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Introduction

Aquaculture activities are increasing worldwide due to the
rapid increase in world population and increase in demand for
aquaculture products. In recent years, interest of consumers
on aquaculture products such as fish and arthropod increased
in EU, there by fish farming rapidly increased, in contrast,
natural fish stocks were decreased [1]. Increased demand on
fish mainly satisfied by salmon (Salmo salar) in cold regions, by
sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata)
in Mediterranean and warm regions [2-4]. Growing demands of
the consumers will be satisfied along with adaptive aquaculture
practices which reduce dependence on natural stocks. It will
also create a new business area for the people who live in coastal
areas and reduce the economic impacts on them [5].

Over the last decade, aquaculture industry is growing
continuously hereat the environmental effects of the aquaculture
activities are reached remarkable size. Although this increase in
aquaculture industry provides economic benefits, surrounding
aquatic environment is getting more polluted biologically,
physically and chemically also changing appearance of natural
environment. It is hard to distinguish the real and potential
effects of the aquaculture or determine the enormity. However,
the real thing is, impacts of aquaculture activities cover many
problems from aesthetic appearance to direct pollution [6-
8]. The aquaculture activities in the sea and the facilities that
provide activity disrupt the natural appearance. Seas are getting
polluted by direct waste disposal and by chemical use. Impacts
of the discarded waste in water column depend on geographical
features of the regions and bottom features of the sea. Dissolved
constituents (ammonium, phosphorus and nitrogen dissolved
organic carbons), oils and lipids released from the diet can be
listed as some of the discarded wastes.

Currently, only 30% of the cultured fish, which are herbivore
fish species (such as cyprinids),are produced without feed or with
limited feed usage compared to 50% in 1980s [9,10]. Increase in

aquaculture activities along with demand arising from wealthy
populations, channeled aquaculture toward carnivorous fish
species which rely on feed. As a result, the main material released
to the water column becomes fish feed. While some of the feed
is converted into proteins by fish, some of them released into
water column as dissolved substances such as carbon, nitrogen,
phosphate. Consumed feed wastes are excreted through kidney
and gills to water body as well (undigested substances like
ammonium, urea etc.). Moreover, when drugs are used for
disease treatment or prevention of diseases, and are released to
the water column, undesired negative effects on the environment
and organisms are inevitable [11-14]. Genetic disorders [15],
pathogen carrier cultured fish escapes from cages or digestion
of contaminated wastes causeundesired changes on natural
populations and directly affecting the ecosystem [16].

Impacts of Mari Culture on Water Quality

Effects of waste on water body depend on the key features of
the habitat, waste quantity, time-scale over which the releases
take place and characteristics of the water column. Aquaculture
originated wastes can be subdivided into two major groups; solid
waste and soluble waste. Solid wastes are composed of uneaten
pellet feed, faeces, fish scale and mucus. Since most of them are
denser than water, they sink to the bottom. Soluble wastes are
ammonium, urea and some of the particles that solved from
solid wastes. Among these wastes, nitrogen, phosphate groups
and suspended substances are the main components that affect
water quality. Moreover, some of the vitamins and minerals (trace
elements) are effective on algae populations [17]. Aquaculture
originated pollution is generally divided into two categories as
organic and chemical pollution.

Organic Pollution

The main sources of organic pollutants are fish faeces,
uneaten feed and dead individuals. Faeces produced by fish are
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related with the feed ingredients. 25-50% of the consumed feeds
are excreted to environment as faeces. Intensive fish farming
causes large amounts of organic waste accumulation in the
sediments and water column [18,19]. A sediment collector placed
under salmon cultivation cages collects 14.7-52 kg of organic
waste in each square meter per annum, which reveals the extent
of organic pollution originating from aquaculture activities.
Aquaculture activities lead a number of ecological issues. For
instance, aquaculture facilities such as cage systems significantly
reduce water current speed thus cause accumulation of organic
substances in surrounding environment. Decomposition of these
organic wastes lead deterioration of water quality and increase
water oxygen requirement. Negative effects like turbidity,
accumulation of organic waste in the sediment, formation of
anoxic zone near sea floor, accumulation of toxic substances and
spread of diseases are influential in areas where aquaculture is
in practice, especially in restricted exchange environments.

Formation of gasses such as H,S (hydrogen sulfide), CH,
(Methane) and CO, (Carbon dioxide) on sediment slows down
growth rate of living organisms in the local area and makes
them more vulnerable to diseases [20]. Water oxygen level is
reduced by direct decomposition of organic waste originated
from aquaculture activities. Water quality changes by releasing
nutrients like nitrogen and phosphate into the water column.
Excessive amount of organic nutrients promote growth of water
plants and algae. When toxin producing algae grow excessively,
they may reach blooming concentrations and cause negative
impacts to other organisms. Cultured fish may die off due to the
disorders occurring in the gills and oxygen deficiency as a result
of water quality changes related with sudden growth of algae.
Consumers of bio toxin contaminated shellfish can get poisoned
and die as well [21]. When algae die in large numbers, dead
organic substances start to decay and this process consumes
oxygen, leads to hypoxia. Accumulation of organic and inorganic
wastes in areas with low water exchange rate may lead hyper-
nitrification as well.

In this sense, permanent aquaculture activities in such
regions accelerate accumulation of waste. On the other hand,
aquaculture activities held in deep waters or areas with high
bottom current rate may result in wide spread of wastes. Let’s
make a comparison to explain extend of pollution caused
by aquaculture activities. An average person excretes 4kg of
nitrogen and 1.1kg of phosphate per year. For every ton of salmon
55kg of nitrogen and 4.8kg of phosphate are released into the
water column through faeces per year. A salmon cultivation
facility with a production capacity of50000 tons a year release
an amount of nitrogen equals to that of 682000 people, and an
amount of phosphate equals to that of 216000 people into the
water in a year.

Eutrophication

Eutrophication simply means enhanced nourishment and
refers to the stimulation of phytoplankton or macro fit (Algae
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and plants) growth in aquatic environment [22]. To date, in
all modeling studies, only effects of mari culture originated
nutrient waste on phytoplankton growth were investigated.
Especially, phytoplankton growth in summer months controlled
by nutritious elements (Nitrogen, phosphate etc.) were modeled.
Factors of this kind of model may lineup as; determination of
bottom structure, water column affected from waste and
dilution rate, calculation of nutrient level and determination the
relationship between phytoplankton growth and nutrients [22].

In Baltic Sea, relations between sea water sensitivity,
(depends on the interaction between open water and coastal
water) nutrient concentration, phytoplankton biomass and
secchi depth compared by using multiple regressions techniques
[23]. Depending on the sensitivity of the coastal areas, while
phytoplankton biomass increases, secchi depth decreases. But
since the water in shallow areas is under influence of wave-
induced re suspension, secchi depth method is unreliable.
Therefore, the most accurate method for determination of the
phytoplankton biomass is the measurement of chlorophyll
content. In another study, direct and indirect effect of
eutrophication was investigated between 2001-2011 in Baltic
Sea by using nutrient concentration, chlorophyll-a, and secchi
depth indicators [24]. Study revealed that entire open Baltic Sea
was affected by eutrophication between 2007 and 2011.

Chemical Pollution

A variety of chemicals used for disinfection and disease
outbreak treatment in aquaculture [25]. Environmental impacts
of chemical compounds depend on toxic effect of the compound,
pathogens sensitivity to antibiotics, therapeutics and active time
zone of the chemical in the environment. Most of the chemicals
were adapted from the poultry and cattle husbandry and their
possible effect on the marine environment isn’t fully investigated.

Chemicals in use in mariculture can be classified as
disinfectants, anti foulings and veterinary medicines. Main
veterinary medicines are antibiotics, anesthetics and pesticides.
Veterinary medicines are widely used in fish farms but it is not so
common in crustacean and bivalve cultures. Most of the chemical
treatment scenarios in Mariculture result in direct release of
chemicals into water column and sediment. For the cage systems
Atlantic salmon, rainbow trout, sea bass and sea bream are the
most common fish species and most of the chemicals used for
which cause pollution. Among numerous definitions of marine
pollution the most common one is GESAMP’s (Joint Group of
Experts on the Scientific Aspects of Marine Pollution), which
states that marine pollution is “the damage to living creatures
in the environment, the hindrance to marine activities including
fishery, the inability to use sea water and the reduction of
amenities as a result of changes in environmental conditions due
to deleterious effects induced by various waste materials and/or
energy left to the marine environment (including estuaries) by
people directly or indirectly» [22].
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When a disease emerges, farmers try to control the outbreak
by using antibiotics. As a result of that, antibiotic makes its way
through water by uneaten antibiotic treated feed or feaces. In
order to control external parasites such as sea lice, different
kinds of pesticides are used. Pesticides could be given to fish via
feed or by bath. Pesticides such as ivermectin have high toxic
effects on marine organisms. Bio fouling is one of the major
problems in cage farming. Proliferation of bio fouling organisms
adds considerable weight to open water cage net which threats
the stability of the structure and readily reduce water flow
through which reduces water quality within the cage systems
[26,27]. Anti-fouling paints and coatings are used in order to
slow growth of such organisms on net to maintain water flow
through to systems. Active matter of such paints is generally
copper. Degradation of the paint in time causes copper to
penetrate water, which poses toxic effects on marine creatures.
Another toxic metal originated from aquaculture is zinc. Zinc
sulfate (ZnS04) is used as feed additive to prevent disease
outbreaks.

In 2001, government of Canada surveyed surrounding
waters of the salmon cultures and find out that copper and zinc
concentrations are higher than legal limit in 48% of the cage
systems [28]. 0.15 mg/L copper is lethal for shrimps [29]. For
urchin 1.4-11.4 ppm copper and 0.327 ppm zinc is lethal [30].
For amphipoda, 0.8ppm zinc causes 23% percent mortality [31].
When both copper and zinc present together in the environment
their synergistic toxic effect becomes greater than the sum of
their individual effects [32]. Metals generally have sublethal
effect on aquatic organisms. Copper and zinc toxicity inhibit
chemo receptors and damage digestion system. Acute exposure
to copper inhibits both uptake and excretion of ammonia in
rainbow trout [33]. It also makes the organism an easy prey for
predators by disrupting their nervous system [34].

Antibiotics

Chemicals have wide range of usage in fish health
management [35]. Report prepared by GESAP and WHO
(World Health Organization) mention chemical usage pose a
threat to human health. Despite the reduction in antibiotic and
organophosphate use in aquaculture [36], synthetic parathyroid,
colorant, preservatives, anti-parasitic and other chemicals that
cause marine pollution are still in use [37]. Use of chemicals
not only affects marine environment but also pose a risk to the
farmers as well [22]. Indiscriminate use of antibiotics for fish
health management is one of the major problems in aquaculture.
Unmetobolized antibiotics are often passed to the aquatic
environment by uneaten antibiotic treated feed and by faeces. In
both water column and sediment, different classes of antibiotics
have different half-life. oxytetracycline which is one of the most
common antibiotics can be effective up to 30 days in both water
and sediment. In fact, oxytetracycline is still measurable on
sediment after several months without being biologically active.
In cage systems, chemicals in uneaten antibiotic treated feed
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and faeces scatter to the surrounding environment by waves and
current. Wild fish and filter feeders such as mussels and oysters
consume antibiotic treated feed or it passes to sediment.

Bioactive substances such as antibiotics and pesticides are
generally used for controlling disease and parasite inaquaculture
[38]. Success or failure in aquaculture depends on the correct
usage of chemicals, usage duration and usage conditions against
infectious diseases and parasites. Effects of bioactive matters on
environment can be align as;

[.  Substances with inhibitory effect last long in animal
tissue.

II.  Release of substances with inhibitory effect to the
aquatic environment.

[II. Development and transmission of the antibiotic
resistance gene in microorganisms.

Substances with inhibitory affects last long in animal
tissue

Bioactive substances last long in living cells more than
expected. For instance, trimethoprim in used in disease
treatment, can be detectible in a mussel after 77 days [39].
In order to totally eliminate oxytetracycline and other
sulfonamide based antibiotics from trout body above 10°C, at
least 60 days should pass after the last usage [40]. Frequent
use of antibiotics to prevent or treat bacterial fish diseases,
may result environmental bacteria and intestinal bacteria to
gain antibiotic resistance [41,42]. Antibiotics make their way to
muscles through digestion system. The emergence of antibiotic
resistance bacteria as a result of massive use of chloramphenicol
was determined in trout farms, in Italy [43]. Antibiotic taken
into body through digestion emits from intestines and passes
to vascular system, from where is passes to muscles. Every
antibiotic has a different withdrawal period. Since the muscle
tissue of the fish carries antibiotics for a specific period of time
after the treatment, fish should be kept in water for a while
depending on the water temperature in order to eliminate the
antibiotic residue from the tissues before putting fish on market.
For instance, fish treated with oxytetracycline shouldn’t be
offered for sale at least for 20 days [44]. Especially in summer
months along with temperature rise, mortalities in market size
fish force farmers to use antibiotics. But farmers generally don’t
heed withdrawal time procedures. These antibiotic containing
fish offered to market before the withdrawal period pass to
the consumer causing bacteria in human body gain antibiotic
resistance.

Releasement of substances with inhibitory effect to
the aquatic environment.

Frequent use of the inhibitor substances in aquaculture and
replacement of potential bioactive substances to the aquatic
environment is frightening. Only 20-30 percent of the antibiotic
treated feed is eaten by fish, whereas 70-80 % of it passes directly
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to the aquatic environment [45,46]. Oxytetracycline decay
fast in marine environment but most of them bind to the tiny
particles and accumulate on the sediment [47,48]. Accumulated
oxytetracycline could still exist at enough concentration to
exhibit activity even after 12 weeks [45]. Sediment that contains
antibiotics effect the marine fauna negatively. For example,
oxytetracycline residue was detected in blue mussel (Mytillus
edulis) 80 meters away from cages where the antibiotic was used
[49].

While the antibiotics on the sediment surface lose its effect
easily, antibiotics like oxytetracycline, oxolinic acid, sarafloxacin
and flumequin within the sediment can be effective for up to
180 days. Antibiotics on the sediment become ineffective so
easily not because of the degradation, but due to the spread.
Antibiotics like sulfadiazine and trimethoprim have relatively
less half-life within the sediment which is approximately 90
days. In the other hand, half-life of the florphenicol in sediment
was calculated as 4.5 days [50]. Various natural and synthetic
chemicals, such as dichlorvos, malachite green and derris
rootare used in large amounts in mari culture worldwide. We
might give an example in order to reveal total amount of chemical
usage; in 1989, Norwegian farmers used 3488 kg of dichlorvos
in order to control sea lice (Lepeophtheirus salmonis) outbreak.
Disclorvos and most of the used chemicals cause serious impacts
on environment and they are need to be used wisely [51].

Development and transmission of the antibiotic
resistance gene in microorganisms

Antibiotics are widely used for controlling and treatment
of both human and fish diseases [52]. The amount of antibiotic
use in aquaculture and in human health management is
nearly same [53]. Thus, frequent usage of antibiotic cause
development of antibiotic resistance gene in both human and
animal pathogens and treatment of the bacterial diseases with
antibiotics is getting harder and harder each day. Antibiotics
are not only using as disease controller but also as growth and
feed conversion promoters. [54,55]. In 2000, Denmark banned
all non-therapeutic uses of antibiotics. In 2006, EU banned the
use of antibiotics as growth promoter. Antibiotics used at low
doses increase the development of antibiotic resistance genes
in human pathogens and opportunist environmental bacteria
[56] and ease the path of gaining multiple antibiotic resistance
of bacteria [57-59]. Plasmids (extra chromosomal elements)
located in plasma of the bacteria carry resistance genes.
Development of the antibiotic resistance gene arises from the
changes in plasmid DNA and chromosomal DNA mutation.

Resistance plasmids (resistance, R) can be transferred
between bacteria spp. Plasmids are transferred between bacteria
in two different ways; Transduction and conjugation. Most of the
bacteria species including pathogenic bacteria have plasmids
[38]. Transfer of R Plasmids from resistant bacteria to sensitive
bacteria cause different bacteria species develop antibiotic
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resistance gene [60,61]. Being transferable and independently
replicateable plasmids are the main factor of wide spread of
the resistance genes. Since the excessive use of antibiotics
in aquaculture could promote development of antibiotic
resistance genes in pathogens [13,62], most of the antibiotic
treatments are inefficient. Roughly 16 different antibiotics are
commonly in use in aquaculture. [63] Ampicillin, florphenicol,
erythromycin neomycin, oxytetracycline and tetracycline are
among them. Some of the bacteria gain resistance against these
antibiotics inevitably [64]. In 1981, resistance of Aeromonas
salmonicida the etiological agent of the furunculusis disease
to oxitetracycline and was 4% [65], resistance ratio reached
50% in 1990 [66]. Presence of antibiotic resistance gene in the
environment reduces effectiveness of the antibiotic [42]. Usage
of the antibiotics as a growth promoter, leads development of
antibiotic resistance in human pathogen bacteria and increases
the risk of antibiotic resistance gene transfer [67]. Transfer of the
R Plasmids from aquatic microorganisms to human pathogens
[68] poses a potential threat to human health [69].

Impacts of Mariculture on Sediment

To date, the importance given to investigation of impacts of
pesticides, antibiotics and synthetic paints on human health has
not been given to the studies related to investigate the impacts
of these chemicals on marine environment. After feeding fish
in a cage, uneaten feed and faeces accumulate on the sea floor.
Excessive accumulation of organic substances on sea floor
leads excessive proliferation of microorganisms which causes
reduction in oxygen level required for other benthic organisms
(crustacean, fish etc.).

Disease outbreaks occur rarely in wild fish populations
since they are scattered all over the oceans and seas, whereas
high population density in aquaculture systems often leads
to disease outbreaks. Accumulation of uneaten feed, faeces,
chemicals and antibiotics causes formation of anoxic zone on sea
floor thus, most of the benthic organisms that live near to the
salmon farms dissappeared, only some of the resistant bacteria
proliferated [70]. In many countries, formation of antibiotic
resistance in poultry, cattle and aquaculture borne bacteria
threats human health. Antibiotics used against bacterial fish
disease outbreaks are generally excreted to the water column
[14]. These antibiotics accumulate on sediment or animals
living in surrounding environment [71]. Scientists detected 9
different antibiotic compounds in different stream sediments.
The concentration of the antibiotics ranged from 1.01pg/kg
(sulfachloropyridazine) to 485ug/kg (sulfamethoxazole) [19].
Under suitable environmental conditions, antibiotic residues
on sediment effect microbial communities and only resistant
individuals can survive.

Impacts of the Pollution on Microbial Communities

In marine ecosystem, heterotrophic bacteria play an
important role in biodegradation [72]. Bacteria are very
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sensitive to the environmental changes [73] thus they can be
affected directly from anthropogenic nutrient input [74]. Studies
clearly show that, the pollutions caused by aquaculture activities
are changing structure and activity of benthic communities
[75]. Chemical medicines are one of the most influential factors
on bacteria communities. Direct release of antibiotic treated
feed and medicines to the marine environment cause selective
pressure on bacteria populations, fish pathogens and leads to
development of antibiotic resistance genes [76,77].

Most commonly and widely used antibiotics groups in
aquaculture are oxytetracycline, florphenicol and sulfonamide.
Oxytetracycline taken by feed cannot be metabolized 100% by
digestion. Some active quantity is excreted after metabolism
and finds their way to water by faeces [22]. Antibiotics have
a significant impact on the microbial populations that live
on sediment. Biomass of the bacteria and balance of different
species of bacteria is changing by antibiotic use. Bacteria
living in sediment are responsible for nitrogen, phosphate and
sulfate cycles and create the first step of food chain. Antibiotic
contamination reduces the formation of sulfate and nitrate.
Effects of this outcome on microbial communities are not clear.
Another issue which needs to be known is, which compounds
antibiotics degrade to after metabolization and what are the
potential harmful effects of these chemicals. For instance, when
florphenicol is taken by salmon, it transforms into florphenicol
amine in fish body. To date, impacts of the metabolites substances
on marine organisms have not been fully studied. The most
studied topics are related with the development of the antibiotic
resistance gene due to the accumulation of antibiotic residues in
surrounding areas of the aquaculture facilities.

Pollution Originated from Construction/Building
Materials.

Some of the construction materials expose heavy metals,
plastic substances and by-products to the marine environment.
Presence of these substances is generally unknown to farmers but
we become aware of them day by day. The usages of preservatives,
which are believed to be harmless, are gradually increasing.
Plastic substances contain fatty acid salts, chromates, cadmium
sulfide, antioxidants, UV conservatives, organophosphate,
fungusites and disinfectants. Most of these composites are toxic
for aquatic life but due to their low solubility and slower decay
rate, their toxicity decreases.

Impact of toxic substances that leaks from construction
materials of aquaculture facilities on environment are not fully
understood. Docks, bottom of the vessels and nets painted with
anti foulings contain effective and inexpensive chemical called
tributyltin which is active substance of most of the antifouling
[78]. Water pollution caused by tributyltin inhibits shell
formation of oysters [79], kills mussel larvae, causes imposex,
and endocrine disruption, in molluscs and also contaminates
sediment, sea water, fish and other bivalve spp. Therefore, usage
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of substances that contains tributyltin is a big problem in some
of the countries. Fortunately, worldwide use of thetributyltin
as a antifouling agent has been banned by The International
Maritime Organization (IMO) in 2003, new antifouling agents
have been introduced to the market as a replacement.

Indirect Effect of Pollution on Human Health

Bacteria can adapt to the changing environment with
presence of extra chromosomal elements (Plasmid) and
horizontal gene transfers of the plasmids. Adaptation could be
gained by realignment, duplication, by changing the copy number
of the plasmids or by the lateral and horizontal movements of
the plasmids between bacteria populations. Plasmids affect
life functions of the host since the plasmids have vast range of
bacteria host in nature and ability to multiply within the host.
Resistance genes that developed on plasmids cause changes in
genetic character of the bacteria and can be transferred both
vertically (transfer of the genes between organism in a manner
of reproduction) and horizontally (transfer of the genes between
organism in a manner other than reproduction). In natural
microbial communities genetic adaptations arise from presence
of a plasmid via horizontal gene transfer. Transfer ratio of the
plasmids in polluted environment is 2 to 10 times more than
thatin unpolluted environment. Plasmids play an important role
in development and spread of the antibiotic resistance genes
[80-87].

References

1. Rosenthal H, Schnack D, Hilge V, Read PA, Fernandes TF, et al. (2000)
MARAQUA The monitoring and regulation of marine aquaculture in
Europe. Journal of Applied Ichthyology 16: 138-229.

2. Conids A, Glamuzina B (2006) Laboratory simulation of the effects of
environmental salinity on wild-caught juveniles of European sea bass
Dicentrarchus labrax and gilthead sea bream Sparus aurata. Journal of
Fish Biology 256: 235-245.

3. Sfakianakis D, Katharios P, Tsirigotakis N, Doxa CK, Kentouri M (2013)
Lateral line deformities in wild and farmed sea bass (Dicentrarchus
labrax, L.) and sea bream (Sparus aurata, L.). Journal of Applied
Ichthyology 29(5): 1015-1021.

4. FAO (1999) The State of World Fisheries and Aquaculture.

5. Sullivan OA] (1992) Aquaculture and user conflicts. In: N de Paun, ]
Joyce Ghent (Eds.), Aquaculture and the Environment. European
Aquaculture Society, Belgium, pp. 415-420.

6. Read P, Fernandes T (2003) Management of environmental impacts of
marine aquaculture in Europe. Aquaculture 226: 139-163.

7. Jegatheesan V, Shu L, Visvanathan C (2011) Aquaculture Effluent:
Impacts and Remedies for Protecting the Environment and Human
Health. In: Encyclopedia of Environmental Health pp. 123-135.

8. ChiuA, LiL, Guo S, Bai], Fedor C, etal. (2013) Feed and fishmeal use in
the production of carp and tilapia in China. Aquaculture 414: 127-134.

9. Avadi A, Pelletier N, Aubin J, Ralite S, Nunez ], et al. (2015) Comparative
environmental performance of artisanal and commercial feed use in
Peruvian freshwater aquaculture. Aquaculture 435: 52-66.

10. Kelly LA, Stellwagen ], Bergheim A (1996) Waste loadings from a
fresh-water Atlantic Salmon farm in Scotland. Water Research Bulletin
32(5): 1017-1025.

How to cite this article: llhan A, Rafet C O. Adverse Effects of Mariculture Activities and Practices on Marine Environment. Fish & Ocean Opj. 2017; 4(1):


http://dx.doi.org/10.19080/OFOAJ.2017.04.555630
http://www.sciencedirect.com/science/article/pii/S0044848606001293
http://www.sciencedirect.com/science/article/pii/S0044848606001293
http://www.sciencedirect.com/science/article/pii/S0044848606001293
http://www.sciencedirect.com/science/article/pii/S0044848606001293
http://onlinelibrary.wiley.com/doi/10.1111/jai.12248/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jai.12248/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jai.12248/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jai.12248/abstract
http://www.sciencedirect.com/science/article/pii/S0044848603004745
http://www.sciencedirect.com/science/article/pii/S0044848603004745
http://dro.deakin.edu.au/view/DU:30039572
http://dro.deakin.edu.au/view/DU:30039572
http://dro.deakin.edu.au/view/DU:30039572
http://www.sciencedirect.com/science/article/pii/S0044848613003876
http://www.sciencedirect.com/science/article/pii/S0044848613003876
http://www.sciencedirect.com/science/article/pii/S0044848614003925
http://www.sciencedirect.com/science/article/pii/S0044848614003925
http://www.sciencedirect.com/science/article/pii/S0044848614003925

Fisheries and Oceanography Open Access Journal

11.

12.

13.
14.
15.
16.

17.

18.

19.
20.
21.
22.
23.
24.
25.

26.

27.

28.

29.

Tovar A, Moreno C, Manuel-Vez MP, Garcia-Vargas M (2000)
Environmental impacts of intensive aquaculture in marine waters.
Water Research 34: 334-342.

Rico A, Phu TM, Satapornvanit K, Min ], Shahabuddin AM, et al. (2013)
Use of veterinary medicines, feed additives and probiotics in four
major internationally traded aquaculture species farmed in Asia.
Aquacuture 412: 231-243.

Zhang JH, Jian-Li LIU, Zhang ]B, Cheng YN, Wei-Peng W (2013) Nitrate-
nitrogen dynamics and nitrogen budgets in rice-wheat rotations in
Taihu Lake region, China. Pedosphere 23(1): 59-69.

Crozier WW (2000) Escaped farmed salmon, Salmo salar L., in the
Glenarm River, Northern Ireland: genetic status of the wild population
7 years on. Fish Management and Ecology 7(5): 437-446.

Heggberget TG, Johnsen BO, Hindar K, Jonsson B, Hansen LP, et al.
(1993) Interactions between wild and cultured Atlantic salmon - a
review of the Norwegian experience. Fish Research 18: 123-146.

Nishimura A (1982) Effects of organic matters produced in fish farms
on the growth of red tide algae Gymnodinium type-65 and Chattanalla
antigua. Bulletin of the Plankton Society of Japan 29: 1-7.

Carroll ML, Cochrane S, Fieleri R, Velvin R, White P (2003) Organic
enrichment of sediments from salmon farming in Norway:
environmental factors, management practices, and monitoring
techniques. Aquaculture 226: 165-180.

Massey LB, Haggard BE, Galloway JM, Loftin KA, Meyer MT, et al.
(2010) Antibiotic Fate and Transport in Three Effluent-Dominated
Ozark Streams. Ecol Eng 36: 930-938.

Lumb CM(1989) Self-pollution by Scottish salmon farms? Marine
Pollution Bulletin 20: 375-379.

Shumway SE (1989) Toxic algae: A serious threat to shellfish
aquaculture. World Aquaculture Society 20: 65-74.

GESAMP (1997) Towards safe and effective use of chemicals in coastal
aquaculture. GESAMP Reports and Studies 65.

Hakanson L, Wallin M (1991) Use of ecometric analysis to establish
load diagrams for nutrients in coastal areas. In: Makinen T (Eds.),
Copenhagen Marine Aquaculture and Environment Nordic Council of
Ministers. pp. 9-23.

Andersen JH, Carstensen ], Conley D], Dromp K, Fleming-Lehtinen V,
etal. (2015) Long-term temporal and spatial trends in eutrophication
status of the Baltic Sea. Biological reviews 92(1): 135-149.

Costello MJ, Grant A, Davies IM, Cecchini S, Papoutsoglou S, et al.
(2001) The control of chemicals used in aquaculture in Europe. Journal
of Applied Ichthyology 17(4): 173-180.

Braithwaite RA, Carrascosa CMC, McEvoy LA (2007) Bio fouling
of salmon cage netting and the efficacy of a typical copper-based
antifoulant. Aquaculture 262: 219-226.

Guenther ], Misimi E, Sunde L (2010) The development of bio fouling,
particularly the hydroid Ectopleura larynx, on commercial salmon cage
nets in Mid-Norway. Aquaculture 300: 120-127.

Erickson L, Dalby ], Taekema B, McGreer E (2001) A preliminary review
of chemical and physical data for Y2000 interim monitoring program.

Manisseri MK, Menon NR (1995) Copper-induced damage to the
hepatopancreas of thepenaeid shrimp Metapenaeus dobsoni an
ultrastructural study. Dis Aquat Org 22: 51-57.

King CK, Riddle M] (2001) Effects of metal contaminants on the
development of the common Antarctic sea urchin Sterechinus
neumayeri and comparisons of sensitivity with tropical and temperate
echinoids. Marine Ecological Progress Series 215: 143-154.

555630. DOI: 10.19080/OFOAJ.2017.04.555630.

30.

31.

32.

33.

34.

35.

36.

38.

39.

40.

41.

42.

43.

a4,

45.

46.

47.

48.

Conradi M, Lopez-Gonzalez P, Garcia-Gomez C (1997) The amphipod
community as a bio indicator in Algeciras Bay (Southern iberian
Peninsula) based on a spatio-temporal distribution. Marine Ecology
Progress Series 18(2): 97-111.

Vranken G, Tire C, Heip C (1988) The toxicity of paired metal mixtures
to the nematode Monhystera disjuncta (Bastian, 1865). Marine
Environmental Research 26: 161-179.

Yu-Ting LM, Zimmer AM, Wood CM (2015) Acute exposure to
waterborne copper inhibits both the excretion and uptake of ammonia
in freshwater rainbow trout (Oncorhynchus mykiss). Comparative
Biochemistry and Physiology 168: 48-54.

Marcos HSS, da Cunha NT, Bianchini A (2000) Effects of copper and
zinc on growth, feeding and oxygen consumption of Farfantepenaeus
paulensis post larvae (Decapoda: Penaeidae). Journal of Experimental
Marine Biology and Ecology 247: 233-242.

Schnick RA (1997) Worldwide aquaculture drug and vaccine
registration progress. Bulletin of the European Association of Fish
Pathologists 17: 251-260.

OSPAR (1994) PARCOM recommendation 94/6 on best environmental
practice for the reduction of inputs of potentially toxic chemicals from
aquaculture use. Oslo and Paris Conventions for the Prevention of
Marine Pollution 16" Joint meeting.

Staniford D (2002) Yes: it’s true, pollutants pollute. New Scientist.

.Austin B, Austin DA (1998) Bacterial Fish Pathogens. Disease of

Farmed and Wild Fish (5" edn), Springer Science.

McCracken A, Fidgeon S, O Brien J], Anderson D (1976) An investigation
of antibiotic and drug residues in fish. Journal of Applied Bacteriology
40(1): 61-66.

Salte R, Liestol K (1983) Drug withdrawal from farmed fish: depletion
of oxytetracycline, sulfadiazine, and trimethoprim from muscular
tissue of rainbow trout (Salmo gairdneri). Acta Veterinaria Scandinavia
24(4): 418-430.

Petersen A, Dalsgaard A (2003) Antimicrobial resistance of intestinal
Aeromonas spp. and Enterococcus spp. in fish cultured in integrated
broiler-fish farms in Thailand. Aquaculture 219: 71-82.

Burridge L, Weis JS, Cabello F, Pizarro ], Bostick K (2010) Chemical
use in salmon aquaculture: A review of current practices and possible
environmental effects. Aquaculture 306: 7-23.

Lagana P, Caruso G, Minutoli E, Zaccone R, Delia S (2011) Susceptibility
to antibiotics of Vibrio spp. and Photobacterium damsela ssp. piscicida
strains isolated from Italian aquaculture farms. New Microbiol 34(1):
53-63.

Plumb DC (2011) Plumb’s Veterinary Drug Handbook. (7" edn), Wiley-
Backwell, lowa, USA.

Jacobsen P, Berglind L(1988) Persistence of oxytetracycline in
sediments from fish farms. Aquaculture 70: 365-370.

Walton JR (1992) Use of antibiotics in veterinary practice. Journal of
Medical Microbiology 36: 69-70.

Castanon JIR (2007) History of the Use of Antibiotic as Growth
Promoters in European Poultry Feeds. Poult Sci 86(11): 2466-2471.

Cabello FC, Godfrey HP, Tomova A, Ivanova L, Dolz H, et al (2013)
Antimicrobial use in aquaculture re-examined: its relevance to
antimicrobial resistance and to animal and human health. Environ
Microbiol 15(7): 1917-1942.

Angulo FJ, Nargund VN, Chiller TC (2004) Evidence of an association
between use of anti-microbial agents in food animals and anti-
microbial resistance among bacteria isolated from humans and the

How to cite this article: llhan A, Rafet C O. Adverse Effects of Mariculture Activities and Practices on Marine Environment. Fish & Ocean Opj. 2017; 4(1):


http://dx.doi.org/10.19080/OFOAJ.2017.04.555630
http://www.sciencedirect.com/science/article/pii/S0043135499001025
http://www.sciencedirect.com/science/article/pii/S0043135499001025
http://www.sciencedirect.com/science/article/pii/S0043135499001025
http://www.sciencedirect.com/science/article/pii/S0044848613003542
http://www.sciencedirect.com/science/article/pii/S0044848613003542
http://www.sciencedirect.com/science/article/pii/S0044848613003542
http://www.sciencedirect.com/science/article/pii/S0044848613003542
http://www.sciencedirect.com/science/article/pii/S1002016012600800
http://www.sciencedirect.com/science/article/pii/S1002016012600800
http://www.sciencedirect.com/science/article/pii/S1002016012600800
http://www.sciencedirect.com/science/article/pii/0165783693900448
http://www.sciencedirect.com/science/article/pii/0165783693900448
http://www.sciencedirect.com/science/article/pii/0165783693900448
http://agris.fao.org/agris-search/search.do?recordID=JP8301953
http://agris.fao.org/agris-search/search.do?recordID=JP8301953
http://agris.fao.org/agris-search/search.do?recordID=JP8301953
http://www.sciencedirect.com/science/article/pii/S0044848603004757
http://www.sciencedirect.com/science/article/pii/S0044848603004757
http://www.sciencedirect.com/science/article/pii/S0044848603004757
http://www.sciencedirect.com/science/article/pii/S0044848603004757
http://www.sciencedirect.com/science/article/pii/S0925857410000820http:/www.sciencedirect.com/science/article/pii/S0925857410000820
http://www.sciencedirect.com/science/article/pii/S0925857410000820http:/www.sciencedirect.com/science/article/pii/S0925857410000820
http://www.sciencedirect.com/science/article/pii/S0925857410000820http:/www.sciencedirect.com/science/article/pii/S0925857410000820
http://www.sciencedirect.com/science/article/pii/0025326X89903147
http://www.sciencedirect.com/science/article/pii/0025326X89903147
http://www.gesamp.org/publications/publicationdisplaypages/rs65
http://www.gesamp.org/publications/publicationdisplaypages/rs65
http://onlinelibrary.wiley.com/doi/10.1111/brv.12221/abstract
http://onlinelibrary.wiley.com/doi/10.1111/brv.12221/abstract
http://onlinelibrary.wiley.com/doi/10.1111/brv.12221/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1439-0426.2001.00314.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1439-0426.2001.00314.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1439-0426.2001.00314.x/abstract
http://www.sciencedirect.com/science/article/pii/S0044848606008957
http://www.sciencedirect.com/science/article/pii/S0044848606008957
http://www.sciencedirect.com/science/article/pii/S0044848606008957
http://www.sciencedirect.com/science/article/pii/S0044848610000396
http://www.sciencedirect.com/science/article/pii/S0044848610000396
http://www.sciencedirect.com/science/article/pii/S0044848610000396
http://www.int-res.com/articles/dao/22/d022p051.pdf
http://www.int-res.com/articles/dao/22/d022p051.pdf
http://www.int-res.com/articles/dao/22/d022p051.pdf
http://www.int-res.com/abstracts/meps/v215/p143-154/
http://www.int-res.com/abstracts/meps/v215/p143-154/
http://www.int-res.com/abstracts/meps/v215/p143-154/
http://www.int-res.com/abstracts/meps/v215/p143-154/
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0485.1997.tb00430.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0485.1997.tb00430.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0485.1997.tb00430.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0485.1997.tb00430.x/abstract
http://www.sciencedirect.com/science/article/pii/0141113688900256
http://www.sciencedirect.com/science/article/pii/0141113688900256
http://www.sciencedirect.com/science/article/pii/0141113688900256
https://www.ncbi.nlm.nih.gov/pubmed/25500421
https://www.ncbi.nlm.nih.gov/pubmed/25500421
https://www.ncbi.nlm.nih.gov/pubmed/25500421
https://www.ncbi.nlm.nih.gov/pubmed/25500421
http://www.sciencedirect.com/science/article/pii/S0022098100001520
http://www.sciencedirect.com/science/article/pii/S0022098100001520
http://www.sciencedirect.com/science/article/pii/S0022098100001520
http://www.sciencedirect.com/science/article/pii/S0022098100001520
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1005&context=ncrac_pubshttp://www.sciencedirect.com/science/article/pii/S0022098100001520
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1005&context=ncrac_pubshttp://www.sciencedirect.com/science/article/pii/S0022098100001520
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1005&context=ncrac_pubshttp://www.sciencedirect.com/science/article/pii/S0022098100001520
http://rod.eionet.europa.eu/obligations/478
http://rod.eionet.europa.eu/obligations/478
http://rod.eionet.europa.eu/obligations/478
http://rod.eionet.europa.eu/obligations/478
https://www.newscientist.com/letter/mg17423425-900-yes-its-true-pollutants-pollute/
http://www.springer.com/in/book/9789400748835
http://www.springer.com/in/book/9789400748835
https://www.ncbi.nlm.nih.gov/pubmed/1270364
https://www.ncbi.nlm.nih.gov/pubmed/1270364
https://www.ncbi.nlm.nih.gov/pubmed/1270364
https://www.ncbi.nlm.nih.gov/pubmed/6675454
https://www.ncbi.nlm.nih.gov/pubmed/6675454
https://www.ncbi.nlm.nih.gov/pubmed/6675454
https://www.ncbi.nlm.nih.gov/pubmed/6675454
http://www.sciencedirect.com/science/article/pii/S0044848603000188
http://www.sciencedirect.com/science/article/pii/S0044848603000188
http://www.sciencedirect.com/science/article/pii/S0044848603000188
http://www.sciencedirect.com/science/article/pii/S0044848610003297
http://www.sciencedirect.com/science/article/pii/S0044848610003297
http://www.sciencedirect.com/science/article/pii/S0044848610003297
https://www.ncbi.nlm.nih.gov/pubmed/21344147
https://www.ncbi.nlm.nih.gov/pubmed/21344147
https://www.ncbi.nlm.nih.gov/pubmed/21344147
https://www.ncbi.nlm.nih.gov/pubmed/21344147
http://download-pdf-ebooks.online/files/download-pdf-ebooks.org-kupd-190.pdf
http://download-pdf-ebooks.online/files/download-pdf-ebooks.org-kupd-190.pdf
http://www.sciencedirect.com/science/article/pii/0044848688901202
http://www.sciencedirect.com/science/article/pii/0044848688901202
https://www.ncbi.nlm.nih.gov/pubmed/17954599
https://www.ncbi.nlm.nih.gov/pubmed/17954599
https://www.ncbi.nlm.nih.gov/pubmed/23711078
https://www.ncbi.nlm.nih.gov/pubmed/23711078
https://www.ncbi.nlm.nih.gov/pubmed/23711078
https://www.ncbi.nlm.nih.gov/pubmed/23711078
https://www.ncbi.nlm.nih.gov/pubmed/15525369
https://www.ncbi.nlm.nih.gov/pubmed/15525369
https://www.ncbi.nlm.nih.gov/pubmed/15525369

Fisheries and Oceanography Open Access Journal

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

human health consequences of such resistance. ] Vet Med B 51(8-9):
374-379.

Kemper N (2008) Veterinary antibiotics in the aquatic and terrestrial
environment. Ecological Indicators 8: 1-13.

McPhearson RM, De Paola A, Zywno SR, Motes ML, Guarino AM (1991)
Antibiotic resistance in Gram-negative bacteria from cultured catfish
and aquaculture ponds. Aquaculture 99: 203-211.

Schmidt AS, Bruun MS, Dalsgaard I, Pedersen K, Larsen JL (2000)
Occurrence of antimicrobial resistance in fish-pathogenic and
environmental bacteria associated with four Danish rainbow trout
farms. Applied and Environmental Microbiology 66(11): 4908-4915.

Serrano PH (2005) Responsible use of antibiotics in aquaculture. FAO
fisheries technical paper. Food and Agriculture Organization of the
United Nations Rome, Italy.

Stokes HW, Gillings MR (2011) Gene flow, mobile genetic elements
and the recruitment of antibiotic resistance genes into Gram-negative
pathogens. Fems Microbial Review 35(5): 790-819.

Cizman M (2003) The use and resistance to antibiotics in the
community. International Journal of Antimicrobial Agents 21(4): 297-
307.

Van Dongen MBM, Van Diemen AEAR, Staarman IK, Piera T (2008)
Antibiotic Resistance in Bacteria from Farmed Fish and Shrimps. Inno
Tact Consulting BV, Woudenberg, Netherlands, p. 53.

Wright GD (2010) Antibiotic Resistance in the Environment: A Link to
the Clinic? Current Opinion in Microbiology 13(5): 589-594.

Aoki T, Kitao T, lemura N, Nomura T (1983) The susceptibility of A.
Salmonicida to various chemotherapeutics. Bulletin of the japanese
society of Scientific Fisheries 49(1): 17-22.

Richards RH, Inglis, V, Frerichs GN, Miller SD (1992) Variation in
antibiotic resistance patterns of Aeromonas salmonicida isolated from
Atlantic salmon Salmo salar L. in Scotland. In: Michel C, Alderman D
(Eds.), Chemotherapy in aquaculture: from theory to reality. Office
International des Epizooties, Paris, France, pp. 276-284.

Pruden A, Pei R, Storteboom H, Carlson KH (2006) Antibiotic
Resistance Genes as Emerging Contaminants: Studies in Northern
Colorado. Environmental Science & Technology 40(23): 7445-7450.

Ceccarelli D, Salvia AM, Sami ], Cappuccinelli P, Colombo MM (2006)
New cluster of plasmid-located class 1 integrons in Vibrio cholerae 01
and a dfrA15 cassette-containing integron in Vibrio parahaemolyticus
isolated in Angola. Antimicrob Agents Chemother 50(7): 2493-2499.

Jalal KCA, Akbar JB, Kamaruzzaman BY, Kathrisean K (2012) Antibiotic
Resistant Bacteria from Coastal Environment- A Review. In: Antibiotic
Resistant Bacteria A Continuous Challenge in the New Millennium,
Rijeka, InTech, China, pp.143-158.

Lunestadi BT (1992) Fate and effects of antimicrobial agents in
aquatic environments. In: Michel C, Alderman DJ (Eds.), Chemotherapy
in Aquaculture: From Theory to Reality. Office International des
Epizooties, Paris, France, pp. 152-161.

Gao P, Munir M, Xagoraraki [ (2012) Correlation of tetracycline and
sulfonamide antibiotics with corresponding resistance genes and
resistant bacteria in a conventional municipal wastewater treatment
plant. Sci Total Environ 421-422: 173-183.

Deming JW, Baross JA (1993) The early diagenesis of organic matter:
bacterial activity. In: Engel MH, Macko S Plenum (Eds.), Topics in
Geobiology. New York, USA, pp. 119-144.

Danovaro R, Marale B, Dell Anno A, Croce ND, Tselepides A, et. al
(2000) Bacterial response to seasonal changes in labile organic matter

o 555630. DOI: 10.19080/OFOAJ.2017.04.555630.

66.

67.

68.

69.

70.

71.

72.

73.

74

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

composition on the continental shelf and bathyal sediments of the
Cretan Sea. Progress in Oceanography 46(2-4): 345-366.

Jensen MH, Lomstein E, Sorensen ] (1990) Benthic NH4+ and NO3- flux
following sedimentation of a spring phytoplankton bloom in Aarhus
Bight, Denmark. Marine Ecology Progressive Series 61: 87-96.

LaRosa T, Mirto S, Mazzola A, Danovaro R (2001) Differential responses
of benthic microbes and meiofauna to fish-farm disturbance in coastal
sediments. Environmental Pollutions 112: 427-434.

Kim SR, Nonaka L, Suzuki S (2004) Occurrence of Tetracycline
Resistance Genes tet(M) and tet(S) in Bacteria from Marine
Acquaculture Sites. FEMS Microbiology Letters 237(1): 147-156.

Akinbowale OL, Peng H, Barton MD (2007) Diversity of Tetracycline
Resistance Genes in Bacteria from Aquaculture Sources in Australia.
Journal of Applied Microbiology 103(5): 2016-2025.

Komoike Y, Matsuoka M (2013) Exposure to tributyltin induces
endoplasmic reticulum stress and the unfolded protein response in
zebra fish. Aquatic Toxicology 15(142-143): 221-229.

Alzieu C, Heral M (1984) Ecotoxicological effects of organotin
compounds on oyster culture. In: Persoone G, Jaspers E, Claus C (Eds.),
Ecotoxicological testing for the marine environment. State University,
Belgium, pp. 187-195.

Beaumont AR, Budd MD (1984) High mortality of the larvae of the
common mussel at low concentrations of tributyltin. Marine Pollution
Bulletin 15: 402-405.

Morcillo Y, Porte C (2000) Evidence of endocrine disruption in clams
Ruditapes decussata transplanted to a tributyltin polluted environment.
Environmental Pollution 107(1): 47-52.

. Wezel AP, Vlaardingen P (2004) Environmental risk limits for

antifouling substances. Aquatic Toxicology 66(4): 427-444.

Takeyama H, Burgess ]G, Sodo H, Sode K, Matsunaga T (1991)
Salinity-dependent copy number increase of a marine cyanobacterial
endogenous plasmid. FEMS Microbiology Letters 90(1): 95-98.

Brown-Jaque M, Calero-Caceres W, Muniesa M (2015) Transfer
of antibiotic-resistance genes via phage-related mobile elements.
Plasmid 79: 1-7.

Hada HS, Sizemore RK (1981) Incidence of plasmids in marine Vibrio
spp. isolated from an oil field in the northwestern Gulf of Mexico.
Applied and Environmental Microbiology 41(1): 199-202.

Burton NF, Day MJ, Bull AT (1982) Distribution of bacterial plasmids
in clean and polluted sites in a South Wales river. Applied and
Environmental Microbiology 44(5): 1026-1029.

Hawkey PM, Jones AM (2009) The changing epidemiology of resistance.
Journal of Antimicrobial Chemothery 64(Suppl 1): 3-10.

FAO (2014) The State of World Fisheries and Aquaculture.

Li W, ShiY, Gao L, LiuJ, Cai Y (2012) Occurrence of antibiotics in water,
sediments, aquatic plants, and animals from Baiyangdian Lake in
North China. Chemosphere 89(11): 1307-1315.

Zhou QX, Xie X], Lin DS, Guo JM, Bao YY (2011) Toxic effect of
tetracycline exposure on growth, antioxidative and genetic indices of
wheat (Triticum aestivum L.). Environ Sci Pollut 18(4): 566-575.

Cheng DH, Yang SK, Zhao Y, Chen ] (2013) Adsorption Behaviors
of Oxytetracycline onto Sediment in the Weihe River, Shaanxi.
ChinaJournal of Chemistry 10 pages.

Moster G (1986) Bruk av antibiotika i fishkeoppdrett Sogn og Fjordane
Distriktshogskole, 5800 Sogndal, Norway.

How to cite this article: llhan A, Rafet C O. Adverse Effects of Mariculture Activities and Practices on Marine Environment. Fish & Ocean Opj. 2017; 4(1):


http://dx.doi.org/10.19080/OFOAJ.2017.04.555630
https://www.ncbi.nlm.nih.gov/pubmed/15525369
https://www.ncbi.nlm.nih.gov/pubmed/15525369
http://www.sciencedirect.com/science/article/pii/S1470160X07000647
http://www.sciencedirect.com/science/article/pii/S1470160X07000647
http://www.sciencedirect.com/science/article/pii/004484869190241X
http://www.sciencedirect.com/science/article/pii/004484869190241X
http://www.sciencedirect.com/science/article/pii/004484869190241X
https://www.ncbi.nlm.nih.gov/pubmed/11055942
https://www.ncbi.nlm.nih.gov/pubmed/11055942
https://www.ncbi.nlm.nih.gov/pubmed/11055942
https://www.ncbi.nlm.nih.gov/pubmed/11055942
http://www.fao.org/3/a-a0282e.pdf
http://www.fao.org/3/a-a0282e.pdf
http://www.fao.org/3/a-a0282e.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21517914c
https://www.ncbi.nlm.nih.gov/pubmed/21517914c
https://www.ncbi.nlm.nih.gov/pubmed/21517914c
https://www.ncbi.nlm.nih.gov/pubmed/12672574
https://www.ncbi.nlm.nih.gov/pubmed/12672574
https://www.ncbi.nlm.nih.gov/pubmed/12672574
https://www.ncbi.nlm.nih.gov/pubmed/20850375
https://www.ncbi.nlm.nih.gov/pubmed/20850375
https://www.jstage.jst.go.jp/article/suisan1932/49/1/49_1_17/_pdf
https://www.jstage.jst.go.jp/article/suisan1932/49/1/49_1_17/_pdf
https://www.jstage.jst.go.jp/article/suisan1932/49/1/49_1_17/_pdf
http://pubs.acs.org/doi/abs/10.1021/es060413l
http://pubs.acs.org/doi/abs/10.1021/es060413l
http://pubs.acs.org/doi/abs/10.1021/es060413l
https://www.ncbi.nlm.nih.gov/pubmed/16801431
https://www.ncbi.nlm.nih.gov/pubmed/16801431
https://www.ncbi.nlm.nih.gov/pubmed/16801431
https://www.ncbi.nlm.nih.gov/pubmed/16801431
https://www.ncbi.nlm.nih.gov/pubmed/22369865
https://www.ncbi.nlm.nih.gov/pubmed/22369865
https://www.ncbi.nlm.nih.gov/pubmed/22369865
https://www.ncbi.nlm.nih.gov/pubmed/22369865
https://link.springer.com/chapter/10.1007/978-1-4615-2890-6_5
https://link.springer.com/chapter/10.1007/978-1-4615-2890-6_5
https://link.springer.com/chapter/10.1007/978-1-4615-2890-6_5
http://www.sciencedirect.com/science/article/pii/S0079661100000252
http://www.sciencedirect.com/science/article/pii/S0079661100000252
http://www.sciencedirect.com/science/article/pii/S0079661100000252
http://www.sciencedirect.com/science/article/pii/S0079661100000252
http://www.int-res.com/articles/meps/61/m061p087.pdf
http://www.int-res.com/articles/meps/61/m061p087.pdf
http://www.int-res.com/articles/meps/61/m061p087.pdf
http://www.sciencedirect.com/science/article/pii/S026974910000141X
http://www.sciencedirect.com/science/article/pii/S026974910000141X
http://www.sciencedirect.com/science/article/pii/S026974910000141X
https://www.ncbi.nlm.nih.gov/pubmed/15268950
https://www.ncbi.nlm.nih.gov/pubmed/15268950
https://www.ncbi.nlm.nih.gov/pubmed/15268950
https://www.ncbi.nlm.nih.gov/pubmed/17953612
https://www.ncbi.nlm.nih.gov/pubmed/17953612
https://www.ncbi.nlm.nih.gov/pubmed/17953612
https://www.ncbi.nlm.nih.gov/pubmed/24055755
https://www.ncbi.nlm.nih.gov/pubmed/24055755
https://www.ncbi.nlm.nih.gov/pubmed/24055755
http://archimer.ifremer.fr/doc/1984/publication-2931.pdf
http://archimer.ifremer.fr/doc/1984/publication-2931.pdf
http://archimer.ifremer.fr/doc/1984/publication-2931.pdf
http://archimer.ifremer.fr/doc/1984/publication-2931.pdf
http://www.sciencedirect.com/science/article/pii/0025326X8490256X
http://www.sciencedirect.com/science/article/pii/0025326X8490256X
http://www.sciencedirect.com/science/article/pii/0025326X8490256X
https://www.ncbi.nlm.nih.gov/pubmed/15093007
https://www.ncbi.nlm.nih.gov/pubmed/15093007
https://www.ncbi.nlm.nih.gov/pubmed/15093007
https://www.ncbi.nlm.nih.gov/pubmed/15168950
https://www.ncbi.nlm.nih.gov/pubmed/15168950
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1991.tb05132.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1991.tb05132.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1991.tb05132.x/full
http://www.sciencedirect.com/science/article/pii/S0147619X15000116
http://www.sciencedirect.com/science/article/pii/S0147619X15000116
http://www.sciencedirect.com/science/article/pii/S0147619X15000116
https://www.ncbi.nlm.nih.gov/pubmed/16345685/
https://www.ncbi.nlm.nih.gov/pubmed/16345685/
https://www.ncbi.nlm.nih.gov/pubmed/16345685/
https://www.ncbi.nlm.nih.gov/pubmed/7181499
https://www.ncbi.nlm.nih.gov/pubmed/7181499
https://www.ncbi.nlm.nih.gov/pubmed/7181499
https://www.ncbi.nlm.nih.gov/pubmed/19675017
https://www.ncbi.nlm.nih.gov/pubmed/19675017
https://www.slideshare.net/FAOoftheUN/the-state-of-world-fisheries-and-aquaculture-sofia
https://www.ncbi.nlm.nih.gov/pubmed/22698376
https://www.ncbi.nlm.nih.gov/pubmed/22698376
https://www.ncbi.nlm.nih.gov/pubmed/22698376
https://www.ncbi.nlm.nih.gov/pubmed/20936531
https://www.ncbi.nlm.nih.gov/pubmed/20936531
https://www.ncbi.nlm.nih.gov/pubmed/20936531
https://www.hindawi.com/journals/jchem/2013/652930/
https://www.hindawi.com/journals/jchem/2013/652930/
https://www.hindawi.com/journals/jchem/2013/652930/

Fisheries and Oceanography Open Access Journal

85. Hektoen H, Berge JA, Hormazabal V, Yndestad M (1995) Persistence of ~ 87. Kummerer K (2009) Antibiotics in the aquatic environment - A review
antibacterial agents in marine sediments. Aquaculture 133: 175-184. - Part I. Chemosphere 75: 417-434.

86. GESAMP (1991) Reducing Environmental Impacts of Coastal
Aquaculture. GESAMP Reports and Studies 47.

This work is licensed under Creative bmissi ith . blish
@ @ Commons Attribution 4.0 Licens Your next submission with Juniper Publishers
BY DOI:_10.19080/0FOAJ.2017.04.555630 will reach you the below assets

¢ Quality Editorial service
¢ Swift Peer Review
¢ Reprints availability
e E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

008 How to cite this article: Ilhan A, Rafet C O. Adverse Effects of Mariculture Activities and Practices on Marine Environment. Fish & Ocean Opj. 2017; 4(1):
555630. DOI: 10.19080/OFOAJ.2017.04.555630.


http://dx.doi.org/10.19080/OFOAJ.2017.04.555630
http://www.sciencedirect.com/science/article/pii/004484869400310K
http://www.sciencedirect.com/science/article/pii/004484869400310K
ftp://ftp.fao.org/docrep/fao/006/u3100e/u3100e00.pdf
ftp://ftp.fao.org/docrep/fao/006/u3100e/u3100e00.pdf
http://www.sciencedirect.com/science/article/pii/S0045653508015105
http://www.sciencedirect.com/science/article/pii/S0045653508015105
http://dx.doi.org/10.19080/OFOAJ.2017.04.555630

	Title
	Introduction
	Impacts of Mari Culture on Water Quality
	Organic Pollution
	Eutrophication
	Chemical Pollution
	Antibiotics
	Substances with inhibitory affects last long in animal tissue
	Releasement of substances with inhibitory effect to the aquatic environment.
	Development and transmission of the antibiotic resistance gene in microorganisms

	Impacts of Mariculture on Sediment
	Impacts of the Pollution on Microbial Communities
	Pollution Originated from Construction/Building Materials.
	Indirect Effect of Pollution on Human Health
	References

