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Abstract

Reaching a production level of 200,000 tons (live weight) in 2022, the tilapia industry has emerged as the
most important finfish farming sector in Colombia. Located in the southwest of the country, the Huila
department currently accounts for 40% of total production and 90% of exports. As the industry grew at a
remarkable pace over the last two decades, two clearly identifiable sectors emerged, with large-scale
producers targeting the export market, and mid- and small-scale producers focusing on the domestic market.
This study used the Aquaculture Performance Indicators (API) methodology to examine the economic,
environmental, and social performance of both production sectors. The evaluation relied on the input of
industry experts and information collected from a number of secondary sources. While the export sector
achieved acceptable scores for each sustainability criteria, the economic and social performance of the
domestic sector was deficient. Contrasting capacities to cope with a number of production, investment and
cost scenarios as well as varying vulnerability to potential risks could further amplify the differences in
performance between the two sectors.
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Abstract

Reaching a production level of 200,000 tons (live weight) in 2022, the tilapia industry has
emerged as the most important finfish farming sector in Colombia. Located in the southwest
of the country, the Huila department currently accounts for 40% of total production and 90%
of exports. As the industry grew at a remarkable pace over the last two decades, two clearly
identifiable sectors emerged, with large-scale producers targeting the export market, and mid-
and small-scale producers focusing on the domestic market. This study used the Aquaculture
Performance Indicators (API) methodology to examine the economic, environmental, and
social performance of both production sectors. The evaluation relied on the input of industry
experts and information collected from a number of secondary sources. While the export
sector achieved acceptable scores for each sustainability criteria, the economic and social
performance of the domestic sector was deficient. Contrasting capacities to cope with a
number of production, investment and cost scenarios as well as varying vulnerability to

potential risks could further amplify the differences in performance between the two sectors.
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1. Introduction

Aquaculture accounts for around half of global seafood production and has sustained an
average growth rate of 6.7% since 1990, making it the fastest-growing food sector over the
last decades (FAQ, 2022). This growth contrasts with the comparatively stable harvests of
capture fisheries (Garlock et al., 2020). In 2020, global aquaculture production reached a
record 122.6 million tons, valued at USD 281.5 billion (FAO, 2022). Aquaculture
development is therefore clearly aligned with Sustainable Development Goals 2 (Food
Security) and 8 (Economic Growth), and contributes substantially to global well-being
(Troell et al., 2023).

However, the rapid expansion and intensification of aquaculture has raised several
environmental concerns regarding potential negative externalities such as water pollution,
genetic contamination, disease spread, and increased pressure on natural resources due to
input demands like feed (Asche et al., 2022). Given the expanding role of aquaculture as a
food security and economic growth engine, whether aquaculture can engage in a path of

sustainable development is a research question of continued relevance.

While a consensus has emerged on the importance of practicing aquaculture in the most
sustainable way, it is equally important to establish a shared understanding of the practices
and conditions that guarantee the three pillars of sustainability — economic, environmental,
and social (UN, 1992) — in any aquaculture production sector (Pillay, 1997; Naylor et al.,
2009, Krause et al., 2020; Naylor et al., 2021; Brugere et al., 2023; Kumar et al., 2023).
Assessment and monitoring of aquaculture production are essential steps to improve
evidence-based policy making and management (Garlock et al., 2020). Yet, there is a general
lack of both qualitative and quantitative information on sustainable aquaculture performance
(Valenti et al., 2018).

Building upon the success of the Fishery Performance Indicators (FPIs) as an instrument to
evaluate sustainable management of fishery systems (Anderson et al., 2015), the

Aquaculture Performance Indicators (API) were developed as an innovative assessment tool?

L Examples of FPI studies include research on tuna in the Pacific (McCluney et al., 2019), queen conch in the
Colombian Caribbean (Marco et al., 2021a), industrial deep-sea shrimp in the Colombian Pacific (Marco et al.,
2021b), and anchoveta in the Southeastern Pacific (Chavez et al., 2021).

2 Early attempts to assess aquaculture sustainability focused on ecological and carbon footprints (Folke et al.,
1998; Madin and Macreadie, 2015), life cycle assessments (Gronroos et al., 2006; Medeiros et al., 2017), and
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to address the sustainability concerns associated with fast aquaculture development
(Anderson et al., 2020). The API methodology assesses the sustainability of an aquaculture
sector through the Triple Bottom Line (TBL) perspective (Asche et al., 2018), that is,
environmental stewardship, economic viability, and social responsibility. The methodology
is adaptable to the often limited data contexts of transitional countries®, and it is powerful
enough to address a variety of research questions such as comparisons of aquaculture
production sectors and in-depth analyses of specific dimensions of sustainability. As with
FPIs, APl assessments may serve as benchmarks for monitoring progress in aquaculture
sectors over time (Chu et al., 2017; Marco et al., 2021b).

Located in the southwest of the country, the Huila department has emerged as a leading
aquaculture hub and the most important producer of farmed tilapia in Colombia. Growing at
an average rate of 10% since 2012, tilapia production in Colombia reached approximately
200,000 tons in 2022, with the Huila and Meta departments accounting for 40% and 11%,
respectively (FEDEACUA, 2023).* In 2022, Huila exported approximately 16,000 tons of
the 84,000 tons it produced, representing 90% of Colombian tilapia exports (FEDEACUA,
2023). Two distinct production sectors can therefore be identified in Huila: (i) large-scale
producers who export over 80% of their output, and (ii) mid- and small-scale producers who
predominantly cater to the domestic market and have minimal export activity (less than 15%
of output). The two sectors are characterized by dissimilar production, investment, cost, risk,

and vulnerability profiles.

The major goal of this study is to develop a comprehensive understanding of the practices
and conditions affecting sustainability in both tilapia production sectors in Huila. The API

instrument was applied to address two major research questions: First, is tilapia production

energy analyses (Cavalett et al., 2006; Garcia et al., 2014; Williamson et al., 2015), but were predominantly
biased toward the environmental pillar of sustainability. Recent years have seen new approaches proposed for
assessing aquaculture performance (FAO, 1998; Boyd et al., 2007; Pullin et al., 2007; Valenti, 2008; FAO,
2011; Fletcher, 2012; Hofherr et al., 2012; Fezzardi et al., 2013), yet only a few of these techniques have been
widely disseminated in scientific journals, prompting concerns regarding their global applicability across
diverse production sectors. Certifying institutions like Best Aquaculture Practices (BAP) and Aquaculture
Stewardship Council (ASC) have developed methodologies for assessing compliance, but obtaining necessary
indicators for aquaculture performance assessment remains challenging, often relying on hard-to-obtain
secondary data.

% Notice that aquaculture production growth has exhibited an uneven distribution, with transitioning countries

taking the lead in global production (Garlock et al., 2020).

4 The reference (FEDEACUA, 2023) pertains to information obtained from the Colombian Federation of Fish

Farmers (FEDEACUA) in the year 2023.



in Huila a sustainable endeavor from the TBL perspective? Second, are there any significant

differences in TBL performance between the export- and domestically oriented sectors?

The article is organized as follows. The case study is introduced in Section 2 while Section
3 provides a brief description of the APl methodology and its application to the two
production sectors. Results are summarized and discussed in Section 4. Finally, Section 5

presents the major conclusions and recommendations.

2. Case study

Both red (Oreochromis sp.) and Nile (Oreochromis niloticus) tilapia were introduced in
Colombia in the late 1970s as part of government programs aimed at restocking local water
bodies and fostering aquaculture throughout the country (Merino et al., 2013; Parrado, 2016;
Carrera-Quintana et al., 2022). Native to northern Africa, tilapia proved to be quite adaptable
to the local environment and eventually emerged as the most important finfish aquaculture
species, exceeding production of native and other non-native species such as cachama
(Piaractus brachypomus) and rainbow trout (Oncorhynchus mykiss) (Ministry of Agriculture
and Rural Development, 2022). The growth of the industry in the Huila region has been
remarkable considering that other departments had a longer fish-farming tradition (e.g., Valle
del Cauca) or enjoyed greater public support for this activity (e.g., Meta; Parrado, 2016).

Currently, more than 40% of Colombian tilapia production takes place in Huila (Figure 1).
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Figure 1. 2022 tilapia production in Colombia, by department (shares of total harvest).
Source: Ministry of Agriculture and Rural Development (2022).

The fast growth of tilapia production in Huila can be explained by two closely interlinked
factors: (i) the entrepreneurship abilities and tenacity deployed primarily by large-scale
producers in the region, and (ii) the signing of the Free Trade Agreement (FTA) between
Colombia and the US in 2007. To benefit from the positive effects of economic liberalization,
local agricultural enterprises must be able to adapt to more competitive environments by
building up a substantial level of capabilities and infrastructure (Feola et al., 2015). The
construction of the Betania reservoir in the upper Magdalena River basin in the late 1980s
and the entrepreneurial drive shown by early tilapia producers enabled the industry to capture
the benefits associated with the opening of the US market (Figure 2). Shortly after the
construction of the reservoir, a few pioneers began growing tilapia on precarious arrays of
floating cages. In tandem with these developments, demand for tilapia in both domestic and
international markets increased sharply. Tilapia production in Huila experienced significant

growth as a result, achieving annual growth rates in excess of 15% (Castillo, 2012). This
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early success allowed producers to ramp up operations through improved -culture
technologies and to target international markets following the approval of the FTA in 2007.
Exports were also enabled by an adequate transportation infrastructure connecting Huila with
Bogota, the country’s capital. As a result, fresh tilapia harvested in Huila is able to reach US

warehouses in less than one day through air transport.
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Figure 2. Colombian tilapia exports to the U.S market. Source: NOAA Fisheries (2022).

The tilapia industry in Huila currently comprises 1,230 registered producers, with nearly 100
of them (8%) focusing primarily on exports — the remaining producers cater primarily to the
domestic market. The National Aquaculture and Fisheries Authority (known by its Spanish
acronym, AUNAP) classifies producers into small, medium, and large (or industrial)
categories according to production volume and levels of technological innovation and
integration of intermediate activities (AUNAP, 2016). The latter group consists of large-
scale, highly integrated firms that usually produce over 800 tons per year and focus mainly
on exports to the high-value US and European markets. Due to increasing demand from
export markets, large firms have recently outsourced production to small and mid-sized

farmers who benefit from access to superior transportation, cooling, and processing facilities



as well as international certification schemes. These arrangements substantially improve the

competitiveness of this group of farmers, relative to other small-scale producers.

As mentioned previously, this study assumes that large firms (and the farmers producing for
them) are export-oriented while small and mid-sized producers are domestically oriented.
This assumption is nevertheless not entirely accurate as some of the output (around 15%)
from the former group is destined for the domestic market, while small- and mid-sized
producers export some tilapia (around 20% of output) to Peru, Central America, and even the
US. For the purposes of this study, however, it is useful to place the two producer groups in

separate categories.

Table 1 summarizes general production parameters for export-oriented producers in Huila®.
On average, 1.6 growout cycles per year are obtained. Mortality rates are moderate, ranging
from one quarter to one third of the stock. Production costs are estimated around USD
1.50/Kg, with feed, energy, and vaccinated fingerlings accounting for 75%, 7%, and 5% of
costs, respectively. It should be noted that energy costs are highly subsidized (up to 50% of
actual costs). Farm-gate prices hover around USD 2.00/Kg, which translates into profit
margins ranging from 20% to 30%, (a net gain of around USD 0.50/Kg). Wholesale prices
range from USD 2.90 to USD 4.50/Kg. Although tilapia prices in the US market vary
depending on factors such as product type and quality, Colombian tilapia prices range from
USD 5.40 to USD 7.40/Kg.

Table 1. Production parameters for tilapia aquaculture in Huila, 2023. The exchange rate in
July 2023 was approximately 4,166 COP (Colombian Pesos): USD 1.00.

Tilapia production in Huila

Final average weight (g) 420-500

Length of growout cycle (days) 180-220

Feed Conversion Ratio (FCR) 1.5-1.8

Number of animals to produce 1

Kg 2-2.4

Cycles per year 1.6

Mortality 25-33%

USD 1.44 — 1.55/Kg

Production Costs 75% Feed

7% Energy

5 Production parameters for small- and mid-sized farmers are not presented because of a lack of reliable and
representative data. In addition, this group of farmers is known to be highly heterogeneous.



5% fingerlings (vaccinated)
13% Other (including labor costs)
Farm-gate price USD 1.9 — 2.05/Kg

. USD 0.41 - 0.6/Kg
Net benefit Profit margin: 20-30%
Source: FEDEACUA (2023), Ministry of Agriculture and Rural Development (2022), calculations by the
authors.

Tilapia is currently farmed under four major systems in Huila: (1) floating cage systems in
Betania and El Quimbo reservoirs, (2) pond culture, (3) Recirculating Aquaculture Systems
(RAS) for fingerlings, and (4) Intensive Pond Aquaculture (IPA) achieved through
innovative In-Pond Raceway Systems (IPRS). Traditional floating cage culture is still the
predominant method with around 70% of the total output in the region. Although estimates
for the other methods are imprecise, production through IPRS is steadily increasing. IPRS is
a highly energy-intensive, state-of-the-art growout system that increases productivity by
approximately 30-50% by shortening the production cycle to four months. The system
emerged as a strategic response by large-scale producers to meet the growing demand from
the US market. Export-oriented firms currently produce tilapia under the four systems

whereas small- and mid-sized farmers rely primarily on earthen ponds.

The entrepreneurial drive of the early producers enabled them to grow their operations into
the large-scale export firms that currently dominate the market. These firms have assumed
control of all processing and transportation functions, including product distribution within
the US market. For example, a single buyer — RedFishCo, which is partially owned by the
large aquaculture firms of the region — dominates purchases of Colombian tilapia in the US.
Family firms such as Piscicola Botero and Piscicola New York, which began operating no
more than 30 years ago, have now emerged as leading export firms in the industry
(FEDEACUA, 2023). The success of these firms allowed Colombia to emerge as the primary
exporter of fresh tilapia to the US market since 2020 (Figure 3). Colombia currently accounts
for approximately 92% of US imports in the whole fresh segment (FEDEACUA, 2023). The
industry is expected to see even further growth in the near term.
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Figure 3. US imports of fresh tilapia by country of origin. Source: NOAA Fisheries (2022).
(*) The “Others” category includes Brazil, Mexico, Taiwan, Panama, Vietnam, Uganda,

Guyana, and Nicaragua.

While the expansion of aquaculture has benefited both large- and small-scale producers,
current and emerging economic and environmental challenges have led to disparities between
the two sectors that may widen in the future. As aquaculture expanded in the Huila region,
much agricultural activity shifted from traditional crops, e.g. rice, to tilapia culture in search
of larger profit margins. In contrast to the somewhat stable growth achieved by the early
producers, many small- and mid-sized operations are more vulnerable to external economic
shocks. Moreover, the increasing adoption of energy-intensive systems by large-scale
producers may enhance the economic and market-power disparity between the sectors.
Environmental challenges resulting from increasing atmospheric emissions and pressure for
land and habitat conversion may also constrain future growth. These challenges are further
discussed in the Results section.



3. Methodology

The APIs were designed to capture expert assessments of aquaculture performance through
a set of 154 output and input metrics. The 88-output metrics (Outputs) identify and measure
whether the examined aquaculture production sector delivers economically viable and socio-
ecologically sustainable results. Output metrics are aggregated into the economic,
environmental, and social dimensions of sustainability (TBL perspective) or into sectorial
dimensions (Environment, Production and Post-Production), but can also be aggregated into
15 different components (e.g., Risk, Trade, Certification, Environmental Compliance). The
66-input metrics (Inputs) identify the enabling conditions that incentivize profitable and
socio-ecologically sustainable aquaculture sectors, leading to the creation of sustainable
livelihoods and upkeep of ecosystems. Input metrics are aggregated into six dimensions
(Macro Factors, Property Rights, Co-Management, Management, Supply Chain and
Production), but can also be aggregated into 17 different components (e.g., Gender, Land
Rights, Governance). Analyzing the scores from these metrics provides insights into
successful and sustainable aquaculture policy and practice.

3.1. Scoring methodology

As with FPIs, the 154 metrics are assigned both quantitative and qualitative scores by one or
more experts. Quantitative scores range from 1 to 5, with 5 indicating excellent performance
and 1 denoting very poor performance. In addition, quantitative scores are assigned quality
ratings (A, B, or C) to indicate varying levels of confidence: B and C ratings suggest the need
for clarifications and adjustments. Overall performance in an output (or input) dimension or
component is assessed by averaging the scores within that dimension or component. A
benchmark of 3.5 and higher indicates good performance (Anderson et al., 2015).
Importantly, input metrics are designed without assuming that higher scores lead to better
performance. Discrete bins address the lack of standardized data in data-poor aquaculture
sectors, allowing imprecise but reasonably accurate scoring of metrics when precise
underlying data are unavailable (Anderson et al., 2015). Combining multiple metrics into
output or input components in these cases enables robust evaluation and a holistic

interpretation of success.

10



3.2. The evaluation process

Data were collected through 13 expert interviews conducted between March and July 2023.
The group of experts included local producers, firm employees, and directors of farm
cooperatives. Six of the interviews were conducted in-person exclusively, four of them via
virtual meetings while the other four were conducted both in-person and virtually.
Questionnaires were adapted and translated to Spanish for the interviews. Experts assigned
scores to sectors and metrics according to their domain of expertise, enhancing score quality.
Throughout the assessments, experts were encouraged to explain their chosen scores,
including expressing any uncertainty about their scores. Following the interviews, secondary
sources of information were consulted for additional quality control of scores and
explanations. These sources included official statistics and reports, data proxies, and

unpublished reports.
4. Results and discussion

This section presents the results obtained from the API assessments and conducts a
comparison of the two production sectors — export vs. domestically oriented — according to
aggregated performance (section 4.1), and performance for Outputs (section 4.2) and Inputs
(section 4.3). The scores varied slightly between aguaculture production sectors. For the
exporting sector, 38% of the scores were rated as A, 56% as B, and 6% as C. For the domestic
sector, 32% of the scores were rated as A, 67% as B, and 1% as C. A complete listing of
scores is presented in Appendix A. Differences between sectors were analyzed using the
Mann-Whitney U test under the assumption that each metric carries equal weight. Under the

null hypothesis, performance across sectors does not differ significantly.
4.1. Aggregated performance

Table 2 presents the aggregated performance of export-oriented and domestically oriented
tilapia production in Huila. Aggregate performance is assessed through the simple mean of
metrics, considering both Output and Input metrics (All), Output metrics only (Outputs), and
Input metrics only (Inputs). Statistical analysis reveals a higher aggregate performance score
in all three categories for the export-oriented sector compared to the domestic sector.

Specifically, the export-oriented sector exhibits mean values of 3.56 (All), 3.86 (Outputs),
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and 3.23 (Inputs), while the corresponding mean values for the domestic sector are 2.88, 3.11,
and 2.58, respectively.
Table 2. Aggregate performance assessments of export-oriented versus domestically

oriented tilapia production sectors in Huila, 2023.

Export- Domestically

oriented oriented Mann-Whitney U test
All wW p-value significance effect size
Median 4 3 7802 p <0.001 Fhx r = 0.30 (moderate)
IQR 2 1
Mean 3.56 2.88
SD 1.1 1.17
# Metrics 154 154
Outputs W p-value significance effect size
Median 4 3 2498 p <0.001 Fhx r = 0.32 (moderate)
IQR 2 2
Mean 3.86 3.11
SD 0.96 1.21
# Metrics 88 88
Inputs W p-value significance effect size
Median 3 2 1370 p <0.001 Fhx r=0.29 (small)
IQR 2 1
Mean 3.23 2.58
SD 1.17 1.04
# Metrics 66 66

Note: *, ** and *** indicate significance in mean differences at 10%, 5%, and 1% levels, respectively.
Wilcoxon test statistic (W), Interquartile range (IQR), and Standard Deviation (SD).

In the export-oriented sector, scores for overall performance (All) and the Outputs category
surpassed the benchmark of 3.5 for good performance. However, there is room for
improvement in the Inputs category. In contrast, performance in the domestic sector fell
somewhat short as none of the categories in this sector surpassed the 3.5 benchmark. Note
that aggregated performance assessments may mask differences in the environmental,
economic, and social dimensions of sustainability, as well as differences in the Input
components, both within and across the production sectors under study. For instance, overall
performance (All) results exhibited greater variability in the domestic sector than the export
sector.

Although the aggregated results shed light on the existing disparity between sectors, more

detailed insights are provided in the disaggregated analysis of output and input score metrics.
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4.2. Output performance

The 88 output indicators were grouped into the three TBL dimensions: Environmental,
Economic and Community. Export-oriented producers outperformed domestic producers in
the Economic (4.0 vs. 3.33) and Community (3.73 vs. 2.6) dimensions; however, no

significant difference was found for the Environmental (3.73 vs. 3.53) dimension (Table 3).

Environmental and economic performance scores for the export-oriented sector are both
higher than the global average (3.48 and 3.60, respectively) while the score for social
performance is slightly above the average (3.71). The environmental performance score for
the domestically oriented sector is slightly above the global average (3.48), while economic
and community performance scores are below the average (3.60 and 3.71, respectively)

(Garlock et al., under review).

Table 3. Comparison of output scores by TBL dimensions reported for export- and

domestically oriented tilapia production sectors in Huila, 2023.

Export- Domestically

oriented oriented Mann-Whitney U test
Environmental W p-value significance effect size
Median 4 3 99.5 p=0.59 no r=0.11 (small)
IQR 2 1
Mean 3.73 3.53
SD 1.16 0.99
# Metrics 15 15
Economics W p-value significance effect size
Median 4 3 635 p <0.001 ikl r=0.27 (small)
IQR 1.5 2
Mean 4 3.33
SD 0.95 1.23
# Metrics 43 43
Community W p-value significance effect size
Median 3 2 195 p <0.001 foleiel r=0.51 (large)
IQR 1.75 1
Mean 3.73 2.6
SD 0.87 1.13
# Metrics 30 30

Note: *, ** and *** indicate significance in mean differences at 10%, 5%, and 1% levels, respectively.
Wilcoxon test statistic (W), Interquartile range (IQR), and Standard Deviation (SD).

13




The assessment indicates that there is no significant difference in Environmental
performance scores between export and domestically oriented producers, with both sectors
scoring above the 3.5 threshold score (3.73 vs. 3.53). The few indicators with contrasting
scores between the sectors (Table 4) are reflective of the major environmental challenges

faced by tilapia producers in the region.

Domestic-oriented producers achieve higher scores for the indicators Wildlife Mortality (2
vs. 3), Ecological impacts of escaped fish (2 vs. 3), Land use (2 vs. 4), and GHG emissions
(2 vs. 4). This difference is driven by the larger environmental externalities associated with
the large-scale operations. The Betania reservoir, where the larger farms have traditionally
been located, has lost many of its native fish species due to the introduction of the non-native
tilapia. Additionally, in response to the growing international demand for tilapia, large-scale
producers have expanded earthen pond acreage for both traditional culture and energy-
intensive systems (IPRS), which has substantially altered land use, benthic habitats,
vegetation, and hydrological regimes in the region (these impacts are captured by the Land
Use indicator). Lastly, the GHG Emissions indicator reflects both the higher emissions
associated with large-scale production and growing concerns about the adoption of energy-
intensive systems in the region. According to several interviewees, this development has
emerged as the most pressing environmental issue in the industry, given the large energy
subsidies for agricultural production in the region.

On the other hand, large-scale producers achieve higher scores for the indicators Freshwater
Use (5 vs. 4), Sustainability of Non-marine Feed Ingredients (5 vs. 4), Compliance with
Environmental Law (4 vs. 2), and Proportion of Production with 3rd Party Certification (5
vs. 2). Freshwater Use performance scores are higher because a larger share of tilapia
production in the export-oriented sector relies on water-efficient methods like floating cages
or IPRS, while small and mid-sized producers rely mostly on earthen ponds with little or no
water circulation. The higher scores for the other three indicators result from the requirement
to certify production to access international markets, which leads to greater compliance with

environmental law and the use of improved feed sources.

In conclusion, though, the greater share of certified producers in the export-oriented sector

does not lead to better performance in the Environmental dimension because of the scale of
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their operations. From the beginning of the tilapia boom in Huila more than a decade ago,
large firms have intensified production by constructing new facilities on converted land and
by relying increasingly on energy-intensive systems such as the IPRS. Large-scale producers
comply with the environmental requirements of certifying organizations related to water
quality, feed sources, waste management, and implementation of impact assessments, but

these gains are offset by the larger footprint of their operations.

Table 4. Environmental scores for export- and domestic-oriented sectors.

Boort, | Domearr | Difeece
Sustainability of aquatic feed sources 5 5 0 (0%)
Sustainability of non-marine feed ingredients 5 4 1 (20%)
Impact of discharge (nutrient emissions) 4 4 0 (0%)
Non-nutrient emissions 3 3 0 (0%)
Freshwater use 4 3 1 (25%)
Wildlife mortality 2 3 -1 (-50%)
Benefits to wildlife 2 2 0 (0%)
Ecological impacts of escaped fish 2 3 -1 (-50%)
Genetic impacts of escaped fish 3 3 0 (0%)
Parasite and disease transmission 5 5 0 (0%)
Site use 5 5 0 (0%)
Land Use 2 4 -2 (-100%)
GHG emissions 2 4 -2 (-100%)
Compliance with environmental law 4 2 2 (50%)
E;(r)tpi)g(rzggr; nof production with 3rd party 5 2 3 (60%)

In the Community dimension, the performance gap between the export- and domestic-
oriented sectors is larger due to improved working conditions in the former sector, which is
reflected in the significantly higher scores achieved for the components Managerial returns
(4.33 vs. 2), Labor returns (3 vs. 1.5), Career (3.33 vs. 2.67), and Community Services (3.8
vs. 2.6) (Figure 4). Because large-scale tilapia producers have historically captured higher
economic rents through international trade, they are in a better position to provide benefits to
their employees and families such as higher salaries and access to superior health and

education services (as captured by the Community Services component). Regarding the
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Career component, export-oriented producers rely more on experienced workers with
specialized knowledge, while the smaller producers are more reliant on seasonal or family
labor.

The export-oriented sector achieves consistently higher scores for a number of components
under the Economic (Table 3) dimensions of Production Performance (4 vs. 3.15),
Production Assets (3.83 vs. 3.17), Trade (4.5 vs. 2), Product Form (4.13 vs. 3.38), and Post-
harvest Assets (4 vs. 2.67) (Figure 4). These results reflect the superior economic standing
export-oriented companies have achieved through the years by pioneering tilapia aquaculture
in the region, having access to wider markets, investing in more productive facilities and,
ultimately, becoming more resilient to external shocks that have pushed smaller competitors
out of business. However, the Risk component score of the Economic dimension does not
show that small and mid-sized producers are more vulnerable to shocks, since they perform
slightly better than the large export-oriented companies in this dimension (4.67 vs. 4.17). A
plausible explanation is that country-level data on wholesale prices and production in Huila
was used for the indicators related to this component. This assumes smaller producers are the
only ones supplying the domestic market, which is not the case. Lack of data, and difficulty
in collecting, reliable data on farm-gate prices and production for small and mid-sized

farmers limits the accuracy of the API tool on this matter.
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Figure 4. Output scores by component for the tilapia aquaculture industry in Huila,
Colombia, 2023.

4.3. Input performance

The export-oriented sector achieved higher scores than the domestic sector in five dimensions
related to Inputs (Tables B.3 and B.4, Appendix B): Property Rights (3.17 vs. 1.83), Co-
Management (3.36 vs. 2.27), Management (2.82 vs. 2.41), Supply Chain (3.64 vs. 2.93) and
Production (3.33 vs. 2). However, a statistically significant difference was only observed for
the Co-Management dimension. Note that both sectors are assigned the same scores under
the Macro Factors dimension (3.4) as these metrics refer to external economic,
environmental, and political factors faced by the two sectors.

Important differences were observed for the components measuring social cohesion in the
Co-Management dimension (Figure 5): Collective Action (4.33 vs. 2), Participation and
Support (4 vs. 2), Leadership and Cohesion (4 vs. 2.5), and Gender (2 vs. 2.5). Producers in
the export sector collaborate on a much more frequent basis compared to domestic producers.
Producers for the domestic market have organized themselves in cooperatives or associations
fostering their interests at the local level, but the level of inter-firm engagement is not as high

as that of export-oriented producers. As a result, the influence of mid- and small-scale
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producers on sectorial management and marketing decisions is marginal compared to that of
large producers. However, women have less influence in managing exporting businesses,
with less participation in decision-making, ownership, and financing.

Marked differences were also observed for metrics related to the Property Rights dimension
(e.g., Transferability Index, Exclusivity Index) measuring land and water usage rights
conditions (Figure 5). Legal access to water resources is a major issue for small- and medium-
scale producers in Huila as it lack of access obstructs formalization of economic activities.
Experts — including the leader of a producer association — highlighted the high costs incurred
to gain legal access to water resources, even when farms are located on private land. Informal
access to water resources creates negative impacts in terms of the type of certifications
available to farmers, their access to markets, and the share of production commercialized via
contract farming. This disparity between the two sectors may widen in the future with

increased international demand for tilapia products and more entry barriers for new farmers.

Lasty, export-oriented producers achieve somewhat higher scores for the components Scale
(5 vs. 2), Infrastructure (3.17 vs. 2.71) and Contract farming (4 vs. 2) (Figure 5). This
suggests that large-scale producers are capitalizing on factors such as lower per-unit
production and transportation costs, improved access to capital, advanced technology

adoption in the processing sector, and yield-boosting contract farming arrangements.
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Figure 5. Input scores by component for the Tilapia aquaculture industry in Huila, Colombia,
2023.

5. Conclusions

This study used the APl methodology as an assessment framework to evaluate the
sustainability and compare the performance of export-oriented versus domestically oriented
tilapia production sectors in the Huila department, an emerging aquaculture hub in the
Colombian Southwest. Results show that the export sector exceeds performance benchmarks
for the three TBL dimensions while the domestic sector reaches the benchmark for only one
dimension (Environment). The assessment revealed that the two production sectors are
characterized by different production and investment capabilities as well as divergent cost,
risk, and vulnerability profiles. The difference in performance scores between the two sectors
related to Economics and Community dimensions is statistically significant. Notable
differences were also observed for the Post-Production dimension. No significant differences
were detected for the Input metric scores, with some minor exceptions (the Co-Management
dimension and some Property Rights metrics).
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The economies of scale and other economic advantages enjoyed by large firms provide them
with a greater capacity to withstand and recover from environmental and economic shocks.
The same shocks could lead to the exit of small- and mid-sized producers. This distinction is
particularly relevant in the context of challenges arising from changing climatic conditions,
fluctuations in feed supply, and escalating energy costs. To improve the future performance
of firms in the industry, efforts by policymakers should be oriented towards improving firm
performance related to the Input components of Governance, Land Rights, Gender, Data,

Management Methods, and Integrated Culture.
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APPENDIX

Appendix A. Comprehensive compilation of scores from API assessments.

Table A.1. Aquaculture Performance Indicators — Outputs.

Export- Domestically
Dimension Component Metric oriented oriented
Score (Quality)
Sustainability of aquatic feed 5 (B) 5 (B)
. sources
Feed-related impacts s .
Sustainability of non-marine feed
- . 5(B) 4 (B)
ingredients
Impact of dl;Charge (nutrient 4(A) 4(B)
emissions)
Water use and effluents Non-nutrient emissions 3(B) 3(B)
- Freshwater use 4 (B) 3(B)
§ Wildlife mortality 2(C) 3(B)
= Benefits to wildlife 2 (B) 2(B)
é Ecological impacts of escaped fish 2 (B) 3(B)
S | ‘ il Genetic impacts of escaped fish 3(B) 3(B)
= mpacts on wildlife . . L
Z P Parasite and disease transmission 5 (A) 5(B)
w Site use 5 (A) 5(B)
Land Use 2 (B) 4 (B)
GHG emissions 2 (A) 4 (B)
Enwron_mental Compliance with environmental law 4 (B) 2 (B)
compliance
Certification Proportion of progigctlc_)n with 3rd 5 (B) 2 (B)
party certification
Production Technology 4 (B) 2 (B)
Adult feed 4 (B) 4 (B)
Juvenile survival rate 5 (B) 3(A)
Juvenile production 5(B) 5 (A)
Selective breedl_ng and production 3 (B) 1(C)
time
Survival trend 4 (A) 3(A)
= Survival rate 4 (A) 2 (A)
5 .
= P:?gﬁ?}ggge Proportion of production affected by 4(B) 3(A)
<g disease and parasites
o - .
g. Proportion of produ_ctlon affected by 4(B) 3(A)
S predation
g . .
S Proportion of production that 4(A) 4(A)
escapes
Proportion of production lost to
handling and unspecified loss 4(B) 4(A)
Production costs compared to
historic low 2 (B) 2(B)
Ratio of Asset \_/alue to Gross 2 (B) 2 (B)
. Earnings
Production Assets S
Total Revenue Compared to Historic
High 5 (A) 5(A)
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Asset (Permit, Quota, etc...) Value

Compared to Historic High 3(B) 5(A)
Borrowing Rate Compared to Risk-
free Rate 4 2
Source of Capital 4 (B) 2 (A)
Functionality of Production Capital 5 (B) 3(A)
Annual Total Revenue Volatility 3(A) 4 (A)
Annual Production Volatility 3(A) 5 (A)
Intra-annual Production Volatility 4 (A) 5(A)
Risk Annual Price Volatility 5(A) 4 (A)
Intra-annual Price Volatility 5(A) 5 (A)
Spatial Price Volatility 5(A) 5(B)
Contestability & Legal Challenges 3(B) 2(B)
Earnings Compared to Regional
Average Earnings 5(B) 2(A)
Owner Wages Compared to Non-
Aquaculture Wages 5(A) 2(B)
Farm Owners Education Access 5(B) 3(A)
Access to Health Care 5(B) 3(A)
Social Standing of Farm Owners 4 (C) 2(A)
Proportion of Nonresident Owners 3(C) 5(B)
Earnings Compared to Regional
Average Earnings 3(B) 1A
Worker Wages Compared to Non-
Aquaculture Wages 3(A) 1A
Education Access 3(A) 2(B)
Farm Workers Access to Health Care 3(A) 3(B)
Social Standing of Workers 3(A) 1(B)
Proportion of Nonresident Workers 5 (B) 5(B)
Worker Experience 3(C) 1(B)
Age Structure of Workers 4 (A) 3(B)
Proportion of income spent on food 3(A) 3(A)
Farm-gate Price Compared to
Historic High 5(A) 54
Final Market Use 3(A) 3(B)
International Trade 5 (B) 1(A)
Final Market Wealth 5(B) 3(A)
Markets Wholesale Price Compared to
= Similar Products 3(A) 2
2 Capacity of Firms to Export to the
8 US & EU 5(A) 2(B)
7] Farm-gate to Wholesale Marketing
% Margins 4(A) 2(A)
E Food safety 5 (A) 5(B)
§ Processing Yield 5(A) 2 (A)
Shrink 2(C) 4 (B)
Suoplv Chai Capacity Utilization Rate 5 (B) 5(A)
upply Chain
Performance Product Improvement 5 (B) 3(A)
Proportion of production sold fresh 4 (B) 3(A)
Sanitation 5(B) 2 (B)
Local Support Businesses 2 (B) 4 (B)
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Availability of Support Businesses 3(B) 4 (B)
Proportion of feed ingredients
sourced from socially responsible 4 (B) 4 (A)
sectors
Borrowing Rate Compared to Risk-
free Rate 4(A) 2(B)
Post-Harvest Assets Source of Capital 4 (B) 3(B)
Age of Facilities 4 (B) 3(B)
Earnings Compared to Regional
Average Earnings 4(B) 2(B)
Manager Wages Compared to Non-
fish farming Wages 4(8) 2(B)
Processing Managers Education Access 5 (B) 4 (B)
Access to Health Care 4 (B) 4 (B)
Social Standing of Processing
Managers 4(C) 2(B)
Nonresident Ownership of
Processing Capacity 3(B) 4(B)
Earnings Compared to Regional
Average Earnings 3(B) 2(B)
Worker Wages Compared to Non-
fish farming Wages 3(A) 2(B)
Education Access 3(A) 2 (B)
Processing Workers Access to Health Care 3(A) 3(B)
Social Standing of Processing
Workers 3 2(B)
Proportion of Nonresident
Employment 5(B) 4(B)
Worker Experience 3(C) 4 (B)
Table A.2. Aquaculture Performance Indicators — Inputs.
Export- Domestically
Dimension Component Metric oriented oriented
Score (Quality)
National Environmental Performance Index
Environment (EPD 3(A) 3(A)
Natural Disasters and Catastrophes 4 (A) 4 (B)
Drought 2 (B) 2 (B)
Pollution Shocks and Accidents 3(A) 4 (B)
Exogenous Factors . .
Level of Chronic Pollution - 4(A) 3(B)
Macro Production Effects
Factors Level of Chronic Pollution -
Consumption Effects 5(A) 5(B)
Governance Quality 3(A) 3(A)
Governance .
Governance Responsiveness 2(A) 2 (A)
Index of Economic Freedom 5 (A) 5(A)
Economic Conditions i
Gross Domestic Pr_oduct (GDP) Per 3 (A) 3(A)
Capita
Proportion of Production with
Plgi)gﬁgy Land Rights Property or Lease Right 5(B) 4
Transferability Index 3(B) 1(A)
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Security Index 3(A) 2 (A)
Durability Index 3(A) 2 (A)
Flexibility Index 2(A) 1(A)
Exclusivity Index 3(B) 1(B)
Proportion of Farmers in Industry
Organizations 5(B) 1(B)
Farmer Organization Influence on
Collective Action Management 4 (B) 3 (B)
Farmer Organization Influence on
Business & Marketing 4(B) 2(B)
Days in Stakeholder Meetings 4 (B) 2 (B)
Participation Industry Financial Support for
Co- Management 4(B) 2(B)
management _ Leadership 4 (B) 2 (B)
Community . .
Social Cohesion 4 (B) 3(B)
Business Management Influence 3(B) 3(B)
Resource Management Influence 1(B) 3(B)
Gender Labor Participation in Production 1(B) 2 (B)
Sector
Labor Participation in Processing
Sector 3(A) 2(B)
Management Expenditure
Compared to Farm-Gate Value 4(A) 4(B)
Enforcement Capability 3(B) 2(B)
Management Jurisdiction 3(C) 3(C)
Generations separqted by selective 1(A) 1(A)
breeding
Coordination of regulatory
Management Inputs
g P authorities 2(B) 2(B)
Level of Subsidies 2 (B) 3(A)
Percentage of marine ingredients 5 (A) 4 (A)
Traceability of feed inputs 4 (B) 4 (B)
R&D 4 (A) 3(A)
Private R&D 4 (A) 2 (B)
Management Dat Biological data collection 3(B) 3(B)
ata
Market and economic data 2(A) 2 (A)
Regional disease control 2(B) 2(B)
Genetic management 1(B) 1(B)
Discharge/effluent control 2(B) 2(B)
Antibiotic use 4 (B) 3(B)
Management Antibiotic use pra(-:tlces 4 (B) 2 (B)
Methods Food safety services 2 (B) 2 (B)
Animal welfare/handling practices 2 (B) 2 (B)
Damage
compensation/management 2(B) 2(B)
Access to Water 4 (B) 2(B)
Land or water zoning/management 2 (B) 2 (B)
Supply Chain Transparency of Farm-gate price 4 (A) 4 (B)
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A Quanity information | 3® 3®)

Number of Buyers 1(B) 4 (A)

Markets & Market Degree of Vertical Integration 5 (B) 1(B)
Institutions

Level of Tariffs 5(A) 4 (B)

Level of Non-tariff Barriers 4 (B) 5(B)

Contribution to Economy 3(B) 1(B)

International Shipping Service 5(A) 4 (B)

Road Quality Index 3(A) 3(A)

Technology Adoption in Production 3(B) 2 (B)

Infrastructure Technology Adoption in Processing 4 (B) 3(A)

Extension Service 4 (B) 2 (B)

Reliability of Utilities/Electricity 3(B) 2(A)

Access to Ice & Refrigeration 4 (B) 3(A)

Scale of farm 5(B) 2(B)

Production chelfr;c::?;lrcigics Integrated culture 1(B) 2 (A)

Production under contract farming 4 (B) 2 (A)

Appendix B. Supplementary tables.

Table B.1. Aguaculture Performance Indicators: Outputs (Triple Bottom Line).

DIMENSION COMPONENT EXPORT- DOMESTICALLY DIFFERENCE

ORIENTED ORIENTED (%)
Feed 5.00 4.50 0.50 (10%)
Water use and effluent 3.67 3.33 0.33(9.1%)
Environmental Impacts on wildlife 3.25 3.75 -0.50 (-15.4%)
Env. Compliance 4.00 2.00 2.00 (50%)
Certification 5.00 2.00 3.00 (60%)
Dimension average 4.18 3.12 1.07 (25.5%0)
Production Performance 4.00 3.15 0.85 (21.2%)
Production Assets 3.83 3.17 0.67 (17.4%)
Risk 4.17 4.67 -0.50 (-12.0%)
Economic Product Form 4.13 3.38 0.75 (18.2%)
Trade 4.50 2.00 2.50 (55.6%)
Supply Chain Perform. 3.00 4.00 -1.00 (-33.3%)
Post-Harvest Assets 4.00 2.67 1.33(33.3%)
Dimension average 3.95 3.29 0.66 (16.6%0)
Managerial Returns 4.33 2.00 2.33 (53.8%)
Labor Returns 3.00 1.50 1.50 (50.0%)
Health & Sanitation 3.83 3.00 0.83 (21.7%)
Community Community Services 3.80 2.60 1.20 (31.6%)
Local Ownership 3.00 4.50 -1.50 (-50.0%)
Local Labor 5.00 4.50 0.50 (10.0%)
Career 3.33 2.67 0.67 (20.0%)
Dimension average 3.76 2.97 0.79 (21.0%)
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Table B.2. Aquaculture Performance Indicators: Outputs (Sector).

EXPORT-  DOMESTICALLY DIFFERENC
DIMENSION COMPONENT ORIENTED ORIENTED E (%)
Feed 5.00 4.50 0.50 (10%)
Water use and effluent 3.67 3.33 0.33 (9.1%)
Environmental Impacts on wildlife 3.25 3.75 -0.50 (-15.4%)
Env. Compliance 4.00 2.00 2.00 (50%)
Certification 5.00 2.00 3.00 (60%)
Dimension average 4.18 3.12 1.07 (25.5%)
Production Performance 3.92 3.00 0.92 (23.4%)
Production Assets 3.83 3.17 0.67 (17.4%)
Production Risk 4.00 4.29 -0.29 (-7.1%)
sector Owners 4.50 2.83 1.67 (37.0%)
Crew 3.33 2.22 1.11 (33.3%)
Dimension average 3.92 3.10 0.82 (20.8%0)
Markets 4.29 2.57 1.71 (40.0%)
Supply Chain Performance 4.00 3.60 0.40 (10.0%)
Post-production  Post Harvest Assets 4.00 2.67 1.33 (33.3%)
sector Processing Managers 4.00 3.00 1.00 (25.0%)
Processing Workers 3.29 2.71 0.57 (17.4%)
Dimension average 3.91 291 1.00 (25.6%0)
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Table B.3. Inputs by dimension. Export-oriented versus domestically oriented tilapia

production sectors in Huila. Year 2023.

Export- Domestically
oriented oriented Mann-Whitney U test
Macro factors w p-value significance effect size
Median 3 3 no
IQR 1 1
Mean 3.4 3.4
SD 1.08 1.08
# Metrics 10 10
Property
rights W p-value significance effect size
Median 3 1.5 6 p =0.057 no r =0.57 (large)
IQR 1 1
Mean 3.17 1.83
SD 0.98 1.17
# Metrics 6 6
Co-
management W p-value significance effect size
Median 4 2 15 p=0.017 * r =0.51 (moderate)
IQR 1 1
Mean 3.36 2.27
SD 1.29 0.65
# Metrics 11 11
Management W p-value significance effect size
Median 2.5 2 195 p=0.243 no r =0.18 (small)
IQR 1 1
Mean 2.82 241
SD 1.14 0.85
# Metrics 22 22
Supply chain w p-value significance effect size
Median 4 3 645 p=0.116 no r = 0.30 (moderate)
IQR 1 2
Mean 3.64 2.93
SD 1.08 1.21
# Metrics 14 14
Production w p-value significance effect size
Median 4 2 3 p=0.643 no r=0.28 (small)
IQR 2 0
Mean 3.33 2
SD 2.08 0
# Metrics 3 3

Note: *, ** and *** indicate significance in mean differences at 10%, 5%, and 1% levels, respectively.
Wilcoxon test statistic (W), Interquartile range (IQR), and Standard Deviation (SD).
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Table B.4. Aquaculture Performance Indicators: Inputs.

EXPORT- DOMESTICALLY DIFFERENCE
INDICATOR ORIENTED ORIENTED (%)

National Environment 3.00 3.00 0.00 (0%)
Exogenous Factors 3.60 3.60 0.00 (0%)
Governance 2.50 2.50 0.00 (0%)
Economic Factors 4.00 4.00 0.00 (0%)
Land Rights 3.17 1.83 1.33 (42.1%)
Collective Action 4.33 2.00 2.33 (53.8%)
Participation & Support 4.00 2.00 2.00 (50%)
Leadership & Cohesion 4.00 2.50 1.50 (37.5%)
Gender 2.00 2.50 -0.50 (-25.0%)
Management Inputs 3.20 2.80 0.40 (12.5%)
Data 2.50 2.50 0.00 (0%)
Management Methods 2.50 2.00 0.50 (20.0%)
Markets & Market Institutions 3.57 3.14 0.43 (12.0%)
Infrastructure 3.71 2.71 1.00 (26.9%)
Scale 5.00 2.00 3.00 (60%)
Integrated Culture 1.00 2.00 -1.00 (-100%)
Contract Farming 4.00 2.00 2.00 (50%)
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