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Abstract

Currently, in Romanian aquaculture, the rearing of the European catfish into intensive production systems raises a growing interest determined by its higher technological performances. In comparison with pond traditional aquaculture, the new farming systems are characterized by modified environmental conditions that may lead, in case of exceeding thresholds of tolerability, to occurrence of stress factors, thus setting the disease conditions. From this perspective, the purpose of this paper is to present the association circumstances of the predisposed environmental conditions that have weakened the fish body resistance promoting the pathological action of Ichthyophthirius multifiliis after the transfer of European catfish juveniles (G=33.6±1.7 g, L=17.5±2.9 cm) from a pond system into a tank culture system with partially reused water. During a 21-day period, some restrictive parameters of water quality have registered values far beyond the optimum interval for wells juveniles growth (t≤16oC, CmaxN-NH4+=3.62mg/l, CmaxNO2-=9.18mg/l, CmaxCl2=0.1mg/l) which caused the appearance of some characteristic symptoms, such as the gills brown coloration, masking the first symptoms of ichthyophthiriasis and contributing to the subclinical evolution of the disease. The concentrations of water chemical parameters were determined by spectrophotometer methods using Merck kits, analogous to standard methods. Subsequently, the “ich” diagnosis was confirmed by microscopic examination of the gills and skin scrapings highlighting the presence of parasites. In order to alleviate methaemoglobinaemia and parasite treatment, sodium chloride was gradually added in water till 1 ppt concentration. Maintaining the salinity of the system led to a reduction of gills parasitic intensity, while mature trophonts encapsulated in the skin were protected by mucus hypersecretion. Finally, the destruction of gill epithelium seriously affected the osmoregulation, resulting in fish death by asphyxia which led to a loss of 90% of the population.
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1. Introduction
In aquaculture, every production system is characterized by specific environmental living requirements to which the fish organisms are adapted.
During the technological flux, sometimes, it is necessary to transfer fish from one production facility type to another, i.e. from ponds to tanks, process which can be traumatic and stressful for fish. Major changes in ambient surroundings may prove to become environmental risk factors predisposing the fish biomass to illness. Each exemplified growth unit offers typical environmental quality parameters, i.e generous space and great variation in hydrochemical parameters of the pond versus a smaller capacity, but more controllable features regarding water quality, of the fiber tank with partially reused water.
Maintaining a proper living environment for fish, in general, and for catfish species, in particular, is the base of a good health management [1, 2]. The European catfish, Silurus glanis L., is considered a species with high economic value [3] and potential growth in Romanian aquaculture [4, 5, 6]. So, the aspects regarding their basic needs are of a great interest to assure a good health management.
In comparison with the scaly teleost fish, the catfish are more vulnerable to some ectoparasites, as is the ciliate protozoan Ichthyophthirius multifiliis. “Ich” is one of the most well known freshwater fish diseases [8]. The lifecycle of this single celled organism involves several stages that are temperature dependent [9]. For pond production system, parasites are part of the normal environment and the transfer to another unit type could drastically change the parasite-host equilibrium, especially if the stock density increases, favoring the horizontal spreading of the parasites in the fish population. The purpose of this paper was to evaluate the circumstances of an “ich” outbreak that occur after a catfish transfer from pond into tank culture system under the conditions of an initial prophylactic antiparasitic treatment. It is, also, important to understand the pathophysiology of ichthyophthiriasis and the reason why our catfish population behaves in a certain way. 
2. Materials and methods
150 juveniles of 4 months old Silurus glanis were distributed by size in two experimental tanks (T1, T2, 600 l capacity/tank). 108 smaller catfish were introduced in T1 (G=24.58±6.92 g) and 42 bigger catfish were stocked into T2 (56.98±14.39 g). Initially, the catfish population was designed to be raised into our department recirculating aquaculture system (RAS). In order to perform the prophylactic antiparasite treatment before fish introduction into RAS, the two tanks were used for holding and treating units for the catfish biomass. The technological water was partially reused with a pump output of 1200 l/hour after a mechanical and biological filtration with Eheim external filter, type 2080. During the adaptation period, a maintenance food ratio of 1% fish biomass was manually administrated, consisting in a mixed combination of artificial pellets with raw fish meat. The photoperiod was 12 to 16 hours of light /day.
Water quality analysis

The following water quality parameters were monitored into the system: temperature, dissolved oxygen (every day, with Dissolved Oxygen Meter HANNA Instruments 98186), pH (every day, with pH-meter, model WTW 340), ammonium, nitrite ions, nitrate ions, total chlorine and chloride ions (every two days, with photometer Spectroquant Nova 400). 
Biological samples analysis

At the beginning and during the observations period, fish samples were investigated by ichtiopathological examines. Gills, tegument and internal organs were examined macroscopically and microscopically for diagnosis reasons. Behavioral and physical states were also attentively monitored. For ichthyophthiriasis, prevalence (expressed in %) and parasitic intensity (low <5 parasites/microscopic field, medium 5-10 parasites/ microscopic field, high >10 parasites/microscopic field) were assessed.
Statistical analysis

In this study, the tanks were considered the experimental unit. All data were analyzed using SPSS 15.0. Distribution normality was tested using Kolmogorov-Smirnov Z test. Differences between variables were tested using T-test. Results were considered statistically significant when p-values were below 0.05.

3. Results and discussion
Transition of the catfish biomass from the pond culture systems to the recirculation systems must always be preceded by rigid measures of quarantine in order to avoid the entrance of fastidious diseases or etiological agents [4], [10]. As a rule, in our Department of Aquaculture, Environmental Science and Cadastre, this period is accomplished by keeping the fish biomass in two tanks with partially reused water [5], [11]. Both units were used in correspondence with the two different class sizes observed for the fish population (fig. 1), normally for this age [7].

Before sorting, 3 catfish were initially examined for checking their health condition. Neither visible lesions nor microscopic investigation of the gills and teguments scrapes have revealed any potential parasites in any life stage (trophont, tomont, theront). So, the prophylactic antiparasitic treatment was performed in 2 baths of 30 minute of formalin (0.17 ml/L water), in two consecutive days.
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Figure 1. Initial body weight (BW) of catfish Silurus glanis stocked into the tank culture system, with partially reused water.
For maintenance, the catfish biomass was fed several days until the nitrites concentrations reached concerning values which imposed the stop of feeding. Nitrites dynamics and some behavioral and physical fish appearances: increasing reactivity to external stimuli (sound, light), loss of appetite, erratic swimming and, gradually, excess mucus, weakness, intermittent periods of lethargy and, most important, the gills brownish color, suggested a declining process in water quality. Trying to reestablishing the optimal values, a large volume of the water was replaced daily with 12 h dechlorinated tap water. The major influence was the great temperature fluctuations with a negative impact on fish organisms. 

When the catfish expressed an extreme distress, a new microscopic analysis allowed us to diagnose the true cause of the illness. At light microscopy, the typical shape and movements of the protozoan ciliate Ichthyophthirius multifiliis was identified (fig. 2). This is an obligate ectoparasite capable of infecting many species of freshwater fish and the most serious parasitic disease of cultured catfish [8]. 
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Figure 2. Ichthyophthirius multifiliis viewed under the microscope with the characteristic horseshoe-shaped nucleus (original photo)
Usually, the large parasite is highly visible under the form of white dots - up to 1 mm - forming the basis for the common name of "white spot” disease. Ichthyophthirius feeds on cell debris created as the adult (trophont) stage migrates throughout the epidermis. 
In our case, the disease evolved chronically, some of the clinical signs being considered consequences of the suboptimal range of the water quality parameters (table 1, fig. 3 to 8). The low temperature of 15oC determined the increasing of the parasite lifecycle till 13-14 days to be complete. 
No differences were noticed between the two fish tanks populations regarding mean prevalence (100 %) and mean intensity (high) of the ciliate on gills and skin. 

Several treatments were potentially set up [9] but the choice of the NaCl solution appears to solve both the ciliate inhibition (mostly for the free swimming theronts) and methemoglobin alleviation. For two days the catfish were exposed to a prolonged bath of the saline solution 1 ppt.
In the final, 90 % of the catfish population died by respiratory compromise and interference with osmoregulation.
Table 1. Limitative water quality parameters monitored into the tank culture system
	Parameter
	T1
	T2

	
	Mean±Stdev
	Mean±Stdev

	Temperature (oC)
	15.75±0.86
	15.42±1.08

	O2 (mg/l)
	6.34±0.77
	6.79±0.62

	pH
	6.93±0.19
	6.98±0.14

	NO3- (mg/l)
	3.20±3.33
	1.77±2.05

	NO2- (mg/l)
	3.08±2.44 a
	1.15±1.18 a

	NH3 (mg/l)
	0.002±0.001 a
	0.005±0.004 a

	Cl2 (mg/l)
	0.06±0.03
	0.06±0.02

	Cl- (mg/l)
	58.20±41.23
	56.17±39.58


a significant differences between tanks (p<0,05, T –test for independent samples)
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	Figure 3. Variation of the water temperature during the observation time.
	Figure 4. Variation of the water pH during the observation time.
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	Figure 5. Variation of the nitrate ions concentration during the observation time.
	Figure 6 Variation of the nitrite ions concentration during the observation time.
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	Figure 7. Variation of the NH3 concentration during the observation time.
	Figure 8. Variation of the Cl2 concentration during the observation time.


4. Conclusions

Determining the cause of catfish illness and death during the observation time was difficult and frustrating for those who take care of these fish. The stressing factors that influence the prevalence and severity of a parasitic disease were related to the catfish (biological factors, i.e. the absence of the scales) and, mostly, to the environment (changing culture system, suboptimal water quality). These factors mediated the transition from nonclinical enzootic to epizootic clinical infection.

The constant rising of the NO2- concentration during the holding period caused the appearance of some characteristic symptoms, such as the gills brown coloration, masking the first symptoms of ichthyophthiriasis and contributing to the subclinical evolution of the disease. As a consequence, the catfish were treated by replacing daily a large volume of dechlorinated tap water that determined great temperature fluctuations. The stress resulting from suboptimal environmental conditions (high nitrite concentration, lower temperature, higher chlorine concentration) was, probably, an important contributing factor that caused the loss of protective mucus, compromise the integument and stressed the fish immune system. Delaying in the ichthiophtiriasis diagnosis led to a severe clinical infestation which drastically affected gill tissue and respiration capacity. The treatment with 1 ppt solution NaCl was choosing to resolve both the ciliate inhibition and methemoglobin alleviation. Unfortunately, at this stage, the stress of chemical treatments, usually, does more harm than good to the weakened fish. Even an “inoffensive” substance for fish, as 1 ppt solution NaCl is considered, could continue to compromise the fish natural resistance. Finally, the destruction of gill epithelium seriously affected the osmoregulation, fish dying by asphyxia.
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