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Keywords: Aquaculture will play an increasingly important role in the global seafood supply as fisheries harvests have
Aq“a?UIt‘{rF plateaued. Shrimp are a highly valuable aquaculture commodity which are produced largely for global trade. The
Sustainability Aquaculture Stewardship Council’s shrimp certification standard is meant to serve as a market-based tool that
Eco-labeling ds the b in the ind for i d f . lik hnical effici ial
Standardization rewards the better actors in the industry for improved performance in areas like technical efficiency, socia

responsibility, and traceability. The goal of this study was to compare production methodology and efficiency of
farms currently certified to the ASC shrimp standard to non-certified farms from recent field surveys in the same
geographical areas. Certified farms were statistically larger on average (four times larger in Latin America and 10
times larger in Asia). While farms in Asia operate at higher production intensities, no differences were seen due
to certification status. No differences were seen in the FCR of farms in Asia, but ASC farms in Latin America had
the higher average FCRs than non-certified farms (1.80 vs. 1.33). ASC farms in Asia used drastically less water
exchange and were more energy efficient than other farms as well. These findings were used to make recom-
mendations for the ASC standard and certification standards in general, including a greater emphasis on re-

quirements for limits on efficiency-based metrics beyond reporting the outcome of the calculation.

1. Introduction

The global demand for edible meat for use in human diets is fore-
casted to increase at a greater rate than the population over the next
25-30 years (FAO, 2009). The world’s capture fisheries production has
stagnated over the last three decades (FAO, 2018), and the expected
increase in demand for seafood products by the growing population,
especially the predicted increase in the global middle class, will have to
be met with aquaculture. Aquaculture has been one of the fastest
growing protein sources globally, and it has either exceeded or is only
slightly less than capture fisheries production for human consumption
which has traditionally been the major source of seafood (FAO, 2018;
Edwards et al., 2019).

One of the most valuable seafood commodities is farmed penaeid
shrimp, which has a value that far exceeds the proportion of tonnage
produced (FAO, 2018). The whiteleg shrimp, Litopenaeus vannamei, is
the most commonly cultured penaeid species globally, accounting for
83% of all penaeid shrimp culture (FAO, 2019). Most of the production
is centered in a few countries within Latin America and South East Asia,
including Ecuador, Thailand, Vietnam, India, Indonesia, and China
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(FAO, 2019). While China is the world’s leading producer of whiteleg
shrimp, most of its production is for domestic consumption (Zhang et al.,
2017). The rest of the production is largely for consumption in global
markets, mainly in the EU, the US, and Japan (UN, 2020).

Shrimp production by aquaculture is mired by a history of social and
environmental blackmarks. The earliest attempts of intensive shrimp
culture in Taiwan collapsed because of poor management and disease
problems (Chamberlain, 2010). Others have criticized the expansion of
shrimp into coastal areas where it replaced mangrove habitat (Naylor
et al.,, 1998; Primavera, 2006), and have pointed out that shrimp
farming was responsible widespread mangrove deforestation in the
second half of the 20th century (Giri et al., 2015). Aquaculture in coastal
areas has also led to the release of antibiotics in the environment due to
careless use in ponds (Holmstrom et al., 2003) and locally diminished
water quality (Sansanayuth et al., 1996; Jones et al., 2001). Shrimp
farming was also criticized for the use of wild fish meal in shrimp feeds
(Naylor et al., 1998; Naylor et al., 2000). Socially, shrimp farming has
been criticized for exploiting local labor and disconnecting local com-
munities from natural resources (Bailey, 1988), and has been more
recently linked to allegations of forced labor on fishing vessels used for
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the production of fishmeal in shrimp feeds (Hodal et al., 2014). Never-
theless, shrimp trawling has also caused damage to marine ecosystems.
The ills of shrimp aquaculture can be greatly reduced by better farm
siting and operations, while those of trawling are more difficult to cor-
rect (Clay, 1996), and the penaeid shrimp catch has plateaued (FAO,
2019).

The interest in promoting sustainability in aquaculture and devel-
oping best management practices is generally shared amongst environ-
mentalists, industry, and academic institutions. The role of certification
schemes is to allow consumers to discern shrimp from well operated
shrimp farms from those originating from poorly operated farms and
thereby encourage sustainable practices with their purchases. The
concept behind certification schemes is that by setting high standards for
certification, better actors in the market will be rewarded with better
prices and preferential treatment from buyers (Clay, 2008; Roheim
et al., 2011; Del Giudice et al., 2018). Over time, certification will
theoretically lead to a shift in performance (be it, in resource efficiency,
treatment of workers, safety, etc.), towards better performance, thereby
improving the standard practices of the industry (see Fig. 1). However,
the practice of certification has not existed long enough to demonstrate
this pattern.

Developed in a partnership with the World Wildlife Fund (WWF) and
the Sustainable Trade Initiative (IDH) through a multi stakeholder
process initially known as the aquaculture dialogues (Boyd and McNe-
vin, 2015), the Aquaculture Stewardship Council (ASC) is one of the
world’s most prominent certification bodies in aquaculture. They have
several standards for the certification of common aquaculture products,
including the Aquaculture Stewardship Council shrimp standard. Orig-
inally crafted in 2015, it includes standards that must be met by a farm
for worker’s welfare, community engagement, resource efficiency, and
environmental responsibility (Aquaculture Stewardship Council, 2014).
However, many of the quantitative standards in the shrimp standard [e.
g., feed conversion ratio (FCR)], require no target level but simply that
the farm maintain records that show calculations were done correctly.
This leads one to question one of the underlying assumptions of the ASC
certification; that the farms certified represent the better performers.
Therefore, the objective of this study was twofold; i. describe the char-
acteristics of the farms certified under the ASC shrimp standard, ii.
compare quantitative efficiency metrics from farms certified by the ASC
shrimp standard to data recently collected in Southeast Asia (Boyd et al.,
2017; Boyd et al., 2018), and Ecuador (Boyd et al., 2021) with field
surveys at shrimp farms.

Government Regulation

Number of Farms
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2. Methods

Data from the ASC’s publicly available certification audits were
extracted to create the data for this study. The audits were screened for
data in September and October of 2020. Farms culturing exclusively L.
vannamei that were currently certified within the window of data
extraction were included in this survey. The following information, with
the location of the information in the audit in parentheses, was extracted
for each certification included in the analysis; i. farm name (website), ii.
ASC certification number (website), iii. at least one GPS point for the
certification (website), iv. country where the farm is located (website),
v. farm size (audit opening or Standard 1.1), vi. number of farms (audit
opening), vii. Number of ponds (audit opening), viii. Annual production
(audit opening), ix. production pond area (ha), x. survival (Standard
5.1.3), xi. Production system (coded as 1, 2, or 3 in Standard 5.1.3, they
are non-fed non-aerated, fed but not permanently aerated, and fed and
permanently aerated, respectively), xii. The feed fish equivalence ratio
(FFER, Standard 7.4.1), xiii. Feed conversion ratio (FCR, 7.4.2), xiv.
Water exchange rate (Standard 7.5.1), xv. Nitrogen load in N/t shrimp
(Standard 7.5.1), xvi. Phosphorus load (7.5.2), xvii. Direct energy use
(7.6.2), and xviii. Any chemicals used at the farm (Standard 7.7.1) were
also obtained.

In the case of multisite certifications cumulative statistics (e.g.,
production, farm size), the sum of all the farms in the certification is
reported. In the case of FFER, FCR, survival, N load, P load, water ex-
change rate, and energy use, the average values of multisite certifica-
tions were used. The audit templates allow for the farm to report an
estimated annual production and actual production totals from previous
years. The estimated annual production from the farm is often over-
estimated in the audits, therefore when available the most recent year of
production was used as the production total for the farm. If no pro-
duction data was available and only the estimate provided by the farm
was available, then this was used instead of the actual production. In the
case where the total farm area was not reported but the total production
area was, the total production area was used as the farm area to serve as
an estimate, although the authors recognize this underestimates the
total area of the farm. The audit was considered the unit of replication
for all statistical procedures that followed. The production intensity was
calculated as the annual production/production area (t/ha/yr) when
both statistics were available for an audit, and not included in statistical
procedures when one or both measures required to calculate production
intensity were not available. The most recent complete audit report was
used to collect data in the case where multiple audits were available.

Eco-certification

Worse

Better

Performance

Fig. 1. A conceptual model of change for eco-label certification based on the variation in performance of key metrics, adapted from Clay (2008).
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2.1. Statistics

The mean values for all numeric values obtained from the audits
were averaged and reported by country. The cumulative production and
land area certified in each country was totaled and presented alongside
the total production for L. vannamei according to FAO”s fishstat software
(FAO, 2019) and the land totals were taken from Boyd and McNevin
(2018) adjusted with land:water ratios (LWR) for each country from
Jescovitch et al. (2016). The data from Boyd and McNevin (2018) and
the FAO are estimates compiled mostly from government sources. These,
along with the estimates for LWR in Jescovitch et al., 2016, are the best
available estimates for the relevant statistics, however there is some
uncertainty in these values. They are presented to provide context with
the ASC data, and not serve as absolute values for production and pro-
duction area.

The data from the ASC audits were subsequently compared to data
presented in Boyd et al. (2017), Boyd et al. (2018), and Boyd et al.
(2021). The countries included from the non-certified surveys include
Ecuador (n = 101), India (n = 100), Thailand (n = 34), and Vietnam (n
= 45). For FCR, Two-way ANOVA was used to analyze the effect of re-
gion (coded as Latin America and Asia for the ASC and non-ASC farms)
and certification as well as the interaction. The following variables were
compared: average farm size, production, production intensity, FCR,
water exchange rate, and energy use. In the case of significant differ-
ences, post-hoc comparisons were made utilizing Tukey’s highly sig-
nificant differences p value adjustment (Norman and Streiner, 2014).
For all other variables compared statistically (average farm size, annual
production, production intensity, water exchange, and direct energy
use), a non-parametric rank based procedure outlined in Wobbrock et al.
(2011) was used utilizing the R package “ARTool” for the purposes of
comparing country x certification status means. The post hoc compari-
sons were then completed on the ranks of the variables in each group.
Chi-Square Tests were used to determine if any relationship existed
between reported chemical use and certification status in Asia and in
Latin America (certified vs non-certified in each region). An alpha of
0.05 was used for all tests of significance. All statistical analyses were
conducted in R version 3.6.2 (R Core Team, 2019).

3. Results

Altogether, there were 123 farm audits that strictly culture L. van-
namei in the ASC auditing data during the time of data screening, with
most of the farms occurring in Asia. The Latin American countries,
where there are certified farms, have a relatively high percentage of
production covered from certification, ranging from 3.26% in Mexico to
94.56% in Honduras (Table 1). The countries from Asia where farms are
certified have far less production under certification, ranging from

Table 1
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0.02% in Indonesia to 3.41% in Vietnam. Altogether, 4.14% of global
production of L. vannamei is certified under the ASC standard. Based on
data in the audit reports, Ecuador has the most area of land under cer-
tification with over 22,000 ha certified, roughly 45% of the total land for
L. vannamei farms certified under the ASC Shrimp standard. Other
countries with a high proportion of certified area relative to the total
area in the country include Honduras, Guatemala, and Venezuela,
although these countries do not contribute greatly to global production.

The countries with the most certified farms were India (36), Ecuador
(27), and Thailand (25) (Table 2). The type of farm system used in Asia
was dominated by permanently aerated fed systems (50 out of 54 re-
ported), while the prevalent system in Latin America was the non-
permanently aerated, fed system (47 out of 48 reported). Only one
certification was for a farm described as extensive (non-fed, non-
aerated), which was in Vietnam. Survival rates were on average
higher in Asia countries (ranging from 54.8% in China to 85.6% in India)
as compared to Latin American countries (ranging from 35.0% in Pan-
ama to 66.6% in Guatemala). Additionally, the FFER of farms in Latin
America was generally higher (ranging from 0.20 in Nicaragua to 0.73 in
Ecuador) than Asian countries (ranging from 0.0 in Thailand to 0.81 in
Indonesia). This was driven by many farms in Asia utilizing feeds in
which fisheries by-products were substituted as the fish meal source;
these byproducts do not count towards the FFER calculations in the ASC
shrimp standards.

ASC farms were significantly larger than the non-certified counter-
parts as revealed from recent data obtained from field surveys, with the
ASC farms in Asia being 10 times larger on average than non-certified
farms (Table 3, Fig. 2a). Farms from Latin America were on average a
greater size than farms from Asia, and ASC certified farms were more
than four times larger than non-certified farms in Latin America (x
615 vs 149 ha, respectively). Annual production was similar, with ASC
farms in Latin America averaging the highest at x = 3210 t shrimp
annually. Production intensities were predictably higher in Asia than
Latin America, but certified farms in Asia on average had the highest
production intensity of all groups. The FCRs were on average the highest
in ASC certified farms in Latin America (x = 1.80) and were signifi-
cantly different from the non-certified farms in Latin America, while
non-ASC farms were not significantly different from farms in Asia. Water
exchange as a percentage of daily pond volume was significantly lower
at farms in Asia that were certified than uncertified farms (x = 0.324 vs.
X = 6.37, respectively), while there were not statistical differences in
the water exchange rates of Latin American farms that were certified vs.
uncertified. Both Asian and Latin American farms that were certified
used less energy than their uncertified counterparts, although the dif-
ference was not significant in Latin America (see Fig. 2e).

There were a few differences in chemical use in certified and non-
certified farms in Asia and in Latin America (see Table 4). There was a

Total Production and Land Cover of ASC farms and total production and land cover by country.

Country Production (t shrimp) ASC Production (t shrimp) % Certified Total Land Area (ha)’ ASC Farm Land (ha) % Certified
China 1,760,341 2917 0.17 635,710 2177 0.34
Ecuador 510,000 98,829 19.38 216611° 22,439 10.36
Guatemala 17,273 4479 25.93 1560 342 21.92
Honduras 31,500 29,791 94.57 23,560 11,554 49.04
India 622,000 17,531 2.82 183,300 1695 0.92
Indonesia 708,680 173 0.02 210,600 86 0.04
Mexico 157,934 5142 3.26 92,880 1852 1.99
Nicaragua 29,458 3381 11.48 19,992 1458 7.29
Panama 6409 820 12.79 14,035 800 5.70
Thailand 3,472,258 11,642 0.34 51,255.2 461 0.90
Venezuela 24,500 14,842 60.58 6120 5378 87.88
Vietnam 475,000 16,195 3.41 1,015,160 2094 0.21
Global 4966241° 205,742 4.14 3,154,043 50,336 1.60

! pPond area from Boyd and McNevin (2018) was corrected with a Land:Water ratio (LWR) from Jescovitch et al. (2016) to obtain a farm area estimate.
2 Production totals for the countries listed and the total global production were obtained from FAO’s fishstat database.

3 This value is updated from Boyd et al. (2021).
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Table 2

A summary of the production characteristics for farms that are ASC certified. The mean for each country is presented. Where NA is found, the data was not available from the audits for that country.

Latin America

Asia

Variables

Overall

Venezuela

(6)

Panama

@

Nicaraugua

Mexico
(€8]

1)

Honduras

12)

Guatemala

(€Y)]

Ecuador
27)

Overall

Vietnam
(25)

Thailand
(@)

Indonesia
3)

China India
(36)

3)

Country (n)

Average (49)

Average (74)

Farm Characteristics
Total Area/Audit

Pond Area

894.4

896.3

800.0

1458.5
729.2
41.00

1852.8
463.2
22.17

962.9

341.5

831.1

65.8 83.8 87.5

28.7

6.0
1.5

4
3

725.7

615.3
81.91
9.88
7.16

691.5

800.0

731.2

113.8
36.00
NA

557.8
65.58

61.6 72.1 77.3

28.7

725.7

148.50
3.66
4.83

152.00
3.36
7.60

335.00
NA

60.80

81.89
0.93
0.32

78.25
0.50
0.05

32.00
0.98
2.53

35.00

48.77
1.23
0.07

16.67
1.35
0.

No. Ponds
Pond Size

13.48
5.97

9.16

7.91

0.73
0.70

10.00

13.11

5.90

00

Water Exchange Rate

0,1, (0,6,0) (0,47,1)

(0,1,0)

0,0,7) (1,0,19) (1,3,50) 0,25,1) (0,1,0) (0,12,0) (0,1,0)

0,0,24)  (0,1,0)

(0,2,0)

Production System* (n

of Cat. 1,2,3)

Production Characteristics

Annual Production

3210

2474
3.69
58.4

820

3381

5143
NA

2483
3.09
56.9

4479
NA

3660
4.69
60.4

737

892

1663

58
5.

487

972

3.79
58.7

1.61
35.0

3.72
60.1

26.52
81.4

43.63
80.0

29.22
78.1

21

16.55
85.6

18.95
54.8

Production Intensity

Survival
FFER
FCR

56.0
NA

66.6
NA

79.1

0.54
1.80

0.26
1.93

8.7

0.52
2.49
0.0

0.20
1.29

NA

0.28
1.95
18.2

0.73
1.69
10.1

0.37
1.24

0.27
1.18

1

0.00
1.28
15.3

0.81
1.28

0.1

0.45
1.30
185

0.59
0.80
0.9

2.48
1.4

1.61

NA

11.94

14.81

2.8

N Load (kg N/t

shrimp)
P Load (kg P/t shrimp

Energy Use

1.19

1.79

0.00

2.66
2.08

1.11

2.10

NA

0.41

2.13

1.92

1.63

0.05
4

2.54

0.07

35.32 20.73

27.99

19.14 12.03

15.07

20.24

16.35 07 20.73 41.53 24.25

0.46

From Standard 5.1.3, the three categories describe the type of production system used on the farms. Category 1 = non aerated, non-fed, Category 2 = fed, but not permanently aerated, Category 3 = fed and

permanently aerated. The categories do not sum to the number of farms in some cases because not every audit reported the farm category.

*
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significant difference in the rate at which farms reported the use of
fertilizer (Y2 = 12.85, df =1, p=0.0003), Zeolite 2 =779, df=1,p=
0.005), and Probiotics x?=13. 73, df =1, p = 0.0002) in Asia farms. In
all three cases, the non-ASC farms had a higher rate of reporting
chemical use for these chemicals. In Latin America, there was a signif-
icant difference in the rate of reporting the use of agricultural limestone
2= 6.65, df = 1, p = 0.001), burnt or hydrated lime x?=16.171, df=
1, p < 0.0001), carbohydrates 2= 49.87, df = 1, p < 0.0001), zeolite
(X% = 12.36, df = 1, p = 0.0004), piscicides (X? = 6.22, df = 1, p =
0.013), and disinfectants 2= 34.49, df = 1, p < 0.0001). In all cases
except disinfectants, ASC farms reported using these chemicals at a
lower proportion than their non-certified counterparts.

4. Discussion

Shrimp production is not likely to decrease in the near future, as
shrimp production and aquaculture in general is one of the fastest
growing food production systems globally (FAO, 2018). Because of past
criticisms and increased consumer awareness in the developed world
about the environmental impact of their food choices, there is a growing
demand for sustainable seafood products (Boyd and McNevin, 2015).
One markets-based solution that has become prominent, especially in
seafood, is eco-labeling certification. The ASC’s shrimp standard,
developed through a multi-stakeholder process, is meant to be at the
leading front of certifications in the aquaculture sector. Here, we
examined the ways in which ASC certified farms differ from their non-
certified farms in two areas of the world, Asia and Latin America. This
study is not meant to be a criticism of the ASC or certification in general.
On the contrary, the findings of this study should serve to strengthen the
ASC shrimp standard.

One of the most apparent conclusions from this data is that there are
truly two different predominant styles of shrimp farming that have been
able to obtain certification. For the most part in Asia, the farms are
highly intensive and with small ponds and a comparably small overall
area when compared to ASC farms elsewhere, while the farms in Latin
America are large and semi-intensive (for the sake of this study, semi-
intensive will mean fed but not permanently aerated farms). Even
though the average Asian ASC farm is an order of magnitude smaller
than the average ASC farm in Latin America, they are still quite large
compared to the non-certified farms that were surveyed Boyd et al.,
(2018) and Boyd et al., (2017).

The data revealed here in this study shows how difficult it has been
for the ASC shrimp standard to capture a meaningful share of the global
shrimp market. In the ~5 years since its conception, approximately 4%
of global WLS production is under ASC certification. This has not
changed appreciably in the last 2-3 years (authors unpublished data)
and is potentially indicative of a scenario where all the farms that can
achieve and afford certification already are certified for the ASC.
Additionally, the market forces from the retailer/consumer side cannot
be ignored as a potential factor in the limits on farms attempting to be
certified. Thus, it is likely that the combination of certifiable farms and
the market demand are limiting certification.

Based on the size of the farms that are being certified, it is clear that
the farms that are able to obtain certification are only those that are
either large enough or are producing enough volume in smaller highly
intensive farms to absorb the costs of certification, which is understood
to be substantial (sensu Samerwong et al., 2018). This creates a para-
doxical problem for the ASC, that is in order to broaden the market share
of the standard and therefore it’s potential impact, the standard would
likely have to be altered in order to be obtainable for a larger number of
farms. ASC has made attempts to address the issue of access to the
standard by creating a multi-site and group certification, which allows
for more than one farm to be certified at once. Several certifications in
this study were multi-site (roughly 25%), so this does seem to be a path
to certification for clusters of smaller farms. At least some of these multi-
site certifications belong to producer associations, which appear to be
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Table 3
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A comparison of production metrics for ASC and non-ASC farms in Asia and Latin America. The means of each are presented =+ standard errors. Letters accompanying
the mean represent group membership based on post hoc tests on ranks. P values for the factors Certification and Region are presented from the corresponding two-way

ANOVA (or non-parametric equivalent) for each variable.

Group Average Farm Size (ha)  Annual Production Production Intensity FCR Water Exchange (%) Direct Energy Use (GJ/t
(t shrimp) (t/ha pond/yr) shrimp)
ASC Asia Farms 77.33" + 3234  740° + 203 2652° + 312 1.24° + 0.04 0324 <+ 0989 24.25° + 55.67
Non-ASC Asia Farms 7.65% + 2051 70° + 131 21.17° + 176 133" + 0.02 6.37° +  0.660 222.42° + 3431
ASC Latin America Farms ~ 615.25¢ + 39.60 3210° + 250 3.79° + 445 1.80° + 005 7.116° + 1.200 20.74% +  66.97
Non-ASC Latin America 149.06° + 26.48  829° + 194 7.02° + 240 130 + 0.02 7.123° + 0.0857 34.68" + 47.86
Farms
Anova (p value)
Certification < 0.0001 < 0.0001 0.0297 0.0001 0.348 < 0.0001
Region < 0.0001 < 0.0001 <0.0001 < 0.0001 < 0.0001 < 0.0001
Interaction < 0.0001 < 0.0001 0.0035 < 0.0001 0.257 0.0019
a b
No Certification-Latin America 1 L] No Certification-Latin America 1 L]
No Certification-Asia| No Certification-Asia 1 L]
Certified-Latin America 1 g Certified-Latin America 1 g
Certified-Asia 1 Ly | Certified-Asia 1 g
0 200 400 600 800 1.00 125 150 1.75 2.00
Average Farm Size (ha) FCR
c d
No Certification-Latin America 1 e No Certification-Latin America 1 -
No Certification-Asia | No Certification-Asia 1 lag)
Certified-Latin America 1 e Certified-Latin America | =——a=——i
Certified-Asia 1 e Certified-Asia 1 =i
0 1000 2000 3000 4000 0 10 20 30
Annual Production(t shrimp) Production Intensity (t shrimp/ha)
e f
No Certification-Latin America 1 ] No Certification-Latin America 1 ——
No Certification-Asia 1 e No Certification-Asia 1 ——i
Certified-Latin America 1 =i Certified-Latin America | =———a=——
Certified-Asia 1 =i Certified-Asia] =——a—i
25 00 25 50 7.5 10.0 0 100 200

Water Exchange Rate (%)

Direct Energy Use(GJ/t shrimp)

Fig. 2. Mean (+ Std. dev.) values for groups of farms classified by region (Latin America vs. Asia) and certification Status (ASC vs not certified). The variables
included are: a). Average Farm Size, b). FCR, c). Annual Farm Production, d). Production Intensity, e). Water Exchange Rate, and f). Direct Energy Use.

consortia of farmers in a local geography. This survey shows that
generally large farms achieve certification relative to the farms in their
respective area, but that the pathway for smaller farms to achieve cer-
tification are available enough that some have chosen to do so as part of
collectives.

The ASC standard has rather strict limits on amounts of phosphorus
and nitrogen that may be discharged per tonne of shrimp harvested (3.9
kg P/t shrimp and 25.4 kg N/t shrimp, respectively). While compliance
with these limits requires better management, these limits do not assure
water quality protection in receiving water bodies. The limits do not

restrict a farm from increasing production, and as a result, discharging
greater total loads of nitrogen and phosphorus into its receiving water
body. However, the important fact is that unless the assimilation ca-
pacity of the receiving water body is known, a farm can comply with the
ASC nitrogen and phosphorus standards but release enough nitrogen
and phosphorus to initiate or exacerbate eutrophication. Moreover,
there often are other anthropogenic sources of nitrogen and phosphorus
to water bodies into which ASC certified farms discharge (Liu et al.,
2012; Wilbers et al., 2014; Li and Bush, 2015). The main benefit of the
ASC nitrogen and phosphorus load limits is in discouraging practices
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Table 4

Amendment use on ASC farms in Asia and Latin America as well as non-ASC
certified farms. The percentage of farms that use a particular amendment out
of the farms reporting amendments is presented. n = the total number of farms
reporting amendment use. P values represent the result of a Chi-square test of
independence for the use of chemicals by certified vs. non-certified farms in each
region.

Asia Latin America
Amendments ASC Non- p value ASC Non- p value
(n= ASC (n (n= ASC
27) =111) 29) n=
89)
Agricultural 37.0 53.0 0.141 48.3 75.5 0.010
limestone
Burnt or hydrated 44.4 35.8 0.616 41.3 81.1 <
lime 0.0001
Fertilization 25.9 63.6 0.0003 75.9 87.1 0.225
Carbohydrate 0.0 9.9 0.170 6.9 80.2 <
Source 0.0001
Hydrogen peroxide 3.7 2.0 0.999 20.7 30.7 0.429
for emergency
oxygenation
Zeolite 3.7 31.3 0.005 3.4 40.5 0.0004
Probiotics 37.0 73.5 0.0002 27.6 33.7 0.719
Piscicides 3.7 10.0 0.470 3.4 27.7 0.013
Therapeutants 0.0 10.0 0.170 17.2 37.6 0.072
Disinfectants 77.8 58.3 0.070 58.6 7.9 <
0.0001
Vitamins 7.4 20.5 0.158 3.4 4.0 0.999

that result in large amounts of nitrogen and phosphorus in farm
effluents.

The FCR and by extension type and amount of feed used by a farm
largely determines it’s environmental impact, as feed management plays
a role in the amount of embodied resources tied up in production in the
farm (Chatvijitkul et al., 2017), the water quality outcomes (Jescovitch
et al., 2018), the impacts on wild fish, and the health of shrimp in ponds
(Tacon et al., 2013). The ASC farms in Asia had a lower FFER than ASC
farms in Latin America, largely as a result to many farms claiming an
FFER of zero because fisheries or aquaculture by-products as the source
of fishmeal in the feeds. It is important to note that shrimp do not
explicitly need fishmeal in their diets (Amaya et al., 2007), and that the
percentage of fishmeal inclusion in shrimp feeds have continually fallen,
and farm level FCRs have shown improvement through time (Boyd and
McNevin, 2015). The worst performing group in this study was the ASC-
certified farms in Latin America, and the best performing group was the
ASC certified farms in Asia. This continues to drive home the differences
in the ASC farms in Asia, and the ASC farms in Latin America. Indeed,
there were several ASC farms in Latin America that reported FCRs
greater than 2, while there were no farms in Asia that reported and FCR
over 2. It is likely that the large size of the ponds in Latin America,
indicative to the production systems in this region, limit the ability to
manage feed inputs and production. Large ponds are more difficult to
manage intensively compared to relatively small ponds (Boyd and
Tucker, 2012). In future revisions of the ASC shrimp standards, stricter
requirements beyond simply reporting that the calculations were per-
formed correctly for specifically the FCR, protein retention efficiency,
and the energy use could strengthen the standard and add to the validity
of the claims-making about sustainability of ASC Farms.

Direct energy use is an important measure, as it relates to the use of
aeration and pumping on a farm, which are key management practices
that can determine the environmental impacts of the farm. ASC farms
were better on average than their non-certified peers in both Asia and
Latin America, which is encouraging for an eco-label. From the reporting
in the standard, it is difficult to tell what is creating this difference, as the
pumping and aeration hours are not reported, but it likely tied at least in
part to the lower water exchange rate seen in ASC farms in Asia, and the
lack of aeration used at ASC farms in Latin America, which did not show
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differences in water exchange rates compared to non-certified farms.

The uses of chemicals were generally similar between ASC and non-
ASC farms in the same region, with the noted exceptions in the results.
When significant differences did arise, it was because that non-certified
farms tended to be more likely to use a particular chemical in all cases
except for disinfectants in Latin America where ASC farms were more
likely to report its use. Chlorination with bleach (NaOCl) and high test
hypochlorite [Ca(OCl);] were by far the most common method of
chlorination. Disinfection of ponds also eradicates wild fish, so the use of
piscicides such as rotenone and saponins was not common in Asia.
However, in Latin America, 27.7% of non-ASC farms applied piscicides.
These farms did not apply disinfectants generally, and some farms did
not use disinfectants or piscicides. The main therapeutants applied were
organic acids such as lactic or ascetic acid which are used to prevent
Vibrio infections in shrimp (Mine and Boopathy, 2011). None of the ASC
farms in Asia used therapeutants, and therapeutant use in Latin America
was more common at non-ASC farms. The greatest use of vitamins at
non-ASC farms in Asia, and Vitamin C was the common one applied. The
ASC audits online do not include treatment rates for pond amendments.
However, usual treatment rates are available for farms in India,
Thailand, and Vietnam (Boyd et al., 2017; Boyd et al., 2018).

This study is somewhat limited in scope for a few reasons. While the
ASC certification is lengthy and requires dozens of pieces of information,
the required reporting is not clearly defined in some cases. For example,
several audits lack information that should be explicitly required, such
as the size of the farms, or the number and size of the ponds. The ASC
audits stand to become more transparent with reporting requirements
outlined for third party auditors, so that audit reports are more stan-
dardized and coherent. Additionally, while several farms listed the
amendments used in Standard 7, not one audit listed the rates of the
amendments used. This would be more complete for comparison pur-
poses between ASC and non-ASC certified farms. Additionally, the sur-
veys used here as non-certified counterparts to ASC did not capture
survival explicitly (Boyd et al., 2017; Boyd et al., 2018; Boyd et al.,
2021), so it is difficult to understand if the survival rates at ASC farms
are typical or higher than their non-certified counterparts. The most
critical pieces of information missing from several of the audits that
should be specified to be explicitly included are the actual production of
the farm for the most recent complete year, the number of production
ponds (and nursery and hatchery ponds separately), the different water
surface areas such as the production ponds, canals, and reservoirs if any
are present, and the total area of the property and the area dedicated to
shrimp farming in the cases where not all of the property is utilized.

5. Conclusions

The authors want to emphasize that this report is not a condemnation
of the ASC shrimp standard. Indeed, this analysis was only possible
because of the transparency of the ASC, which reports its audits publicly,
unlike other standards such as the Global Aquaculture Alliance’s Best
Aquaculture Practice (BAP) standard which does not. It is difficult to
know how the farms certified to ASC standard would compare to the
farms certified to the BAP standard on a benchmarking exercise because
of this, although it should be noted that there are farms in many coun-
tries that are certified to both standards. Broadly, there are some con-
clusions to be made about the ASC certified farms. The ASC appears to
have captured the high end of the market in terms of farm size, sug-
gesting that large, in many cases corporate, farms are the farms that are
able to obtain certification. There appears to be a dichotomy between
Latin America and Asia in terms of farm style and management,
although this was relatively well known. Perhaps more importantly, ASC
farms do not appear to be drastically different from non-certified farms
from technical aspects, and outside of energy use, they are possibly
middling performers (e.g., FCR, water exchange).

Finally, while technical efficiency is an important aspect of sustain-
ability and was the focus of this study, this study does not capture the
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entirety of what the ASC certification is meant to assess, including other
important aspects of responsible farming such as fair labor practices,
supply chain traceability, community engagement, previous land use at
the farm site, and local regulation compliance. Moving forward, aligning
the standards related to technical proficiency (and going beyond the
bare minimum requirement of simply reporting that the calculation was
performed in many cases) with what is the current best approach
management at the farm level will improve the ASC shrimp standard.
Several key indicators for farm management, such as energy use and
eFCR, do not have a requirement that must be obtained beyond calcu-
lation. Additionally, the standard should explicitly require the farm to
outline the total size of the farm, number of ponds, and water surface
area, which are critical to understanding farm management. Periodic
comparisons of ASC certification data to industry surveys will
strengthen the claims made by the ASC, mainly that they are a leader in
environmental stewardship in aquaculture.
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