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Abstract. Ulcerative dermal necrosis (UDN) has been
observed in sea trout (Salmo trutta 1.) entering the Stupia
River to spawn. During this time, various biotic and abiotic
factors can disrupt homeostatic balance, leading to severe
pathological changes, including those on the skin surface. The
aim of the study was to determine whether the symptoms of
ulcerative dermal necrosis affect the growth and condition of
sea trout migrating to spawning areas in the Stupia River.
Between 2021 and 2024, 63 fish ascending the fish ladder in
the Stupia River were tested. The length-weight relationship
(LWR) and Fulton’s condition factor (Kc) were estimated.
A comparison of the slopes and intercepts of the LWR
regressions for both healthy and diseased males and females
indicated no statistically significant differences among the
groups examined. Consequently, this suggests that UDN
infection does not have a relevant impact on linear regression.
Additionally, a comparison of Kc values between the studied
groups did not reveal a statistically significant effect of UDN in
sea trout. The current study provides basic biometric data on
spawning stocks of sea trout in the Stupia River, where UDN
is observed, thereby expanding knowledge on this subject.
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Introduction

The sea trout (Salmo trutta L.) is an anadromous fish
belonging to the species brown trout (Salmo trutta
L.), a polytypic species of the Salmonidae family dis-
tributed over a wide geographic range, which period-
ically migrate from the Baltic Sea up rivers to spawn
(Bernas et al. 2009, Degerman et al. 2012, Debowski
2018). In Poland, most sea trout return into Pomera-
nian rivers (Rega, Parseta, Wieprza, and Stupia) and
their tributaries after a two-year stay in the sea waters
(Bartel et al. 2010, Debowski 2018). During the tran-
sition from seawater to freshwater for spawning, sea
trout undergo significant changes that adapt the
fish’s organism to new environmental conditions.
During this time, various biotic and abiotic factors
can disrupt homeostatic balance, leading to serious
pathological changes, including those on the skin
surface (Kazun et al. 2023).

For many years, skin lesions observed in fish mi-
grating upstream in autumn have been described as
ulcerative dermal necrosis (UDN) (Munro 1970,
Roberts 1993, Grudniewska et al. 2011). Symptoms
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observed during early infection consist of small grey
lesions on the skin, which gradually ulcerate and be-
come infected with opportunistic pathogens. In the
advanced stage of the disease, ulcers and molds
cover large areas of the affected fish skin. According
to Noga (2000), if skin changes cover 10% of the fish
body surface, mortality can reach 50%. It is difficult
to identify a single etiological factor causing UDN, as
the disease seems to be polyetiological in nature. Ad-
ditionally, factors related to water quality may influ-
ence the etiology of UDN, and its occurrence is
predisposed by the reproductive period and the
change in environment from marine to freshwater
(Rajkowska-Mysliwiec et al. 2022, Stokowski et al.
2023, Matras et al. 2024).

Biometric analysis is an important tool for as-
sessing fish condition, as it provides information on
growth, general health, habitat conditions, life his-
tory, fatness and condition of fish, morphological
characteristics, and others. Biometric tests determine
growth related to the weight and length of fish, as
well as welfare, which is influenced by various bio-
logical and environmental factors (Froese 2006).

The importance of determining the length-weight
relationship (LWR) in fish has been emphasized in
many studies (Jisr et al. 2018, Mazlum and Turan
2018, Das et al. 2023, Ragheb 2023). The LWRs are
expressed in a formula that allows for the estimation
of the fish weight (W) using a particular length (L). It
can also be applied to studies on gonadal develop-
ment, feeding rates, and maturity conditions. How-
ever, it should be noted that the LWRs differ among
fish species depending on the inherited body shape,
and physiological factors such as maturity and
spawning relationships might change over seasons or
even days. Relationships may change during differ-
ent periods, illustrating the fullness of the stomach,
general feeding status, and gonadal stages. In addi-
tion, the growth process can differ in the same spe-
cies dwelling in diverse locations and is influenced
by numerous biotic and abiotic factors.

Another important biometric tool is the condition
factor, which is used as an indicator of fish welfare
and the health of fish populations in their habitats.
They provide information on environmental quality

and suitability, and as indices, they reflect an
interaction between biotic and abiotic factors in fish
physiological ~ conditions (Le Cren 1951,
Aminisarteshnizi and Moyo 2022, Latiu et al. 2022,
Shah et al. 2022). Condition factors compare fish fat-
ness or well-being, where heavier fish of a given
length are in a better condition. Three identified fac-
tors are known: Fulton’s condition factor (Kc), the
allometric condition factor (Ka), and the relative
weight condition factor (Kn) (Ragheb 2023). Kc mea-
sures individuals in the form of hypothetical fish, Ka
measures deviations from the form of hypothetical
fish, and Kn measures deviations from an average
weight in a given sample of fish. Variations in the
condition primarily reflect the degree of nourishment
and state of sexual maturity. The values of the condi-
tion may also vary with fish age and sex in some spe-
cies (Froese 2006).

Data on population size and conditions are cru-
cial for the effective and safe management of sea
trout resources in aquatic ecosystems. Many studies
have determined the LWRs and condition factors in
brown trout (Rawat et al. 2014, Tanir and Fakioglu
2017, Muddasir et al. 2018, Durrani 2023). In Po-
land, studies on sea trout biology in Pomeranian
rivers (Pilecka-Rapacz 2011) and the Vistula
(Borzecka 2001, Bernas$ et al. 2019), and its tribu-
tary, the Drweca (Borzecka 2003), have shown
changes in size and fluctuations in condition. How-
ever, these studies have mainly focused on healthy
fish. Considering the above aspects, this study aimed
to determine whether the symptoms of UDN affect
the growth and condition of sea trout during their mi-
gration to spawning in the Stupia River in Poland.

Material and Methods

Fish sampling

Sea trout were collected from the Stupia River
(54°27°37.8"N; 17°02°21.1"E) using chamber traps,
36 km from the mouth of the Stupia River to the Bal-
tic Sea, with the help of local fishermen and the
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Polish Angling Association trap in Stupsk (Poland).
All specimens were trapped during their spawning
migration in November 2021-2024. A total of 63 fish
were obtained and used in this study. After euthana-
sia by immersion in a bath of 0.5 g 1! tricaine solu-
tion (Sigma-Aldrich, St. Louis, MO, USA), and the
total length of each fish was measured with an accu-
racy of 0.5 cm. The caught fish were observed for
skin lesions and divided into two groups: healthy
(without lesions) and diseased (with lesions). Addi-
tionally, each group was divided into males and fe-
males, and 16 healthy fish (9 males and 7 females)
and 47 fish with pathological lesions (25 males and
22 females) were collected. The fish bodies were then
dried with a paper towel to remove excess water,
placed in iceboxes, and transported to the laboratory,
where their weight was immediately measured to the
nearest 1.0 grams.

The length-weight relationship

The LWR of fish was calculated using the equation
originally proposed by Le Cren (1951):

W=aLl

where W is the weight of the fish (g), L is the total
length of the fish (cm), a is the intercept, and b is the
slope.

The logarithmic transformation of this equation
linearizing it, facilitating the analysis with linear re-
gression and interpretation of the slope and intercept
of the line of best fit. The formula after logarithmic
transformation is as follows:

logW=loga+blogL

Applying this formula to the fish in the study, the
b coefficient helps infer the growth patterns and gen-
eral body shapes of particular species (Froese 2006).
The threshold value of b = 3 represents isometric
growth. This value indicates an ideal growth relation-
ship in which fish body parts grow at similar rates.
When the b value deviates from 3, it indicates
allometric growth, which may be caused by specific
environmental or growth conditions. If b > 3, individ-
uals of larger size increase their weight by a greater

proportion than their length, indicating positive
allometric growth. In contrast, when b < 3, individu-
als increase their relative length more than their
weight (Froese 2006).

The condition factor

To evaluate the condition of sea trout and assess the
well-being of the population in relation to its health
state, Fulton’s condition factor (Kc) (Ricker 1975,
Nash et al. 2006) was applied as follows:

Kc=Wx L2 x 100

where Wis the weight of the fish (g) and L is the total
length of the fish (cm). The index uses 1 as a bench-
mark for the condition of a standard fish: fish above
or below 1 are considered to be in relatively better or
worse condition, respectively, depending on their
distance from the benchmark value. Nevertheless, it
is essential to note that the stated formula assumes
isometric growth in fish.

Data Analysis

All LWR and Kc analyses were performed as described
by Ogle (2016) and were run in RStudio (version
2025.09.0 Build 387) (R Core Team 2025). The FSA
(Ogle et al. 2025), car (Fox and Weisberg 2019),
magrittr (Bache and Wickham 2025), and dplyr (Wick-
ham et al. 2023) packages were used for the analyses.
LWR curves were fitted from log-transformed variables
for each analyzed group using the Im() function in R.
Parameters a and b, 95% confidence intervals (95% CI),
and coefficients of determination (Rz) were estimated
from the linear regressions of the log-transformed
W and L. Anova and summary functions from the car
package (Fox and Weisberg 2019) were used to test the
significance levels (type I test, two-tailed test) of the fit-
ted linear regression models to confirm that parameters
a and b significantly explained the majority of the vari-
ability of the response variable (W). We assessed the as-
sumptions of linear regression (linearity, normality, and
constant variance) by analyzing residual plots and his-
tograms using the residPlot function from the FSA
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package (Ogle et al. 2025). To test the null hypothesis
(H) that b = 3, indicating isometric growth, against the
alternative hypothesis (HA) of allometric growth
(b # 3), we used t-tests implemented in the ‘hoCoef’
function of the FSAmisc package (Ogle 2022). To ex-
amine the differences in LWR parameters between
healthy and diseased females and between healthy and
diseased males, a dummy variable regression (DVR),
also known as analysis of covariance (ANCOVA), was
performed. A DVR constituting the difference in pa-
rameters amongst the two groups (Ogle 2016) was
transformed from the LWR equation with the inclusion
of the quantitative variable fUDN and the interaction
between the covariate log L and the quantitative vari-
able. Factor (fUDN) and DVR model significance of in-
teraction variables were determined by ANOVA from
car (Fox and Weisberg 2019). Assumption checking
followed the same process described above for linear
regression. For the Kc data analysis, we used the dplyr
package (Wickham et al. 2023) to generate summary
statistics, including ranges, means, and confidence in-
tervals. An ANOVA test was used to assess statistical
significance within grouping variables, as implemented
in Anova from car (Fox and Weisberg 2019). Levene’s
test for equal variances among groups was performed
using the car package (Fox and Weisberg 2019).

Results

The length weight relationship

In this study, 63 specimens of S. trutta were collected
between 2021 and 2024 and examined to evaluate
their length-weight data. Due to technical logistics
and permit restrictions (sampling during spawning
migration), we obtained limited sample sizes, espe-
cially for healthy male and female groups in this
study. Consequently, this limitation affects the over-
all representativeness and statistical power of the
study. The body size of fish gathered from all groups
was chosen randomly; however, efforts were made to
match their body lengths and weights to be compara-
ble between the sampled groups. The range of total

length of the investigated fish was 48-82 cm, with
mean values from 53 + 3.34 to 63 + 9.70 cm. The
body weights of the fish caught ranged from
1001-7000 g, while the mean ranged from 1382 *
386 to 2935 + 1596 g (Table 1). In our study, we
quantified the LWR equations separately for healthy
and diseased male and healthy and diseased female
sea trout (Table 2). The linear regression analysis
plot represents each set of regression analyses shown
in Fig. 1. The parameter b value ranged from 2.6334
for healthy male fish to 3.3791 for diseased female
fish. The values of intercept a ranged between 0.002
and 0.0418. The results of the t-test of the b value re-
vealed that the differences between the groups of fish
were statistically insignificant (P > 0.05) from the hy-
pothetical value of 3, leading to the rejection of H.
Therefore, the overall growth patterns of the investi-
gated groups were isometric. In contrast, the R® val-
ues for the different fish groups ranged from 0.5743
for healthy female fish to 0.9423 for healthy male
fish (Table 2). High coefficient of determination val-
ues (R2 = (0.80) for healthy and diseased males signi-
fied that the predictor variable (log L) effectively
explained (more than 80%) the predicted value
(log W), suggesting a strong model fit. In contrast, the
moderate R” = 0.5743 value for healthy females indi-
cates a lower explanatory power and greater variabil-
ity in the relationship. Overall, the three LWR models
were more robust and reliable than those in the
healthy female group. ANOVA of the linear regres-
sion LWR for all groups showed a significant rela-
tionship between fish length and weight. The
regression models had large F-values and very small
p-values, indicating that the model with both an in-
tercept and log L better described the variability in
log W than the model with only an intercept (Table
2). However, for the F-statistic for healthy females,
the p-value was quite large (0.0484), indicating that
log L still significantly interprets log W. The results
for the t-test statistics and p-values (two-tailed test)
showed a highly significant difference between the
slope of the linear regression model and the hypothe-
sized value of zero. These significant relationships
were evident in all models, indicating that the slope
was significantly different from zero and that there
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Figure 1. Linear regression analysis graphs showing log weight against log length (LWR) for sea trout from the Stupia River.

was a significant relationship between log W and log
L for all the species. The results of the DWR showed
that the interaction term, fUDN X log L, was insignif-
icant in the male (P = 0.174) and female (P = 0.962)
groups; thus, there was no significant difference in
slopes between healthy and diseased male and fe-
male groups, respectively. In addition, the fUDN
variable was insignificant in the male (P = 0.191) and
female (P = 0.955) groups, suggesting that the inter-

cepts of the compared LWR models were similar.

The condition factor

Because the LWR analysis showed that all analyzed
groups exhibited isometric growth, the condition of
the fish was estimated using only Fulton’s condition
factor. The mean Kc values for the diseased male and
female groups were 1.07 + 0.23 and 0.97 = 0.19, re-
spectively, and for the healthy groups, 0.95 + 0.14
and 0.91 £ 0.16, respectively (Table 3). The mean Kc

value was > 1 only in diseased male sea trout.
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Table 3

Range, mean, standard deviation (SD), confidence intervals (95% CI), and ANOVA F-test statistics values of Fulton’s (Kc)

condition factors of sea trout from the Stupia River

Kce ANOVA F-test statistic
95%CI 95%CI
Health status ~ Sex Range Mean + SD (Lower) (Upper)  F-value p-value
Diseased Male 0.64 - 1.66 1.07 £ 0.23 0.98 1.15 1.955 0.172
Female 040-1.21 0.97 = 0.19 0.89 1.05 0.622 0.437
Healthy Male 0.74 -1.19 0.95 £ 0.14 0.81 1.10 - -
Female 0.67-1.14 0.91 = 0.16 0.77 1.05 - -

However, there were no statistically significant differ-
ences in the mean Kc values between healthy and
diseased males (P = 0.172) or betwen healthy and
diseased females (P = 0.437).

Discussion

The UDN in salmon and sea trout migrating along the
Stupia River was confirmed in 2007 (Cieplinski et al.
2018). The occurrence of UDN may be significantly in-
fluenced by the poor condition of spawning fish caused
by environmental conditions and gonad maturation.
Diseased skin poorly protects fish against bacterial
and/or viral infections (Ciepliniski et al. 2018, Henard et
al. 2022). The pathophysiological mechanism of UDN is
associated with a decrease in the most important antioxi-
dant enzymes (Kurhalyuk et al. 2009, 2011). Addi-
tionally, our previous research showed that the levels of
male and female hormones in fish with UDN are lower
than those in healthy individuals (Matraszek-Zuchowska
etal. 2022). This may significantly affect the quality of fry
hatching from fertilized eggs.

The relationship between fish length and body
mass is important in fish biology because it can be an
indicator of reproductive activity, food intake, and
temperature changes (Nehemia et al. 2012,
Mazumder et al. 2016, Shah et al. 2022, Durrani
2023). As the value of this indicator changes season-
ally, sampling was conducted only in autumn (No-
vember), during the spawning period. In these
studies, the total weight of the sea trout included the

weight of the gonads. Since biotic and abiotic factors
significantly affect the assessed parameters of fish, it
is challenging to compare the obtained results with
existing literature data. Such studies have not been
conducted to date in the case of sea trout with clear
pathological skin changes. Nevertheless, it is worth
noting that numerous studies have been conducted
on brown trout related to sea trout. The differences in
the length and weight of fish collected from different
aquatic environments are quite large. However, in
many cases, the authors of these studies indicate sig-
nificant correlations between the length and weight
of the fish studied (Nowak et al. 2009, Mazlum and
Turan 2018, Latiu et al. 2022, Durani 2023). More-
over, for brown trout, they reported isometric growth
(Arslan et al. 2004, Verreycken et al. 2011, Durani
2023), which is consistent with the findings of the
present study. In addition, we compared our regres-
sion parameter results with those in the FishBase da-
tabase (Froese and Pauly 2025). In all cases,
coefficients a and b varied in the range for sea trout
populations (a: 0.00152 - 0.06918; b: 2.535 -
3.495). Comparing the parameters of the b coeffi-
cient obtained in this study with those obtained for
sea trout in other Polish rivers, we noticed some dif-
ferences. In the case of female winter and summer
sea trout obtained in the 1960s from the Vistula
River (Borzecka 2001), b values of 2.707 and 2.975
were obtained, respectively. In another study in the
Vistula River (Berna$ et al. 2019), the values b =
2.5802 and b = 2.8353 were calculated for sea trout
without division by sex caught in spring-summer and
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autumn 2018, respectively. On the other hand, in the
Drweca, a tributary of the Vistula, the b coefficient
for the migrating sea trout breeding stock was 2.987
for males and 3.504 for females collected between
1988 and 1992 (Borzecka 2003). These data indicate
the variability of this parameter depending on both
the time period and location of sea trout sampling.
Condition coefficient values can provide infor-
mation about the physiological state and welfare of
fish. Thus, they may indicate the development of the
gonads and the ability to reproduce (Muddasir et al.
2018, Latiu et al. 2022, Das et al. 2023, Durrani
2023). The Fulton’s condition factor (Kc) is most of-
ten used to assess fish well-being. This is based on
the hypothesis that heavier fish of a particular length
are in better physiological condition. It assumes iso-
metric growth, in which the shape of the fish does not
change with increasing length of the fish. If the popu-
lation of fish being examined does not exhibit iso-
metric growth, as is often the case (Froese 2006),
then Kc depends on the fish length. Thus, compari-
sons of Kc are restricted to fish of similar lengths to
those in the population. Kc is also a helpful index for
monitoring feeding, age, and growth rates in fish and
can be used to assess the status of the aquatic ecosys-
tem in which fish live (Ahmed et al. 2011). The Kc
value is influenced by age of fish, sex, season, stage of
maturation, fullness of the gut, type of food con-
sumed, amount of fat reserved, and degree of muscu-
lar development. Moreover, the Kc value is greatly
affected by the stage of development of the reproduc-
tive organs. In some fish species, the gonads may
weigh up to 15% or more of the total body weight
(Barnham and Baxter 1998). Knowing the fact that
the development of the reproductive organs greatly
influences the Kc value, and there is a relation be-
tween the Kc value and the fish shape, where each
family has its range depending on their shape, type
growth pattern, and b value, we followed recommen-
dation from literature (Barnham and Baxter 1998)
that points out that the sampling of the fish should be
carried out at the same time of year, so that the indi-
viduals or populations are at the same stage of the re-
productive cycle, as it was done in the frame of this
project. For salmonids, the Kc values typically fall

within the range of 0.8 to 2.0. Salmonidae with a Kc
of 1.60 presented excellent body condition, and
those with a Kc of 1.40 were well proportioned. A fair
state occurred in fish having a Kc of 1.20, and fish
with a Kc of 1.00 and 0.80 showed poor and ex-
tremely poor body states, respectively (Barnham and
Baxter 1998). The obtained results for the Kc value
in all groups of sea trout were close to 1 (Table 3), in-
dicating that the fish were in poor condition. The rel-
atively low Kc values in our study are even more
indicative of the fish’s poor condition, as Kc should
reach its higher values during the spawning period in
both sexes due to the weight of the developed go-
nads. Our mean Kc results are similar to the mean
condition data (0.89 - 1.06) for sea trout from other
rivers in the Pomeranian region (Pilecka-Rapacz
2011). In a study by Pilecka-Rapacz (2011) con-
ducted on the Stupia River, only male sea trout were
collected, and the average Kc value was 1.03. In our
study, we obtained similar Kc values for healthy and
diseased males, 0.95 and 1.07, respectively. Slightly
higher Kc values were recorded for sea trout in the
Drweca River, with values of 1.08 for females and
1.09 for males (Borzecka 2003). In contrast, fish cap-
tured in the Vistula River exhibited higher condition
indices, with K¢ values of 1.17 and 1.16 for sea trout
sampled in spring and summer and autumn, respec-
tively (Bernas et al. 2019). Even higher Kc values
were observed for female specimens, reaching
1.27-1.32 in winter sea trout and 1.26-1.32 in sum-
mer fish (Borzecka 2001). When comparing these
data to our findings, it appears that the sea trout we
collected were in a poorer condition.

In our comparison of the influence of UDN on
LWR and Kc parameters in males and females, we did
not observe any statistically significant effect of UDN
on the morphometric parameters of sea trout. On the
other hand, obtaining statistically nonsignificant re-
sults does not necessarily imply that there are no ef-
fects of UDN, especially given the small sample size
and the associated high uncertainty. The results ob-
tained in our study are comparable to those reported
in the literature, suggesting that including individuals
with small sample sizes is useful.
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Despite the insights provided by this study, its
limitations should be acknowledged. First, we cannot
deny that the small sample size may have influenced
the estimations. As mentioned earlier, due to permit
restrictions (spawning season), sample sizes, espe-
cially for healthy groups, were small, which may have
affected the accuracy of LWR and Kc evaluations.
Quantifying mean values and identifying outliers is
more effectively achieved with larger sample sizes.
However, Rodriguez-Garcia et al. (2023) argued that,
even with small sample sizes, the weight-length data
can be a valuable tool in fisheries research when
combined with appropriate statistical methods and
careful attention to potential errors. Sampling fish
with narrow size ranges may also bias the estimates
(Froese 2011). Moreover, this study focused exclu-
sively on adult individuals, which do not fully repre-
sent the sea trout population in the Stupia River.
Finally, this study did not account for possible sea-
sonal variations that may have influenced the results.
Therefore, caution should be exercised when using
these data, as the estimates of LWRs and Kc for sea
trout may be less precise. Additional studies with
larger sample sizes are needed to confirm the results
and increase the precision of the estimates. Regard-
less of these considerations, studies such as this one
are essential for understanding the condition of sea
trout infected with UDN disease.

In conclusion, the results reported in this study
contribute to a better understanding of the influence
of UDN on the general condition of sea trout, which
periodically move from the Baltic Sea to rivers for
spawning. This problem is even more important be-
cause, despite many studies, the cause and mecha-
nism of these lesions remain unclear.
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