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An economic model to assess biosecurity management strategies for marine 
fish farms in Hong Kong SAR 
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Special Administrative Region 
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A B S T R A C T   

We developed an economic model for small-scale saltwater grouper net-pen farms in Hong Kong SAR of the 
People’s Republic of China to compare economic scenarios based on implementing different biosecurity mea-
sures on farms. Our model estimated the probability of reducing endemic infections and their spread within 
farms. The economic outcomes of interest, including net returns and the margin of safety ratio, were evaluated 
under different levels of mortality (12%, 23%, and 46%), and different numbers of initial fish stock (20 K and 
100 K) on farms. Our results showed that adding a strategy for prompt removal of dead fish and early treatment 
of disease on farms could reduce the risk of loss, but having a comprehensive biosecurity plan on a typical marine 
fish farm in Hong Kong was only economically advantageous when a high percent mortality (46%) was expected 
on the farm, and when the farm was stocked with a high number of fish (100K). Our model may explain why 
small-scale saltwater net-pen farmers catering to local live markets, do not adopt comprehensive biosecurity 
plans. According to results from scenarios specific to Hong Kong, our model suggests these plans are expensive 
and only pay off when expected mortalities are quite high.   

1. Introduction 

Aquaculture is now the world’s fastest growing food producing 
sector, responsible for half of the aquatic food for human consumption. 
Given that the global demand for food is expected to increase consid-
erably, aquaculture will likely continue to expand and intensify (Food 
and Agriculture Organization of the United Nations [FAO], 2022). One 
of the limiting factors for sustainable growth of aquaculture are infec-
tious disease outbreaks (FAO, 2020). Diseases in aquaculture reduce 
productivity, and in some instances, this can have serious economic 
consequences (Paladini et al., 2017). In 2018, the People’s Republic of 
China (PR China), the largest aquaculture producer in the world, re-
ported 205,000 tons of production losses at an estimated USD 401 
million associated with aquatic diseases (FAO, 2020). 

Disease prevention and control on aquatic animal farms can be 
achieved through the development of efficient biosecurity programs 
(Scarfe and Palić, 2020). A biosecurity program identifies the potential 

routes for pathogen introduction and transmission, between and within 
farms, and describes the measures required to reduce the risk of these 
events (WOAH, 2021). 

Implementing and maintaining efficient biosecurity measures can be 
costly, and the benefits are not always tangible (Perera et al., 2008). A 
recent study suggested the lack of knowledge about these costs and 
benefits as one of the main reasons why many farmers, especially in 
traditional small-scale aquaculture settings, do not apply biosecurity 
measures on their farms (Zulbainarni and Megawati, 2019). 

Marine fish culture in Hong Kong Special Administrative Region 
(SAR), PR China, is mainly comprised of cage farms located in sheltered 
coastal areas. The majority of these farms are small and family-owned, 
occupying an average sea area of approximately 304 m2. In 2021, the 
total weight of marine fish harvested from sea cages in Hong Kong SAR 
was estimated at 332 tons, around 2% of the local demand for live 
marine fish (Agriculture, Fisheries and Conservation Department 
[AFCD], 2022). 
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Over the last 4 years, City University of Hong Kong in partnership 
with the Sustainable Fisheries Development Fund (SFDF grant # 0031/ 
0042) have been providing a subsidized veterinary service for aqua-
culture farmers in the Hong Kong area. Endemic infectious pathogens, 
which can often be controlled or prevented through good biosecurity 
measures, are often identified on these small farming operations. 
Improving biosecurity on these farms may help reduce fish mortality. 
However, given the size of the mariculture farms in the region, the profit 
margins may not be sufficient to cover the cost of these types of mea-
sures (Perera et al., 2008). 

The goal of this study was to develop a model to assess the economic 
performance of a typical marine fish farm in Hong Kong SAR and esti-
mate the profitability of different biosecurity plans under different 
mortality scenarios and farm sizes. 

2. Methods 

2.1. Model creation 

We constructed an economic model using Microsoft Excel (version 

Table 1 
Costs of a production cycle for a typical marine fish farm in Hong Kong SAR.  

Item Formula Definitions 

Variable costs   
Initial fish stock N × pj N = No. of farmed fish purchased for stocking 

at the beginning of the grow-out cycle (No. of 
tails/cycle) 
pj = Fish unit cost (USD/tail) 

Feed [
pcf × FCRcf ×

( (
Q +

( (
w1

/2
)
× 0.5 ×

(

M /100

)))

− (N × w0)

)

×
(

a /100
) ]

+

[
ptf × FCRtf ×

( (
Q +

( (
w1

/2
)
× 0.5 ×

(

M /100

)))

− (N × w0)

)

×

(

b /100

)]
a 

pcf = Commercial feed unit cost (USD/kg) 
FCRcf = Commercial feed conversion ratio 
Q = Total biomass of harvested fish (kg/cycle) 
w1 = Fish final weight (kg/tail) 
M = Adjusted mortality during the production 
cycle (%) 
N = No. of farmed fish purchased for stocking 
at the beginning of the grow-out cycle (No. of 
tails/cycle) 
w0 = Fish initial weight (kg/tail) 
a = Proportion of commercial feed (%) 
ptf = Trash fishb unit cost (USD/kg) 
FCRtf = Trash fish feed conversion ratio 
b = Proportion of trash fish (%) 

Labor (Nfs × pfs × T) + (Nps × pps × T) Nfs = No. of full-time staff (No. of full-time 
staff/farm) 
pfs = Monthly cost per full-time staff (USD/full- 
time staff) 
T = Production period (months) 
Nps = No. of part-time staff (No. of part-time 
staff/farm) 
pps = Monthly cost per part-time staff (USD/ 
part-time staff) 

Treatmentc (
N × (s/100) ×

(
w1/2d)× dd × t

add/100

)

× pd
d 

N = No. of farmed fish purchased for stocking 
at the beginning of the grow-out cycle (No. of 
tails/cycle) 
s = Survival at the half of production period 
(%) 
w1 = Fish final weight (kg/tail) 
dd = Drug dosage (kg drug/kg fish) 
t = Treatment period (days) 
add = Active drug dose (%) 
pd = Drug unit cost (USD/kg) 

Fuel pf × T pf = Monthly cost of fuel (USD/month) 
T = Production period (months) 

Electricity pe × T pe = Monthly cost of electricity (USD/month) 
T = Production period (months) 

Repairs ( pr
12

)
× T pr = Annual cost of repairs (USD/year) 

T = Production period (months) 
Fixed costs   
Depreciation of 

capitale 
Purchase value of equipment (USD)

UEL 
UEL = Economic life of equipmentf (year) 

License fee ((S × pl)

12

)

× T 
S = Area of farm (m2) 
pl = Annual license fee cost (USD/m2) 
T = Production period (months)  

a Because the farmers do not record the amount of feed they use, we estimated this using the weight of fish and average FCR. Further, we had to account for the fish 
that were fed but that died; we estimated that the fish, on average, died half way through the production cycle. 

b Trash fish refers to wild-caught low-valued fish. 
c Calculation of treatment cost may vary depending on the type of drug. We considered one oral treatment with 50% Oxytetracycline Dihydrate Premix at the half of 

production period. 
d Given that the treatment is performed at the half of production period, fish weight at the time of treatment is assumed to be half of its final weight. 
e Capital assets for marine fish cage culture in Hong Kong SAR included fish rafts, cages, barges, boats, hand nets, air stones, tarps, air pumps, pressure washers, and 

power generators. 
f It was assumed, on average, to be 5 years for net pens, hand nets, air stones, and pressure washers, 10 years for tarps and air pumps, and 15 years for fish rafts, 

barges, boats, and power generators. 
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16.0) and the MS Excel add-in software ModelRisk (Version 6.1.94, Vose 
Software BV – Antwerpsesteenweg 489–9040 Gent (Belgium)) to simu-
late costs and benefits of one grow-out cycle on a typical marine fish 
farm culturing grouper in Hong Kong SAR, PR China. A typical marine 
grouper fish farm in Hong Kong SAR has an average sea area of 304 m2. 
Cages are held together on floating rafts made of wood or high-density 
polyethylene. Farms are found in clusters within sheltered coastal 
areas. Grouper are stocked at different weights; however, for this model, 
we assumed a weight of around 0.05 kg/tail. Market weight is usually 
around 1 kg/tail although this varies as most fish are sold live to local 
fish wet markets or restaurants. The production period for the afore-
mentioned cycle is approximately 12 months. 

We used the aquaculture enterprise budget described by Engle 

(2010) to identify parameters for our model. The methods we used to 
calculate the variable and fixed costs are presented in Table 1. These 
parameters were summed to estimate total costs. We excluded interest 
on operating capital and opportunity costs from our model. Also, 
because small-scale mariculture farms in Hong Kong SAR cannot obtain 
insurance and their income is tax exempt, these costs were not included 
in this model. We also included 28 biosecurity measures, which were 
based from biosecurity plans developed for farm and area management 
of open marine fish culture in Hong Kong SAR (Jahangiri, 2023 (un-
published doctoral dissertation)), in our model (Table 2). To examine 
how biosecurity management impacted the economic performance of 
farms, individual measures could be selected using a drop-down list. The 
additional cost of selected biosecurity measure was added to the total 

Table 2 
A summary of the additional costs and levels of reduction in the probability of pathogen introduction and mortality following applying biosecurity measures built in 
our economic model.  

Measures Additional variable costs Additional fixed costs Reduction in the 
probability of pathogen 
introduction 

Reduction in 
mortality 

(1) Relocating site to an appropriate location [Pa] Farm relocation – Highb – 
(2) Using water disinfection technology [P] Labor; Floating closed containment 

systemc 
– Medium – 

(3) Stocking farm with the fish from a supplier who 
provides health certificate and guarantees of no 
hitchhikers [P] 

Initial fish stock – Medium – 

(4) Quarantining initial fish stock with unknown health 
status or suspected to be infected [P] 

Labor; Diagnostic tests; Treatments; 
Disinfectants; Fresh water; Leak 
proof bags; Chlorine tabletsd 

Tanks; Biological filters Low – 

(5) Appropriate ballast water disposal [P] – – Very low – 
(6) Reducing predator interactions on farm [P & C] Labor Anti-predator nets Very low Very low 
(7) Adopting all-in-all-out approach [P] – – Low – 
(8) Applying farm-level fallowing [P] Labor – Medium – 
(9) Detecting and treating infected fish early [C] Labor; Diagnostic tests; Treatments – – Medium 
(10) Harvesting infected fish early (if no treatment is 

available, and the condition is non-zoonotic) [C] 
– – – Low 

(11) Removing dead and moribund fish from cages 
promptly and disposing of them appropriately [C] 

Labor; Leak proof bags; Chlorine 
tablets 

Dead-fish collectors – Medium 

(12) Reducing density by decreasing the initial number of 
fish stocked [C] 

– – – Very low 

(13) Minimizing movement of fish between cages [C] – – – Very low 
(14) Cleaning and disinfecting all equipment and 

infrastructure prior to initial use and regularly [P & C] 
Labor; Disinfectants; Fresh water; 
Anti-fouling compounds 

Deep container for dipping hand 
nets 

Low Very low 

(15) Having designated areas for delivery, loading, and 
docking of vessels [P] 

– Signboards Very low – 

(16) Having cage-specific labeled equipment [C] – Hand nets – Very low 
(17) Only use farm-specific staff [P] – – Very low – 
(18) Foot bath and clear biosecurity instructions [P] Disinfectants; Soap; Fresh water Site-specific rubber boots; 

Heavy-duty containers (for foot 
bath); Rubber mats 

Very low – 

(19) Training staff (and visitors) on biosecurity protocols, 
potential routes of pathogen transmission, signs of fish 
diseases, record keeping, and emergency procedures [P 
& C] 

Labor – Very low Very low 

(20) Limiting entry of unauthorized people on farm [P] – – Very low – 
(21) Using only commercial pelleted feed [P] Feed – High – 
(22) Maintaining water quality within the optimal range 

for the farmed species [C] 
Fuel; Electricity Oxygen generators; Air stones; 

Tarps; Air pumps; Portable water 
quality testing equipment 

– Low 

(23) Vaccination [C] Vaccine and injection – – Low 
(24) Using feed supplements [C] Supplements – – Very low 
(25) Designing farm-level emergency plan for fish 

mortality problems [C] 
– – – Very low 

(26) Applying area-level fallowing [P & C] – – High Low 
(27) Having good communication between farmers within 

an AMA [P & C] 
Labor – Low Very low 

(28) Synchronized treatment at the area level [P & C] Treatments – Medium Very low  

a In this table, preventive measures are labeled with ‘P’, while control measures are labeled with ‘C’. ‘P & C’ was used for the measures which have both preventive 
and control effects. 

b Different levels of reduction in the probability of pathogen introduction into the farm (or AMA) and mortality included very low; low; medium; and very high. The 
minimum, best guess, and maximum (%) considered for these levels are as follows: 0.5, 1, 2 for very low; 1, 5, 10 for low; 5, 10, 15 for medium; and 10, 25, 30 for high. 

c Cost of using floating closed containment system was considered as a variable cost as it was estimated based on the production cost of fish weight unit (USD/kg). 
d As advised by the Agriculture, Fisheries and Conservation Department (AFCD) of Hong Kong SAR, all dead fish should be disinfected by adding chlorine tablet (one 

200-g tablet per 12.5 kg dead fish) (C. F. Leung, personal communication, October 17, 2021). 
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cost of the basic model. It should be noted that given that marine fish 
produced in Hong Kong SAR are not exported, the focus of this manu-
script excluded trade or regional repercussions. 

In order to parameterize the variables in our model, we conducted 
structured interviews with eight marine cage farmers producing Sabah 
hybrid grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) in 
Hong Kong SAR. All data collected from these interviews were refer-
enced as ‘Survey data’ in our model (see sheet titled ‘To be filled’). 
Farmers were also asked about the feasibility and costs of certain bio-
security management strategies which have not been used in Hong Kong 
mariculture farms. We also included data obtained through literature 
and websites, as well as expert consultation, to parameterize our model 
variables and cost of biosecurity measures (see sheet titled ‘To be fil-
led’). Lastly, all our parameters were reviewed by two of the authors 
with experience in the local mariculture to ensure figures were within 
industry norm. 

Once specific costs were estimated, uncertainties were added to the 
sum of the costs (i.e. total cost) using ModelRisk software. We assumed 
that total costs calculated by the model were normally distributed, and 
the standard deviation for this value was similar to the average standard 
deviation of the market price of fish meal, maize, and crude oil between 
November 2012 – November 2021 (IndexMundi, 2023). The latter was 
estimated at 23%. 

Total revenue was determined using the total biomass produced on 
the farm and the unit sales price of fish (see Table 3). To estimate the 
total biomass of harvested fish, the following formula was used: 

Q =

[

N −

(

N×

(
M

100

))]

×w1, (1)  

where Q is the total biomass of harvested fish (kg/cycle); N is the 
number of farmed fish purchased for stocking at the beginning of the 
grow-out cycle (No. of tails/cycle); M represents the percent mortality 
(%) adjusted for the probability of pathogen introduction and the 
reduction in mortality associated with our control measures (see below); 
and w1 is the final weight of fish (kg/tail). We assumed no fish escaped 
during a grow-out cycle. 

To estimate the adjusted mortality prevalence, taking into account 
the disease likelihood and our control measures (M) during the pro-

duction cycle, we used the following formula: 

M =
((POPI − x) × (Me − y) ) + ((100 − (POPI − x) ) × Mm )

100
. (2) 

In this equation, POPI is equal to the probability of pathogen intro-
duction into the farm (%); x is the reduction in this probability after 
adopting preventive biosecurity measure(s); Me is the expected baseline 
percent fish mortality given by the farmer, which in our model was set at 
23% (this was an estimate for mortality caused by endemic diseases and 
was provided by the farmers); y is the reduction in fish mortality 
following the adoption of disease control measure(s); and Mm is the 
minimum percent fish mortality expected on a farm during the cycle 
irrespective of infectious disease or control measures. In our model, a 
value of 60% was assumed for POPI when no preventive biosecurity 
measures were used, and the Mm was set at 5%, and given the open 
nature of marine fish farming, it was assumed that the probability of 
pathogen introduction would never fall below 20% even when bio-
security measures were adopted. 

For each biosecurity measure, our model required an estimate for the 
reduction in the probability of pathogen introduction and fish mortality 
if the measure was implemented on farms in Hong Kong SAR. Because 
values are not available for these estimates and would vary depending 
on the pathogen in question, we decided to first broadly categorize the 
reduction in the probability of pathogen introduction and fish mortality 
associated with the measures into four levels (i.e. very low, low, medium 
and high). The rationale for the assignment of the level of reduction in 
likelihood of pathogen introduction and mortality is described in the 
Supplementary Table S1. After categorization, we parameterized these 
groupings using a range of values (minimum, best-guess, and maximum) 
to account for uncertainty (Table 2). These estimates were derived from 
the opinions of the authors, who were experts in aquaculture, aquatic 
animal diseases, and epidemiology. When disagreements occurred be-
tween authors, we discussed the matter until a consensus was reached. 
The final minimum, maximum, and best guess values, which spanned 
approximately 10%, were then used to create a triangular distribution 
for the probability parameters in our model using ModelRisk software. 
Some strategies had preventative effects on the introduction of patho-
gens into a farm or an aquaculture management area (AMA), while 
others had an effect on spread of pathogens and fish mortality. However, 
some strategies reduced both introduction and spread of infection 
agents. The sum of the reduction in the probability of pathogen intro-
duction and fish mortality affected the values of x and y in our adjusted 
morality (M) (see Eq. (2) above). 

2.2. Outcomes of interest 

The outcomes of interest for our study included net return and 
margin of safety (MOS) ratio (see Table 3). Net return was calculated by 
deducting the total costs from the total revenue produced during one 
grow-out cycle (Engle, 2012). A positive net return indicated a profit for 
the production cycle. The MOS ratio was measured by dividing the 
difference between the total biomass and breakeven yield by the total 
biomass (Table 3). The higher the MOS ratio the lower the risk of having 
losses (Fernández Sánchez et al., 2021). 

2.3. Selection and comparison of scenarios 

We compared four distinct management scenarios using our model. 
These scenarios with varying levels of biosecurity strategies are 
described in Table 4. 

In order to compare the cost-benefit of our biosecurity scenarios, the 
net returns and MOS ratio were calculated for each situation. To obtain a 
distribution around these outcomes, we performed a Monte Carlo 
analysis with the ModelRisk software. After running model simulations 
with 100 to 10,000 iterations and observing very little difference in the 
outcomes of models, we settled on scenario simulations with 500 

Table 3 
Main parameters incorporated in the economic model developed for this study.  

Parameter Unit Formula Definitions 

Total costs 
(TC) 

USD/ 
cycle 

Variable costs + Fixed costs – 

Total 
revenue 
(TR) 

USD/ 
cycle 

Q × p Q = Total 
biomass of 
harvested 
fish (kg/ 
cycle) 
p = Unit 
sales price 
of fish 
(USD/kg) 

Net 
returns 
(π) 

USD/ 
cycle 

TR − TC TR = Total 
revenue 
(USD/ 
cycle) 
TC = Total 
costs (USD/ 
cycle) 

Margin of 
safety 
ratio 
(MOS) 

% (Q − Breakeven yield above total costsa

Q

)

×

100a 

Q = Total 
biomass of 
harvested 
fish (kg/ 
cycle)  

a To calculate the breakeven yield above total costs (kg/cycle), the following 
formula was used: Breakeven yield above total cost = TC/p, where TC equals to 
total costs (USD/cycle); and p equals to unit sales price of fish (USD/kg). 
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iterations. Further, we assessed the net returns and MOS ratio of these 
different biosecurity plans under different baseline mortalities (Me), as 
well as when we had 100,000 (100 K) instead of 20,000 (20K) fish on a 
farm. According to our survey, farmers stocked 20,000 (20 K) grouper, 
and reported a Me of 23% during a grow-out cycle (12 months). They 
had other species of fish on their farms; however, we only modeled the 
cost benefits for the grouper. We ran the four biosecurity models with 
20 K and 100 K fish with this Me provided by the farmers, as well as cases 
when the Me was halved (12%) and doubled (46%). Outcomes of interest 
were graphed in Microsoft Excel (version 16.0). 

Statistical differences in our outcomes of interest between different 
scenarios with different farm sizes and levels of Me were assessed using 
One-way ANOVA and Games Howell tests for pairwise comparisons. A p- 
value of ≤0.05 was considered significant. We used the Games Howell 
statistical test because the variance of our model residuals was not equal 
across groups. All statistical analyses were conducted using SPSS for 
Windows® (version 28.0, SPSS Inc.). 

3. Results 

The model built for this study is available as supplementary mate-
rials. Below is the comparison of the economic outcomes of interest for 
different biosecurity scenarios (i.e. 1–4) on farms with different Me 
(12%, 23%, and 46%) and two farm sizes (i.e. initial number of fish of 
20 K vs 100 K). 

3.1. Net return 

In all our models, which excluded the interest on operating capital 
and opportunity costs, the net returns were always positive, regardless 
of the level of baseline mortality used or whether we had 20 K or 100 K 
fish on the farm (Fig. 1). For small operations (i.e. 20 K grouper) with a 
typical Me of 23%, early detection of disease and treatment of the 
infected fish in addition to prompt removal of dead and moribund fish (i. 
e. biosecurity scenario 2) was the most profitable biosecurity scenario in 
our model (Fig. 1(a)). When the Me on a 20 K fish farm was reduced by 
half, there was no significant difference between the scenario with no 
biosecurity and biosecurity scenario 2 (Fig. 1(a)). Both of these options 
were more profitable than having full biosecurity plans (Scenarios 3 and 
4) (all p-values <0.001) (Fig. 1(a)). On the other hand, when the Me was 
doubled, biosecurity scenarios 3 and 4 became more profitable than 
scenarios 1 and 2 (Fig. 1(a)). Although scenario 4 was significantly more 
profitable than both scenario 2 (p = 0.044) and no biosecurity scenario 
(i.e. scenario 1) (p-value <0.001) when the mortality was 46%, there 
was no statistically significant difference between the net returns 
calculated for scenarios 3 and 2 (Fig. 1(a)). 

For farms with 100 K grouper on a mariculture site in Hong Kong 
SAR and a Me of 23%, all scenarios with biosecurity measures (i.e. the 
biosecurity scenario 2–4) were significantly more profitable compared 
to the biosecurity scenario 1 (all p-values <0.001) (Fig. 1(b)). Similar to 
the smaller farms, scenario 2 was significantly more profitable than all 
three scenarios 1, 3 and 4 (all p-values <0.001) (Fig. 1(b)). For our low- 
mortality model with 100 K fish, scenarios 1 and 2 had higher net 
returns than biosecurity scenarios 3 and 4 (all p-values <0.001) (Fig. 1 
(b)). Further, scenario 2 was significantly more profitable than scenario 
1 (p = 0.001). When the Me on a farm with 100 K grouper was increased 
to 46%, the biosecurity scenarios 3 and 4 became more profitable than 
no biosecurity scenario and the biosecurity scenario 2, and this differ-
ence was statistically significant (all p-values <0.001) (Fig. 1(b)). 

3.2. Margin of safety ratio 

The MOS ratio calculated for the different biosecurity scenarios, 
under different conditions (i.e. different Me and different number of 
initial fish stock), ranged between 5.23 ± 21.69% and 52.94% ±
11.05% (Fig. 2). The MOS ratio for different biosecurity scenarios were 

similar for small and large farms (i.e. farms with 20 K and 100 K grouper, 
respectively) regardless of the mortality (Figs. 2(a) and 2(b)). When the 
Me was set at 23%, the MOS ratio of the model with biosecurity scenario 
2 was significantly higher than all other biosecurity scenarios, including 
the model with no biosecurity (i.e. scenarios 1, 3, and 4) (all p-values 
<0.001) (Figs. 2(a) and 2(b)). For models with the lowest Me level (i.e. 
12%), implementation of a comprehensive biosecurity plan, such as 
biosecurity scenarios 3 and 4, resulted in a significantly lower MOS ratio 
compared to models which included biosecurity scenario 2 or no bio-
security measures (all p-values <0.001) (Figs. 2(a) and 2(b)). In 
contrast, when the Me was high (i.e. 46%), having no biosecurity 
resulted in a significantly lower MOS ratio compared to all scenarios 
with biosecurity measures (i.e. scenarios 2–4) (all p-values <0.001) 
(Figs. 2(a) and 2(b)). Further, at the higher Me, no significant difference 
was observed between the MOS ratio for models which included bio-
security measures (scenarios 2–4) (Figs. 2(a) and 2(b)). 

4. Discussion and conclusions 

Our economic model suggests that for marine fish farms in Hong 
Kong SAR, with an average number of 20 K grouper and an estimated 
expected mortality of 23%, implementing many of the globally well- 
recognized biosecurity measures for disease prevention and control 
may not be economically viable. Under this scenario, the net returns and 
MOS ratio following adoption of these measures were lower than when 
these biosecurity measures were not used. Our model suggests that 
profits for these small farms cannot support the adoption of a compre-
hensive biosecurity plan. A biosecurity plan that included early detec-
tion and treatment of diseased fish and prompt removal of dead and 
moribund fish was the scenario that appeared to be most profitable on 
small farms with low or medium levels of expected mortality. Adding 
this minimal level of biosecurity which does not target the probability of 
pathogen introduction, but rather the spread of infectious diseases 
within sites also had the highest MOS ratio. It should be noted that our 
model only included one treatment in the cost analysis, so the MOS and 
net returns could be lower if the farm experienced multiple outbreaks 
during a cycle. 

Given our model was specifically developed for small open net-pen 
farms catering to local live markets, the only situation in which com-
plex biosecurity plans, such as biosecurity scenarios 3 and 4, were 
economically advantageous was when mortality was quite high (i.e. 
double what our surveyed farmers identified). Since most small-scale 
farmers do not track mortality closely, they may not recognize when 
their losses are at a level that biosecurity measures are economically 
important for them. Further, these measures especially those that are at 
the area-level, which require multiple farms to coordinate their prac-
tices, are difficult to implement on small open net-pen farms, such as 
those found in Hong Kong. These farms typically sell fish to local live 
markets on a frequent basis and have multiple species on their sites, so 
coordinating practices with neighboring farms is not feasible. These 

Table 4 
Management scenarios defined and compared in this study.  

Scenario Description 

1 Marine fish production on a typical farm in Hong Kong SAR, with no 
biosecurity management 

2 The same production system as in scenario 1, but with added strategies 
for prompt removal of dead and moribund fish from cages and early 
detection of disease and treatment of infected fish (measures 9 and 11 in  
Table 2) 

3 The same production system as in scenario 1, but with several typical 
farm-level biosecurity management strategies used in aquaculture 
(measures 3, 6, 9, 11, 13, 14, 17, 19, 21, 22, and 25 in Table 2) 

4 The same as management scenario 3, with additional measures for area- 
level biosecurity management typically recommended for mariculture 
areas (measures 26, 27, 28 in addition to measures 3, 6, 9, 11, 13, 14, 17, 
19, 21, 22, and 25 in Table 2)  
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factors on small farms are deterrents to increasing biosecurity as rec-
ommended by global organizations (Aguilar-Manjarrez et al., 2017). 

Our farmer survey suggested the average number of grouper on 
marine sites was 20 K; however, we recognize that there is a range of 
farm sizes in the industry, so we also ran our model with 100 K as the 
initial stocking number and assessed the economic impact of biosecurity 
measures. The higher the number of fish on a farm the more important 
biosecurity measures became. These findings may explain why in-
dustries with very large farms successfully implement biosecurity mea-
sures (Servicio Nacional de Pesca y Acuicultura [Sernapesca], 2019), but 
small farms such as those in Hong Kong SAR, have limited biosecurity 
measures. It should be noted that increasing the number of fish on a farm 
to offset the cost of biosecurity measures may impact the baseline 
mortality level. It is, therefore, not possible to compare the economic 
outcomes of different sizes of farms in our model. It is also likely not 
possible to increase the number of fish in most bays in Hong Kong SAR as 
the biocapacity of these farming areas is already likely attained. These 
bays are usually shallow (i.e., sometimes <20 m deep) and have many 
independently-owned farms in very close proximity to each other (i.e. <
200 m apart), so the overall bay-level stocking density is already very 

high. To address this issue, it may be possible to consolidate farms which 
would increase the size of individual farms without increasing the 
number of fish in an area and facilitate the area-level biosecurity 
management. 

Although our model enabled us to examine different biosecurity 
plans on different sizes of farms with varying baseline mortality, it has 
some limitations. For example, there are limited studies on the impact of 
farm practices on disease introduction and spread, so it was not possible 
to obtain precise estimates for many of our model parameters especially 
with regards to the effect of practices on the probability of disease and 
mortality. We had to estimate these from non-peer reviewed sources and 
the authors’ opinions. To obtain local industry information on basic 
parameters, we conducted a survey; however, due to the COVID 19 
pandemic issues, we had a limited number of participants (n = 8). In 
addition, small-scale farmers do not routinely record data, so it was 
difficult to validate their responses. Because we used farmers’ estimates 
for the baseline mortality rate in this model (i.e. 23%), it reflected their 
experience with endemic fish diseases; therefore, our model would not 
apply to exotic diseases where mortality is generally higher, and in some 
cases, government intervention requires culling of animals on farms, 

Fig. 1. Net returns based on our economic model for the different biosecurity scenarios, different sizes of farms and different baseline mortalities (Me). Figure (a) 
depicts a farm stocked with 20 K fish with different Me levels (i.e. 12%, 23%, and 46%). This figure compares different biosecurity scenarios for farms with 20 K fish 
and similar mortality levels. Figure (b) illustrates a farm stocked with 100 K fish with different Me levels (i.e. 12%, 23%, and 46%). This figure compares different 
biosecurity scenarios for farms with 100 K fish and similar mortality levels. 

Fig. 2. MOS ratios based on our economic model for the different biosecurity scenarios, different sizes of farms and different baseline mortalities (Me). Figure (a) 
depicts a farm stocked with 20 K fish with different Me levels (i.e. 12%, 23%, and 46%). This figure compares different biosecurity scenarios for farms with 20 K fish 
and similar mortality levels. Figure (b) illustrates a farm stocked with 100 K fish with different Me levels (i.e. 12%, 23%, and 46%). This figure compares different 
biosecurity scenarios for farms with 100 K fish and similar mortality levels. 
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thus changing the cost equations. Further, given that marine fish farmers 
in Hong Kong SAR do not export their products, trade implications were 
not taken into consideration in the model. 

Some of our cost estimates, for example the cost of management 
strategies which had never been implemented (i.e. some of the bio-
security measures) were also difficult for famers to estimate. To account 
for the level of uncertainty around many of our parameter estimates, we 
used ModelRisk software to add distributions around the estimates of 
total cost, as well as the reduction in mortality and probability of 
pathogen introduction following adoption of each biosecurity measure. 
We make our model available to the reader as supplemental material so 
that individuals can change all parameters to reflect different realities, 
including the level of reduction in the probability of pathogen intro-
duction and mortality associated with each management strategy. 
Because many farmers do not have access to ModelRisk software, we 
also make the model available without the ModelRisk functions (Sup-
plemental Materials); however, it should be noted that the latter does 
not have stochasticity built in, and estimates may not be as realistic. 
Finally, our study was based on data for grouper aquaculture, but most 
small farms in Hong Kong SAR have multiple species on their sites, and 
we did not capture this in our model. The cost of biosecurity may be 
offset if a farm has multiple species with different market values. 

5. Conclusions 

Despite these limitations, this study provides a preliminary economic 
model for small-scale aquaculture farmers to examine the impact of 
implementing biosecurity measures on their farms. It permits them 
flexibility to alter the costs and benefits for different measures to reflect 
their own scenarios. Given the current parameters in our model, it ap-
pears that most biosecurity measures recommended for aquaculture are 
not cost effective for small-scale farmers unless the baseline mortality on 
their farms is very high. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.aquaculture.2023.739294. 
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