory organs. These
processes occur in different ways in different species
or subspecies and even in male and female individ-
uals of the same species (Kaushik et al., 2006). In
addition, the fatty acid composition of fish species
varies according to the geographic location, diet,
feeding, gender and reproductive cycles. Seasonal
variations may also be effective in changing the FAs
composition of fish (Kagar and Baghan, 2015).

Aquatic organisms are dependent on the availa-
bility of nutrients, and conducting research on the
essential nutrients of these organisms has become
important in ecology. Traditionally, understanding
the food web is derived from detailed analysis of
stomach contents. However, since stomach content
analysis only provides a snapshot of an animal’s
diet, large numbers of samples are required to be
analyzed, meaning that sampling can be logistical-
ly restrictive or unsustainable. Conversely, the bio-
chemical composition of muscle tissue is the result
of long-term feeding histories. Thus, techniques such
as stable isotope and fatty acid analysis are increas-
ingly used to reveal complex ecological information
(Dalsgaard et al., 2003). Stable isotopes also provide
a measure of trophic position but can be confounded
by differences at the bottom of the food chain. How-

ever, fatty acid composition can help identify many
unique synthesized structures (Revill et al., 2009).
Therefore, this study aimed to determine and com-
pare the FAs composition of G. rufa in relation to
biotic and abiotic factors such as season, gender and
different stations of the same region, and to reveal
the dietary preferences of G. rufa in different periods
using dietary marker fatty acids.

2. MATERIALS AND METHODS

2.1. Sampling area and samplings

Samples were taken monthly from two locations,
namely Garip and Ilicalar, on the Garip Stream of the
Murat River in the Bingdl Province (Figure 1). The
Ilicalar location (36°59°01.5” N, 40°40°58.9” E) has
temperatures above seasonal averages; whereas the
Garip location (30°47°10.7”N, 40°32°58.7”E) has
colder waters. Water samplings were taken from the
same location at both stations between March 2017 and
February 2018. Nets with different mesh sizes (12x12
mm, 16x16 mm, 22x22 mm, 32x32 mm) were used for
catching the fish. Water samples were taken to deter-
mine the level of chlorophyll-a (Chl-a). Water temper-
atures were measured in situ at both stations.

2.2. Laboratory studies

The fish samples collected were brought to the
laboratory, and at least 3-5 samples for each season
during the sampling period were examined. A total
of 25 individuals from Garip and 39 individuals from
Ilicalar locations were taken during the sampling pe-
riod (March 2017-February 2018). Sexually mature
fish were used in the analyses. Gender was also de-
termined in the fish samples used for the total lipid
and fatty acid analyses. The gender of the fish samples
was determined macroscopically from the gonads of
the fish samples. The samples to be used in the bio-
chemical analysis were obtained from the edible mus-
cle tissues. Each fish muscle from the non-posterior
part was cut into uniform pieces (2.0 x 2 x 1 cm; ~1-2
g) using a scalpel. All the fish muscle samples were
stored in a freezer at -80 °C until analysis.

2.2.1. Determination of chlorophyll-a

Chlorophyll-a (chl-a) measurements were made
according to the spectrophotometric method (Parsons
et al., 1984). For the determination of chl-a content, 1
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liter of water was sampled monthly from the specified
stations. The sample was then filtered through GFC
filters with a pore size of 1 um. The filter papers were
folded and placed in 15 mL centrifuge tubes and 10
mL 90% acetone solution were added to the centri-
fuge tubes. They were kept in the refrigerator at 4 °C
for 24 hours. Then the samples were brought to room
temperature and their absorbances were determined at
750, 664, 647, and 630 nm wavelengths by means of a
spectrophotometer (SHIMADZU UV 2100).

2.2.2. Lipid extraction and fatty acid derivatization

Lipid extraction was performed on the separat-
ed muscle tissue samples. The weight of each sam-
ple was determined with a precision of 0.001 mg of
wet weight (WW). The wet weight of each sample
was about 1-2 g. Hexane/isopropanol (3/2) was
used for lipid extraction as suggested by Hara and
Radin (1978). For fatty acid transmethylation, 20 g
methanolic sulfuric acid were mixed with 1 liter of
distilled water to prepare a 2% methanolic sulfuric
acid solution. Five mL of this solution were added
to a test tube and completely mixed by vortex. The
mixture was left to methylate in an oven at 55 °C

for 15 hours. At the end of this period, 5 mL of 5%
NaCl were added to it and mixed thoroughly. After-
wards, 5 mL of hexane were added to the fatty acid
methyl esters formed in the tubes, and the tubes were
mixed (Christie, 1992). After waiting three hours at
room temperature, the hexane phase formed was
taken from the top, 5 mL of 2% KHCO, solution
were added to the tubes and the sample was dried in
a nitrogen evaporator (Allsheng WD-12). A weight
measurement was taken on a precision scale to de-
termine the dry lipid content after the evaporation
process, and the average total lipid content (%) per
individual was calculated. Then, the dry lipid layer
was hydrated with the addition of 1 mL hexane, and
then vortexed. The samples were transferred to 2 mL
capped autosampler vials and analyzed in a gas chro-
matograph/mass spectrometer (GC/MS) system.

2.2.3. GS/MS analysis

The fatty acids were analyzed with a GC/MS sys-
tem (Agilent 5975 C). A Macherey-Nagel (Germany)
capillary column (100 m x 0.25 mm, 0.25 pm) was used
for the analysis. The column temperature was kept at
120-220 °C; whereas the injection temperature was 240
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°C and the detector temperature was 280 °C throughout
the analysis. The column temperature program was set
from 120 to 220 °C. The temperature ramp was set at
5 °C / min up to 200 °C and at 4 °C / min from 200 to
220 °C. It was held at 220 °C for 8 min and the total time
was 52 min. Helium (0.5 ml/min) was used as carrier
gas. The fatty acid methyl esters (FAMEs) of the sam-
ples were identified initially based on the retention time
of each fatty acid by using the analytical standard of
FAME:s (Supelco Component FAME Mix). After anal-
ysis, wsearch32 mass spectrometry software (Wsearch
2008; version 1.6 2005, Sidney, Australia) was used to
confirm the peak identities of each fatty acid.

2.3. Statistical analysis

Multivariate statistics were used to analyze the dif-
ferences in total lipid contents and total fatty acid com-
positions in PRIMER-e 2017. The Bray Curtis similar-
ity coefficient was employed for PERMANOVA and
principal coordinates (PCO) and cluster analysis for
similarity ranges. In the analyses, the fatty acid data
of G. rufa were factored by month, season, gender and
location (stations). The fatty acids which showed the
greatest difference in all samples were investigated in
the factor groups. A similarity percentage (SIMPER)
analysis (cut-off for low contributions: 70%) was used
to identify the fatty acids which contributed the most
to the similarities between/within the factor groups.
The analysis of similarity (ANOSIM) was performed
on the distance matrix using multiple permutations
within a significant fixed effect. The ANOSIM-R val-
ue indicated the extent to which the groups differed
(R > 0.75: well-separated groups, highly different;
R=0.50-0.75: separated but overlapping groups, differ-
ent; R=0.25-0.50: separated but strongly overlapping
groups; R<0.25: barely separated groups, similar with
some differences) (Pethybridge et al., 2010).

ANOVA test was performed to determine signifi-
cant (p < 0.05) main effects of the factors (station, sea-
son, month) and their interactions on FA compositions
and total lipid content. Variations among groups were
determined by TUKEY HSD test using STATISTICA
software (STATISTICA Six Sigma, version 7).

3. RESULTS AND DISCUSSION

3.1. Total lipid content

The values for seasonal and monthly variation in
the total lipid amount of G. rufa during the sampling

period for Garip and Ilicalar are given in Table 1.
The average total lipid content per individual was
determined for proportional values (%).

The PERMANOVA results obtained were used to
identify similarities in total lipid content, within and
among seasons, genders and stations. In the PER-
MANOVA analysis, the total lipid data were fac-
tored by season and gender at the stations. Also, the
data were factored by the stations during the sam-
pling period.

According to the ANOVA results, seasonal dif-
ferences were the most significant between au-
tumn-summer at the Garip station and between
autumn-summer and autumn-spring at the Ilicalar
station (p < 0.05) (Table 1). In addition, there were
no significant differences between gender groups in
terms of total lipid content at the Ilicalar station (p
< 0.05). Similarly, the ANOSIM-R results showed
that there was no separation between gender groups
(ANOSIM-R=-0.003) at the Ilicalar station. Howev-
er, despite the fact that the seasonal groups were sep-
arated, there was strong overlapping between groups
(ANOSIM-R=0.49) at the Ilicalar station. Season
and gender groups were barely separated (ANO-
SIM-R=0.23; ANOSIM-R=0.10, respectively) at the
Garip station. Therefore, seasonal difference in the
total lipid content was more significant at the Ilicalar
station than at the Garip station.

The lipid content of G. rufa varied between 1-6%
at the Ilicalar station and 0.89-5% at the Garip sta-
tion. The highest value was detected in autumn (5.26,
4.80%, respectively). Olgunoglu ef al. (2014) deter-
mined the highest energy value for Silurus triostegus
to be in the winter months when the lipid content
was at its highest. Considering that the energy levels
are related to the lipid content, it can be said that the
energy value reached its highest level in the autumn
months for G. rufa.

It is well known that fish lipids are generally af-
fected by many factors such as age, seasonal change,
nutrition, gender, reproductive cycle and geograph-
ical location (VSetickova et al., 2020). In the pres-
ent study, adult fish specimens were used during the
sampling. Therefore, it is thought that the change
in total lipid content was more affected by the tem-
perature changes in both locations. The temperature
values throughout the year in the Ilicalar station
(8-26 °C) are always higher than at the Garip sta-
tion (0.5-21°C) (Table 4). Bauer and Schlott (2009)
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TaBLE 1. Average total lipid amount (%) of G. rufa at Garip and Ilicalar stations during the sampling period
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found that the average lipid content ranged from 2.7
to 6.9% in fish from three carp farms. However, the
authors emphasized that the lipid content in the diet
also affected the lipid content in the fish. Similar-
ly, Varga et al. (2013) studied carp from different
cultures in different parts of Hungary with the same
diet, and found that environmental factors signifi-
cantly (P=0.001) affected their lipid contents.

In a study conducted by Akpinar (1999), in which
the fatty acid changes in the lipids of Cyprinion mac-
rostomus fed and starved at two different tempera-
tures (24 and 35 °C) in Kangal Fish Hot Spring (Si-
vas) were investigated, it was determined that food
intake was better in fish fed and starved at 24 °C.
Some fatty acids which were not in the food were
detected in their lipids, and 24 °C was the threshold
temperature for this. Also, Akpinar (1999) indicated
that high temperature is significantly effective in nu-
trition and that the food consumed could be used at
a minimum level for Cyprinion macrostomus in hot
spring waters. It is understood that if the tempera-
ture is lowered (24 °C), the food is utilized better by
the fish and their lipid metabolism becomes accel-
erated. The Ilicalar station is a location where water
transport is provided to the hot spring area located
in the region. However, considering the total lipid
values, G. rufa had a higher average total lipid con-
tent in the fish caught at the Ilicalar station (4%) than
at the Garip station (3%), which has colder waters.
However, in the present study, the temperature was
below this value (24 °C) at both stations throughout
the year. It is thought that the high lipid content of
the fish from the Ilicalar station may have been due
to the nutrient content in this location.

When the total lipid content of G. rufa was fac-
tored by season and gender, regardless of the station
during the sampling period, it was observed that the
difference was significant only for season (ANO-
SIM-R=0.26). The pair-wise test results of PER-
MANOVA revealed that they were significant in
terms of lipid content between summer and autumn,
and spring and autumn (Ppcrm=0.001). The differenc-
es between male and female fish were not significant
®...,=0.12).

Lipids are transported from the muscles to the go-
nads for the development of the gonads in the repro-
duction period. The total lipid contents in the muscle
are remarkably affected by season, especially during
the reproduction period (Vsetickova et al., 2020).
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The spawning period of G. rufa females peaks in the
middle of spring and decreases slowly from the end
of May to November. On the other hand, it peaks in
April in G. rufa males. This is due to the increase
in gonad weight, which indicates that the breeding
season declines after April (Abedi ef al., 2011). The
lipid content in the muscles of females decreases
to a minimum in the spawning period. However, in
males, the lowest lipid content is in the post-spawn-
ing period (Vsetickova et al., 2020). The seasonal
ANOSIM-R value was found to be 0.26 for both
genders, which means that there was a slight change
in the fatty acid composition in male and female in-
dividuals. However, there was a significant differ-
ence between spring and autumn in females (Ppem=
0.001) and between autumn and winter in males
(Pperm: 0.004, respectively). Thus, the most effective
factor on the change in lipid content of G. rufa is
seasonal changes.

3.2. Fatty acid composition

First, the effects of season and gender on the
change in the fatty acid composition of G. rufa were
investigated and second, their dietary fatty acid
composition was determined for different locations
(Garip and Ilicalar stations) and regardless of these
locations. Different statistical analysis methods were
used, such as ANOSIM-R, P SIMPER, PCO and
Tukey tests.

3.2.1. Factors influencing the fatty acid composition
of G. rufa according to different locations

The effect of location difference was observed
to be significant, albeit only slightly, in the change
in the fatty acid composition of G. rufa (ANO-
SIM-R=0.27). The season factor was partially sig-
nificant in the fatty acid composition of the fish at
both stations. However, seasonal variation was more
prominent at the Ilicalar station (ANOSIM-R=0.21)
than at the Garip station (ANOSIM-R=0.07). The
ANOVA test (TUKEY HSD) results showed that
monthly and seasonal changes were significant for
total polyunsaturated fatty acids (3.PUFA), 18:0,
22:6mw3 (docosahexaenoic acid, DHA), 20:1w9 and
20:4w6 (arachidonic Acid, ARA) at the Ilicalar sta-
tion (Tables 2 and 3) and total monounsaturated fat-
ty acids (3 MUFA), 14:0, 20:5w3 (eicosapentaenoic
acid, EPA), 18:1w9 and 18:0 at the Garip station (Ta-

bles 2 and 3). The pair-wise test results, PERMANO-
VA, revealed that the difference in FA composition
was significant between spring and winter at the
Ilicalar station, and between spring and autumn in
the Garip station (Pperm=0.002). The SIMPER results
revealed that the average highest similarity was in
winter at the Garip and Ilicalar stations with close
values (88, 89%, respectively). The gender differ-
ence in fatty acid composition was not significant at
the stations because gender formed barely-separated
groups.

Figure 2 shows a two-dimensional configuration
plot of the PCO analysis of a resemblance matrix of
fatty acids in G. rufa collected from different loca-
tions (Garip and Ilicalar). The fish samples from the
Ilicalar station were characterized by 18:1w9, EPA,
DHA and 18:0 fatty acids; whereas those from the
Garip station were characterized by 18:1w9 and
22:1w9. The stations formed separate but over-
lapping groups for fatty acid composition (ANO-
SIM-R=0.27), and differences between the stations
were not significant.

The major SFA in all factor groups were 16:0 and
18:0 (Table 2). Similarly, these two fatty acids were
reported by Guler et al. (2008) as the major fatty ac-
ids in Cyprinus carpio, ranging from 14.6 to 16.6%
in all seasons. Misir et al. (2013) reported that 16:0
was the prominent SFA contributing to approximate-
ly 60% of Y SFA, followed by 18:0 for Chalcalbur-
nus tarichi. 18:1w9 was the main MUFA in all mus-
cle tissues of nine freshwater fish species collected
from the Tigris River (Turkey). In addition, 18:109
was recorded as the predominant fatty acid in Cyri-
nus carpio for all seasons (15.1-20.3%) (Guler et
al., 2008). The SIMPER results also showed that the
FAs which contributed the most to the similarity be-
tween the Garip and Ilicalar stations were 18:1w9
(28%), 16:0 (22%) and DHA (9%), respectively. It
was determined that 18:109 was the most significant
contributor to FAs for all seasons and genders at both
stations (Table 3).

Oleic acid, 18:1w9 is the subrate for two impor-
tant desaturases, A12 and A15, which are only avail-
able from primary producers. These enzymes enable
the conversion of 18:1m9 to 18:2w6 (linoleic acid,
LNA) and 18:3w3 (linolenic acid, LA). Animals
obtain these two essential fatty acids from their diet
rather than replacing other fatty acids (Dalsgaard
et al., 2003). It is known that G. rufa prefers phy-

Grasas y Aceites 74 (3), July-September 2023, e518. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0224221


https://doi.org/10.3989/gya.0224221

What are the most effective biotic and abiotic factors affecting fatty acid composition of Garra rufa (Heckel, 1843)? « 7

"SY.] PaYouLIq-0SI SAJeIIPUL
1 VANd WY T:0T ‘90T0T ‘COP:8T ‘T:8T “VANIN WO [T ‘6 [:CT ‘SWT:TT ‘SOT:QT ‘9OT:8T ‘T:ST ‘I:HT “VAS WOL 0:0T “0:61 ‘0:LT1 “0:ST “0:ST7 SV 21om uonoeyy sty ur papnju] ‘spotrad Surd
-wres oy} [[e uI ¢'g > uoniodoxd ueowr yIm sy JOUTA :y “(porrad Surjdwres oy Surmp SyIUOW 39y} JO SIOUIISPIP Y} UL PISN JOU SeM 1S9} AoNN]) [=U iy ‘(STFSULSW I8 SINJBA (SUOSESS I0f §-7=U
SYIuOW 10} €-7=U ‘60°0 > d 1S9L ASH ATINL-VAONY) JUIo}JIp AJueoyIugIs oIe Suoseas pue Syjuowl Joj M0l dwes a3 ul (9q ‘oqe ‘qe) sdnoid 10139] pue (9 ‘q ‘e) SI01[ JUSIIYIP AQ PIMO[[OF SUBIIN

¥0°0F£0°0 500 - 10°0¥100 c00F€00 0F¢00__ 000FC00__ £0°0F<0°0 - C00FE00 T0OFIO0 0007200 000¥C00  000¥¢00 0:9I/LOT:9T
€S 0FH0°S 7S 99V 6CIFL8E 9t Ct66¢ Oy 0ve6e  ceOFcLe LYTHPTS 03 ¢7099 O IF0CS Cv07c6E  S90FSEY 9L O0FLSY 85 0Fcl ¥ 90EOK
SI'0FLT6 ¥YI6  Ov6 OLVF96'6  SOSTOL9 00 IFIO Tl 89CFCl Tl P6IFESOL 1S IFLYCl 89°0FLO0L €L 0Fer8 LOTFICOL 89 1¥30°01  ZO0FPE 0l [B1ISOLIdL,
- - - E€IIF00C  I1COFIOT 8L OFPEC 66 [FSIC - - - - 69°0F6v'0 _ SCOFCE0 6 07990 U0 ue[dooZ
O 0FIS | €017 Ov I <CO0F8CIL_ _€c070c 1 SIOFLCI _ €C0F9C T PCOFEOL VCOFLLO _ PIOFIL T €00FICT__ LOOFELL 900701 800%911 vdad/VHA
6T 0F8TE VL€ bt O0cIFeck  CLIFI6F  8S0FS9C  ¥60FLSY SSOF6SE LLOFTL8E €CO0F0L € 8COFT09E€  660F6CE ICIFS0E  [60F0S¢c  [eriopoeg

16°0FLET 890  8ST LY0OFEDT 6507890 SPOFIET  CIIFLST 98°0FSOL 6507590 IS 0F00T  ¥90Fce I ISOFIOL __ 0SOFS60  +vCcOFEC T
TSTFCSPE  19LE  860€ SLLFEP'SC b9 8FSE 0T 5avSS 0FH0 LT 58T LFC6 8T €8 LF8C £E saskV STYL 6T >abS 186 9T (L OFEL EF €V €LY EE asB6 CT6S SE oaxh L £FO8 IE vANd<
SL'TF8L'6  CLIL V8L OTIFSTH -ICIFCI v oSLOFESE LLIFLOV LUFFIIL -760F769°€ oLFOFOL'S «SSOFSSTI €6 TFILL w00 CFE68 oqll [F6S9 £09:77
SO'0FIL'T LOT  SU'T 8€0F8L0  6F0FSSO  CO0F90'T  TEOFIS0O SHOF69'0  9Y'0FCS0  TSOFIS0 TEOFIOL  SIT0F86'0  €L0FCOL  61°0FE6°0 £0G:TT
I¥°0¥SS°0 €80  9T0 FTOF6E0 PI0FSEO  vHOFIO0  II'0FOC0 LEOF6H'0  LTOFEEO  €O0FLTO LEOFIS0  6TOFIS0  SCOFOV'0  TTOFHI0 £OGITT
wEIFIP9 ITL  19°S SV IFESE WTLIFSH'E  S60FI0E  F6'IFEEE 96°TFIL'9 O0CTFLI'S oF1'0FCOY (CTOFEE 0] b I'TFI6'9 @O TFLIS a ITIFHL'S £OG:07
SHOFIL'0 €0  6£0 €SOFIN0 STOFLED  SIOFEO0  €90FF80  bHOFFS'0 1907890 9F0FCS0 8COFEH'0  PTOFEL'0  [COFSE0  LI0F0S0 €007
LO0FES0 88°0  8L'0 PSOFH80 £S0F060  ETOFSET  8EOFHH0  €S°0F60'T  T0TFSOT  SOOFLI'T 6T0FSOT  SI'0F66'0  [TOFHO'T  SO'0FH6'0 £OE0T
wlb 0FIET 0L'T €07 oSOOFSI'T oLEOFHOT  -80°0FL80 SO TFI'T oETIF6H'T wa6EOFSLT wLI'0FIOT wLEO0F60Y wl90FIET wSTOFEST o0 [€0FOL'T 90p:0T
LTOFO0L'0 120 650 HTOF8Y'0 S8T'0FES0  STOFCSO  9COFIF0  LS0F99°0  0C0FOF'0  OF0FISO T190F00T  TI0OFS'0  vIOFISO  IT0FKS0 9ME:(0T
I10FHE L 9TL WL OSEFI®L SOPFSOS  TO0F906  SSIFLL'6 THTF69'8 €L TFISOL  S90F888 OI'0FIEY9  960F96'L OV IFILL  610F91'8 EOEIQT
0+"0FL9°0 S60  8€0 G6TOFLK0 £C0FEL0  OL0F6I'0  [00FIY0 TITOFIH0 €COFELY'0  9TOFIY0 HOOFIY'0 TTOFIH0  HI'0FHCO  8T0F890 POEI8T
W OFLY'0 LLO  LTO OF0FS90 100760 CTO0F080  €90FIS0 EVOFPS0  SYOFILO - 8S0FI60  LI'OFPP0  60°0FI10  YTOFLLO 9m¢:81
LO0FT6'T L8T  L6T ETTFPIT  TO0FSYT  8COFHST  STIFSET PLOFHST  IVIFIOT  €O0F6L'T LOOFII'T €TOFSTT  TTOFCET  9TOFSIT 9mT 81
LT0F79'0 €70 180  LSOFT60 8P OFYS0  SIOFII'L  IL0FFI'L  S8°0F96'0  E€OIFIST 9€0F0S0  SO0F8LO  9LOFEO'T  LOOFI6'0  16°0F0I'1 POT9L
TCOFIS 0 €80 890 9TOFLVO0 61 07LE0  ¥IOFISO  ¥I0FF60 SLOFLFO _ SOOTISO 8I0F990 #C0F9C0  #90FSOL __ cO0+#00 _ ¢S 07S80 VAN
w68 EF8T8E  CLSE e IV WO LTLR LY s IS LTLY 8V +C9 0FC8 IV s 1S OIFCE 8Y 069 6FSLLE 4:S8 PFL6 6E e¥I #F00 9 oST CFOS SC w86 FFCC OF w68 ¥F68 9€ oe¥ [F0S €7 VANINK
- - - WELTF00T 1€0FIOT 8L OFFEC 66 [FSIC - - - - WTOFITO0 61 O0FLCT  6£0799°0 601:07
- - - STTIFOL'0 €T0F9T0  I00FIY'0 LTIFHET THIFOLT  9¥0F9S0  STOF6E0 SOTFHET 9507990  IT'0FIF0  LLOFIEO LOT:8L
SOTFEG'LT  SO9T 0867 6E'SFLSEE O LFIOVPTE «SETFOV'SE SO 9OFHEE 98°6F6H LT aut 1 SFLIST « ITHFISLE I8 TF6TIL  ¥8'SF8Y'6T o [6'9FSTIT  ISTFILTE 601:81
TTOFIS0 LEO 890 LTOFTTO LIOF6I'0  T0°0F8I'0  STOFSTO  0V'0F99°0  TSOFI0 S8COFYFO €TOF680 96°0F00°T 6L IFOTT  TTOFSSO TIOT:81
TLOFIS'0 - T 69°0FI6°0 LY OF6H] - 9€0FE6'0  €SOFHS'0  YOOFILO  80°0FL60 - IEO0FEP'0  LTOF6E0  8E0FSY0 I:LT
IL0F0S°0 101 - 9T0F8E0  610FCSO  I00FIY0  0TOFITO SHOF6V'0  OL'0FLY0  SHOFISO  61°0F6T0  90°0F0F0  SOOFYH0  90°0FLED LOT:9T
w0 TFOE L 9L'S 106 OTTFPL'L STTFSS'6 @66 1FCEY @0STF989 o8I TFIES «SLIF869 o6 O0FLLY oSTIFIY «TOTFIS'S a68°0FSS'S @ SETFISS 601:91
' TFT6°0 OLT  vI'0 99°0F88'T LTOFCOT  LSOFYTT  98'0FII'T ESOFLO'L 89 0FLI'T  9S0F6L0 T¥'0FSTIT ol 0F8ET  OT0FKET  SOOFIHI 110191
67°0769°0 660 ¢r0 0T0FE90  SCO0T960 0CO¥SL0  OL0FL80 9SOFSTL  990FIST <CC0¥¢S0 LSOFPST  CL0F090  600F890 ¥ 0FSS0 *VAL
8L°0F8I'LT  L99C  69°LC 6L'LFOL9T 00CHSL I 9L IFVI 9 ¥6 0IFILCC OV ¢¥99°6C S8 O0FSC0E Ch cFr69C SLIFSLIE 6CCFIL9T LT CFCSLL ILIF69HC VAS<
LO0FI0'T L[0T  L60 0€0F60T ICOFOIT 61 0¥880 ¢v0FcC 1 SEO0FE80 9S0¥S90 SO0F6L0 <0901 9L0FCO'L I[10F00T CCOFE0 T 0:L1
0T°0FFL'0 650  88°0 S8I'0F86'0 6I'0FFOT  61°0FL80  6I0F00'T OEOFHL'0  9S0FS90  THOFSL'O CTI'0FC80  LEOFIL'O  €S0FI9O0  LT'OFISO 0:L1!
wSEO0FLSE TEE 18°C SFOFGI'E oIV 0FT6'T 081'0FS6'T TV OFIOE ISTFOLY ELOFVL'E «8E0FSOY 80 IF8S9 w€60FEFY  abb 0F80'S a8 OFSL'E 0:81
IT0FLE D 6V0  STO STOFHPT0 Y0'0FCTO  90°0F8T°0  TI'OFOL0 HEOFIF'0  9E0F650 800F8TO  6E0FOF0  +ILOFEF'0  SO'0F8H'0  60°0FSE0 0:91!
8HOFLEGL €061 0L'61 0S'LFOS'LL I¥'TFSIC +00F8I'8L LOTIFOSEL ¥8IFOTOT 9S IFE6'0T S9TFIT 61 OF IFCHOT 8P IFILLL 8TIFLSSL LT IF#891 0:91
wb€0FTIY'L 8I'T 991 I60FLS'T ol80FOVE bl 0FOET @l 0F96'T oZHOFOS'T  «llLO0F8TT  oLIOF6TT 1€0FE6'0  «8EOFITT  oLIOFOL'L  o¥SOFECT 0:p1

@=0) (120 4x(1=10) (8=u) (e=u) (T=u) (g=u) (6=w) (e=u) (g=u) (g=w) (9=w) (e=0) (€= vk

proy Aneq

YALNIM Areniqo Arenuef NJANLAV ~IOqUIAON g0 1queydes WHAIWINNS sngny Ang ounf  HNIAJS AeN [udy

(INVA 18107, %) poudd Surjdwres oy Suunp uonels duren) ayJ, 1e vfins "o Jo uonisodwioos proe Apeq *g a14v],

Grasas y Aceites 74 (3), July-September 2023, e518. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0224221


https://doi.org/10.3989/gya.0224221

8 « N. Sen Ozdemir

‘SV PaYOULIq-OST SANLIIPUL 11 YAd WO 7:0T ‘9MZ:0T ‘€O 81 ‘T:81 “VANIN WO T:4T ‘6 1:7C ‘SOT:TT ‘SOT:QT ‘9OT:8T
TIST “TipT VAS WO 0:07 “0:6T “0:LT ‘0:ST ‘0:ST1 1SV 2Iom uonoey siy) ur papnuy ‘sporrad Surjduwres oy [re ur ¢*( > uontodoid uesw yym Sy JOUIJA :y "(STFSUBIW I SoNJeA (SUOSLds I0J ¢
-6=U ‘SYIUOW 10} G-¢=U ‘G0"0 > d 1S9L ASH ATINL-VAONY) SUOSEIS pue SYIUOW I0J JUSIMJIP APJueoyiugis a1e mol dwes oy} ul (qe) sdnoi3d 19139 pue (q‘e) S19139] JUSISHJIP AQ PIMO[[OJ SUBI]A

$0°0FS0'0  100F100  +0°'0F80°0  80°0F80°0  90°0F60°0 SO'0OFL00  ¥0'0F80°0  T0°0FC0'0  CO0FY00  C0'0FC0'0 T[0'0FI00  €0°0F0°0 <CO0FC00  €00F700  ¥0'0F90°0 0:91/LOL:91

L6'OFTL'Y  ¥SOFOE'E OV IFr6Y  p6'OFP8'E€  OL'0FLOC  LIOFLEY  TTIFROY  SPOF6TY 65 0F611 T€0FL0Y 6V 0FE9Y  TSOFSL'E  IS0FSOY  LSOFER'S  THOFPI'E  90K/g0<

OV'TF'S  CTTIFEL'S BI'EFSPY  0C€EFLL'6  STSTFESTI  €8'0FES6  8TOFEE'8  aS6'TFO8'6 09 €F Tl 96'0FSL'8  06'0FIT8 OSHPFPI'0L  1€°0FE96 OI'LFPSO0I  LI'EFSO0l  [BLISILIRL
TS'0F8E'T aLL'OFIET oLE0FOET  PITFO6'L  FETFSOV 60'0FLED  IETFOST  0E0FIE0 - @lCTOFEL'0 9I'0F0T0 €V TFIL’T - «0LTFI6T  obT1F99°C uopjuedooz

OV OFITT €V OFOV'T  LEOFLOT  €SOFLY'L  LTOFEC]T  O080FEST €V OFCST  6TOF6ET  8I'0F9CT STOFPET TV OF9S'T  8E0OFEIT  8TOFIST  9¥0F891  1¥0¥99'1  VAA/VHA

6E°0F0EE a1 0FCOE oCE0FI0E 66 TFLLY  FVTFLEY qfE0FLIEC  oS9O0FVIT OV IFEV'E @SOTFC8'C €O IFVEE 8CTOFEI'E  OVIFOTH oCTOFS8T o09'1F00°S L0 IFCCY [eLR)RY

qC8'€FISTT S HF00°ST (CIFINOT 0TYFIS VT 0oL’ 8FOI'IT el TFO8'PT oV [ 1FSSTC 0el96FEL'OT 009 SFYTYT €€ 01FLI 9T 0T SFLT8E O LFLEVE @bV FISOE £S6FVTLE 08 LFEROE vaNd<

S80F66'0  TTOFEY'0 ILOFS80  TEOFLY'O  9T0F6C0  CTEOFLYO  STOFPL'O0  8S0FOS'0  LO0OF6I'0 S8OFEL'0  TH'OFIO0  19°0FS9'0  €I'0FEL'0  STOF8Y'0 I+ 0F8¥°0 vand
acP8TFIL'S 09 EFBLY 89 IFSB'E  q00'IFO60'F 9L OFLS'E OV [FIEY oab90FVCY  ae€6'FF999 oSO TFCOT oaw60 CFYL'S €9 EFCETT 68 TFBES oL [FVI'0]  0qeSCTFO06 0aeSTEFIO9 £€®9:7C
PEOFH80 YTOF86'0 6E£0FEL0  8E0FC6'0  [90FEOT €00F80T  0TOF6S0  ILOFT6'0 9I'0F9S0  OL'0F680 CI'IFOET  6T0FF8°0 8TOF860 9T0FE6'0  8TOFLI0 £MS:TT
0TOFIE0 «ETOFOY0 a6I'0FCTO  TTOFEY'0 oPO'0FITO @€TOFIO0 o8I0FLEOD  IPOFOS0 oV10FSTO  &9TOFSEOD «09°0F00'T  OTOFLY'0 «CCTOFPI0 b ['0FOS0  or['0FEE0 €OSIIT
o8 IFITY  POTFS8Y 0C0FSS'E  oCLOFE6T 61°0F69C 8O IFSI'E  LSOFBBT ab9'TFSOV  8O6'0FLET  CTLTFOEY ECTIFOCL 6STFRS'S PUTFRO'O  €9CFIRS  OL'TFOVY £OSI0T
EVOFEY'0  CI'0F8I0 SYOFCO0  09°0FS90  LLOFI6OD 9V 0TS0 LEOFOV'O  LVOFISO +COF6SO  6VOFLLO TOOFCTT  SHOFC6'0 8 0FH6'0  SHOF6I'T  6C0FF9°0 £OP0T
9I'0FS80 80'0FC80 CTCOFLEO  SS'0F96'0 60 IFL60  8TOFI60  O0CTOFF6'0  TEOFL6'0 1V0FS6'0  6€°0F880 ITOF60 €SOFEL'T  SECOF80 6TOFCET  CTLOFCI'] €OE0T
w89 0FVS' T S80FC0T olTOFLI'T  a6€0FEQ'T OV OFII'T 9CT0FS60  o8SO0FLOT wl€TFVO'T  oLTOFOBO @8I IFOL'T «SLOFYCTE F6'0FHY'T ECTOFIV'C 96'0F86'C 00 1FC6'] 90%:0T
TTOF0S'0  TI'0FLYO 8TOFESO  8TOFI0  9CT0FL90 ITOFE90  6£0FSH0  €S°0FE90 6€0FISO  PIOFISO 98°0F88°0 O0€OFI80 CTCOFCLO STOFCE0  I¥'0FS80 9OE:0T
W0TOF8T0 wLTOFCED oLI'OFFTO  oPI'OFFPED oLOOFEV'O0 «LOOFLEOD  a0TOFCTO  oSTOF8LO «:€TOFITO  oE1'0FST0 «9E0FCH0  FSOF8LO :IT0FIO0 aOTOFSO  SLOFOI'L 9OT:0T
OSTFLLE VI'IFPO'E 6V TFHIC  8STFOLL  LO6PFIOS  8SOFSO6L  91'0FI9  «HSTFOLL 16TFOCTOL 66'0F0L'9 9S'OFLY'9 oLTEFIYL LSOFVOL CI'SFRIL  PETFICL €OE8T
WOFIS0 BI'0F6E0 SYOFOS0  LTOFIVO CE0F8S0  ITOFPCO  STOFPO  6T0F6E0  SEO0FCSO ITOFT0 vE0F6E0  PPHOFEY'0  CI'0FSI'0  SPOFISO €V O0FISO pOE81
IE0FLED 9€0FCS0 0TOFSTO  9II'0FEY'0  STOFEY'O LI'OFCY'O0  SOOFSY'0  vEOFSE0 6CFLSO  TEO0FIC0 LI0FOTO TCTOFLS'O0 STOFO0 CTOFO90  €TOFOV0 90¢:81
880FSTT  OI'0FP8'T 9L0FIZ0 «I80F86'L O9CIFIOC [E€0F6S T  LIOFLET abSOFIOT [LOFVTT EVOFSOC SEOFEL'T IETFIET 0E€0F69T  66'1FS8T  060F69C 90781
8E€0FLI0 6L0FIF0 €TOFESD  PTOFLY'0  STOFLFO 60°0FLEOD  6£0F090  OT'0FSH0  SI'0F6E0 €0°0F0S'0  LOOFOF'O0  6€0FSH'0 [L0FS80  CI'0F9TO  8I'0FOF0 e8I
abCOF6T0 o¥0'0FI00 «CI'0FSY'0  «6TOF610 - @8C0FEE0 @ 8I'0FYC0  a’0FTI'0 o LTOFIE0 - - 9S0F69°0 90°0F800 HIYOFO0 65 0FIS0 £OE9]
SPOFPL'0  1€0FPS0  VI'0F68'0  SS'OFT80  SOOFLI'T 6V OFLLO  0SOFCSO  9T'OFEL'0 1107990  TLOFCLO ¥I'0FO80  9€0F6S'0 SI'0FLL'O  0S0F69'0  €TOF6E0 yOT91

LTPFOS' 8 8V VFSY'SY ITIFEL'IS @oL6'8FIOSY  S8LFHETH TOTFIV'8Y LY TFPILY o€L'6FES6E LO9FCL9Y  CIIFLY'6E SH'ST66'TE OI'6F8S'LE 809FSYLE TETIFISEE 68 LFHS' IV VANIN <

LS'0FI90 oV TIFPS'T oSS'OFOL0  TOOFIET  TITFOIE J6L'0FL6°0 o£TOFSS0  86'0FE90  o80°0FEL'0  ooLL'IFOL'T (9€°0F09°0 IS'OFLS'0 oFI'OFSI'0  169°0FF8°0 «ITOFVS0 = VAIA

LEOFOTT «6L0FP6T LEOFEET  SITFIET LSOF8YT GITOFOE0 wlETFOST 9 TFILT «OUTFIET w61 TFST 601:07
PE'OFOL'L  STITCCT YYOFICT  8SOFSLOD  9I'0FITO 8SOFS60  €VOFIIT  IEIFSYT  OTOFLO0  OIFITT LEIFI0T STIFWL TYIFCST  6STFICT  9E0FHH0 LOT:8I
EOPFEIPE SCLFEITE ELIFSTSE  IE6FIB6T CYSIFLICT OIVFIEYE  LIVFOSOE PS6FI6LT ELSFEIVE  STIFCTIT OV bFHS'EC POFBIPT CCSFLYLT TI'TIF6L61  SHOFSEIT 60181
6C°0F6Y0  OL'OFIY0  €S0FSS0  OI'0FIT0  OL'0F61°0  PI0FOE0  61'0F6T0  IF0F99°0  8I'OFLED  €S0FS90 OI'0F86'0  8LOFSLO 600F8L0  PO'IFOTT  0TOFCCO  HIOLBI
SPOFHL'0 wlh 0FISO «THOFTC60  6S0FI0T w860FIST wll0F60 wSTOFILO  THOFIF0 «T00FL80  «l€0FIE0 - S8OF80T = @060FITT  oLEOFO9'] LT
O0FE60  110FPI0  LLOFEST  IPIFIST  090FST 10TFET  6L0F8YT  6€0FIK0  PEOF6L0  TEOFPEQ TTOFSTO SYOFILO  8TOFETO  LSOFSI0  6L0FI0' LOT:91
96'1F099  IY0FCTS SOTFHOL  SPIFI98  CTTIFELL EV1F8E8  STIFOL'G  PO'EFI69 81T OCEFILL 16TFESY VUTFO9 LOIFHIO  LITFI®S  IVTFLLL 601:91
ILOF6I'L 9SOF8'0 8LOFPY'l  €6'0FOTL  09°0F98'1  88'0FE60  ITOF06'0  6V'OFER'0  1L0F86'0  ESOFPLO 6€0FIL0  €90F06'0 €S0F060 TYOFRLO  8LOFCOTL  TIOL9L
LY'TFI8'BT 6LOFSS'6T 10TFII'BT ITSFIS'6L TE6FISTE ISTFOL'OT ICEFICOE SUEFPLOE OL'EFHY6T  96'0F98"EE OCOFPL'8T IL'EFFS'LT ILTF6L'ST S8TFOT6T OI'SFEY'LT ViSX
8V'0F06'0 TL'OFI60 6L'0FIL0  S8'OFETT  6SOFITT  60°0FI8'0  LOOFIS0  6€0FH90  €SOFIL0  OVOFP90 0v0FIS0O  OTOFESO LTOFISO  O0I'0FT60  61°0FLI0 *VA<
«880FS8'E wTO 780" w880FLIE  «SYOFIET wTSOFIIE IL0FIOT wSLOFITE WOVTFILY wlCOFIT wPOEFLY'S STIFOIO w6l TFIEY @69 0FEr Y w 65 TFI8Y o P60FIS'E 0:81
WOFIS0 STOFBOT vPOFIO0  8S0FS6'D  PLOFLY'L ITOFS0  €SOFLSO  LTOFOOT  OEL0FCOL  8ELOFIE0 60°0FLOT  ISOFSTT  90'0FC60  SOOFIF'L  8F'OFECL 0:L1
OL'OFTLO  €UOFLI0 90'0FILO  9V'OFBL'0  OSOFOTL OI'0F6L0  9TOFEEO  TEOFEY0  IHOFHS0  LEOFISO POOFESD  PHOF690 SO0OFLE0  ITOFSS0  S8COFIPO 0:L1!
LO'TFOTOT TROFEEIT STTFIC6l  LOTFLE'6L 19°CFEV6l €V 1F96'81  98TFSYIT PSEFOLOT OL'EFIIOT OV EFPS'ET Y8OFLIBL 66'TFFI'BL 6 1FSTLL OLOFOEBL  O1'EFTH81 0:91
900F8I'0  80°0FOT0  TO'OFIL'0  LOOFOTO  BOOFECO  SOOFII'0  BOOFITO 9SOFOLD  T8OFLO0  €90FILO II'OFLY0 «6LOFHED EEOFLED  OI'OFHED  PIOFIE0 0:911
TOOFOTT _ETOFLTT  IY0F68°C  SOTFEM'E  0S'EFI8Y  TOOFIPT  SOOFECE  9ETFSTT ISEFSR'E  POOFE0T EVOFER0 SOTFETT LEOFOO] TLIFEVT 96'1FELT 0:v1
(t=m) (e=m) (=) (01=0) (g=) (=) (g=w) (6=) (e=w) (g=w) (e=) (e1=0) (g=w) (s=w) = ooy ked
WALNIM Arenuef 10qudq  NNNLOY — PqUDAON 10900  Joquaydas YANINNS jsnsny Ang aunf DNRIAS Ke]N udy [oIeIAl ’

(ANVA 18101, %) porrad Surjdwes oy) Sunmp uone;s Je[edI[] 2y} 18 pfirs "5 Jo uonisodwod proe ANe °¢ a1av ],

Grasas y Aceites 74 (3), July-September 2023, e518. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0224221


https://doi.org/10.3989/gya.0224221

What are the most effective biotic and abiotic factors affecting fatty acid composition of Garra rufa (Heckel, 1843)? « 9
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FiGure 2. Two-dimensional configuration plot of a PCO analysis of
a resemblance matrix of fatty acids of G. rufa at the Garip (n=25)
and Ilicalar (n=39) Stations. The lower tringular matrix was created
using by Bray-Curtis similarity coefficients. Pearson correlation >
0.60.

toplankton in its diet especially, Bacillariophyceae
members from Chrysophyta (Demirci ef al., 2016).
Yalcin-Ozdilek and Ekmekci (2006) reported that
Chrysophyta members were abundant in all seasons
in the diet of G. rufa in the Asi River, Turkey. More-
over, 18:1m9 is used as a characteristic fatty acid
marker for Cryptophyceae, together with Dinophy-
ceae and Chlorophyta (Dalsgaard et al., 2003). The
percentage of abundance of other types of food in

the diet of G. rufa varies depending on the season
(Yalcin-Ozdilek and Ekmekci, 2006).

Guler et al. (2008) reported that the PUFA con-
tent in Cyprinus carpio fillets differed in each season
and was 39% in spring, 43% in summer and 36%
in autumn. They indicated that DHA was the major
PUFA for Cyrinus carpio in summer and winter.
DHA plays an important role in adaptation process-
es. When fish are exposed to low water temperatures,
PUFA content increases (Lavens et al., 1999). Sim-
ilarly, the highest > PUFA content in G. rufa (34%;
35%, respectively) was observed to be found in the
lowest temperatures detected during the sampling
period, which were in winter (8.03 °C) at the Garip
station and in spring (12.63 °C) at the Ilicalar station.
The PUFA content was higher in the fish samples
from the Garip station (Table 2) than from the Ilica-
lar station (Table 3). This is thought to be related to
temperature because the temperature of the Ilicalar
station was higher than the Garip station during the
sampling period (Table 4).

The fatty acid marker for diatoms (Bacillarioph-
yceae) is EPA and for dinoflagellates (Dinophyceae)
is DHA (Viso and Marty, 1993). EPA and DHA con-
tents vary among/within species depending on envi-
ronmental factors such as diet and habitat, as well as
whether the fish are wild or farmed (Tocher, 2010).
The fact that 18:1w9, EPA and DHA are the most
abundant fatty acids may indicate that G. rufa pre-
fers the members of Cryptophyceae, Dinophyceae,
and Chlophyta as food sources in the Murat River.
Moreover, the 16:1w7/16:0 ratio has been used to

TasLE 4. Chlorophyll-a concentration (pg/L) and water temperature (°C) at the stations during the sampling period

SPRING SUMMER AUTUMN WINTER
March April May June July August September October November December January February
GARIP

Chl-a 0.10 5.81 1.98 2.55

0.09 0.10 0.10 328 4.60 9.54 1.97 3.46 0.52 1.96 3.95 1.75
Temperature 11.13 21.76 12.67 8.03

8.20 8.6 16.6 20.12 251  20.05 0.50 17.00 20.50 9.60 7.40 7.10

ILICALAR

Chl-a 1.77 4.18 0.91 1.19

0.86 1.03 342 171 041 10.72 0.31 1.02 1.41 1.20 1.15 1.21
Temperature 12.63 23.57 21.73 16.67

11.00 810 1880 23.7 255 21.50 21.50 21.00 22.70 20.5 15.50 14.00
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infer a diatom-dominated food chain base (Auel et
al., 2002). While 16:1w7 is found in cyanobacteria,
dinoflagellates, and a specific isomer, the trans one, is
found in bacteria, 16:1w7 is most prevalently associ-
ated with diatoms (Parrish, 2013). The 16:107/16:0
ratio varied from 0.02 to 0.08% (summer-autumn)
at the Ilicalar station and 0.01-0.03% (autumn-win-
ter) at the Garip station. These results showed that G.
rufa at consumed more diatoms the Ilicalar station
than those at the Garip station during the sampling
period. However, 18:109, EPA and DHA were the
most abundant dietary fatty acids in G. rufa. Yal-
cin-Ozdilek and Ekmekci (2006) showed that G. ru-
fa’s main diets primarily comprised diatoms found
in the Chrysophyta. However, the fatty acid compo-
sition detected in the present study indicated there
were more dinoflagellates than diatoms in G. rufa’s
diet. Freshwater fish cannot synthesize certain fatty
acids, especially C ; PUFA, such as 18:2w6, 18:306,
although they can directly ingest many LC-PUFAs
such as ARA, DHA, EPA from their prey (Tocher,
2010). Dietary EPA, DHA, and ARA improve repro-
ductive success and increase the quality of brood-
stock eggs (Mazorra et al., 2003). They are critical to
the general health of organisms and most consumers
synthesize them inefficiently from their precursors
(e.g., 18:3w3 or ALA and 18:2w6 or LNA). There-
fore, EPA, DHA, and ARA are considered essential
dietary FAs in aquatic ecosystems (Dalsgaard et al.,
2003; Parrish, 2009). 18:3w3 is also higher in fresh-
water herbivorous Cypriniformes, including G. rufa.
18:3m3 was one of the highest PUFA at both stations
during the sampling period (Tables 2 and 3). It is stat-
ed in many studies that terrestrial plants abundantly
synthesize 18:3®3 and 18:2w6, which are also used
as dietary marker in the fatty acid composition of
aquatic organisms (Parrish, 2013). ARA was more
prominent in the fish from the Ilicalar station than
those from the Garip station for PUFA in the PCO
analysis (Figure 2). Freshwater fish have relatively
high contents of 18:2w6 and ARA, which are indica-
tive of freshwater algae and terrestrial dietary sourc-
es (Parzanini et al., 2020). These fatty acids were
present in significant percentages in the fatty acid
composition of G. rufa. From the fatty acid values,
it was deduced that G. rufa also preferred diets of
terrestrial origin.

C, C, C,and C SFA and MUFA and their
isomers, as well as 18:1w6 characterize bacterial

fatty acids (Dalsgaard et al., 2003; Parrish, 2013).
Therefore, the presence of these fatty acids in fish
tissue may indicate a bacterial diet. The results of
the present study showed that G. rufa fed on bacteria
(Tables 2 and 3). However, terrestrial markers out-
numbered both bacterial and zooplanktonic markers
at both stations during the sampling period (Tables
2 and 3).

The C,, and C,, group zooplankton fatty acids
were in very small pergentages in G. rufa, which
were found in a smaller amount in the fish samples
from the Garip station than in those from the Ilicalar
station. These fatty acids characterize copepod spe-
cies and are used in the analysis of marine fish to
reveal nutritional relationships (Iverson et al., 2009).
These fatty acids were observed in G. rufa in winter
as well as other seasons at the Ilicalar station, and
not in winter at the Garip station. G. rufa preferred
zooplankton as food in winter months, because the
Chl-a content was found to be lower at the Ilicalar
station (1.19 pg/L) than at the Garip station (2.55
png/L) in winter. The highest Chl-a content was de-
tected in summer at both stations. It was higher at the
Garip station (5.81 pg/L) (Table 2) than the Ilicalar
station (4.18 pg/L) in summer (Table 3). In the pe-
riods when Chl-a was abundant (Table 4), G. rufa
tended toward an herbivorous diet, which is their
main diet.

The w3/wb6 ratio is greater in herbivorous fresh-
water fish (Parzanini et al., 2020). The w3/w6 ratio
varied between 3-5 at the Ilicalar station (Table 3)
and 4-7 at the Garip station (Table 2). It reached the
highest value in August at 6.60 at the Garip station
(Table 2). The Ilicalar station included zooplankton-
ic FAs at higher levels than the Garip station. Phy-
toplankton were probably more abundant than zoo-
plankton at the Garip station, and G. rufa preferred
phytoplankton, which is the primary food source in
all seasons at the Garip station.

The results of seasonal changes in dietary fatty
acid levels showed that the fatty acid composition
of G. rufa changed according to the change in nu-
tritional content and variety depending on the sea-
son. There are already many approaches and studies
showing that fatty acids give clues about the food
consumed. All these approaches can provide valua-
ble information about consumer nutrients and food
ecology in complex aquatic ecosystems. Each of
these approaches is evaluated and used in studies
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according to the content of the study (Dalsgaard et
al.,2003). FAs are known indicators of specific food
sources, the results can indicate the diet of consum-
ers and are a potentially powerful trophic measures
which reflect what is included in an individual’s diet
over a period of several weeks (Kirsch, 1998). From
this point of view, it would not be wrong to say that
G. rufa predominantly feeds on plants, but can also
feed omnivorously. It can be stated that G. rufa has
a very wide food preference from bacteria to zoo-
plankton. Demirci et al. (2016) emphasized similar
results in their study on the nutritional characteris-
tics of G. rufa from organisms in stomach-intestinal
contents. G. rufa can feed on various plankton spe-
cies, although they prefer phytoplankton (Demirci et
al., 2016). It was also found in the present study that
the results of dietary fatty acids indicated the same
results.

3.3. Factors affecting the fatty acid composition of
G. rufa, regardless of location

Figure 3 shows the PCO analysis of seasonal and
gender differences in terms of the fatty acid com-
position, regardless of the stations. The results of
the PERMANOVA pair-wise tests revealed that the
fatty acid compositions did not differ significantly
regardless of the stations during the sampling sea-
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son. Where several samples represent several sea-
sons at the same time, they were grouped accord-
ing to their close proximity to the nearest seasons
(e.g., warm seasons, cold seasons, hot seasons). In
general, spring-summer (hot seasons) and winter-au-
tumn (cold seasons) were located in the same area
with 80% similarity. These areas were represented
by more samples. However, all seasons were locat-
ed in the same area with 70% similarity (Figure 3b).
The PERMANOVA main test results revealed that
the effect of season was significant in the fatty acid
composition regardless of the station (P =0.001).
Almost all seasons were characterized by 18:1w9
with 80% similarity. The highest difference was
detected between autumn and spring (Pperm=0.001).
However, autumn and winter were characterized by
18:109 with 80% similarity more than the others
(Figure 3b).

Figure 3a shows the PCO analysis of the fatty
acid composition of the gender groups, regardless of
station. The results of the PERMANOVA pair-wise
test indicated that the fatty acid composition of fe-
males in summer-winter was significantly different
from the other seasons (P ., =0.001). Although the
difference in the fatty acid composition of males was
not as great as in females, the results of spring-win-
ter seasons were different from the other season
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FiGure 3. Two-dimensional configuration plot of a PCO analaysis of a resemblance matrix of fatty acids in the seasons and genders. The
lower tringular matrix was created using by Bray- Curtis similarity coefficients. Pearson correlation > 0.6. (a): Two-dimensional configu-
ration plot of a PCO analysis of a resemblance matrix of fatty acids in the females (n=44) and males (n=20) of G. rufa. (b): Two-dimen-
sional configuration plot of a PCO analaysis of a resemblance matrix of fatty acids in the seasons regardless of location (n=19,18,18,9 for
spring, summer, autumn and winter, respectively).
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(Ppcrm=0.003). The gender variable groups formed
barely-separated groups for both males and females
(ANOSIM-R=0.13; 0.14, respectively). There was
no significant seasonal difference in both genders.
Females were characterized by 18:1w9, DHA, EPA
and ARA; whereas males were characterized by
DHA, 18:0 and 18:1w9 (Figure 3a). Sen Ozdemir and
Caf (2018) found similar results for female seahors-
es. They reported that female seahorses were charac-
terized by EPA, DHA and ARA in multidimensional
scaling results and that 18:1®9 was not the most sig-
nificant contributor to the fatty acid composition of
both seahorse males and females. The only difference
was that in their study, DHA replaced 18:1w9, con-
trary to the results obtained in the present study. Such
differences in freshwater and marine fish are expect-
ed since they have fundamental differences such as
different feeding habitat (Parzanini et al., 2020).
Urquidez-Bejarano et al. (2016) reported that 16:0,
18:0, 18:1, ARA and EPA were significantly higher
in ripe female gonads than in spent gonads for angel-
fish. They observed a similar trend in male gonads,
and there was no statistically significant difference
between genders. Similarly, the difference between
males and females in terms of the fatty acid com-
position of G. rufa muscle tissue used in this study
were not significant. It is widely known that FAs
like EPA, DHA and ARA are involved in numerous
physiological processes from growth to reproduction.
Therefore, they are vital to consumers including ver-
tebrates like fish species (Paulsen ef al., 2014). Also,
DHA plays an important role in the female reproduc-
tive system. It is transferred from the muscle to the
liver and gonads and effects the egg quality and sur-
vival of larvae. In addition, a balanced presence of
linolenic (18:3w3) and linoleic (18:2w3) fatty acids
in the feeding of fresh water fish larvae increases the
optimal survival rate (Higgs ef al., 1992).

CONCLUSIONS

This study provides a first comprehensive report
on the total lipid content and FA composition of G.
rufa according to biotic and abiotic factors (season,
gender, location) and determines feeding behavior
using dietary fatty acids. In particular, the analysis
performed revealed fundamental differences and
similarities between/within factor groups. Seasonal
differences were more prominent than the other fac-
tor groups in terms of both total lipid content and

fatty acid composition (p < 0.05). In addition, annual
average total lipid content was higher in females than
males during the sampling period. G. rufa was char-
acterized by a high MUFA content, mainly 18:109,
for all factor groups during the sampling season. G.
rufa had high percentages of dietary fatty acids such
as EPA, DHA, 18:1w9, w3/w6 and ARA fatty acids,
thus indicating herbivorous feeding. The study also
showed that although G. rufa preferred predomi-
nantly phytoplankton, it had a very wide range of
food preference from bacteria to zooplankton. Al-
though there were no significant differences between
locations, both seasonal and gender differences were
more prominent in the different locations. According
to the dietary fatty acid results, the diet composition,
which changes depending on season rather than lo-
cation, is a major factor in determining the fatty acid
composition of G. rufa.
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