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M ITowotnra veQoy xor aoévereg Tov L0voV

I. N. Batoog, DVM, MSc, PhD, II. Ayyeridng, DVM, MSc, PhD

Egyaaotijoio IyBvoloyiag, Krnviatoixij Xyodj A.IL6.

ABSTRACT. Certain water quality parameters are known to cause serious problems to fish, especially when they are living under
intensive farming conditions. These problems range from discomfort of fish to heavy mortalities and factors, such as the fish species,
the time and level of exposure and the synergic effect of other coexisting stressful conditions, play an important role. In addition,
when these parameters are outside the preferable for each fish species range, they can induce stress to fish, compromising their
immune system and making them vulnerable to many opportunistic pathogens. Oxygen is, probably, the main limiting factor under
farming conditions and when its levels are below the preferable range for any fish species, many morphological, as well as
physiological alterations develop. Increased levels of carbon dioxide in the water usually coexist with decreased levels of oxygen
and can cause respiratory acidosis and nephrocalcinosis. The latter is characterized by the development of granulomas in many
internal organs and urolithiasis. Ammonia usually causes problems under intensive farming conditions, especially when the water
is recirculated and the pH is high. Increased levels of ammonia in the water can cause extensive alterations in the gills and
degenerative changes in the liver and kidney. Gas supersaturation of the water, depending on the level of saturation and the time
of exposure, can result in the gas bubble disease. Formation of bubbles in the eyes, skin and gills and extensive necrotic areas in
many organs due to gas emboli are the main findings caused by this disease. Many contaminants in the water can, also, create
serious problems to fish. Fin erosion, epidermal hyperplasia or papilloma and degenerative and necrotic alterations in many internal
organs are common findings observed in fish on many cases of water pollution. Many of the factors mentioned above, as well as
others, such as nutrition and bad management, can result in abnormal development of the body of fish, when exposed at their early
life stages. Due to farming conditions, cultured fish tend to exhibit increased rate of body malformation compared to wild ones.
Careful design of the facilities, use of specialized equipment and, probably, application of genetic selection program can minimise
or even eliminate the effects these water parameters have on the cultured fish.

Keywords: water quality, fish, diseases

HMEPIAHWH. Eivou yvooto 6t ToAES TOQAUETEOL THE TTOLGTHTOS TOU VEQOU UTOQOTY VO NouQyocovy ToofAjuato oty vyeio
TOV EVTATIAS EXTOEQPOUEVDV PaLayv. Ta moofAjuata autd umogel va elvar puor oA avnovyio TV YoQLdv 1 oxrOuo ®ow
exdAmon vymhis Bvnowwdtroc. Tlapdyovreg wov maiCovy onuoavaxd QAo 0T CoPaQGTHTA TS ROTAOTUONS EIVOL TO €(00C TOU
YaELov, 0 YEGOvog xan To entimedo Exbeang, »aBig kan 1 ouveEyxi] 0pdon GAAWY CUVONREY RATATGVIONG TTOV EVOEXOUEVIS GUVU-
sdoyovv. Emumtpoo€tme, Stav autés ou mapduetoot Bioroviar EEm oo ta avextd yio ®a0e e(00g YaLov emimeda, WroQovv vo
TRORUAETOUV RATATOVION OE OUTA, UE OTTOTEAEOUEL VO EEODEVIOEL TO AUUVTIXO TOUS CUOTNUAL, RAVOVTAS TO EVAAMTO O TOAMAOUG
gurouQLaxd Taoyovoug oQyaviopnots. To 0EUYGvVo amotehel TOV RUQLOTEQO TEQLOQLOTIXG TTAQAYOVTA 0TIV EXTQOMY] TAV YPUOLHV
na 6tav To Enimedd TOU €ivol RAT® O0td To ETLOUUNTA YLoL TOL YAQLEL GQLAL, TTOORUAOUVTOL TOMES LOQPOMOYIRES, ANG RO
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QUOLOAOYWES netaforéc. AvEnuéva emtimeda dLoEeldiov Tov AvBpara 0To VEQS CUVIBWE CUVUTTAQYOUY UE UELWUEVY] OUYXEVTOMON)
OEUYGVOU %O WTOQEL VOL TTQOXAAETOUV AVOTTVEVOTLXI| OEEIOMON now vepoorarolvaon. H tehevtaia yopaxrmiCeton amd avamtutn
HORRLOUATOV O€ TOAG Goyova xow ovpoMBioo. H appmvio toorahet tooBMjuato »dtm ot OUVONKRES EVIOTIXIG EXTQOPNS RO
Wialtepo 6tav 10 veEod avaxurddveton xon to pH tou elvan avEnuévo. AvEnuéva enimedo auumvios oto Ve UToQOUV Vo
TEOXAUAECOUV EXTETAUEVES OAAOLDOELS OTOL BOAYYLOL RO EXPUMOTIXES OAMOLBOELS OTO 1TTLQ KO TO VEQEO. O VITEQROQPETUAS TOU
veQOU ue 0€QLal, avaroyo e To eninedo ®OQEOUOU #at TO YOOVO ExOEONG, UTOQEL Vo 0dNYNOEL OTO OYNUATIONS QUOCMIWY OTO
d€oua xaw TaL fodryyiat, HoBdS Row O VERQWTIKES EOTIES OF TOMA GOy, EEALTIOG TOV OYNUATLOUOU EUPEARTOV AOY® QUOALdwV
oto aipo. H UmaEn guravidv oto vees witogel, emions, vo dnuoveynoel onuoavaxd meofMjuato ota Pdowo. Awdfomon tmv
TTEQUYIMYV, ETOEQKT| VITEQIALLOTTL 1] OVATTTUEY BNAOUATOV, EXPUAMOTIXES KO VEXQWTIRES AANOUDOELS OE TTOMA ECWTEQURA BQYAVOL
elvow ouvi{On evENUOTa TTOU TAROTNEOUVTAL OF TOMES TeQuTTwoels TeQupaihoviirig eumavons. TToAhol amd Toug Tadyovteg
7ov €xouvv avagebel, raBdc raw dAhol, GTme 1 dSTEOP oL 1 RoxY| dLOYEIQLON, WTOQOUV Vo 0dNYHOOUV OTNY EUPAEVION
dUoUoQPLHV ot YAEL, GTay auTtd eXOETOVTIOL 08 UTOUS TOVS TTOQAYOVTES OTO, TRWTA 0TddLe ™S Lmng Tove. O mEooeERTINAS
OYEOLAOUGS TWV EYRUTAOTACEMV, 1] X0 0M €EELOEVUEVOU EEOTAMOUOT, AAAG RO 1] EQPAQUOYY TTOOYQAUUATMV YEVETIRNG ETULAOYNS
WITOQOUYV VL HEWHOOUV 1 RO VOL EEQNENPOUV TTOANG, 0T TOL TQOPANUATOL VYETOLS TTOV TTROXUALOUV CUTOT OL TTOQAYOVTES TOV VEQOU.

A&Eeis evgeTnoiaons: moldTTa VEQOU, PaoLa, aoBEveleg

INTRODUCTION

Fish in their environment constantly interact with
many biotic, as well as abiotic factors present in
the ecosystem. When the amounts of dissolved oxygen,
carbon dioxide, ammonia or other pollutants in the
water are outside the preferable for each fish species
range, then the health of fish is affected. These disor-
ders usually cause negligible problems to wild fish,
since they have the freedom to move into more
favourable areas, whenever the environmental condi-
tions are outside the acceptable range. Cultured fish,
however, living in the restricted environment of a fish
farm, are more sensitive to environmental factors,
which are very often combined with other stressors.
Depending on the factor, short-term or/and long-term
exposure to these factors can cause high mortalities,
especially in the weakest individuals. Stress induced
by even the slightest variation of these environmental
factors can compromise the immune system of fish
and, as a result, opportunistic or pathogenic infectious
agents can proliferate within the fish, provoking serious
diseases (Huntingford et al. 2006). To many authors,
as it will be discussed below, the overall health status
of any population of organisms living in a certain
aquatic environment is a reliable indicator of the con-
ditions that prevalil in the area.

This review summarizes the diseases of cultured
fish associated with the main water quality parameters
that can cause serious problems to fish under intensive
farming conditions. Preventive measures, which can
minimise or even eliminate the effects of those
parameters, will be briefly discussed.

REDUCED LEVELS OF DISSOLVED OXYGEN

Dissolved oxygen (DO) is a fundamental factor for
the life of all aquatic organisms. In nature, the
concentration of DO in the aquatic environment can
be reduced by many biotic, as well as abiotic factors.
The abiotic factors include: increased water
temperature, salinity and reduced atmospheric
pressure. On the other hand, the biotic factors refer to
increased oxygen consumption by aquatic organisms.
In most cases, a combination of both abiotic and biotic
factors results in decreased oxygen levels in the water.
For example, increased oxygen consumption by
aquatic plants (algae) is noted whenever there is
increased amount of nutrients in the water and/or
intense sunlight (Noga 2000). The algae produce
oxygen during the day, but they consume oxygen
during the night and this leads to environmental
hypoxia early in the morning (Noga 2000). Such
hypoxic conditions are very common in the
Mediterranean area, during summer, especially in
closed lagoons where the water exchange is reduced.
Under intensive farming conditions, increased stocking
densities of fish can, also, result in increased oxygen
consumption by the fish (Pichavant et al. 2001).

According to Fick’s diffusion equation (Jobling
1994), oxygen is transferred inside the body of the fish
through the gills and the skin. In general terms, the
transfer is comprised of three steps: ventilation or water
flow past the exchange sites (for example the gills),
diffusive transfer between water and blood and, finally,
blood flow through exchanging structures (Piiper 1998).
In this transfer, the partial pressure of the oxygen
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(tension) is more important than oxygen concentrations.
Depending on the fish species, below a range of 50-70
% air saturation (which is roughly proportional to
oxygen partial pressure in the water), oxygen uptake is
affected (Jobling 1994). It should be noted that other
factors which can affect the oxygen diffusion are
respiratory surface area (gills and skin) and gas diffusion
distance. These factors are usually affected by the
lifestyle and habitat of fish (Perry and McDonald 1993).

Each fish species has different oxygen requirements.
In general terms, prolonged reduced oxygen levels in
the water result in many physiological, as well as
functional and morphological alterations, such as:
lower metabolism, alterations in ventilation rates,
changes in circulatory parameters, increased number
of circulating red blood cells, decreased levels of
intraerythrocytic phosphates, adjustments of
intraerythrocytic pH, mobilization of anaerobic energy
pathways, changes in acid-base balance, decreased
swimming capacity and, in some fish species,
morphological adaptations (Medale 1985; Barton and
Taylor 1996; Val et al. 1998). Hypoxia as a stressor can,
also, influence the immune system (Henrique et al.
2002), making fish more susceptible to infectious
diseases. Growth, food consumption and food efficiency
can, also, be affected. For example, oxygen level of
approximately 40% of saturation can significantly
reduce the growth rate of sea bass, probably due to
decreased food intake by the fish rather than decreased
feed efficiency (Thetmeyer et al. 1999; Pichavant et al.
2001). Increased rate of accumulation of toxicants in
the fish due to greater ventilation rate can also be a
result of low oxygen levels, as Yediler and Jacobs
(1995) showed investigating the accumulation of
mercury in carp (Cyprinus carpio) exposed to hypoxia.
Finally, it has been noted that, in sea bass, the total
respiratory surface area is negatively correlated with
oxygen availability in the water (Sargolia et al. 2002).

Under farming conditions, regular monitoring of
the levels of DO is necessary and whenever it is required,
the levels can be increased either by aeration or by direct
diffusion of oxygen into the farm water. Using
oxygenation, the levels of DO can be higher than the
ones achieved when using aeration and thus the stocking
capacity of the rearing facilities can increase, as Clark
and Helfrich (2006) reported. Interestingly, the same
authors, also, concluded that at 90% oxygen saturation
there were no significant differences in growth rates,

feed conversion and overall survival, between rainbow
trout cultured using aeration or oxygenation.

NEPHROCALCINOSIS

Nephrocalcinosis has been reported in a wide range
of farmed fish species, such as salmonids, halibut and
some sparidae (Goémez 2000). It is a chronic condition
affecting the kidney and it is characterized by the
presence of calcium deposits within the renal tissue.

Although many aspects of the mechanisms via
which this condition develops are still unknown,
nephrocalcinosis is usually associated with increased
levels of free CO, in the water (Fivelstad 2003). This
usually occurs when fish are reared under intensive
conditions in tanks. It should be noted that under these
conditions, it is possible that other adverse conditions,
also, coexist, such as decreased levels of DO and
reduced pH.

It has been suggested (Roberts and Rodgers 2001)
that one mechanism that leads to lesions in the kidney
could be that the calcium hydrogen phosphate present
in the urine can be precipitated, if pH of the urine
increases, because its solubility decreases with
increasing pH. There is evidence that such a change
could occur in fish exposed to elevated CO,
concentration. However, such a mechanism does not
explain the formation of granulomas in the stomach,
which are often observed. It is possible that more than
one mechanism is involved in the appearance of the
disease. For example, in chinook salmon, Oncorhynchus
tshawytscha, the condition has, also, been connected
with high levels of calcium coupled with phosphorous
in the diet (Richardson et al. 1985).

The mortalities are usually low with no external
signs observed in the affected fish (Harrison and
Richards 1979). In some cases, however, the abdomen
is distended due to ascites. The organs that are usually
affected are the kidneys, the stomach and maybe the
muscles (Harrison and Richards 1979). In the kidney,
the lesions in most cases include calcium deposition in
renal tubules and collecting ducts with little or no
damage of the tubular epithelial cells. In severe cases,
granulomas and extensive destruction of the renal
tissue can be observed. The reported histopathological
findings in the stomach include: areas of calcification
and granulomas, mainly in the lamina propria,
granulosa and submucosa, although the alterations can
be occasionally found throughout the wall of the
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stomach. Muscle changes are observed only in the
most severely affected fish and they consist of
calcareous bodies and granulomas, which in some
cases occur in small clusters.

It should be noted that the rise in blood partial
CO, pressure (Pcq,), as a result of increased CO,
levels in the water, causes acidosis (Hosfeld et al.
2008). This condition results in reduced oxygen
transport to tissues, increased ventilation rate and
bradycardia. Reduced food intake and reduced growth,
as consequences of water induced hypercapnia, have
also been reported. Sublethal effects of carbon dioxide
exposure on Atlantic salmon smolts in freshwater
include a transient increase in plasma cortisol, transient
increase in haematocrit and a sustained reduction in
plasma chloride level (Hosfeld et al. 2008).

Since the main factor associated with nephro-
calcinosis in fish is the increased concentration of free
CO, in the water, effective monitoring and removal of
excessive CO, could prevent this condition. This can be
achieved, firstly, by maintaining the fish at low stocking
density and, secondly, by increasing the aeration of the
water, especially when fish are reared in tanks.

DISEASES ASSOCIATED WITH WATER
POLLUTION

In the last decades, many studies have focused on
the effects of the increasing pollution of the waters on
many aquatic organisms and, of course, fish. Water
pollution occurs when various harmful or potential
harmful chemicals or particles, originated from
industrial, agricultural or residential areas, end up in the
aquatic ecosystem through the water or the wind. Many
toxic chemicals may adhere to particles, which are then
taken up by plankton and benthos animals and thus are
bio-accumulated within the marine food chains.

Under farming conditions, in particular, some
activities of the farmers may result in accidental short-
term or long-term exposure of the fish to various
chemicals, which can pose serious risks both to fish and
the consumers. An interesting example has been
presented by Varvarigos (2007) who reported
mortalities due to the use of net antifoulants containing
toxic copper compounds. In that case, young fish
appeared more sensitive and sea bass more susceptible
than sea bream.

Schnitzler et al. (2008) found that cultured sea bass

tends to exhibit a significantly higher amount of
pollutants, especially PCBs, in their muscles, on fresh
weight basis, compared to wild sea bass. The authors
concluded that the use of commercial feeds may play
an important role, since, due to increased lipid content
of the feeds used, the cultured fish tend to accumulate
more fat in their bodies, where the pollutants are
usually bio-accumulated. The same authors, also,
reported that in the Mediterranean Sea wild, marine
animals, such as fish and mammals, tend to exhibit
higher concentrations of persistent organic pollutants
in their tissues compared to the levels measured in the
same species in the Atlantic.

For most contaminants, the effects observed are
not related with sex, age, fish age or length (Au 2004).
However, some abiotic or biotic factors can play a
significant role in the severity of the respective diseases.
Stressed fish, for example, generally appear more
susceptible to environmental pollution (Vethaak and
Rheinallt 1992).

The effects of most types of pollutants on fish and,
generally, all the aquatic animals appear to be non-
specific and many authors suggested that the study of
those effects is indicative of the general quality of the
environment (Au 2004). In most cases of environmental
pollution, the contaminants affect many organs of the
fish simultaneously. Changes in swimming activity and
non-specific lesions in the gills, skin and fins are easily
observed and are often used as indications of
contaminated environments. The most common of
these symptoms include fin erosion and epidermal
hyperplasia or papilloma. Au (2004) has reviewed the
alterations observed in the aquatic organisms and
these are summarized below.

In the gills, epithelial hyperplasia and hypertrophy
with lamellar fusion, telangiectasia, edema with
epithelial lifting and epithelial desquamation are
common histopathological findings.

Abnormal development of the operculum and the
skeleton has, also, been reported for many substances,
such as organochlorine compounds, chlorinated
hydrocarbons and pulp mill effluents. In some fish
species, as in the northern pike, for example, these
abnormal developments can be sex-related.

In the kidney, degenerative changes in tubular
epithelium, dilation of tubules, protein or cellular casts
within tubular lumen, tubular necrosis and/or epithelial
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desquamation and necrosis of interstitial hematopoietic
tissues are common findings in a number of cases of
marine pollutions.

In the liver, necrotic areas, neoplasms, megalocytic
hepatosis, nuclear pleomorphism in the hepatocytes
and hydropic vacuolation can, also, be seen and, in
some cases, they can be associated with certain seasons,
age and sex.

Finally, environmental pollution can affect the
quality of the gametes and the development of the
embryos (Au 2004).

Guidelines for the safe use of all chemical
substances have already been set by many relevant
organizations. In some cases, choosing the appropriate
area to set up a farm and the detailed planning of the
facilities can, also, help with the prevention of accidental
exposure of the fish to various pollutants, which can
enter the farm via the incoming water or the use of
contaminated feeds.

GAS BUBBLE DISEASE (GBD)

This condition is caused by increased pressure of
gases in the water. Since the first report on this disease
in the late 1800’s, much information has been
published on the effects of gas supersaturation on
cultured freshwater fish species, mainly salmon and
trout, but very little on the marine species (Gunnarsli
et al. 2008). Lesions can be induced when either the
incoming water is supersaturated with gasses or when
supersaturation occurs within the farm. According to
Noga (2000), possible causes include: trapping in air in
pressurized water pipes, use of supersaturated
(especially in nitrogen or carbon dioxide) ground
water, excessive plant growth, especially in ponds,
malfunctioning water pumps and rapid heating of the
water. Accidental supersaturation of the water with
oxygen can, also, occur when pure oxygen is used to
oxygenate the farm water.

Excess nitrogen rather than excess oxygen is
usually the cause of gas emboli, although oxygen levels
of over 125% of saturation may cause serious problems
(Noga 2000). However, it should be noted that today,
despite the fact that the use of degassers in many fish
farms has minimized the occurrence of the acute form
of GBD, the chronic responses of fish to moderate gas
supersaturation can still lead to significant losses
(Gunnarsli et al. 2008).

Whenever the gas concentration in the water is
above 100% of saturation, then diffusion of gases into
the swim bladder occurs. However, GBD develops at
higher supersaturation. As Colt (1986) reports, the
process of bubble formation within the fish tissues may
be influenced by many factors, such as surface tension
of the blood, number and size of nucleation sites for
bubble growth, compliance characteristics of the
vascular system, gas diffusion rates through the
animals’ integument, functional properties of the swim
bladder and lesions in the choroidal rete in the eye.

The effects of gas supersaturation on the fish
depend on many factors, such as water depth,
temperature, fish size, the duration of exposure, the
level of supersaturation, the species and the life stage
of the affected fish (Colt 1986). For example, it has
been reported that, when gas supersaturation of the
water occurs, the fish that swim near the surface are
more susceptible to this condition, due to low
hydrostatic pressure near the water surface. For this
reason, higher mortalities are observed in hatcheries,
where fish cannot escape to lower depths.
Susceptibility to GBD is reduced as the fish grow older
and bigger (Gunnarsli et al. 2008). Fastening, also,
seems to increase susceptibility of fish to GBD (Colt
1986). In some cases, gas supersaturation in natural
waters may be associated with certain seasons,
especially with spring and summer (Colt 1986).

Some fish species, for example Chinook salmon
(O. tshawytscha), have the ability to detect the level of
gases in the water and to avoid unsuitable depths with
low hydrostatic pressure (Johnson et al. 2005).

Exposure of the fish to moderate supersaturation,
depending on the species, may require a long period of
time before the first deaths appear. Prolonged
exposure to moderate levels of supersaturation
(<110% of saturation) can lead to death. The clinical
signs include severe inflation of the swim bladder in
small fish, ocular lesions, immunosuppression, reduced
growth, bubbles in the intestinal tract and reduced
swimming ability (Gunnarsli et al. 2008). Especially, the
lesions in the eye include development of exophthalmus
and subsequent blindness, usually associated with gas
embolism within or around the choroid. Behavioural
abnormalities, such as hyperactivity and loss of
equilibrium due to lesions in the related organs, can,
also, occur. The increased susceptibility of the fish to
infectious diseases (due to induced stress) and the
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presence of necrotic areas in many tissues are
considered to play significant role in the resulting
mortalities. Oxygen concentration of about 120% of
saturation for a week provoked bubble formation in
the tissues around the eyes in cultured glass eels
Anguilla anguilla (Angelidis, personal observations).
In that case, the eels were unable to immerge and
remained under the water surface, which aggravated
their condition. Due to their constant effort to swim
deeper, they were exhausted rapidly, refused to eat and
died within a few days. In the same case, deaths were,
also, observed among the adult eels which were kept
in supersaturated water (over 130% of saturation) for
about two weeks. The mortality remained low (£0.1%
per day), but it lasted for almost a month. Histological
investigation of the gills showed gill necrosis.

When the level of supersaturation is significantly
high, then the fish die quite soon, even within minutes
(hyperacute form) or most commonly within a few
days, due to anoxia resulting from obstruction in the
blood flow (Huchzermeyer 2003).

Histopathological findings of GBD include edema
and epithelial degeneration of the secondary lamellae,
destruction of the buccal and intestinal mucosa and, in
the most chronic forms, degeneration of the tubular
epithelium in the kidneys and multiple necrotic areas
in many organs, such as liver and brain (Noga 2000).

In order to prevent GBD, constant monitoring of the
dissolved amounts of the gases in the water and the use
of degassers are strongly suggested. The use of degassers
and the construction of reservoirs, where the water can
remain for some time, in order for the gases to
equilibrate with atmospheric air, are common methods.
Some degassers, for example, the column aerators, can
remove the excess gases, while increasing the dissolved
oxygen to over 91% saturation (Marking et al. 1983).

AMMONIA POISONING

Ammonia and urea are the two main end-products
of nitrogen metabolism in fish (Forster and Goldstein
1969). Ammonia is mainly excreted through the gills
and the amount that is excreted from the fish mainly
depends on the amount of protein in the feed
(Hargreaves and Tucker 2004) and the metabolic
efficiency of the fish. Apart from ammonia that is
excreted from fish, ambient ammonia usually increases
via decomposition of organic matter (i.e. faeces,
uneaten feeds, etc), which occurs in the sediment,

especially in ponds. During a process called
“nitrification”, various bacteria oxidize ammonia and
thus lowering its concentration, in a two-step process,
first, to nitrite (NO,) and subsequently to nitrate
(NOy). Factors affecting the nitrification rate are: the
total ammonia concentration, the water temperature
and the available dissolved oxygen (Hargreaves and
Tucker 2004). Under intensive rearing conditions and,
particularly, when the water is recirculated and the fish
are cultured in high densities, ammonia concentrations
may reach high levels which can have negative effects on
fish survival and growth (Person Le Ruyet et al. 2003).

The un-ionized ammonia (UIA-N) is the toxic form
for the aquatic organisms. The NH*, is considered
non-toxic. As Benli et al. (2008) mentioned, the toxicity
of UIA-N is attributed to the fact that this form of
ammonia can readily pass through the cell membranes
in the gills due to its lipid solubility and lack of charge,
whereas it is quite difficult for the NH™*, to penetrate
the cell membranes of the organisms.

The percentage of total ammonia (TAN) present
as UIA-N can be calculated by the aqueous ammonia
equilibrium, which is strongly dependent on the
temperature, pH and salinity (Lemarié€ et al. 2004).
The high buffer capacity of seawater compared to
freshwater tends to keep the pH relatively high,
resulting in a larger fraction of the ammonia present
in the water as UIA-N (Wajsbrot et al. 1991).

The sensitivity of fish to increased levels of
ammonia is influenced by many other factors. In
general terms, sensitivity to ammonia decreases with
age (Wajsbrot et al. 1993). Interestingly, when the O,
in the water is depleted through fish respiration, the
sensitivity to ammonia decreases, especially when the
water exchange is, also, reduced (Tudor et al. 1994). In
this case, as CO, increases, pH is lowered and this, in
turn, reduces the relative quantity of UIA-N. On the
other hand, when environmental hypoxia occurs due
to other reasons, then reduced DO increases the
sensitivity of fish to ammonia. For example, it has been
found that sea bream juveniles, maintained in water
with oxygen concentration below 85 % of saturation,
exhibited increased sensitivity to ammonia and, below
40 % saturation, increased mortalities were observed
within a few hours (Wajsbrot et al. 1991).

Although there are many studies on the effects of
ammonia on freshwater fish after both short and long-
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term exposure, there are relatively few studies on the
effects of ammonia on marine fish (Lemarié et al. 2004).
From these studies, it appears that some fish species are
particularly sensitive to ammonia. For example, juvenile
sea bass is considered more sensitive than turbot
(Person-Le Ruyet et al. 1995). In addition, marine fish
seem to be less sensitive to long-term exposure to
ammonia than most salmonids (Lemarié et al. 2004).

Wajsbrot et al. (1993) reported almost no
histopathological findings in the gills of sea bream after
exposing them to up to 13 mg I'' TAN. However, the
livers of fish, maintained in this concentration of
ammonia, exhibited some degree of atrophy in the
hepatocytes, which contained large PAS-positive
eosinophilic inclusion bodies. In Nile tilapia
(Oreochromis niloticus) telangiectasis and hyperplasia
of the gill epithelium, accompanied by congestion and
haemorrhages, and degenerative changes in the livers
and kidneys have been reported (Benli et al. 2008).

We should keep in mind that ammonia can be
stressful for the fish even at low concentrations,
something that can have adverse effect on the overall
performance of fish and, especially, their resistance to
diseases (Kalogianni et al. 2003; Lemarié et al. 2004).

Many techniques can control the level of ammonia
in the aquatic environment of a fish farm. These
include: appropriate stocking density, appropriate
feeding regime, use of bio-filters in re-circulating
systems, low water pH, which in turn reduces the
percentage of TAN as UIA-N, addition of ion-
exchange materials, such as zeolites and, finally,
increased water exchange ratio (Hargreaves and
Tucker 2004).

ABNORMAL BODY DEVELOPMENT

It is, now, well-known that wild-caught fish
generally exhibit significantly lower levels of body
malformations and almost never severe ones,
compared to their cultured counterparts (Boglione et
al. 2001). Only wild fish found in heavily polluted areas
tend to exhibit increased incident of body
malformations. The causes for the various forms of
abnormal body development, under farming
conditions, are many. Although many steps have been
taken to improve the rearing conditions for some
marine species whose culture started only a few years
ago, the percentage of fish that exhibits such
malformations can still be quite high, something that can

have a negative effect on the quality of the produced fish
and the production cost. In the previous two decades,
the reported incidences of some malformations in
reared sea bream and red sea bass were in some cases
as high as 90% of the population (Boglione et al. 2001).
Since then, many steps have been taken to improve the
rearing methods and thus reducing the percentage of
deformed fish. For example, the removal of the oily
film, formed on the surface of the water of the rearing
tanks due to live feeds used in larval rearing, almost
eliminated the problem of the lack of inflated swim
bladder (Chatain 1997).

Malformations are economically important, firstly,
because they require manual sorting and, secondly,
due to the fact that the affected fish do not perform as
well as the not deformed fish. And, of course,
deformed fish have lower market value.

Many authors have studied the relationship
between skeletal deformities and various
environmental factors, such as light, temperature,
salinity, mechanical shock during embryo or larval
development, tank currents and type of rearing system.
For example, lordosis in sea bass and sea bream,
mainly affecting vertebrae 14-15, has been related with
the hydrodynamics in tanks, particularly the water
current intensity (Chatain 1994). Inadequate light
intensity, as well as inappropriate temperature,
depending on the species, and salinity in rearing water
have been reported as causes of skeletal malformations
(Johnson and Katavic 1984). Some genetic factors may,
also, play an important role in the appearance of some
types of deformities, as Afonso et al. (2000) have
observed in certain sea bream families. Nutritional
imbalances, such as deficiencies in vitamins, aminoacids
or essential fatty acids in the diets of broodstock or
larvae, may, also, alter the development of reared larvae
(Gapasin and Duray 2001; Fernandez et al. 2008; Roo
et al. 2009). Finally, some pathogenic bacteria can
induce high rates of malformations, for example
Flavobacterium pshychrophilum (Madsen and Dalsgaard
1999) in farmed rainbow trout (Oncorhynchus mykiss).

It should be noted that, in some cases, for reasons not
well defined, there is seasonal variation in the appearance
of some deformities, for example some opercular
malformations in sea bream (Galeotti et al. 2000).

The most deformed fish usually die quickly, but
most of the affected fish live for a period of time,
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depending on the form of the malformation.
Regardless of their form, these malformations lower
the performance of reared fish, for example the
swimming ability, the conversion index, the growth
rate, the survival and their susceptibility to stress and
various pathogens. For example, due to absent or
deformed operculum, the affected fish are more
vulnerable to various bacterial pathogens, which can
attach the exposed gills easier (Galeotti et al. 2000).

Malformations can be observed in many areas of
the body, such as the head (e.g. deformed jaws, aplastic
or deformed operculum, deformed eyes), the spinal
column (e.g. lordosis, scoliosis, kyphosis), the fins or
internal organs, such as absent or abnormal
swimbladder (Andrades et al. 1996; Kingsford et al.
1997; Galeotti et al. 2000; Cahu et al. 2003; Fernandez
et al. 2008; Roo et al. 2009). In some cases, the
development of certain malformation tends to be
correlated with the appearance of some other

malformations, for example the abnormal
development of the spinal cord with the absence of
functional swimbladder (Andrades et al. 1996),
although it should be noted that more factors are
involved in the development of spinal deformities
(Kihara et al. 2002).

Since most of the malformations are associated
with the rearing procedures (i.e. the use of artificial
diets and some water parameters), adoption of
appropriate farming methods, suitable for each fish
species, will reduce the percentage of cultured fish that
exhibit such body malformation. When the problem is
suspected to be associated with certain broodstock,
then the application of a genetic program, which will
eliminate some genetic traits, will improve the
situation. However, in cases where the exact aetiology
is still unknown, extensive research is required to
identify the cause. H
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