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Abstract < ’

This study aimed to evaluate environmental sediment quality parameters (biological, che y) and determine sediment
quality parameters (organic matter, total nitrogen, total phosphorus, total carbon) in rai cage farms with a nearly 4,000-

ton total production capacity in Almus Reservoir. For this purpose, two cage s ative of the cage farm area and two
control stations outside of the main current, located at 250 m and 500 m from the cage stations, were selected. The
results suggest that the sediment condition is "unacceptable™ wit gical parameter. The environmental condition of
the cage station sediment compared to the control stations with re | and sensory parameters were determined to be

found to be 1.23 and 1.70 times greater than that @f the contr , respectively. When compared to the control stations, the
ts showed 1.40-fold increasess in April and October 2015. It

is thought that the methods and results of this stud ibute to sediment-focused research related to the sustainability of cage

farming in inland waters.

Keywords: Sediment, rainbow trou:&c e culture, environmental impact

Gﬁkkusa@a 181 (Oncorhynchus mykiss Walbaum, 1792) Kafes Isletmelerinin
e

ment- Odakh Cevresel Etkisi: Almus Rezervuar: (Tokat)

Imus Rezervuari'nda toplam tiretim kapasiteleri yaklasik 4000 ton olan gokkusagi alabaligi kafes isletmeleri
sedimentine iliskin cevresel kalite parametrelerinin (biyolojik, kimyasal, duyusal) degerlendirilmesi ile sediment kalite
parametrélerinin (organik madde, toplam azot, toplam fosfor, toplam karbon) belirlenmesi amaglanmistir. Bu amagla, kafes
isletmeleri alanin1 temsil edecek sekilde iki kafes istasyonu ile hakim akint1 yonii disinda kafes istasyonlarindan 250 ve 500 m
uzakta iki kontrol istasyonu sec¢ilmistir. Sedimentin durumu biyolojik parametre agisindan "kabul edilemez" seklinde
degerlendirilmistir. Kimyasal ve duyusal parametreler agisindan ise, kafes istasyonlarinda sedimentin durumu kontrol istasyonlarina

gore sirasiyla "gecis bolgesi” ve "kismen kabul edilebilir" olarak belirlenmistir. Nisan ve Ekim 2015'de kafes istasyonlari



38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

w www.trjfas.org

ISSN 1303-2712
Turkish Journal of Fisheries and Aquatic Sciences DOI: 10.4194/1303-2712-v17 2 13

sedimentine iliskin organik madde ve toplam azot diizeyleri kontrol istasyonlarina gore sirasiyla; 1.23 ve 1.70, toplam fosfor ve
toplam karbon degerleri ise 1.40 katlik artis gostermistir. Calisma yontem ve bulgularinin, i¢ sularda kafeslerde yetistiriciligin
stirdiiriilebilirligine iliskin sediment-odakli arastirmalara katki saglayacag diistiniilmektedir.

Anahtar Kelimeler: Sediment, gokkusag: alabaligi, rezervuarlar, kafeslerde balik yetistiriciligi, ¢evresel etki
Introduction

In recent years, a substantial world-wide increase in intensive aquaculture has led to an increase i

environmental impacts of fish farming, with increased importance given to sustainable farmi

on sediment in receiving environments caused by the input of nutrients from cage farms i

terms of water quality. Addditionally, the reversal of possible changes in the sediment che more time when

compared to changes in the water. Monitoring the sediment-oriented environmental e culture is important
in determining at an early stage the potential unacceptable effects of farming an the@eceidng environment and taking

necessary measures (La Rosa et al., 2004; Soto and Norambuena, 2004).

Rainbow trout farming is the most prevalent type of freshwater aquacul y, and reservoirs have an important

potential with regard to freshwater aquaculture products. ing-Ongoing fish farms- Monitoring)

system was developed to control the impact of organic was fish farms in Norway, but it is based on a
ed to other fish species and inland waters
nd an observation program including Environmental

investigation types: A, B and C. The A-investigation

takes basic measurements of the proportions

investigation is conducted in the local i d includes parameters of three groups. Finally, the C-investigation

is concerned with the benthic comifoun ture in the mid- and regional-impact zones (Hansen et al., 2001;

ion type, which is used in the measurement of the local impact of cage

operations and combines three parameters (biological, chemical, sensory), is preferred by virtue of its ease of
and possibility of use in areas of concentrated environmental impact. Combining
more than one of these p ers rather than using one of them alone increases the reliability of the evaluations and
minimizes er, ing from differing measurements. However, the quantification of environmental quality

eters previdesionly limited information on the substances present in the aquatic environment and gives no

n the relationship between contaminant exposure and biological effects in aquatic organisms; thus, the

impactf pollutants by biomarkers becomes of relevant interest (Fazio et al., 2012; Fazio et al., 2013; Bianchi et al.,

Feed and feces create some negative effects in the sediment, and particle or dissolved nutrients have negative effects
on the water column in intensive fish culture. When the main changes in water quality are characterized by changes in
nitrogen and phosphorus concentrations, changes in sediment quality are observed as variations in total nitrogen, total

phosphorus, total carbon, organic matter and redox potential. Several investigations have been conducted in to
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sediment quality parameters in freshwater ecosystems where rainbow trout are cultured (Cornel and Whoriskey, 1993;
Alpaslan and Pulatsii, 2008; Rooney and Podemski, 2010; Ozdal and Pulatsii, 2012; Karakoca, 2013).

Almus Reservoir is one of several reservoirs in Turkey in which rainbow trout cage aquaculture is practiced, and
rainbow trout cage farms with different capacities are operated in large numbers there. This study aimed to use the

MOM B-investigation in a freshwater ecosystem for the first time in order to determine the local environmental impact

of cage farming in the reservoir. To this purpose, the measurement and evaluation of sediment-related envi
quality parameters (biological: macrofauna presence; chemical: pH and redox potential; andgsensofyt” olitga
colour, odour, consistency, and thickness of deposits) were undertaken. Additionally, the compafi on
quality parameters (organic matter, total nitrogen, total phosphorus, total carbon) between the s om
cage farms and the control stations was an objective of this study.

There are no legal regulations in Turkey which focus on the observation of sediment jinfr atgr cage operations. It
is thought that the results of this study will contribute to sediment-focused researcir the sustainability of cage

aquaculture, which is becoming more and more common in Turkey’s reservoi

Material and Methods

Study Site
The Almus Dam type (Tokat, Turkey) is an earthen emban

da at is near the town of Almus (28 kilometers

The main purposes of the dam are irrigation
about 108 km?and total capacity 950 hm?® (A

gnymous, 2015).
Twenty-five rainbow trout (Oncorhync % albaum 1792) cage farms are in operation there, mostly

concentrated in the reservoir’s noithe ton\and with a capacity ranging from 100 up to 975 tons per year. In this
study, the reservoir is considered e nd two cage stations were established, representing the areas where
rainbow trout cage farms are large numbers and with differing production capacities, along with two control
stations outside of the m r ated at 250 m and 500 m respectively from the cage stations (Figure 1).

Sample Collectio
The sedimedt sam ere taken from 15x15 cm? areas of the above-mentioned stations using an Eckman-Grab
alyses were performed in four samples for April and October 2015 in each station. The choice of

these sampling was based on the legislative regulation for the observation of water quality parameters in

freshwater fish cages (Anonymous, 2014).

Determination of the Mean Score of the Sediment
A scoring system for the environmental condition of the sediment was perfomed according to Hansen et al. (2001).
Firstly, macrofauna was observed in the sediment by sieving the sediment through a Imm sieve and the materials

remaining on the mesh screen were identified. The biological parameter (Group 1), distinguishes between acceptable


https://en.wikipedia.org/wiki/Embankment_dam
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(macrofauna present) and unacceptable (no macrofauna) sediment conditions and the presence of animals yields a
score of 0 and the absence a score of 1. If the mean score of all the samples taken at a given site is < 0.5 the sediment
condition is 1, 2 or 3. Else if ( > 0.5) the sediment condition is 4.

Secondly, a measurement of pH and redox potential is performed. pH and redox potential values are measured by using

EcoSense pH100A Model pHmeter. The results of pH and redox potential (chemical parameters-

measurements are placed on a pH/Eh diagram which is divided into five categories (Figure 2). The sediment
are found as follows: Mean score < 1: condition 1, 1 < mean score < 2: condition 2, 2 < mean §§0re P37 CO iti
and mean score > 3: condition 4. The first three categories each corresponds to a degree of exploitatien a %
of fourth category are considered to describe unacceptable sediment conditions (Hansen et al., OK

Sensory parameters (Group 3) has been scored from zero (no effect - undisturbed conditiony to strong effect -
unacceptable) condition categories as follows: Mean score < 4: condition 1, 4 < megigcore < 10: condition 2, 10 <
mean score < 14: condition 3, mean score > 14: condition 4. As the amount of orgagic in the sediment increases,
sensory parameters indicate differences in the colour and odour of the sedimeiit, ga s, and the thickness of the

deposits in the top layer of the sediment (Hansen et al., 2001).

Determination of The Environmental Condition of The i ite
The environmental condition of the site is equivalent to condlit by the three groups of parameters. Once the

condition of Group 1 is acceptable, then environ i e site corresponds to 1, 2 or 3. If Groups 2 and

Determination of The Sediment

Organic matter content was e by¥placing the dried samples in a muffle furnace at 550 °C and determining the
loss in weight (Kacar, 19 sphorus content of the sediment was determined by vanadomolibdophosphoric
yellow color method accefding and Inal (2008). Total nitrogen and total organic carbon analyses were made

using a Dumas method.

S
quality parameters of the sediment that are considered in investigation bases with respect to months
are determined by T-test and the difference between the research stations with respect to months are measured by

Duncan Test (Diizgiines et al., 1983).

Results

Environmental Sediment Quality Parameters
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The results of the MOM B-investigation of Group 1, 2 and 3 are shown in Figures 3 and 4 for April and October,
respectively. Redox potential and pH values (Group 2) were measured in the surface sediment (Table 1). Scores are
applied according to Figure 2.

Sediment quality parameters

The average organic matter, total nitrogen, total phosphorus and total carbon values of sediment at the cage and control

stations for the two months are presented in Table 2.

Discussion
The sediment quality parameters determined by the MOM method were measured in thre%) . irst
at

category, presence of macrofauna, was not observed. The fact that macrofauna were not g:d of the stations

chosen for our study appears to verify the findings of Zengin and Buhan (2007) and 13): that reservoirs

are not rich in benthic fauna. Furthermore, the fact that no macrofauna was detecied ntrol stations shows that
an assessment stating that cage aquaculture has negative effects on macrofaur@is o e question. More sampling
and detailed study of Almus Reservoir could bring clarification to the 0 presence of macrofauna in the

sediment. This is because in reservoirs, which differ from lakes iggtheifgnorphometric and hydrological qualities,
ions, temperature regime, wave-induced
ng the sediment (Trichhova et al., 2013).

ding the alarm with regard to aquaculture. Almus Reservoir has had
0 years and on the basis of the second group of parameters, it has been
scientifically proven tha s approaching carrying capacity. However, the absence of anaerobic conditions
(mean dissolved oxygen ater: 7.25 mg L) and the measurement of the current speed at approximately
10 cm st can be cdunted &s positive indicators of the sustainability of cage farms.

Finally, regafding t d group of sediment quality parameters, the colour and odour parameters of this category

tive elements in determining the environmental condition of the cage and control stations.

ct that the environmental conditions of the cage stations were found to be similar in both chemical
and sensory parameters appears to confirm the validity of evaluation with sensory parameters.

In this study, our finding suggesting that the total organic substance values at the cage stations (7.02-7.77 %) showed
an increase with respect to those at the control stations seems to coincide with the results of different research (Jiwyam
and Chareontesprasit, 2001; Temporetti et al., 2001; Alpaslan and Pulatsii, 2008; Rooney and Podemski, 2010).
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The total nitrogen (0.12-0.28 %) and carbon (3.39-3.87 %) values observed in the cage station sediments in Almus
Reservoir were found to be greater than those at the control stations; this appears to be parallel to the findings of the
studies carried out by Temporetti et al. (2001), Alpaslan and Pulatsii (2008), and Rooney and Podemski (2010).

It has been noted that intensive cage aquaculture in lakes appears to increase total phosphorus levels in the sediment,

and it has been observed in different studies that the sediment total phosphorus levels at cage stations show ap increase

when compared with the control station values (Troell and Berg, 1997; Alpaslan and Pulatsii, 2008; Ro and

Podemski, 2010). The total phosphorus parameters obtained from the cage stations in Almu%Rese /0
substantially over time when compared with the control station values, indicating an alignme it bove-
mentioned findings. r&
Accordingly, the monitoring of sediment quality parameters is considered as the basis ust ility of inland

aquaculture activity; they are also considered to be important in preserving the nat composition of inland water

ecosystems. However, these results are only preliminary. In the future it will be gec compare these findings
with farm cages in other regions in order to improve the obtained results. Addition re detailed studies will be
necessary to understand the link between the environmental sediment a ers and the health of fish (e.g.,

haematological parameters), especially in the country’s reservoirs where ¢age cuftlre is concentrated.

Turkey’s “Regulation for the Prevention of Eutrophic of 8t and Freshwater Bodies” (Anonymous,

2014) has the aim of taking into consideration the trophic s lakes’and reservoirs when agquaculture operations

are being planned. While it aims to observe (in A rameters such as total phosphorus, total nitrogen

and chlorophyli-a in the water column of active freshwater aquaculture operations, the regulation does not include a

parameter for sediment-focused observation. Hawever, monitoring programs based on sediment quality parameters

are an effective evaluation tool to determine nmental conditions, that is, the local impact, of cage farming.
Therefore, it is believed that until a m ppropriate system is recommended for Turkey’s freshwater bodies, the

MOM B-investigation, which co s that are reliable and simple as well as fast and easy to use, will

contribute a significant mech d the way to improving the monitoring of cage farms.
Acknowledgeme Q )

This research wasisupposted by Turkish Scientific and Technological Research Council (TUBITAK Project No.

References

Alpaslan, A. and Pulatsii, S. 2008. The effect of rainbow trout (Oncorhynchus mykiss Walbaum, 1792) cage culture
on sediment quality in Kesikkoprii Reservoir, Turkey. Turkish Journal of Fisheries and Aquatic Science, 8 (1):
65-70.

Anonymous. 2000. Cage culture of salmonids in lakes: best practice and risk management for Tasmania.
http://www.eprints.utas.edu.au/456 (accessed November 19, 2015).



215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267

w www.trjfas.org

ISSN 1303-2712
Turkish Journal of Fisheries and Aquatic Sciences DOI: 10.4194/1303-2712-v17 2 13

Anonymous. 2013. Yukar1 Yesilirmak nehir havzasmin besin ag yapisi. Gaziosmanpasa Universitesi Bilimsel
Arastirma Projeleri Komisyonu Sonu¢ Raporu. 110 s. Tokat.

Anonymous. 2014. Durgun Yeriistii Kara I¢ Sularinin Otrofikasyona Karsi Korunmasina iliskin Teblig. 26 Subat 2014
Tarih ve 28925 Sayili Resmi Gazete.

Anonymous. 2015. Almus Baraji. http//tr.wikipedia.org/wiki/Almus_Baraj1 (accessed January 10, 2015).

Bianchi, E., Goldoni, A., Trintinaglia, L., Lessing, G., Silva, C.E.M., Nascimento, C.A., Ziukolski, A., Silva, L.B.
2015. Evaluation of genotoxicity and cytotoxicity of water samples from the Sinos River Basin, southern Brazil.
Braz. J. Biol., 75: 68—74. doi: 10.1590/1519-6984.1913.

Cornel, G. E. and Whoriskey, F. G. 1993. The effects of rainbow trout (Oncorhynchus mykiss) cage ¢
water quality, zooplankton, benthos and sediments of Lac du Passage, Qouebec. Aquacultt‘e, 109: .

Diizgiines, O., Kesici, T. and Giirbiiz, F. 1983. Istatistik Metotlar1 1, A.U. Zir.Fak. Yaynlari: 861, Ders Kitabi, Ankara.

Fazio, F., Faggio, C., Marafioti, S., Torre, A., Sanfilippo, M., Piccione, G. 2012. Comparative stu efogical
profile on Gobius niger in two different habitat sites: Faro Lake and Tyrrhenian Sea. CaliyBi 53:
219. doi: 10.1007/s10228-012-0303-1

Fazio, F., Marafioti, S., Torre, A., Sanfilippo, M., Panzera, M., Faggio, C. 2013. Haematological
profiles of Mugil cephalus: effect of two different habitats. Ichthyol. Res., 60: 3 :

Hansen, P.K., Ervik, A., Schaanning, M., Johannessen, P., Aure, J., Jahnsen, T. and Sti
the local environment impact of intensive marine fish farming I1. The monit
(Modelling-Ongrowing Fish Farms- Monitoring). Aquaculture, 194:75
2

, A. 2001. Regulating
me of the MOM system
6/S0044-8486(00)00520-

Kacar, B. and Inal A. 2008. Bitki Analizleri. Nobel Yayin D
Karakoca S (2013). Gokgekaya Baraj Goli'n bkkusa
yetistiriciliginin yapildigi ag kafeslerde sedi
belirlenmesi. Yiiksek Lisans Tezi, Ankaka Universi

181 (Oncorhynchus mykiss Walbaum, 1792)
gozenek suyuna iliskin bazi parametrelerin

coastal area of the Tyrrhenian Sea. Aqueg
Ozdal, B. and Pulatsii, S. 2012. Using of the

study in Gok¢ekaya Dam L

10.12714/egejfas.2012.29.1.
Rooney, C. R. and Podemski, C. L*

software for the sustainable rainbow trout cage culture: A case
Turkey). Ege J Fish Aqua Sci., 29(1): 49-54. doi:

ater rainbow trout (Oncorhynchus mykiss) farming affects sediment

Freshwater Research, 61: 513-526.

aluation of salmon farming effects on marine systems in the iner seas of southern

experiment. Journal of Applied Ichthyology, 20: 493-501.

Stigebrandt, A., Aure, and Hansen, P.K. 2004. Regulating the local environment impact of intensive
marine fish f or estimation of the holding capacity in the Modelling-Ongrowing Fish Farms-
Monitoring System.yAqUaculture, 234: 239-261. doi: 10.1016/j.aquaculture.2003.11.029

Temporetti F M., Baffico G., Diaz M. M., Lopez W., Pedrozo L. F. and Vigliano H. P. 2001. Trophic
state, fish community and intensive production of salmonids in Alicura Reservoir (Patagonia, Argentina).

kes& irs: Research and Management, 6: 259-267.

Tyufekchieva, V., Kenderov, L., Vidinova, Y., Botev, I., Kozuharov, Z., Uzunov, Y., Stoichev, S. and

Soto, D. and Norambuena, F.
Chile:a large-scale

changes in sediment. Aquaculture, 28: 527-544.

Zengin, M. and Buhan, E. 2007. Almus-Atakdy Baraj Golleri’nde (Yesilirmak Havzasi, Tokat) baliklandirma Sonrasi
balik faunasinda goriilen degisimin degerlendirilmesi. Tirk Sucul Yasam Dergisi, 5 (8): 267-277.

Table 1. Monthly changes of pH and redox potential (Eh) values in cage (I, 11) and control (IlI, IV) stations
(Mean+S.E.) (N=4)
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April October
Station pH En pH Eh
| 7.08+0.006%A +6+0.4°A 6.94+0.011%8 +4+0.2B
1 7.05£0.006% +5+0.4%A 7.11£0.006%8 +1+0.2%
1 7.13+0.004%4 +8+0.2%4 6.90+0.006"8 +20+0.4%
v 7.17£0.003%A +7+0.4%A 6.70+0.025°® +14+0.2°8

* Differences between means with the different small letter in a column for each month and differences betwegfi means

with the different capital letter in a row for each station are statistically significant (p < 0.05)

stations in April and October (N=4)

ontrol

o
Table 2. Organic matter, total nitrogen, total phosphorus and total carbon values of sediment in ..‘%
\&

Cage stations

Control stations

O

Parameters Month I i i
i aA* aA B
Organic  matter April 7.16£2.08 7.02+1.09 6.10+0.24 .35 376
(%) October ~ 7.6140.00%  7.77+0.03"*  6.30%0. |44:£0.00 A
. 277
Total  nitrogen APril 0.190.00%8 0.12+0.01"® 0.110.02°4
(%) October  0.15+0.02°A 0.28+0.07 % 0.08+0.00 278
(%) October  0.08+0.00 97:0.00cA 0.06+0.00 %
. 280
April 3.87+0.03 % 3.40+0.03 A 2.91+0.01
Total carbon (%)
October  3.57+0.00°* 389+0" 2.9440.03 °® 2.00+0.02 281
* Differences between means with the same s letters ih'row for each station and differences between means

with the same capital letters in a column for

\Q)
N

o

are not statistically significant (p<0.05)
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Figure 1. Location of sampling stations (I, II, ITI, IV) and dage “
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Group 1 parameter

Group 2 parameters

Group 3 parameters

Measured or observed in each

OutgassifAg, co

ickness of deposits,

Fauna pH, Redox potential .
grab sample consistency
l l -
Station No | Score St.No | pH | Eh | Score* | 1 1] v
Paramete
I 1 | 708 +6 |3 0 0 0 0
Scores of the measurements or
_ _ Calotir 2 2 0 0
observations in each grab I 1 1 7.05 | +5 3
dour 2 2 0 0
sample
Thickness of | 0 0 0 0
1l 1 1l 713 .
deposists
Consistency 2 2 2 2
v 1
Sum (Scores) 6 6 2 2
The mean score of all samples Station I and |1 Station Ill and IV
according to each group of
mean score > 0.5
parameters 4<mean score<10 mean score<4

Environmental condition of the

sediment

Figure 3. Environmental copdi

Conditj

nacc e
condition)

Condition 3

(Acceptable sediment condition)

Station | and 11

Condition 2
(Partially acceptable

sediment condition)

Station 111 and IV

Condition 1
(Acceptable sediment

condition)

diment at cage (I, I1) and control (I11, 1V) stations in April
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Measured or observed in each . Outgassing, colo oUly, thickness of deposits,
Fauna pH, Redox potential i
grab sample consmten&
. Stations
Station No | Score St.No | pH | Eh Score* | 1 1l A\
ﬁ eter
I 1 | 694 | +4 |3 ssing 0 0 0 0
Scores of the measurements or
. . ur 2 2 0 0
observations in each grab I 1 i +1
Odour 2 2 0 0
sample
Thickness of | 0 0 0 0
" 1 1l .
deposists
v Consistency 2 2 2 2
v 1
Al Sum (Scores) 6 6 2 2
The mean score of all samples \ Station I and |1 Station Il and 1V
according to each group of an score<3
mean score > 0.5
parameters 4<mean score<10 mean score<4
Condition 3 Station | and 11 Station Il and IV
Environmental condition of the ) o o o
) (Acceptable sediment condition) Condition 2 Condition 1
sediment - ) )
nt condition) ( Partially acceptable | (Acceptable sediment
sediment condition) condition)

Figure 4. Environmental co

ediment at cage (1, I1) and control (111, V) stations in October




