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Abstract

Fisheries and aquaculture have become vital contributors to human existence and progress. Over the last five
decades, the supply of fish has outplaced the growth in the percentage of the world population, and today, fish
meat stands as one of the most crucial sources of animal protein. Fin damage in aquaculture trout is a common
occurrence in intensive trout production worldwide and in our country. The cultivators are aware of its
presence, but they don’t draw attention and regard it as a “cultivation phenomenon” that cannot be influenced.
This research was conducted at the fish farm in the village Rezhanovtse (Likovo region). It analyzed the degree
of fin damage in rainbow trout (Oncorhynchus mykiss (Walbaum, 1792)) in several months (February, April,
June, and September 2023). The study included two groups of fish (<30 g and >100 g.) Among 430 individuals
of fish included in the study, analysis revealed that all fins, totaling 2240 were damaged to different degrees,
with a frequency of 100%. Superficial scarring was represented by 53%, breakage by 24%, burning by 9%,
bleeding by 7%, and wound closure at 5%. Additionally, there were instances of fin folding and shedding of
fin rays, each occurring at a rate of 1 %. In the group of fish weighing less than 30 g, the damage rates were as
follows: 2.30 for the dorsal fin, 1.13 for the caudal fin, 1.29 for the subcaudal fin, 1.72 for the left pectoral fin,
1.71 for the right pectoral fin, 1.39 for the left ventral fin, and 1.42 for the right ventral fin. For fish weighing
over 100 g, the damage rates were higher: 3.11 for the dorsal fin, 1.75 for the caudal fin, 1.90 for the subcaudal
fin, 2.72 for the left pectoral fin, 2.70 for the right pectoral fin, 2.14 for the left ventral fin, and 2.17 for the
right ventral fin. Additionally, in a small number of fish in the <30 g category, aside from fin damage,
deformities (malformations) in their gill cover (operculum). The results of this study revealed that both
categories of fish were affected with fin damage, and the dorsal, and pectoral fins were the most damaged fins.
In addition to the visual observations of fins, also were analyzed (May and August 2023) the abiotic parameters
of the water that supplies the farm’s basins. The values measured in August were higher than those in May,
and these changes can be taken as the cause of fin damage in the rainbow trout at this research farm.

We hope that this research will result in proposals for the modification of farming practices and the continuous
improvement of the fin profile of cultivated rainbow trout.
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1. Introduction

Aquaculture, as one of the fastest-growing sectors in animal production (average annual growth
of 8.8%), contributes almost 50% to the consumption of fish in the world, and it is predicted
that in the next decade, the total production of fish will exceed the production of beef, pork, or
chicken [16].

In this regard, aquaculture plays an important role because it contributes to better food by
improving the quality of fish meat as food for human consumption [17] [18].

Although there is a positive overview of the fish industry and its products among consumers
[20], they warn of increased interest in the sustainability of fish production and the welfare of
farmed fish [2].

There are a large number of fish welfare studies based on different measurement variables for
assessment. Among them, feather damage is one of the frequently analyzed indicators due to its
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obvious manifestation and potential modesty for determination [10], [11], [12], [19], [23], [25],
[27], [28], [40], [41], [42], [45], [46], [48], [50].

In response to this phenomenon, the aquaculture industry took steps to ensure good fish welfare
through the development and application of farming practices in which their welfare is also
included.

An example of this is the Federation of European Aquaculture Producers, where "respect for
the welfare aspects of farmed fish" is one of the guiding principles for aquaculture [15].

Fin damage is considered a very important indicator of fish welfare [42] and is a frequent and
quite serious phenomenon that appears mainly in farmed fish [32], although it can also be found
in the wild (natural) population of fish [29]. From the very fact that the occurrence of fin damage
is greater in cultured fish than in natural ones, let us understand that the appearance of this
phenomenon may be a consequence of the density of cultivation, the feeding regime, and
environmental conditions [38].

Fin damage in rainbow trout cultivated in aquaculture is a common occurrence in our country
as well.

Therefore, the main goal of this research is to gain a real insight into the condition of the fins,
the factors that influence their damage, and the possibilities for reducing the frequency of their
damage in rainbow trout cultivated in aquaculture in the Republic of North Macedonia.

2. Materials and methods
The research included 8 ponds of the trout farm in the village of Rezhanovtse, with a total

annual production of 3000-5000 kg and a flow rate of the supply water from source 2, 64 m/s
(Figure 1).

Figure 1. The fish farm in the \;illage of ezanovtse, Likovo region, photgraphed by drone (top photo) and
digital camera (bottom photo).

The fishpond research was carried out in two parts. In the first part, the owner or responsible
technologist of the fish farm was surveyed, with which the main technological moments in
production were included and data were provided on: the type of pool (circular or rectangular)
and the surface, the material from which the pool was built and since it has been in operation,
the purpose of cultivation and the annual production, the amount of water available, the
temperature of the water and also the amount of oxygen dissolved in the water, the density of
cultivation, the type of food, the frequency of daily feeding, the number of daily feeding and
the method of their giving, selection and shooting, the presence of diseases and the frequency
of mortality and the type of medication and the way of its application.
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In the second part, the analysis of fin damage is included. Before starting the analysis of the
fins, the fish were clinically observed to ascertain possible diseases.

The fins were analyzed in two categories of fish (with a body weight between 30g (min. 59)
and over 100g (max. 250g). From the breeding pools in which the mentioned categories were
present, photos of the fins of 170 fish were analyzed according to categories (Figure 2).
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. A-Dorsal fin crack, B-Tail fin surface pitting, C-Tail fin crack, D-Dorsal

fin injury (original photo).
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Figure 2. Macroscopic damage o

The fish were caught in groups according to random selection using the existing pool equipment
(net) (Figure 3).

Figure 3. Shooting fish with a net (original ph)

To include seasonal changes in cultivation, the research of all farms was carried out twice during
a calendar year. The first research was carried out in late winter and early spring, and the second
during the summer period (a total of 2240 fins of 430 fish were analyzed).

Fin damage analysis was done according to the valid macroscopic quantitative key [23] (fig. 4
and 5).
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Figure 5. Photographic keys to fin damage in rainbow trout weighing < 50g (Hoyle et al. 2007)

The method is based on the fast macroscopic description of the damage of all fins (except the
fat one) in field conditions and includes two parts. In the first part, based on the photographic
key, the degree of lack of tissue in the fins was determined on a scale of 0-5 (0-no damage; 5-
complete loss of fins), while in the second part, based on clinical descriptors the damages and
lesions of the fins were qualitatively classified: damaged edges (surface gnawing), cracks (V-
shaped cracks between the spicules); bat spicules (absence of soft tissue); bleeding (spots with
clearly defined borders and dark red color); flashes (presence of unnatural redness); thickening
(presence of adipose tissue with greater thickness compared to the normal fin) and folds (lateral,
as a result of regrowth).

The time required for the analysis of the fins was 10-15 sec., [23] which is sufficient for damage
analysis without negative impacts on fish welfare. After the analysis, the fish were returned to
the pool.

Statistical analysis of the results was performed with the Statistica 8 software package, and the
results were presented as percentages or as mean values.

One-way analysis of variance of multiple mean values (one-way ANOVA) was used to process
the data for statistical differences between fish farms.

Student's t-test of two mean values was used to analyze statistical differences between two fish
groups and seasonal variations. Results were considered statistically significant at the 0.001
significance level (p<0.001).
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The analysis of the abiotic parameters of the spring water samples (water pH, conductivity,
temperature, total hardness, carbonates, bicarbonates, calcium, magnesium, sodium, and
potassium ions) from which the fish ponds were supplied was carried out in the analytical
laboratory of the Center for Public Health in Kumanovo.

The pH of the water was determined according to the AOAC Official Method 973.41., which
is based on the determination of the concentration of hydrogen ions and hydroxyl groups in
water.

The reagents that were used for the determination of this parameter were buffer solutions with
pH 4.0, pH 7.0, and pH 10.0. The Mettler Toledo digital pH meter and laboratory glasses were
used as apparatus.

The water sample analyzed at room temperature was placed in a glass laboratory glass with a
volume of 20 ml, in which the electrode of the pH meter was then immersed. After some time
of its stay in the water, the device is keyed and the pH value is read, even at the moment when
it has not changed. Before reading the pH value, the pH meter was initially calibrated with
buffer solutions with pH values of 4.0, 7.0, and 10.0.

The reading of the pH value is made directly from the display of the device. The reporting of
the results is done in numerical value with one decimal place.

The electrolytic conductivity was performed according to the AOAC Official Method 973.40.
which is based on the determination of the electrolytic conductivity value. The reagents that
were used for this purpose were solutions with electrolytic conductivity of 1413 uS/cm and
12.88 uS/cm, while the apparatus used was the Mettler Toledo digital conductometer and
laboratory glasses.

The analyzed water sample of 20 ml at room temperature is placed in a laboratory glass in which
the electrode of the conductivity meter is then immersed, and after a time of its stay, the device
is keyed and the electrolytic conductivity value is read at the moment when it has not changed.
Before reading the value, the device was initially calibrated with standard solutions with an
electrolytic conductivity of 1413 uS/cm; 12.88 mS/cm. The reading of the conductivity value
is taken from the display of the conductivity meter.

The determination of the water temperature was done with an Aswar TP-300 digital
thermometer by immersing the electrode in the glass filled with 100 cm? of spring water and
reading the temperature value from the thermometer screen.

The general hardness of the water is determined according to the AOAC Official Method
973.52, which is based on the determination of the hardness of the water thanks to the titration
with Komplexon EDTA in the presence of ammonia buffer and Eriochrome black as an
indicator. The reagents used to determine this parameter were Komplexon EDTA 111, 0.05N,
ammonia buffer, and black Eriochrome.

Using a beaker, 50 ml of spring water was placed in an Erlenmeyer flask (300-500 ml), then 5
ml of ammonia buffer and a spoonful of Eriochrome black were added with a pipette. The
titration is done with Komplexon EDTA 111 0.05 N until the color changes from purple to blue.
The water hardness value is calculated using the formula:

D=V, x 0.05 x 56 x 1000/10 x 50 = 5.6 x V;

The determination of carbonates was carried out according to the AOAC Method 920.194,
which is based on the titration of the water sample with hydrochloric acid in the presence of the
phenolphthalein indicator 0.05 N HCI and 1% phenolphthalein solutions were used as reagents.
In the 250 cm® Erlenmeyer flask, add 100 cm? of the water sample and a few drops of
phenolphthalein indicator. If a purple color appeared, then the sample was titrated with HCL
0.05 M until the color changed.

The amount of carbonates was calculated according to this formula:
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CO*(mg/100ml) = V x 3 (factor)

Bicarbonates were determined according to the AOAC 920.194 method, which is based on the
titration of the water sample with hydrochloric acid in the presence of the methyl orange
indicator. The reagents used for the determination of this parameter were 0.1 N HCL solution,
reagent 18, and Methyl-red.

In the Erlenmeyer flask of 250 cm?, 100 cm? of the water sample and a few drops of the methyl
red indicator were added with a graduated cylinder and titrated with the HCL solution 0.05 M
until the color changes from yellow to orange.

The calculation of the amount of bicarbonates is made according to the formula:

HCO*(mg/100ml) = V x 3.05 (factor)

Where V-cm? represents the HCL solution (0.05 N).

The determination of macro-elements was carried out according to the EPA 200.7 method with
the help of the MP-AES (Microwave Plasma Atomic Absorber) apparatus. The reagents that
were used for the determination of macro-elements (Ca, Mg, Na, and K) were water distilled
for holmium and HNOs in a ratio 1:1 with water.

20 ml of water sample was pipetted and placed in centrifuge tubes (50 ml) to which we added
0.4 ml of HNOsin a 1:1 ratio with distilled water. The lid was closed and the sample was mixed
well, then the mixed sample was placed in the MP-AES atomic absorber, where the macro-
element values were determined.

The results in ppm (mg/kg) were read directly into the computer after entering the data during
the work procedure for the MP-AES method.

3. Results
The prevalence of fin damage was determined based on macroscopic, qualitative clinical

descriptors of fin damage and the number of fish analyzed. In 430 fish, 2240 analyzed fins were
damaged to different degrees, and the prevalence was 100% (Figure 6).
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Figure 6. Prevalence and type of fin damage in rainbow trout cultured in fish ponds in the farm of village
Rezhanovtse, Likovo region
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From the graphic presentation, we can observe that surface crushing as a type of fin damage in
the analyzed fish was represented by 53%, cracks by 24%, inflammation by 9%, hemorrhage
by 7%, wound closure by 5%, while folding of the fins and stripping of spicules by 1%.

The macroscopic damages of fins in the analyzed fishes are presented in the following picture
(Figure 7.).

FLES N
Figure 7. A-crack of the dorsal fin, B-surface pitting of the caudal fin, C-injury of the dorsal fin, D-exfoliation of
the fin rays of the dorsal fin, E-folding of the dorsal fin, F-injury of the pectoral fin, G -G-hemorrhage of the
caudal fin, H-covering the wound of the dorsal fin (original photo from the field)

In a small number of fish of the <30g category (5 individuals), in addition to damage to the fins,
malformations (deformities) of the branchial caps were also found (Figure 8).

Figure 8. Malformation (deformity) of the operculum in the trout of the water basins of the fish farm included in
the study

The rate of damage to all fins from each category of fish and from each fish pool is shown in
Table 1. An analysis of fin damage to confirm seasonal changes did not show statistical
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significance, data were processed for 30 individuals per category. The overall results of fin
damage are presented in Tables 1 and 2.

Table 1. Fin damage rate in fish < 30 g in all water basins

No. Fin Rating scale
1 dorsal 2.30
2 caudal 1.13
3 Post caudal 1.29
4 left pectoral 1.72
5 right pectoral 1.71
6 left pelvic 1.39
7 right pelvic 1.42
Table 2. Fin damage rate in fish > 100 g in all water basins
No. Fin Rating scale
1 Dorsal 3.11
2 Caudal 1.75
3 Post caudal 1.90
4 left pectoral 2.72
5 right pectoral 2.70
6 left pelvic 2.14
7 right pelvic 2.17

From the tabular presentation of the degree of fin damage, it can be seen that in both categories
of fish (<30 g and >100 g), the dorsal fins were the most damaged, while the pectoral and ventral
fins were the most damaged.

The extent of damage and prevalence of all fins in both fish groups and across all farms are
presented in Table 3.

Table 5. Degree of damage and prevalence of all fins in fish of both groups of all farms included in the study
Tip of fins Farm1l | Farm2 | Farm 3 | Farm Farm6 | Farm7 | Farm 8
Size of fish 4,5

Dorsal (<30g) 3,63 2,53 3,02 2,30 1,50 2,35 2,13
Dorsal (>100g) | 4,27 3,23 4,07 2,77 2,10 2,12 3,32
prevalence p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,01 | p<0,001
Caudal (<309) 1,43 1,30 1,37 1,33 1,03 1,13 1,07
Caudal (>100g) | 2,95 1,73 2,07 1,85 1,73 1,73 2,28
prevalence p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001
Postcaudal 1,73 1,67 1,52 1,47 1,10 1,73 1,33
(<309)

Postcaudal 3,60 1,85 2,37 2,07 1,80 2,03 2,40
(>100g)

prevalence p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,01 | p<0,001
Left pectoral | 2,10 2,02 1,78 1,82 2,10 2,03 1,73
(<309)

Left pectoral | 4,10 2,70 2,57 2,43 3,07 2,43 3,08
(>1009)

prevalence p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001
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Right  pectoral. | 2,07 2,03 1,80 1,83 2,07 2,02 1,70
(<309)

Right  pectoral | 4,12 2,67 2,53 2,47 3,10 2,40 3,05
(>1009)

prevalence p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,001 | p<0,01 | p<0,001
Left pelvic | 1,58 1,75 2,18 1,50 1,33 1,30 1,47
(<309)

Left pelvic. | 3,07 1,93 3,03 2,13 1,87 1,90 2,47
(>100g9)

prevalence p<0,001 | p<0,01 | p<0,001 | p<0,001 | p<0,001 | p<0,01 | p<0,001
Right pelvic | 1,57 1,77 2,20 1,53 1,43 1,33 1,43
(<309)

Right pelvic | 3,05 1,97 3,07 2,15 1,97 1,93 2,43
(>1009)

prevalence p<0,001 | p<0,01 | p<0,001 | p<0,001 | p<0,001 | p<0,01 | p<0,001

From the average values obtained for the degree of damage to all fins in both groups of fish (<
30 g and > 100 g), it was found that except for farm 2 where for the ventral fins, the values
obtained for the degree of damage to the fins were not statistically significant (p<0.01), and
farm 7 where the values obtained for all fins also resulted in a statistically insignificant
difference, in all other farms the results obtained for the degree of damage were statistically
significant (p<0.001).

The results of the abiotic parameters of the analyzed water samples of the spring feeding the
fish ponds for the spring and summer periods are shown in Tables 4 and 5.

Table 4. The results of the abiotic parameters of the analyzed water sample of the source supplying the fish farm
in the village Rezhanovtse of the Likovo region in the spring period (May 13, 2023)

No. | Analyzed Units of | Results | Measurement | Methods/Apparatus
abiotic measurement limits
parameters
1. H AOAC official methods
P pH units 6.32 >6,5and<9,5 | 973.41
2. Electrolytic 193.2 AOAC official methods
conductivity uS cm?t né 2500 973.40
20°C
3. | Temperature °C 19.5 Thermometer
4. | General AOAC official methods
hardness d°H 7.2 30 973.52
5. Carbonates mg/100 ml <0.1 AOAC methods
920.194
6. Bicarbonates mg/100 ml 8.2 AOAC methods
920.194
4. |Ca™ mg/I 40.6 150 EPA methods 200.7
5. | Mg™ mg/I 3.51 100 EPA methods 200.7
6. | Na' mg/I 0.8 200 EPA methods 200.7
7 K mg/I 0.3 50 EPA methods 200.7

Regulation of limits: ISBN 978-92-4- 151376-0 (WHO)
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Table 5. The results of the analysis of abiotic parameters of the water sample of the source supplying the fish
farm in the village.Rezhanovtse of the Likovo region in the summer period (05 August 2023)

No. | Analyzed Units of | Results Measurement | Methods/Apparatus
abiotic measurement limits
parameters
1. H AOAC official
P pH njésit 7.62 >6,5and <9,5 | Methods 973.41
2. Electrolytic AOAC official
o uS cm?t né|277.4 2500 methods 973.40
conductivity 20°C
3. Temperature | °C 22.2 Thermometer
4. General AOAC official
hardness d°H 7.3 30 methods 973.52
5. Carbonates mg/100 ml <0.1 AOAC methods
920.194
6. Bicarbonates mg/100 ml 8.35 AOAC methods
920.194
4. Ca™ mg/I 43.9 150 EPA methods 200.7
5. Mg** mg/I 4.47 100 EPA methods 200.7
6. Na* mg/I| 0.75 200 EPA methods 200.7
7 K mg/l 0.3 50 EPA methods 200.7

Regulation of limits: ISBN 978-92-4- 151376-0 (WHO)

Based on the values obtained for the analyzed abiotic parameters of the spring water samples
for both periods, we have managed to establish that, unlike the spring period, in the summer
period, we had an increase in the values of almost all the analyzed parameters.

With the analysis of the state of fin damage in the fish farm pools in v. Rezhanovse, in the
region of Likovo, the prevalence of 100% was confirmed, i.e., fin damage was found in the fish
of all the pools analyzed. The main damages were characterized by "superficial bites" (damaged
edges), while the finding of "baric fin rays" showed that there were no signs of active bacterial
infection in the analyzed individuals. The finding of "damaged edges" shows that fin damage is
present in trout production in our country. In all the fish analyzed, there were damaged fins to
different degrees, which indicates the fact that all fins with fin rays are under the influence of
damage [6], [25].

4. Discussion and conclusions

This research confirms the finding that fin damage is present in salmon culture production and
is consistent with previous findings that fin damage is widespread in trout farms [13], in
neighboring countries [25], and also in the Republic of North Macedonia [10].

The most damaged fins in both categories of fish analyzed were the dorsal and pectoral fins.
The same dams were also damaged in the smallest individuals analyzed (5g), which indicates
the fact that damages appear in the early productive stages at the breeding site [30], [54]. For
this reason, research on the fin damage process in fish in the breeding grounds should be a
priority for research in this field in the future.

The damage of other fins was much greater in the larger categories, which indicates that the
conditions and technology of cultivation, to a considerable extent, influence the degree of
damage.
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Fin damage was to a lesser extent pronounced in the smaller categories analyzed. This finding
is consistent with the findings of [4], [54], that fin damage at an early age continues throughout
the cultivation process. The differences in fin damage between the two analyzed categories
indicate that it is possible to improve the profile of fins in farmed trout, which would result in
better welfare and better aesthetic qualities of commercial fish. In individuals of the largest
categories, the degree of variation in fin damage between different pools on a farm was not very
large. This suggests that injuries are certainly related to genetic factors that vary between farms
and may affect all fish in a farming system.

The finding of severely damaged fins in some fish in a pool indicates that some factors probably
influence the rate of fin damage more at the individual level than at the group level.

This finding, except the dorsal fin and ventral fin, is not consistent with other studies of fin
damage in salmonid fish [1], [7], [44], [55]. Perhaps this finding is the result of the application
of the other methodology for the assessment of damages, the effects of etiological and risk
factors on the different fins due to their position in the body of the fish.

In this research, the difference in fin damage was proven depending on the cultivation season.
The same conclusion was reached by Macintyre in his research on the influence of water quality
on the well-being of rainbow trout in the United Kingdom [34]. This finding once again
emphasizes the importance of farm practices for fin damage.

The perfect correlation between damage to pairs of fins indicates the fact that if a factor affects
one pair of fins in a certain way, it will affect the other pair in the same way. St-Hilaire et al.
reached the same conclusion [54].

The absence of fin damage in river trout and trout reared in isolation [30] indicates that farm
conditions initiate fin damage. For this reason, fin damage is considered a breeding
phenomenon. The differences in fin damage in the analyzed farms show that certain factors or
groups of factors specific to each farm influence the degree of damage.

Several potential risk factors for fin damage were identified in this research. Concrete
identification and association of risk factors and fin damage is experimentally dependent and
requires a comparison between groups of affected and unaffected individuals. The greater the
difference between the groups, the easier it is to identify the factors that influence the
differences obtained. This research only hypothesizes possible cause-effect relationships. In this
type of research, in the conditions of farm cultivation without manipulation of living conditions
and cultivation practices, no real connection can be established with a certain factor due to the
impossibility of excluding other risk factors. Thus, the proposed risk factors are related to fish
welfare and are regularly present, regardless of whether their welfare is good or bad. For these
reasons, this part is hypothesized for fish with the most damaged fins from the >100g category,
separately for each factor, taking into account the multifactorial nature of fin damage.
Variations in the dynamics of water flow in the rectangular basins and the possible influence of
other farming factors (water temperature, percentage of daily feeding, food retention, etc.)
probably contributed to the high rate of fin damage on the researched farm. At the moment,
there is no data in the literature about the different effects of circular and rectangular pools on
fin damage.

Roque d'Orbcastel et al. [11] in their research on the growth and well-being of rainbow trout in
recirculating and classic cultivation systems, found that fish in recirculating systems had greater
damage to the dorsal and ventral fins. They concluded that changes in the hydrodynamics of
recirculating systems are the cause of the greatest fin damage.

Water temperature certainly affected fin damage, with greater damage to dorsal and pectoral
fins. According to our study, greater damage to the fins was found during the summer season,
where, compared to the increase in temperature, changes were also observed in other abiotic
parameters of the source water from which the pools of the cultivation farm were supplied
(Table 5).
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So, in all the fish, the damage to the dorsal fin and pectoral fin was probably caused as a result
of the action of some other risk factors. In general, there is a confusing picture in the literature
about the influence of temperature on fin damage.

According to Winfree et al. [61], fin damage was less during lower temperatures, while
according to Schneider and Nicholson [52], damage was greater during higher temperatures. In
the research of Wagner et al. [60], temperature did not affect fin damage, while Udomkusonsri,
& Noga, [57] proposed that fin ulceration is directly related to water temperature.

Although there is evidence according to which fin damage is proportional to the high density of
cultivation [7], [13], [43], [47], [58], [61], there are researches and papers reviewed according
to who do not have such a relationship [13], [22], [33], [35], [50]. Ellis et al. [13], suggested
that the effect of high stocking density on fin damage is mediated by water quality and
behavioral interactions.

Maclntyre, [34], proved that water quality is not a mediator and supported the hypothesis that
the effect of cropping density on fin damage is mediated by behavioral interactions. This
research and the existing data from the literature show that the density of cultivation is a possible
risk factor, but with smaller effects compared to other factors.

Fin damage was not affected by the percentage of daily feed, although damage to dorsal,
pectoral, and ventral fins was greater in pool 1, where food was also given in a smaller
percentage. In Basin 1, this risk factor is closely related to low water temperature and long
periods of malnutrition during the year.

On the other hand, in pool 3, there was similar damage to dorsal and ventral fins to pool 1, the
percentage of daily molting was more than twice as great, while the situation with pectoral fins
was identical, but again, there was marked damage to the fins. Dorsal fins in pools 2 and 8 and
pectoral fins in pools 6 and 8.

Data from the literature about the influence of the percentage of daily feeding on fin damage
are contradictory. According to Jones et al. [28], Moutou et al. [39], and Winfree et al. [61], the
smallest percentage of daily feed or food intake results in severe fin damage. On the other hand,
Kindschi et al. [30] and Klontz et al. [31] prove that dorsal fin damage is not directly dependent
on reduced daily intake or food intake.

About the daily average in the smallest categories in the breeding pools, there were only small
variations. For these reasons, the number of daily meals as the only factor in this research cannot
be hypothesized.

It is known that consumer fish farmers are often under pressure to produce as many kilograms
as possible in the shortest possible time, and due to the needs of the market, they sometimes
feed the fish with food or completely stop feeding for a certain period.

Perhaps these farming practices affect fin damage through increased aggression in fish or some
other social interactions.

Although fish handling has been suggested as a cause of fin damage [24], in this study, the
selection of fish did not affect the extent of fin damage.

In this study, the method of treatment (except selection) and transport of fish, quality of food,
exposure to stressful agents, speed and currents of water, genetic differences of breeding
varieties, and albinism were not included.

Perhaps the difference in fin damage in the analyzed pools is due to any of these factors or their
combinations.

The process of fin damage is still unclear enough due to numerous studies that give conflicting
results and probably do not reflect reality. The relevance of different etiological factors and risk
factors remains to be determined due to the different significance in different conditions of
production.

During the research period, there were no disturbances in the technological process, no signs of
infectious, parasitic, or non-infectious diseases were detected, and there was no mortality in the
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fish of all the pools analyzed. This allows us to understand that fin damage by itself does not
represent a serious threat to production parameters. This is to be expected, because fin damage
as a cultivation phenomenon has been highly tolerated during the expansive development of
salmon culture in the last four decades [12]. Thus, fin injuries are a legitimate part of fish
welfare because they present injury to living tissue [13], which can induce pain [8], [53], allow
entry of disease agents [14], [ 21], [36] and affect behavioral performance [1], [3], [5], [9], [24],
[371, [49], [51], [56], [59].
Future research in this area should be focused on the impact of farming practices on individual
fin damage, the impact of damaged fins on fish performance, and their behavioral needs. We
think that in this way, useful information will be obtained which will be used to define the
acceptable level and type of damage for each fin. Also, we consider that it would be necessary
to have a standard method for fin damage analysis, which will enable comparison between
researchers, especially when two or more rainbow trout farms are included in the study.
Based on this study, we can derive several conclusions, including:

1. The method applied for the analysis of fin damage will be shown to be efficient for
the evaluation of their damage in pond-cultured trout.

2. Fin damage will be present and widespread in trout production in the Republic of
North Macedonia.

3. All feather beam feathers will be exposed to damage.

4. Fin damage will be present in juvenile fish in breeding grounds and will continue to
increase during the production process.

5. The most damaged fins in rainbow trout cultivated in ponds in our country will be the
dorsal and pectoral fins.

6. A certain factor or set of specific factors for each bass can influence the degree of fin
damage.

7. Factors with possible influence on fin damage in rainbow trout cultivated in North
Macedonia may be temperature and other factors that we need to identify.

8. Damaged fins will not affect the productive performance of farmed trout.
From all these conclusions, the general conclusion emerges, according to which the high
prevalence shows that fin damage is a significant indicator for the well-being of rainbow trout
cultivated on farms in our country, but also more widely. Due to the diversity of injuries, it is
understood that farm practices affect the feather profile. However, it should be noted that the
analysis of risk factors only indicates the existence of statistical associations. For these reasons,
experimental studies are needed to manipulate the proposed risk factors to validate statistical
associations. This study would result in proposals for the modification of farm practices and the
continuous improvement of the fin profile of farmed rainbow trout in the Republic of North
Macedonia.
Therefore, based on the above-mentioned conclusions that emerged from this study, we can
recommend the application of cultivation practices with which feather damage can be reduced:

- Throwing gravel at the bottom of the concrete pools to prevent rubbing of the fins,
especially the pectoral, ventral, anal, and subcaudal fins.

- Covering the pools to form shadows, to prevent the negative action of the sun's rays
(especially ultraviolet ones), during the warm summer months.

- Cultivation of fish in faster-flowing water. In this way, the fish will be in better
physical condition, which also improves the condition of the fins.

- Increasing the number of water changes. This will reduce the accumulation of harmful
nitrogenous products and the risk of low alkalinity.

- Cultivation of fish in the required technological limits of temperature, oxygen
saturation, and light intensity.
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- Shooting nets should be free of knots, and, as much as possible, the handling of fish
should be reduced to avoid their injury.

- When hunting and transporting fish, it is preferable to use electric pumps with batteries
instead of nets that would provide the necessary oxygen during transport to the destination.

- To use new food formulations that satisfy the nutritional needs and reduce the
possibility of fin injury.

- The fish should be fed through feeders distributed evenly throughout the length of the
pool. In this way, the fish themselves will dictate the size, frequency and time of the daily

feeding.

- If the fish are fed by hand, then the food should be uniformly distributed throughout
the length of the basin to avoid grouping of fish in the feeding area.
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