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Abstract

Bacterial stomatitis, or mouth rot (MR), caused by Tenacibaculum maritimum, is a persistent
health issue for farmed Atlantic salmon (Salmo salar) in seawater, leading to elevated
mortality and reduced growth during the early months of production. Despite its impact,
economic estimates of MR have been lacking. We developed a model to estimate selected
direct costs associated with MR at the farm and industry levels in British Columbia (BC),
Canada. This model incorporated parameters directly affected by MR, including revenue
loss from mortality, and antibiotic treatment costs, while accounting for the feed-cost offset
associated with mortality. To address variability across farms, MR-associated mortality,
non-MR mortality, smolt weight, the number of treatments for MR, fish sale price, feed price,
price of drug, and the proportion of farms affected by MR were simulated (Monte Carlo
simulation with 10,000 iterations) using ModelRisk. Results indicated that MR imposed
an average farm-level economic burden of USD 0.74 million (SD: USD 0.45 million) per
production cycle and an industry-level burden of USD 10.58 million (SD: USD 6.54 million)
annually. This study provides model-based estimates of selected direct economic costs
associated with MR, based on BC specifications, and highlights the need for improved
mitigation strategies and policy prioritization for this disease.

Keywords: mouth rot; Atlantic salmon; economic burden

1. Introduction
Bacterial stomatitis, commonly known as mouth rot (MR) or yellow mouth disease, is

caused by Tenacibaculum maritimum and primarily affects farmed Atlantic salmon (Salmo
salar) shortly after their transfer to salt water [1,2], particularly at high salinity sites when
temperature is 12 ◦C or higher [3]. The disease manifests as yellow plaques on the maxilla,
mandible, and teeth [3], causing economic losses through increased mortality and antibiotic
treatment costs [3]. The causative agent, which has been isolated from clinical fish, tank
surfaces, water, and sediments, can be transmitted horizontally within a population [3,4].
Notably, repeated MR outbreaks may occur within the same population during the ini-
tial four to five months post saltwater entry, leading to repeated use of antibiotics on
affected farms [5].

Economic models for various health issues have been developed to estimate dis-
ease burden and evaluate the effectiveness of health management interventions, pro-
viding a robust framework for informed decision-making in aquaculture [6,7]. These
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models help prioritize specific health issues based on cost to the industry and can jus-
tify funding initiatives. Aquaculture companies can also leverage digital platforms,
such as those developed by AKVA groupTM, to support health management planning
and decision-making [8].

Although many research studies document the biological and production impacts of
MR, the economic impact of this disease at both farm and industry levels has not been
determined. To address this gap, the primary objective of this study was to develop an
economic model to quantify the context-specific direct economic costs associated with
MR in the British Columbia (BC) Atlantic salmon aquaculture industry. By establishing
this framework, this study aims to provide a baseline estimate of the disease’s financial
burden, thereby supporting industry stakeholders and policymakers in prioritizing regional
research and biosecurity resource allocation.

2. Materials and Methods
2.1. General Model Framework

To estimate the economic burden of MR in Atlantic salmon farming in BC, we devel-
oped an economic model using Microsoft Excel (Version 16.107.2) with ModelRisk (Version
8.1.2, © Vose Software) (File S1). The model framework was designed to quantify the
direct costs associated with MR. Specifically, biomass loss and treatment expenditures were
assumed to constitute the two principal components of direct disease-related costs. The
following sections describe the equations used to estimate these components. In addition,
the model accounted for the feed-cost offset associated with MR mortality. The correspond-
ing equations are presented in Section 2.3 below. To account for the dynamic nature of
the parameters and potential variability across farms, our economic model allows users
to adjust key variables for site-specific MR cost estimates. We also provided the model
without ModelRisk, enabling users without this software to estimate the costs of MR for
specific scenarios (File S2).

2.2. Parameters for the Model

The data for the parameters in our model were obtained from multiple sources,
including anonymous data from the industry, publicly available government data, peer-
reviewed literature, and a consultation panel of two anonymous salmon aquaculture
industry experts from BC, an aquatic veterinarian consultant and a production manager,
each possessing over 10 years of regional experience.

Aggregated quarterly reports from a single aquaculture company operating multiple
production sites between 2014 and 2025 were used to estimate the average, minimum,
maximum, and standard deviation of MR mortality, total mortality excluding MR, and smolt
weight, as well as the minimum, maximum, and most likely number of MR treatments.
Farms typically relied on a presumptive field diagnosis of MR which was based on gross
observations of yellow plaques in the oral cavity of fish.

For market and production parameter estimates, we used information gathered from
our industry experts and publicly available online resources, and the final values were
confirmed by all authors, who have experience in the salmon industry in Canada, Chile,
and Scotland, to ensure they were within industry norms.

The BC government data on fish health events at marine finfish aquaculture sites
between 2023 and 2025 were used to calculate the annual total number of farms with smolts
and the annual reported cases of MR. Under licensing conditions in BC, if the cumulative
mortality exceeds the regulatory threshold (1% of the stock within 24 h or 2.5% of the
stock within five days) [9], a mortality event must be reported to the Fisheries and Oceans
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Canada (DFO) within 24 h of discovery. Following this initial report, facility managers and
veterinarian(s) must investigate to determine the probable cause of the event.

Table 1 summarizes all parameter values used in the model calculations for this study.

Table 1. Summary of model parameter values used in this study.

Parameter Parameter
Type

Value/Distribution
Details Unit Reference

Fish stock and grow-out period

Number of fish at the start
of the production cycle Fixed 1,150,000 Fish [2]

Initial weight of smolt Stochastic

[Normal]

Average: 0.150
Standard deviation:
0.046
Min: 0.107
Max: 0.286

kg per fish [Anonymous
industry data ]

Thermal growth coefficient
(TGC) Fixed 2.45 g 1/3/degree days [10]

Average water temperature Fixed 11 ◦C [11]

Average harvest weight per
fish Fixed 4.50 kg per fish [2]

Unit sale price per kg of fish Stochastic

[PERT]

Min: 7.59
Mode: 8.93
Max: 10.27

USD/kg [2]

Disease and Mortality

Number of days from
stocking till MR Fixed 17.50 days [12]

Mortality associated with
MR Stochastic

[Lognormal]

Average: 2.11
Standard deviation: 1.70
Min: 0.21
Max: 7.99

% [Anonymous
industry data]

Total mortality, excluding
MR mortality Stochastic

[Lognormal]

Average: 18.53
Standard deviation: 9.41
Min: 2.42
Max: 49.01

% [Anonymous
industry data ]

Feed

Feed price per kg Stochastic

[PERT]

Min: 1.87
Mode: 2.20
Max: 2.53

USD/kg [2]

Feed conversion ratio (FCR) Fixed 1.30 [2]

https://doi.org/10.3390/aquacj6030029

https://doi.org/10.3390/aquacj6030029


Aquac. J. 2026, 6, 29 4 of 15

Table 1. Cont.

Parameter Parameter
Type

Value/Distribution
Details Unit Reference

Treatment

Florfenicol premix active
ingredient Fixed 50 % [13]

Price of florfenicol premix
per kg Stochastic

[PERT]

Min: 488.75
Mode: 575
Max: 661.25

USD

[Anonymous
industry expert,
personal
communication, 27
June 2025]

Number of treatments with
florfenicol Stochastic

[PERT]

Min: 0
Mode: 2
Max: 7

[Anonymous
industry expert,
personal
communication, 25
July 2025]

Duration of each treatment
with florfenicol premix Fixed 10 days

[Anonymous
industry expert,
personal
communication, 25
July 2025]

Dose of florfenicol drug Fixed 15 mg per kg of fish [13]

Industry Farm Count

Total number of Atlantic
salmon farms Fixed 25 farms [14,15]

Proportion of farms
affected by MR Stochastic

[PERT]

Min: 0.43
Mode: 0.56
Max: 0.72

[14,15]

2.3. Equations
2.3.1. Direct Revenue Loss from MR-Associated Mortality

The direct revenue loss associated with MR mortality (RMR) was estimated by multi-
plying the MR-associated cumulative percent mortality by the initial number of fish, and
then by the average harvest weight and the average unit market price per kilogram of
fish (Equation (1)).

RMR = (MMR × N) × W × Ph, (1)

where:
RMR: Direct revenue loss due to MR-associated fish mortality (USD);
MMR: Cumulative percent mortality associated with MR over the production cycle (%);
N: Number of fish at the start of the production cycle (fish);
W: Average harvest weight per fish (kg);
Ph: Unit sale price per kg of fish (USD/kg).
Because MR-attributable mortality (MMR) varied across production sites, we incorpo-

rated stochasticity into this parameter using the Microsoft Excel add-in ModelRisk (Version
8.1.2, © Vose Software). A lognormal distribution was selected to represent uncertainty in
MMR. The distribution was parameterized using average, standard deviation (SD), and
minimum and maximum values obtained from industry data (Table 1). We also incorpo-
rated stochasticity into the unit sale price of fish by applying a PERT distribution, defined
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by minimum, mode, and maximum values, within ModelRisk (Table 1). To determine
direct revenue loss, we conducted a Monte Carlo simulation with 10,000 iterations. The
results of this simulation were used to quantify the economic burden of MR (see below).

2.3.2. Costs of Antibiotic Treatments

To estimate the expenditure from MR treatments for our economic burden model,
we calculated the cost of individual antibiotic treatments. First, we estimated the number
of fish treated by subtracting half the population (50%) that died of MR from the initial
starting population (Equation (2)). It was assumed that approximately 50% of the fish that
died would have been treated [16].

Nt = N − [(N × MMR) × 50%], (2)

where:
Nt: Number of fish treated (fish);
N: Number of fish at the start of the production cycle (fish);
MMR: Cumulative percent mortality associated with MR over the production cycle (%).
Next, we calculated the amount of medication required per treatment by multiplying

the number of fish treated by the average fish weight at the time of MR, then by the
antibiotic dose (expressed on an active-ingredient basis), and finally by the treatment
duration (Equation (3)).

WAB = (Nt × WMR × DOAB × DUAB) ÷ 106, (3)

where:
WAB: Amount of antibiotic per treatment (kg);
Nt: Number of fish treated (fish);
WMR: Average weight of fish at the time of MR (kg) (see Equation (4));
DOAB: Dose of antibiotic (mg/kg of fish/day);
DUAB: Duration of treatment with antibiotic (days).
We divided 106 to convert mg to kg for the dose of antibiotics.
To estimate the average fish weight at the time of MR (WMR), we used the equation

from Jobling (2003) [17] with minor modifications. This equation estimated the weight
based on the initial weight of smolts, the thermal growth coefficient (TGC), the average
water temperature, and the number of days from stocking to MR (Equation (4)). To capture
variation in smolt weight at the time of stocking, we modeled stochasticity in ModelRisk
using a normal distribution with a minimum, mean, maximum, and SD obtained from
industry data (Table 1).

WMR = [{ 3
√W0 + [(TGC ÷ 1000) × (Tem × t)]}3] ÷ 1000, (4)

where:
WMR: Average weight of fish at the time of MR (kg);
W0: Initial weight of smolt (kg/fish);
TGC: Thermal growth coefficient (g 1/3/degree days);
Tem: Average water temperature (◦C);
t: Number of days from stocking until MR (days).
To convert antibiotic premix prices on an active-ingredient basis, we used an industry

estimate of the premix cost, modeled via a PERT distribution using minimum, mode, and
maximum values (Table 1), and divided it by the premix’s active-ingredient fraction. The
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medication amount per treatment was then multiplied by the unit price (also expressed on
an active-ingredient basis) (Equation (5)).

tAB = WAB × PAB, (5)

where:
tAB: Cost per treatment with antibiotic (USD);
WAB: Amount of antibiotic per treatment (kg);
PAB: Price of antibiotic (USD/kg of active ingredient).
Total antibiotic expenditure for MR treatment was calculated by multiplying the

cost of each single treatment by the number of treatment courses applied on the farm
(Equation (6)). Equation (6) illustrates this estimation using two antibiotics commonly used
for MR management (i.e., tetracycline and florfenicol) [18,19].

T = (tFFC × nFFC) + (tOTC × nOTC), (6)

where:
T: Total treatment expenditure associated with MR (USD);
tFFC: Cost per treatment with FFC (USD);
nFFC: Number of treatments with FFC;
tOTC: Cost per treatment with OTC (USD);
nOTC: Number of treatments with OTC.
For the purpose of this study, we assumed that only florfenicol treatments were

administered to manage MR. This assumption was based on the industry data. To capture
the variation in treatment practices across different farms, we incorporated stochasticity into
the number of treatments using ModelRisk software and a PERT distribution (minimum: 0;
most likely: 2; maximum: 7) (Table 1). To estimate the total antibiotic treatment costs, we
conducted a Monte Carlo simulation with 10,000 iterations. The resulting values from these
iterations were then used to populate the economic burden of MR (see below).

In addition to the two main disease costs (i.e., forgone revenue and treatment expendi-
tures), our model also accounted for the feed-cost offset associated with not having to feed
fish that died of MR.

2.3.3. Avoided Feed Expenditures (Fs)

Having MR mortality would reduce the number of fish requiring feeding. Therefore,
we estimated the feed-cost offset attributable to MR-associated mortality using Equation
(7). First, we calculated the biomass of fish that died due to MR based on the MR percent
mortality, the initial number of fish on the farm, and the difference between the average
weight of fish at harvest and the average weight of fish at the time of MR (W − WMR). This
biomass was then multiplied by an average feed conversion ratio (FCR) to estimate the
quantity of feed (kg) that would have been required to produce the biomass lost due to MR.
Finally, we multiplied this feed quantity by the average feed price per kg (USD), which
was modeled using a PERT distribution based on minimum, mode, and maximum values
(Table 1), to determine the avoided feed expenditure (Equation (7)).

Fs = [(W − WMR) × (MMR × N)] × FCR × Fp, (7)

where:
Fs: Feed-cost offset associated with MR mortality (USD);
W: Average harvest weight per fish (kg);
WMR: Average weight of fish at the time of MR (kg);
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MMR: Cumulative percent mortality associated with MR over the production cycle (%);
N: Number of fish at the start of the production cycle (fish);
FCR: Feed conversion ratio set at 1.3;
Fp: Feed price per kg (USD/kg).
To estimate the avoided feed expenditure, we conducted a Monte Carlo simulation

with 10,000 iterations. The resulting outputs were incorporated into the estimation of the
overall economic burden of MR (see below).

2.4. Outcomes of Interest

The following three outcomes of interest were derived using the following formulae
and a Monte Carlo simulation with 10,000 iterations, with the parameters calculated and
simulated as detailed in the methods above.

2.4.1. Economic Burden of Mouth Rot at the Farm Level

The farm-level economic burden of MR per production cycle was estimated by cal-
culating the potential revenue forgone from MR-associated fish mortality and treatment
expenditures. The model also accounted for feed-cost offset attributable to the reduction in
fish numbers due to MR (Equation (8)).

C = (RMR + T) − Fs, (8)

where:
C: Economic burden of mouth rot at the farm level (USD);
RMR: Direct revenue loss due to MR-associated fish mortality (USD) (see Equation (1));
T: Total treatment expenditure associated with MR (USD) (see Equation (6));
Fs: Feed-cost offset associated with MR mortality (USD) (see Equation (7)).

2.4.2. Farm-Level Economic Burden of Mouth Rot per Production Weight

The farm-level economic impact of MR per production cycle was then standardized
to a unit cost per weight of fish produced. This unit cost was calculated by dividing the
farm-level economic burden of the disease (see Equation (8)) by the total weight of fish
produced over one cycle (Equation (9)).

Cu = C ÷ [{N × [1 − (M + MMR)]} × W], (9)

where:
Cu: Economic burden of MR per unit weight of fish produced on farm (USD/kg);
C: Economic burden of MR at the farm level (USD);
N: Number of fish at the start of the production cycle (fish);
M: Total farm percent mortality, excluding MR-associated mortality, over the produc-

tion cycle (%);
MMR: Cumulative percent mortality associated with MR over the production cycle (%);
W: Average harvest weight per fish (kg).
Similar to MR mortality, non-MR mortality was modeled stochastically in ModelRisk

using a lognormal distribution with a mean, minimum, maximum, and standard deviation
derived from industry data (Table 1).

2.4.3. Economic Burden of Mouth Rot at the Industry Level

To estimate the industry-level economic burden of MR per year, we multiplied the
farm-level economic loss due to MR estimate in our model (C from Equation (8)) by the
total number of active Atlantic salmon farms (with smolts present) in the year and the
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proportion of farms affected by MR (Equation (10)). The farm-level burden generated by
10,000 iterations in our model simulations was, on average, representative of farms in BC.

Based on industry data from BC, Canada, during the years 2023 to 2025, there was
an average of 25 farms at risk of MR, of which an average of 56% reported MR mortality
events (Table 1) [14,15].

Ci = C × (fMR × f), (10)

where:
Ci: Industry-level economic burden of MR per year (USD);
C: Economic burden of MR at farm level (USD);
f: Average total number of Atlantic salmon farms (farms) in one year;
fMR: Proportion of Atlantic salmon farms affected by MR.

2.5. Sensitivity Analysis

A one-way sensitivity analysis was performed using ModelRisk software to assess
the influence of MR-associated mortality, total mortality per cycle, number of florfenicol
treatments, smolt weight at entry, unit sale price of fish, drug price, and feed price on
the model outcomes. A Monte Carlo simulation was executed with 10,000 iterations. The
relative influence of the parameters on all three outcomes of interest (farm- and industry-
level economic burden, and economic burden per production weight) was quantified and
ranked visually using a Tornado chart, which mapped the change in the target output
across the full range of each parameter distribution.

3. Results
3.1. Estimated Direct Revenue Loss from MR-Associated Mortality

The estimated forgone revenue from MR in our model simulations ranged from
USD 0.10 million to USD 4.03 million, with a mean of USD 0.92 million (SD: USD
0.64 million) (Figure 1A).

3.2. Costs of Antibiotic Treatments

Based on industry data, we assumed that only florfenicol treatments were used
to manage MR. For a fish population with an average weight of 0.21 kg (SD: 0.04 kg)
(estimated using Equation (4) and the simulated smolt weight at entry), the total treat-
ment costs ranged from USD 0–0.39 million, with a mean of USD 0.10 million (SD:
USD 0.06 million) (Figure 1B).

3.3. Offset Effect of Avoided Feed Expenditures

Our model estimated avoided feed expenditure attributable to the reduction in biomass
associated with MR-related mortality to be between USD 0.03 million and USD 1.22 million,
with a mean of USD 0.28 million (SD: USD 0.20 million) (Figure 1C).

3.4. Economic Burden of Mouth Rot at the Farm Level

The simulated overall farm-level economic burden of MR per production cycle,
based on our model which included forgone revenue from MR-associated mortality and
antibiotic treatment costs, as well as the offset of avoided feed expenditure, ranged
from USD 0.09 million to USD 2.97 million, with a mean of USD 0.74 million (SD:
USD 0.45 million) (Figure 2A).
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Figure 1. Probability density distributions generated from the Monte Carlo simulation for cost
profiles of mouth rot parameters: (A) direct revenue loss from mouth rot mortality, (B) costs of
antibiotic treatments, and (C) offset effect of avoided feed expenditures. Within each panel, five
distinct statistical indicators from the underlying simulated population distributions are marked
with vertical reference lines: the 5th percentile (dark gray dotted line), the median or 50th percentile
(blue dashed line), the mean (red solid line), the 95th percentile (purple dash-dot line), and the 99th
percentile (green long-dash line).
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Figure 2. Probability density distributions generated from the Monte Carlo simulation for the overall
economic impacts of mouth rot: (A) total farm-level economic burden, (B) farm-level economic
burden per kilogram produced, and (C) industry-level economic burden. Within each panel, five
distinct statistical indicators from the underlying simulated population distributions are marked
with vertical reference lines: the 5th percentile (dark gray dotted line), the median or 50th percentile
(blue dashed line), the mean (red solid line), the 95th percentile (purple dash-dot line), and the 99th
percentile (green long-dash line).

3.5. Farm-Level Economic Burden of Mouth Rot per kg Produced

The economic burden of MR standardized to the unit cost per kg of fish produced
during one cycle ranged from 0.02 USD/kg to 1.05 USD/kg with a mean of 0.18 USD/kg
(SD: 0.12 USD/kg) (Figure 2B).

3.6. Industry-Level Economic Burden of Mouth Rot

The annual industry-level economic burden associated with mouth rot was estimated
based on the farm-level selected direct cost burden generated from our model simulations
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and ranged from USD 1.39 million to USD 49.09 million, with a mean of USD 10.58 million
(SD: USD 6.54 million) (Figure 2C).

3.7. Sensitivity Analysis

The sensitivity analysis revealed the primary parameter driving uncertainty across
our economic outcomes was MR mortality (Figure 3). The other parameters also influenced
our outcomes; however, their impact was far less than the MR mortality.

Figure 3. Tornado charts illustrating the sensitivity analysis across the three primary economic
indicators: (A) total farm-level economic burden of mouth rot, (B) farm-level economic burden of
mouth rot per kilogram produced, and (C) industry-level economic burden of mouth rot. The length
of each horizontal bar represents the range of the conditional mean of the outcomes for the respective
input parameter, with the upper and lower numerical bounds displayed at the margins of each bar.
The vertical dashed lines denote the baseline mean estimates for each economic model, and the
parameters are ordered hierarchically from highest to lowest influence on model variance.
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4. Discussion
Mouth rot remains a significant challenge in Atlantic salmon aquaculture, particularly

during the initial months following saltwater transfer. This disease is the primary driver
of antibiotic use in the Pacific Northwest salmon industry. Substantial economic losses
result from direct mortality and treatment costs [20]. To minimize antimicrobial use (AMU),
effective disease prevention strategies are essential; however, identifying these requires a
comprehensive understanding of the factors associated with the condition [1,21], which
is costly.

Bridging the gap between scientific necessity and practical application requires a clear
financial justification. As such, the economics of biosecurity and prevention strategies to
address this issue are a key driver of individual behavior; therefore, economic modeling is
an important component of behavior-change initiatives [22]. As little is known about the
financial impact of mouth rot, we developed an economic model to simulate the economic
burden of the disease. Our goal was to provide stakeholders with a user-friendly tool
for estimating the cost of this disease at a farm and industry level for informing disease
prevention and research resource allocation.

By quantifying economic losses, the model serves as an applied decision-support
tool for different aquaculture stakeholders. For farm managers, it provides a means to
estimate the return on investment of mitigation or prevention strategies against the expected
disease burden. For veterinarians, the tool offers an empirical basis to support long-term
antimicrobial reduction planning. Finally, policymakers and industry bodies can use the
tool to prioritize research funding.

Based on our model simulation, the mean revenue loss from MR-associated mortality
on a typical Atlantic salmon farm in BC was estimated at USD 0.92 million. The average
costs of antibiotic treatments (mean: USD 0.1 million) and the offset costs of avoided feed
expenditures (mean: USD 0.28 million), the total selected direct costs of MR per production
cycle was estimated at USD 0.74 million. The most influential parameter in our model
for the economic burden of MR was the MR mortality (Figure 3). The profound impact
of this parameter on overall costs underscores the need for the industry interventions
specifically targeted at reducing mortality from MR. This mortality can be impacted by
a complex interplay of factors, including fish age and size, management practices, water
quality (e.g., temperature at the time of susceptibility and salinity), and microbial dynamics,
that influence the severity and progression of T. maritimum infections [1]. Not all these
factors could be included in our basic economic model, but we added stochasticity around
several parameters, including MR mortality, to capture some of this variation.

We also estimated the annual total economic burden of MR for the Atlantic salmon
farming industry in BC. Utilizing active farm data from 2023–2025 [14,15], the mean
provincial loss was estimated at USD 10.58 million. Relative to the CAD 513.82 million
(USD 375.04 million, based on an exchange rate of 0.73 USD, retrieved from Google Finance
on 25 April 2026) total value of BC salmon culture in 2024 [23], this would represent an
annual loss of approximately 2.8%. This loss is significant in terms of overall industry
profits, and validates research expenditures to improve the control of this disease.

While originally designed to estimate the costs of MR, this model could be adapted
to other diseases. However, its framework is most robust for conditions like MR, where
pathogen-related mortality is concentrated at the beginning of the seawater grow-out
period rather than distributed across the entire production cycle. The latter would require
estimations of losses over time and feed consumption during different parts of the grow-out
period, and although these estimates could be modeled, it would complicate the tool.

Our model has a few limitations. While the primary direct costs of aquaculture
diseases generally encompass biomass loss and expenditures on prevention, treatment,
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and non-veterinary resources, such as labor [6], this model did not account for the latter.
Another limitation of this model was the assumption of uniform growth over the course of
the grow-out period. In practice, infectious diseases in aquaculture often lead to reduced
growth rates and impaired feed conversion efficiency, which increase production costs.
As an example, our model subtracted the avoided feed expenditure due to MR mortality
under the assumption that dead fish would have otherwise grown to harvest weight at a
baseline FCR. This assumption may not hold if infected fish suffered from reduced growth
or an altered FCR before dying, which could have skewed the calculated feed-cost offset
associated with mortality. Mortality was also assumed to be uniform over the grow-out
period; however, in reality, infectious diseases cluster in time. Consequently, the current
economic estimates may represent a conservative baseline that does not fully account for
the multifaceted biological impacts on farm-level productivity. However, in the case of MR,
which occurs early in the saltwater grow-out cycle, this limitation may not be as significant
as with other diseases that occur later in the production cycle. Furthermore, the treatment
component of our model was simplified; due to a lack of empirical data on treatment
outcomes, intervention was modeled solely as a direct financial cost and did not modify
mortality rates, disease duration, or severity. Consequently, while the model captures the
expenditure of treatment courses, it cannot quantify the corresponding economic benefits
or clinical effectiveness of these interventions, representing an additional conservative
boundary in our estimates. Additionally, applying an assumption that 50% of the dead
fish had received treatment introduces a limitation as the actual proportion of treated
mortalities can fluctuate between outbreaks.

Lastly, our industry-level extrapolation must be interpreted with caution. Although
parameters like farm size and harvest weight tend to remain relatively fixed, uncertainties
inherently exist for any modeling input. To capture this, we introduced stochasticity around
several operational parameters to provide a larger range of possible costs. However, due
to limited empirical data, we were unable to incorporate uncertainty across all dynamic
variables, such as variations in FCR, production timing, and farm size. Consequently,
our simulated typical farm may not be entirely representative of all affected BC farms,
rendering the industry-level estimate an approximation. Furthermore, our estimate of the
industry cost could have underestimated the true burden, as the prevalence of this disease
was based on the DFO threshold reporting data, and not all MR outbreaks may have met
this criterion.

Despite these limitations, a key strength of this model is its flexibility, allowing users to
input site-specific data and customize parameters to their unique production environments.
Given the results on the selected direct costs of MR under BC-specific assumptions, research
should focus on quantifying the costs of preventive and control strategies for MR. This could
be incorporated into the existing model to assist in estimating the return on investment
for stakeholders.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/aquacj6030029/s1, File S1: Model with ModelRisk; File S2: Model
without ModelRisk.

Author Contributions: Conceptualization, L.Y.Y., D.M.G., M.C. and S.S.-H.; methodology, L.J.,
L.Y.Y. and S.S.-H.; validation, L.J., L.Y.Y., D.M.G. and S.S.-H.; resources, S.R.; data curation, T.A.D.;
writing—original draft preparation, L.J., L.Y.Y. and S.S.-H.; writing—review and editing, D.M.G.,
M.C. and T.H.C.; supervision, S.S.-H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

https://doi.org/10.3390/aquacj6030029

https://www.mdpi.com/article/10.3390/aquacj6030029/s1
https://www.mdpi.com/article/10.3390/aquacj6030029/s1
https://doi.org/10.3390/aquacj6030029


Aquac. J. 2026, 6, 29 14 of 15

Institutional Review Board Statement: As this manuscript does not involve any research on animals
or human subjects, ethical approval from an Institutional Review Board was not required.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors have reviewed and edited the output and take full responsibility for
the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Wassmuth, R.M.; de Jongh, E.J.; Uhland, F.C.; Reid-Smith, R.J.; Robertson, K.; Otto, S.J. Factors associated with disease in farmed

and wild salmonids caused by Tenacibaculum maritimum: A scoping review. Front. Aquac. 2024, 3, 1496943. [CrossRef]
2. Mowi. Salmon Farming Industry Handbook. 2025. Available online: https://mowi.com/wp-content/uploads/2025/06/2025-

Salmon-Farming-Industry-Handbook.pdf (accessed on 21 August 2025).
3. Frisch, K.; Småge, S.B.; Vallestad, C.; Duesund, H.; Brevik, Ø.J.; Klevan, A.; Olsen, R.; Sjaatil, S.; Gauthier, D.; Brudeseth, B.

Experimental induction of mouthrot in Atlantic salmon smolts using Tenacibaculum maritimum from Western Canada. J. Fish.
Dis. 2018, 41, 1247–1258. [CrossRef]

4. Jia, B.; Delphino, M.K.; Awosile, B.; Hewison, T.; Whittaker, P.; Morrison, D.; Kamaitis, M.; Siah, A.; Milligan, B.; Johnson, S.C.
Review of infectious agent occurrence in wild salmonids in British Columbia, Canada. J. Fish. Dis. 2020, 43, 153–175. [PubMed]

5. Borge, V. The Effect of Keeping Atlantic Salmon Smolts in Low Salinity Seawater in Reducing Mouthrot After Seawater Transfer-
and the Effect of Freshwater as a Mitigation Measure Against Mouthrot. Master’s Thesis, The University of Bergen, Bergen,
Norway, 2020.

6. Maezono, M.; Nielsen, R.; Buchmann, K.; Nielsen, M. The current state of knowledge of the economic impact of diseases in global
aquaculture. Rev. Aquac. 2025, 17, e70039. [CrossRef]

7. Peeler, E.; Caballero-Celli, R.; Davila, C.; Gomez, A.C.; Gilbert, W.; Gómez-Sánchez, M.; Phan, V.; Rushton, J.; Schrijver, R.;
Kennerley, A. Farm level bio-economic modelling of aquatic animal disease and health interventions. Prev. Vet. Med. 2023,
221, 106055. [CrossRef] [PubMed]

8. AKVAgroup. Our Digital Solutions. Available online: https://www.akvagroup.com/digital/?_gl=1*1l5p9ie*_up*MQ..*_gs*
MQ..&gclid=CjwKCAjwwJzPBhBREiwAJfHRnWisAwMXgg7erMdK9orkHmaBvsm8NxZ4zCd8xHCB1RJmR6DZQRT0rxoCnUA
QAvD_BwE&gbraid=0AAAAABhP04eKBQaeJ1-eLg0rvDvHcMIpI (accessed on 4 May 2026).

9. DFO. Marine Finfish Aquaculture Licence Under the Fisheries Act. 2024. Available online: https://www.pac.dfo-mpo.gc.
ca/aquaculture/licence-permis/docs/licence-cond-permis-mar/licence-cond-permis-mar-eng.pdf (accessed on 10 June 2026).

10. Thorarensen, H.; Farrell, A.P. The biological requirements for post-smolt Atlantic salmon in closed-containment systems.
Aquaculture 2011, 312, 1–14. [CrossRef]

11. SeaTemperature.Info. Water Temperature in Tofino. Available online: https://seatemperature.info/tofino-water-temperature.
html (accessed on 28 March 2026).

12. DFO. Mouth Rot—Tenacibaculum Maritimum—Tracking Pathogenesis and Typing 2017; Department of Fisheries and Oceans: Quebec,
QC, Canada, 2026.

13. MerckAnimalHealth. Aquaflor® Type A Medicated Article, Compendium of Veterinary Products. 2022. Available online:
https://merckusa.cvpservice.com/product/basic/view/1047250?key=label (accessed on 30 March 2026).

14. DFO. Carcass Classification of Cultured Salmon at British Columbian Aquaculture Sites by Facility, 2013 Onwards. Available
online: https://open.canada.ca/data/en/dataset/0a8c5505-ecb3-4d8b-8120-462bd7def6bb (accessed on 16 April 2026).

15. DFO. Fish Health Events at British Columbia Marine Finfish Aquaculture Sites—Data—Fish Health Events—English. Available
online: https://open.canada.ca/data/en/dataset/deefd1d7-7184-44c7-83aa-ec0db91aad27/resource/170d4420-3b01-386f-a1ae-
77e041851b64 (accessed on 16 April 2026).

16. Dahoo, I.; Martin, W.; Stryhn, H. Veterinary Epidemiologic Research; 3. Print; VER Inc.: Charlottetown, PE, Canada, 2014.
17. Jobling, M. The thermal growth coefficient (TGC) model of fish growth: A cautionary note. Aquac. Res. 2003, 34, 581–584.

[CrossRef]
18. Miranda, C.D.; Godoy, F.A.; Lee, M.R. Current status of the use of antibiotics and the antimicrobial resistance in the Chilean

salmon farms. Front. Microbiol. 2018, 9, 1284. [CrossRef] [PubMed]
19. Schar, D.; Klein, E.Y.; Laxminarayan, R.; Gilbert, M.; Van Boeckel, T.P. Global trends in antimicrobial use in aquaculture. Sci. Rep.

2020, 10, 21878. [CrossRef] [PubMed]
20. Frisch, K.M. Mouthrot in Farmed Atlantic Salmon. Ph.D. Thesis, The University of Bergen, Bergen, Norway, 2018.

https://doi.org/10.3390/aquacj6030029

https://doi.org/10.3389/faquc.2024.1496943
https://mowi.com/wp-content/uploads/2025/06/2025-Salmon-Farming-Industry-Handbook.pdf
https://mowi.com/wp-content/uploads/2025/06/2025-Salmon-Farming-Industry-Handbook.pdf
https://doi.org/10.1111/jfd.12818
https://www.ncbi.nlm.nih.gov/pubmed/31742733
https://doi.org/10.1111/raq.70039
https://doi.org/10.1016/j.prevetmed.2023.106055
https://www.ncbi.nlm.nih.gov/pubmed/37918211
https://www.akvagroup.com/digital/?_gl=1*1l5p9ie*_up*MQ..*_gs*MQ..&gclid=CjwKCAjwwJzPBhBREiwAJfHRnWisAwMXgg7erMdK9orkHmaBvsm8NxZ4zCd8xHCB1RJmR6DZQRT0rxoCnUAQAvD_BwE&gbraid=0AAAAABhP04eKBQaeJ1-eLg0rvDvHcMIpI
https://www.akvagroup.com/digital/?_gl=1*1l5p9ie*_up*MQ..*_gs*MQ..&gclid=CjwKCAjwwJzPBhBREiwAJfHRnWisAwMXgg7erMdK9orkHmaBvsm8NxZ4zCd8xHCB1RJmR6DZQRT0rxoCnUAQAvD_BwE&gbraid=0AAAAABhP04eKBQaeJ1-eLg0rvDvHcMIpI
https://www.akvagroup.com/digital/?_gl=1*1l5p9ie*_up*MQ..*_gs*MQ..&gclid=CjwKCAjwwJzPBhBREiwAJfHRnWisAwMXgg7erMdK9orkHmaBvsm8NxZ4zCd8xHCB1RJmR6DZQRT0rxoCnUAQAvD_BwE&gbraid=0AAAAABhP04eKBQaeJ1-eLg0rvDvHcMIpI
https://www.pac.dfo-mpo.gc.ca/aquaculture/licence-permis/docs/licence-cond-permis-mar/licence-cond-permis-mar-eng.pdf
https://www.pac.dfo-mpo.gc.ca/aquaculture/licence-permis/docs/licence-cond-permis-mar/licence-cond-permis-mar-eng.pdf
https://doi.org/10.1016/j.aquaculture.2010.11.043
https://seatemperature.info/tofino-water-temperature.html
https://seatemperature.info/tofino-water-temperature.html
https://merckusa.cvpservice.com/product/basic/view/1047250?key=label
https://open.canada.ca/data/en/dataset/0a8c5505-ecb3-4d8b-8120-462bd7def6bb
https://open.canada.ca/data/en/dataset/deefd1d7-7184-44c7-83aa-ec0db91aad27/resource/170d4420-3b01-386f-a1ae-77e041851b64
https://open.canada.ca/data/en/dataset/deefd1d7-7184-44c7-83aa-ec0db91aad27/resource/170d4420-3b01-386f-a1ae-77e041851b64
https://doi.org/10.1046/j.1365-2109.2003.00859.x
https://doi.org/10.3389/fmicb.2018.01284
https://www.ncbi.nlm.nih.gov/pubmed/29967597
https://doi.org/10.1038/s41598-020-78849-3
https://www.ncbi.nlm.nih.gov/pubmed/33318576
https://doi.org/10.3390/aquacj6030029


Aquac. J. 2026, 6, 29 15 of 15

21. Wade, J.; Weber, L. Characterization of Tenacibaculum Maritimum and Mouthrot to Inform Pathogen Transfer Risk Assessments in British
Columbia; Research Document; DFO Canadian Science Advisory Secretariat: Ottawa, ON, Canada, 2020; p. 61.

22. Mankad, A. Psychological influences on biosecurity control and farmer decision-making. A review. Agron. Sustain. Dev. 2016,
36, 40. [CrossRef]

23. DFO. Aquaculture Production Quantities and Value. 2024. Available online: https://www.dfo-mpo.gc.ca/stats/aqua/aqua24-
eng.html (accessed on 15 April 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/aquacj6030029

https://doi.org/10.1007/s13593-016-0375-9
https://www.dfo-mpo.gc.ca/stats/aqua/aqua24-eng.html
https://www.dfo-mpo.gc.ca/stats/aqua/aqua24-eng.html
https://doi.org/10.3390/aquacj6030029

	Introduction 
	Materials and Methods 
	General Model Framework 
	Parameters for the Model 
	Equations 
	Direct Revenue Loss from MR-Associated Mortality 
	Costs of Antibiotic Treatments 
	Avoided Feed Expenditures (Fs) 

	Outcomes of Interest 
	Economic Burden of Mouth Rot at the Farm Level 
	Farm-Level Economic Burden of Mouth Rot per Production Weight 
	Economic Burden of Mouth Rot at the Industry Level 

	Sensitivity Analysis 

	Results 
	Estimated Direct Revenue Loss from MR-Associated Mortality 
	Costs of Antibiotic Treatments 
	Offset Effect of Avoided Feed Expenditures 
	Economic Burden of Mouth Rot at the Farm Level 
	Farm-Level Economic Burden of Mouth Rot per kg Produced 
	Industry-Level Economic Burden of Mouth Rot 
	Sensitivity Analysis 

	Discussion 
	References

