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Final Seafood Recommendation

Channel catfish

Channel catfish (Ictalurus punctatus) and channel catfish x blue catfish hybrids (Ictalurus
punctatus x Ictalurus furcatus)

United States

Ponds
C1 Data 8.41
C2 Effluent 8.00
C3 Habitat 6.67
C4 Chemicals 9.00
C5 Feed 7.56
C6 Escapes 8.00
C7 Disease 8.00
C8X Source 0.00
C9X Wildlife mortalities -2.00
C10X Secondary species escape -0.30
Total 53.33
Final score (0-10) 7.62

OVERALL RANKING

FINAL RANK

Scoring note — scores range from zero to ten where zero indicates very poor performance and
ten indicates the aquaculture operations have no significant impact.

Summary

The final numerical score for channel catfish grown in ponds in the United States is 7.62. This
numerical score is in the Green range, and with no Red criteria, the final ranking is Green and a
recommendation of “Best Choice.”
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Executive Summary

This assessment was originally published in July 2017 and reviewed for any significant changes in
September 2021. No changes were made to the body of the report. Please see Appendix 2 for details of
review.

The channel catfish is a native North American freshwater fish whose original range extended
from northern Mexico and the states bordering the Gulf of Mexico, up the Mississippi river and
its tributaries, and west to the Rocky Mountains. This original distribution represents 20 states
and about half of the total land area in the continental United States. Since the 1920s, channel
catfish have been widely introduced throughout most of the rest of the United States to
enhance sport fishing. Channel catfish strains currently used in culture in the U.S. were
originally derived from native fish caught from local waters.

Data. Channel catfish farming in the United States has been extensively studied by government,
the scientific community, and the industry itself. A large volume of published information is
publicly available and was considered during research for this assessment. Published data were
reasonably robust for all criteria, with the exception of escapes, for which minimal data exist.
Direct communications with industry experts provided valuable data to supplement the primary
literature; the final score for Criterion 1 — Data is 8.41 out of 10.

Effluent. U.S. channel catfish ponds are operated as “static” with insignificant water exchange
during the production cycle. Ponds retain the same water for several production cycles before
discharging any effluent. Due to the overall low volume of effluent and relatively minor
contribution to cumulative impact in the receiving waterbody, catfish farming does not result in
significant effluent-related environmental impacts. Any contribution to cumulative impact is
well regulated and managed to be reduced to an ecologically safe level. Data show no evidence
that effluent discharges cause or contribute to cumulative environmental impacts, beyond the
well-regulated and enforced ecologically acceptable impacts set by federal- and state-level
assessments. Thus, the final score for Criterion 2 — Effluents is 8 out of 10.

Habitat. Catfish ponds are sited in moderate-value habitats that were historically altered (more
than 15 years ago) by activities such as agriculture, yet represent a small fraction of disturbance
overall in the ecosystems they are sited in; in addition, catfish ponds provide critical habitat to a
variety of taxa that would otherwise be lost as cropland, which ponds have replaced. As such,
catfish ponds are said to maintain ecosystem functionality with moderate impacts. Regulations
governing farm siting vary by state from absent to comprehensive, while other elements of land
development and pond construction are well regulated. There are limited considerations of
cumulative habitat impacts. Enforcement of these regulations is highly effective and active at
the area-based scale, and the permitting, licensing, and enforcement history is transparent and
accessible.

When combining the Factor 3.1 score of 7 out of 10 with the scores for Factors 3.2a (3 out of 5)
and 3.2b (5 out of 5), a final score of 6.67 out of 10 is given for Criterion 3 — Habitats.
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Chemical Use. Overall, chemical use in U.S. catfish aquaculture results in minimal
environmental impacts. This finding is based on the use and limits approved by the EPA, the
infrequent use due to few disease outbreaks and a high economic cost of chemical treatment,
and the long residence time and microbial activity that provide both time and opportunity for
dissipation of the chemical before discharge (Boyd and Hargreaves 2004). Chemical use is highly
restricted and strongly regulated in U.S aquaculture. Regulation is based on thorough risk
analysis, including data on residues, fate, and toxicity to target and non-target species. Survey
data indicate that high-risk chemicals (i.e., antibiotics) are used infrequently across the
industry, particularly in foodfish ponds, which account for the majority of the production cycle
and industry acreage. In addition, it appears that chemical usage is declining based on a lower
percentage of total operations using chemicals and an overall reduction in number of farms,
but robust data to verify this are lacking. The impact of chemical treatments during a
production cycle is mediated by high water volumes and low discharge rates (i.e., the
production system does not intentionally discharge water over multiple production cycles), but
as stated, fully up-to-date and detailed data on the volume of chemicals used are not available.
Catfish production ponds typically discharge water once every 6 to 10 years, and medicated
feeds are not normally applied during winter months when overflow effluents are most likely to
occur, thereby minimizing the risk of discharging active chemicals and/or their by-products.
Therefore, the environmental impacts of chemical use in channel catfish aquaculture are
minimal. The final numerical score for Criterion 4 — Chemical Use is 9 out of 10.

Feed. Channel catfish are an omnivorous species and are fed a high-energy diet with low
amounts of fishmeal and fish oil (approximately 1% each). Although figures will vary across the
industry, the most representative data show the economic feed conversion ratio of channel
catfish production to be 2.2. From first principles, 0.40 tons of wild fish would need to be
caught to produce one ton of farmed channel catfish. With a moderate protein feed, there is
also a substantial overall net loss of edible protein (-57.22%) during catfish production. Because
most feed protein is sourced from edible crops, the feed footprint is estimated at 2.04 ha per
ton of channel catfish production. Criterion 5 — Feed is scored 7.56 out of 10.

Escapes. Channel catfish are farmed in closed pond systems that either drain at harvest
(nursery ponds) or do not exchange any water, even at harvest, for over 10 years on average
(growout ponds). These facilities are outfitted with multiple fail-safe escape prevention devices,
and the likelihood of a farmed channel catfish entering the receiving waterbody is low. This low
risk of escape in conjunction with a low risk of additional competition and genetic introgression
(as demonstrated by genetic studies and the nature of receiving waterbodies that were
intentionally stocked with millions of domestic catfish) results in a final score of 8 out of 10 for
Criterion 6 — Escapes.

Disease. A variety of pathogens and parasites are known to occur in catfish farming in the
United States, but management practices have resulted in moderately successful mitigation of
disease occurrence and losses in the industry. The ponds used to produce channel catfish are
static and do not intentionally discharge water over multiple production cycles, reducing the
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risk of transfer of disease to wild populations. Though it is necessary to consider the potential
discharge of overflow effluents (at times up to 20% of pond volume per year), such overflow
generally occurs in the winter months when disease outbreaks are less common. Data from the
U.S. Fish & Wildlife Service National Wild Fish Health Survey Database suggest that on-farm
pathogens and/or parasites that may be transmitted to receiving waters do not amplify those
found at natural or background levels. Criterion 7 — Disease scores 8 out of 10.

Source of Stock. 100% of broodstock and juveniles in U.S. channel catfish aquaculture are
produced in hatcheries. Therefore, there is no dependence on wild stocks and the score for
Criterion 8X — Source of Stock is —0 out of —10.

Predator and Wildlife Mortalities. Although nonlethal predator deterrents are used
extensively, lethal control is known to occur. The principal predator species on U.S. channel
catfish farms is the double-crested cormorant; several government studies have shown that
mortalities resulting from catfish producers are not having a population-level effect on
cormorants, and the explosive population growth of double-crested cormorants can partly be
attributed to the existence of catfish ponds. The federal Aquaculture Depredation Order, which
authorized the take of cormorants without permits, was vacated in 2016, and is likely to result
in significantly reduced lethal take of cormorants. In addition, catfish ponds are not pristine
bottomland hardwood forest and are significantly less biodiverse than original habitat, but they
provide considerable habitat to a wide range of taxa including reptiles, amphibians, and
mammals that would otherwise not exist under previous agricultural land. The score for Factor
9X — Wildlife and Predator Mortalities is —2 out of —10.

Unintentional Species Introductions. The primary catfish hatcheries are located in Mississippi
and Arkansas and supply fingerlings to the major producer states of Mississippi, Alabama, and
Arkansas. The majority of fingerlings are not shipped to different waterbodies, though some (<
10%) trans-waterbody shipments may occur. The biosecurity of both fingerling production
facilities and recipient growout catfish ponds is relatively high, consisting of static ponds with
screened drains and no intentional water discharge. The scoring deduction for Criterion 10X —
Escape of Unintentionally Introduced Species is —0.30 out of —10.

Summary

Overall, the final numerical score for channel catfish grown in ponds in the United States is
7.62. This numerical score is in the Green range, and with no Red criteria, the final ranking is
Green and a recommendation of “Best Choice.”



Introduction

Scope of the analysis and ensuing recommendation

Species
Channel catfish Ictalurus punctatus and channel catfish x blue catfish hybrid Ictalurus punctatus
x Ictalurus furcatus

Geographic Coverage
United States

Species Overview

The channel catfish is a native North American freshwater fish whose original range extended
from northern Mexico and the states bordering the Gulf of Mexico, up the Mississippi River and
its tributaries, and west to the Rocky Mountains. This original distribution represents 20 states
and about half of the total land area in the continental United States. Since the 1920s, channel
catfish have been widely introduced throughout most of the rest of the United States to
enhance recreational sport fisheries. Channel catfish strains currently used in culture in the U.S.
were originally derived from native fish caught from local waters. The channel catfish has been
introduced to 35 countries worldwide primarily for aquaculture purposes (FAO 2016) but is only
produced in exportable quantities in China.

Recent refinements in hatchery techniques and the general superiority of hybrids compared to
purebreds have spurred interest in the use of hybrid catfish. The most common hybrid is
produced by crossing a female channel catfish and male blue catfish (Ictalurus furcatus). The
blue catfish is also native to the United States, though it has a smaller native range than the
channel catfish and is primarily found in the southeastern United States. Blue catfish can be
distinguished from channel catfish by its more sloped head and lack of body spots, and is
considerably larger than channel catfish. The resulting hybrid generally performs better than
either parent species for several important production traits including survival, growth, disease
resistance, and edible yield. The percentage of catfish farms that stocked channel x blue hybrid
catfish increased from 2% in 2002 to 21% in 2009 (USDA NAHMS 2010a); anecdotal evidence
suggests this has continued to rise, but more recent data are not available.

Production System

Embankment or levee ponds are the most common type of pond used in U.S. channel catfish
culture and represent over 75% of all catfish ponds (USDA NAHMS 2010c). Levee ponds are
constructed in flat areas by scraping soil from the pond bottom to form embankments around
the pond perimeter. These ponds are filled with water pumped from shallow aquifers
(principally the Mississippi River alluvial aquifer). Conversely, watershed ponds (23.5% of all
catfish ponds) are built in hilly terrain by damming valleys to form reservoirs that store
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rainwater. Hybrid watershed-embankment ponds are built in regions with gently rolling
topography and are filled with water pumped from wells or surface water from adjacent
streams. All commercial production of channel catfish in the U.S. comes from ponds.

Production Methods

Channel catfish aquaculture is usually practiced in four discrete phases: 1) broodfish are held in
ponds at relatively low densities and allowed to freely mate each spring; 2) fertilized eggs are
taken from the broodfish pond to a hatchery where they hatch under controlled conditions; 3)
fry are transferred from the hatchery to a nursery pond where they are fed a manufactured
feed for about 6 months until they reach between 2 and 8 inches; and, 4) fingerlings are moved
from the nursery pond to foodfish production ponds where they are fed a manufactured feed
until they reach 1 to 2 pounds (=0.5-1 kg).

To increase productivity, some farmers have modified traditional ponds by physically separating
the fish-holding function from other ecological service functions (oxygen production and waste
treatment) while retaining the benefits of outdoor, photosynthetic systems (Tucker and
Kingsbury 2010). This “split-pond” approach has an algal growth basin of about 80% of the total
area and a fish-holding area of 20%. The two components are split by an earthen levee and
connected by culverts that circulate water between the water treatment area and the fish-
holding area. Hybrid catfish are usually stocked in these ponds due to their increased disease
resistance and aggressive feeding behavior. The advantages of this system include more
efficient aeration, ease of feeding and harvest, improved feed conversion, decreased predation,
and greater fish production than traditional ponds (Brune et al. 2012). The possibility of high
fish production has resulted in rapid adoption of split ponds by catfish farmers, despite the
economic cost of converting traditional ponds into the new system.

Production Statistics

Channel catfish production is the largest component of U.S. aquaculture, accounting for 63% of
poundage produced and 29% of the value in 2010 (Van Vorhees and Lowther 2011). In 2003,
there were 1,155 channel catfish farms operating on 181,940 acres (73,629 ha). In 2016, there
were only 54,700 acres (22,136 ha) of channel catfish farms in the U.S. (USDA NASS 2016). This
reduction in the United States’ largest aquaculture commodity is due in part to foreign imports,
high feed prices, and a prolonged sluggish economy. The import pressure is evidenced by the
127,013 tons (115,225 MT) of processed catfish (fish of the order Siluriformes) imported in
2014 compared to 75,250 tons (68,266 MT) of U.S.-processed channel catfish sold (Hanson
2015).

In 2016, foodfish were produced on 43,500 acres (17,603 ha), fingerling-producing acres totaled
7,675 (3,106 ha), and 1,575 acres (637 ha) were being used for broodfish production (USDA
NASS 2016). Individual channel catfish foodfish operations average 180 acres (73 ha) in size and
each foodfish pond averages 10.8 acres (4.4 ha). Well water is used as the water source for 77%
of channel catfish operations while 23% of operations rely on surface water (watershed runoff,
streams, or springs) (USDA NAHMS 2010b).



U.S. channel catfish growers had total sales of $361 million in 2015 (USDA NASS 2016). Foodfish
sales were $345 million with 95.9% direct sales to processors. The remainder of sales were
large fingerlings, commonly referred to as “stockers” ($8.9 million) and small fingerling/fry sales
(57.69 million). The top four states (Mississippi, Alabama, Arkansas, and Texas) accounted for
96% of total sales (USDA NASS 2016).

U.S. channel catfish processors processed a cumulative round weight of 301 million Ibs (140,614
MT) in 2014 (Hanson 2015). Net pounds of processed channel catfish sold in 2012 totaled 161.1
million Ibs (73,210 MT). Sales of fresh fish were 59.2 million Ibs (26,762 MT) while frozen fish
sales were 102.4 million lbs (46,448 MT). In 2012, sales of whole dressed fish represented 20%
of the total fish sold, fillets accounted for 59%, and the remaining 21% were mostly steaks,
nuggets, and value-added products. Whole dressed fish sales are 80% fresh and 20% frozen.
Fillet sales are 28% fresh and 72% frozen. Steaks, nuggets, and value-added product sales are
17% fresh and 83% frozen (Hanson and Sites 2013).

Import and Export Sources and Statistics

Catfish imports for 2014 totaled 254 million lbs (115,212 MT), of which most were fillets
(Hanson 2015). The largest amount of these imports was Pangasius, a species native to
Southeast Asia, produced in cages and ponds in Vietnam and Thailand. China exported 15.2
million lbs (6,894 MT) of channel catfish to the U.S. in 2014 (Hanson 2015). Production systems
for both of these species are evaluated in separate Seafood Watch reports. Additional catfish
species were imported from Brazil and the Philippines.

Fresh catfish fillet exports totaled 1.2 million lbs (544 MT) in 2014, with most going to Canada.
Exports of frozen catfish fillets reported for 2014 totaled 0.3 million lbs (125 MT) (Hanson
2015). Import and export data are compiled by the U.S. Census Bureau.

Common and Market Names

Scientific Name Ictalurus punctatus, Ictalurus punctatus x Ictalurus furcatus
Common Name Channel catfish, channel catfish x blue catfish hybrid
United States Farm-raised catfish, channel catfish, hybrid catfish

Spanish Bagre, siluro

French barbue de riviere, poisson-chat

Product Forms

Channel catfish is available fresh and frozen. Whole, dressed fish have been headed,
eviscerated, and skinned. Steaks are cross-section cuts from larger dressed fish. Boneless fillets
are available with the belly section attached (regular) or removed (shank). The boneless pieces
cut from the belly section of the fillet are referred to as nuggets. Smaller pieces cut from the
fillets are called strips or fingers. Channel catfish is also available in prepared forms including
breaded, marinated, and paté.




Analysis

Scoring guide

With the exception of the exceptional criteria (9X and 10X), all scores result in a zero to ten
final score for the criterion and the overall final rank. A zero score indicates poor
performance, while a score of ten indicates high performance. In contrast, the two
exceptional factors result in negative scores from zero to minus ten, and in these cases zero
indicates no negative impact.

The full Seafood Watch Aquaculture Criteria that the following scores relate to are available
here:

http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA Seafood

Watch AguacultureCriteraMethodology.pdf
The full data values and scoring calculations are available in Appendix 1.
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Criterion 1: Data quality and availability

Impact, unit of sustainability and principle

= |mpact: poor data quality and availability limits the ability to assess and understand the
impacts of aquaculture production. It also does not enable informed choices for seafood
purchasers, nor enable businesses to be held accountable for their impacts.

= Sustainability unit: the ability to make a robust sustainability assessment.

= Principle: robust and up-to-date information on production practices and their impacts is
available to relevant stakeholders.

Criterion 1 Summary

Industry or production statistics 10 10
Management 10 10
Effluent 10 10
Habitat 7.5 7.5
Chemical use 7.5 7.5
Feed 7.5 7.5
Escapes 5 5
Disease 7.5 7.5
Source of stock 10 10
Predators and wildlife 7.5 7.5
Introduced species 10 10
Other — (e.g. GHG emissions) Not Applicable n/a
Total 92.5

[ctoatafinalscore0r) [ s [cRen ]

Brief Summary

Channel catfish farming in the United States has been extensively studied by the government,
the scientific community, and the industry itself. A large volume of published information is
publicly available and was considered during research for this assessment. The Criterion 1 —
Data score is 8.18 out of 10.

Justification of Ranking

As the largest component of U.S. aquaculture, channel catfish production is of considerable
interest to federal and state agencies as well as the scientific community. Other than perhaps
rainbow trout, more is known of the biology and culture of channel catfish than any other
aquaculture species grown in the U.S. Moreover, environmental management of catfish farming
has been more thoroughly studied than for any other species.
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There is a large volume of data related to U.S. channel catfish farming. The principle sources are
federal government agencies, state agencies, and universities. Federal government agencies
generate data through surveys, regulation, and research/extension. State agencies have a
regulatory mandate and may act as a permit authority. University faculty conduct research and
develop books, peer-reviewed articles, websites, and extension materials.

The United States Department of Agriculture (USDA) reports foodsize and stocker (by size
class), fingerling, and broodfish catfish production volume by state twice annually; number of
operations; and the water surface acres in production, those taken out of production, and
those undergoing or scheduled for renovation and new construction (1988—present). “Catfish
Processing” reports are issued monthly and contain information on round weight purchased,
prices paid, inventory, quantity sold, price, imports, and exports (1993-2014). The “Census of
Aqguaculture” is conducted every 5-8 years (most recently conducted in 2013) and covers
aquaculture practices, operation size, production, sales, sources of water, marketing channels,
and aquaculture for restoration and conservation purposes; these data are also available
through the USDA-APHIS-NAHMS surveys, most recently published in 2010 with a 2020 update
underway. A score of 10 out of 10 for data quality is given for industry/production statistics.

Data regarding catfish aquaculture management and regulations are all publicly available on a
federal level (e.g., U.S. Environmental Protection Agency) and state level (e.g., Mississippi
Department of Environmental Quality) by each agency on their respective websites. A score of
10 out of 10 for data quality is given for management and regulations.

Effluent regulatory control is stringent and enforcement is strict. Data regarding effluent
discharge are available through the literature and provide information regarding typical ponds
under various environmental conditions (rain, drought, etc.). The impact of effluent discharges
from catfish ponds is well studied and understood; comprehensive regional-scale studies
specific to watersheds where catfish farming occurs in the U.S. have been completed, and state
regulatory agencies monitor and report public water quality as well as identify causes of
impairment, though neither is specific to catfish farm effluent impact. A score of 10 out of 10
for data quality is given for effluent.

Regulatory control of habitat conversion is moderate and enforcement is strict. The areas
where catfish farming primarily occurs in the U.S. have completed habitat assessments
(nonspecific to catfish farm construction) and these are available in the literature. Data
regarding site locations and their history is available through the National Resources
Conservation Service (NRCS) and U.S. Army Corps of Engineers mapping. Data on the impact of
habitat loss specifically due to catfish farm construction are limited, though this is due to the
“secondary” conversion nature of their construction (catfish ponds are almost exclusively sited
in retired cropland, created up to 200 years ago). Data quality for habitat receives a score of 7.5
out of 10.

Data regarding chemical use are well documented, though the most recent information was
published by the USDA National Animal Health Monitoring System (NAHMS) in 2010. Chemicals
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legal for use in the U.S. go through a scientifically rigorous authorization by the U.S. Food and
Drug Administration, which assesses the environmental and human health impact of the
expected use and discharge of chemicals; these are publicly available and fairly comprehensive.
Impacts of chemical discharges are also fairly well understood and documented in the
literature. Data quality on chemicals is assigned a score of 7.5 out of 10.

Feed formulations used in this report are largely based on peer-reviewed research on catfish
feeds and personal communications with specialists. The sustainability of the source of wild fish
used in the formulation of catfish feed was assessed using peer-reviewed literature and
FishSource, a widely-used indicator of fish stock health and vulnerability. The amount of protein
recovered (i.e., harvested) was assessed using USDA data regarding processing totals and feed
deliveries, as well as peer-reviewed literature. Although feed formulations vary by
manufacturer and through time, the feed composition used here is considered a very good
approximation of industry operation and results in a data score of 7.5 out of 10.

Data regarding escapes are limited. No data exist to quantify the number of escapes or the
number of recaptures, though estimates for post-escape mortality are obtained from USDA
NAHMS statistics. The ecological impacts of escapees are estimated using literature examining
the impact of intentionally released fish for recreation, as well as USDA information regarding
genetically improved farmed lines and their performance relative to native, wild fish. Data on
biosecurity protocols and movements of animals are well documented. Together, these result
in a data score of 5 out of 10 for escapes.

Estimates of disease occurrence and mortality on channel catfish farms are from peer-reviewed
literature, government reports, and personal communication with experts. These are
considered reasonably robust, but estimates quantify the percentage of farms experiencing
mortality due to diseases (pathogen-specific) and do not quantify the actual loss of catfish.
Information regarding pathogen type, transmission, and treatment is well documented, and
biosecurity management measures are robust and well documented. The U.S. Fish & Wildlife
Service National Wild Fish Health Survey Database provides comprehensive data on pathogen
occurrence in wild fish in waters throughout the United States. However, there appears to be a
lack of research regarding the transmission from diseases on-farm to the surrounding
environment. Data on diseases is scored 7.5 out of 10.

Information on source of stock is well documented and peer-reviewed literature confirms that
all stock is sourced from hatcheries. Source of stock data is therefore scored 10 out of 10.

Information on the efforts and strategies used to manage predator and wildlife interactions was
obtained from published literature. Catfish producers require depredation permits in order to
use lethal means to dispatch nuisance wildlife and quantitative information on these
interactions is available. Lethal take of the double-crested cormorant, the primary predator
affecting catfish farms, was historically covered under a federal depredation order, yet is now
illegal without a permit, and its population status is monitored/managed and well documented.
A data quality score of 7.5 out of 10 is given.
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Information regarding the trans-waterbody movement of live animals is estimated from
personal communication with experts and industry white papers. The biosecurity of both
sources and destinations of live animals is well documented. A data score of 10 out of 10 is

given.

The overall score for data quality and availability is 8.41 out of 10.
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Criterion 2: Effluent

Impact, unit of sustainability and principle

= Impact: aquaculture species, production systems and management methods vary in the
amount of waste produced and discharged per unit of production. The combined discharge
of farms, groups of farms or industries contributes to local and regional nutrient loads.

= Sustainability unit: the carrying or assimilative capacity of the local and regional receiving
waters beyond the farm or its allowable zone of effect.

= Principle: aquaculture operations minimize or avoid the production and discharge of wastes
at the farm level in combination with an effective management or regulatory system to
control the location, scale and cumulative impacts of the industry’s waste discharges beyond
the immediate vicinity of the farm.

Criterion 2 Summary

Effluent Evidence-Based Assessment

[cofffuentpinalscore ] soo  [leReen]

Brief Summary

U.S. channel catfish ponds are operated as “static” with insignificant water exchange during the
production cycle. Ponds retain the same water for several production cycles before discharging
any effluent. Due to the overall low volume of effluent and relatively minor contribution to
cumulative impact in the receiving waterbody, catfish farming does not result in significant
effluent related environmental impacts. Any contribution to cumulative impact is well regulated
and managed to be reduced to an ecologically safe level. Data show no evidence that effluent
discharges cause or contribute to cumulative environmental impacts, beyond the well-
regulated and enforced ecologically acceptable impacts set by federal and state-level
assessments. The final score for Criterion 2 — Effluents is 8 out of 10.

Justification of Ranking

Due to the large amount of effluent data available from peer-reviewed literature and
government led assessments, the Effluent category score in Criterion 1 — Data was good (i.e., 10
out of 10), so the evidence-based assessment method was used.

A major component of the federal government’s role in effluent management is promulgated in
the Federal Water Pollution Control Act, commonly referred to as the Clean Water Act (33
U.S.C. §§ 1251-1387 and 40 C.F.R. Parts 104—424). The CWA mandates that a state designate
specific uses of its waterbodies—such as aquatic life, fishing, and swimming—and assign site-
specific water quality standards that will maintain those uses (CWA Section 303). If the water
quality of a given waterbody is not meeting quality standards, the waterbody must be
designated as “water quality limited” and specific total maximum daily loads (TMDL) are put in
place in order to restore water quality to a level that achieves state water quality standards
(CWA Section 303(d)). TMDLs are plans that provide a calculation of the maximum amount of a
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pollutant, such as nitrogen or phosphorus, that a waterbody can receive without exceeding
state water quality standards. Maximum pollutant levels are established and major water-user
industries, such as aquaculture, are given allocations that specify how much each pollutant
source may discharge to the waterbody.

The Environmental Protection Agency (EPA) regulates aquaculture pollutant discharges from
point sources and non-point sources under the Clean Water Act via permitting through the
National Pollutant Discharge Elimination System (NPDES) (CWA Section 402). In 2002, the EPA
developed effluent limitations guidelines and standards for the concentrated aquatic animal
production (CAAP) point source category (USEPA 2002). The EPA conducted a comprehensive
literature review and consulted with experts to assess the environmental impacts of aquatic
animal production, including “pollutants causing environmental impacts, water quality and
ecological impacts from these pollutants, nonnative species impacts, and other potential
impacts” (USEPA 2002). The aquaculture effluent limitation guideline was published with a
complete description of the applicable legal authorities, environmental requirements, and
rationale for the final rule (Federal Register 2004). The technology-based regulation applies to
CAAP facilities with annual production of 100,000 pounds (45,454 kg) or more. Closed ponds
that discharge only during periods of excess runoff, or facilities that produce less than 100,000
pounds (45,454 kg) per year, are not defined as CAAP facilities due to the low risk of
environmental impact associated with little discharge or little waste production. Therefore, the
EPA has determined that channel catfish ponds are exempt from CAAP regulations, and they
are considered non-point sources in TMDL listings. As a result, there are no commercial channel
catfish farms with approved wasteload allocations; instead, they are included in the non-point
source total allocation.

Prior to approximately 1985, catfish farmers believed that "flushing" the pond would
substantially improve growing conditions in the pond. Subsequent research (McGee and Boyd
1983) and practical experience have demonstrated that "flushing" at rates possible in
commercial culture ponds (less than 5% of total pond volume per day) is generally not
beneficial. All catfish ponds are now managed as "static" systems with insignificant water
exchange except during periods of unusually high precipitation; 41.9% of operations drain once
every 6 to 10 years, with a significant portion (39.4%) draining once every 11 to 16+ years
(USDA NAHMS 2010a).

Long residence times in channel catfish ponds result in a variety of natural physical, chemical,
and biological processes that would otherwise not occur if a higher water discharge rate were
used. This water retention allows for as much as 90% of the waste organic matter, nitrogen,
and phosphorus produced during culture to be broken down by microbial activity and
volatilization prior to discharge (Tucker et al. 1996). The large size of catfish ponds (average of
10.8 acres per pond) is the result of the pond functioning both as a waste treatment facility and
a fish confinement area (USDA NAHMS 2010a); Brune et al. (2003) estimated that more than
95% of the total area of a channel catfish pond functions as a photosynthetic waste treatment
lagoon while less than 5% of the pond serves to hold catfish.
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U.S. channel catfish ponds have two types of effluents. The first is overflow effluent, which
occurs when rainfall exceeds pond storage capacity. The second type of effluent occurs much
more infrequently, when ponds are drained roughly once every decade. These effluents differ
in quality, volume, and discharge frequency, but most of the discharge occurs as overflow in the
winter and spring due to increased rainfall (Tucker and Hargreaves 2003).

In embankment ponds, the volume of overflow effluent depends on the storage capacity of the
pond. Storage capacity is the volume of rainfall that can be captured in the pond. In general,
most catfish ponds are maintained with at least 7.5 to 10 cm (3 to 4 inches) of storage capacity
as recommended by published best management practices (Tucker 1999) (Romaire 2012) (Boyd
and Hulcher 2001). During a year of normal precipitation in northwest Mississippi, overflow
from ponds managed with 6 inches (15 cm) of storage capacity is about 13 inches (33 cm)
(Tucker et al. 1996). For ponds managed with 6 to 18 inches (15 to 46 cm) of storage capacity,
overflow ranged from 8 to 15 inches (20 to 38 cm) (Tucker et al. 1996) (Hargreaves et al. 2001).
Overflow from watershed ponds can range from 93 to 150 inches (235 to 380 cm) due to
discharge of excess rainfall accumulation (Boyd et al. 2000). Most overflow occurs from fall to
mid-spring, which represents the wetter, cooler part of the year when rainfall exceeds losses
from evaporation and seepage. Very little overflow occurs during the dry summer months.

During overflow events due to rainfall, active water exchange is usually low because the pond
volume is large compared to the amount of rainfall; considering that most ponds are 4 to 6 feet
deep, overflow is often < 20% of pond capacity (USDA NAHMS 2010a). The quality of most
overflow effluents is similar to or dilute compared with water in the pond prior to the rainfall
(Tables 1a, 1b) (Tucker et al. 2008a) (Silapajarn et al. 2004) (Tucker and Hargreaves 2003) (Boyd
et al. 2000). Solids in the overflow effluent are principally phytoplankton, phytoplankton-
derived detritus, and clay particles from pond bank and watershed erosion (Tucker et al.
2008a).

Table 1a. Concentrations of selected water quality variables (means and ranges, in mg/L) in potential
overflow effluents from 20 commercial channel catfish ponds in northwest Mississippi sampled over 2
years (Tucker and Hargreaves 2003).

Variable Spring Summer Autumn Winter

Total suspended solids 129 (46-289) 122 (40-225) B7 (22-175) 101 (39-194)
Total nitrogen 49(15-7.9) 6.6 (2.6-14.1) 6.5 (2.9-10.8) 53 (0.6-8.8)
Total phosphorus 034 (0.15-0.58) 053 (0.23-124) 030 (0.14-0.62) 0.34 (0.13-0.62)
5-day BOD 149 (82-27.1) 236 (105-412) 11.0(1.9-34.0) 12.8 (4.8-29.7)

Adapted from Tucker et al. (1996).
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Table 1b. Mean concentrations of water quality variables of samples collected from the surface of 25
commercial channel catfish ponds in central and west-central Alabama over the course of an entire year
(Boyd et al., 2000).

Variable Range Mean * SD
5-d biochemical oxygen demand (mg/L) 1.28-35.54 942 * 475
Settleable solids (mL/L) 0.00-1.80 0.08 * 0.13
Total suspended solids (mg/L)} 0.7-329 69.4 + 49.0
Total volatile solids {mg/L) 0.2-208 27.8 = 30.5
Total phosphorus (mg/L) (.05-1.48 0.25 * (.18
Soluble reactive phosphorus (mg/L) 0.001-0.017 0.010 *+ 0.012
Total nitrogen (mg/L) 0.58-14.04 5.19 £ 1.68
Total ammonia-nitrogen (mg/L.) 0.01-7.71 1.13 £ 1.19
Nitrite-nitrogen (mg/L) 0.001-1.37 0.065 * 0.05
Nitrate-nitrogen (mg/L) 0.18-16.8 0.70 = 0.80
Dissolved oxygen (mg/L) 1.9-16.8 8.7 + 40
pH (standard units) 6.0-93 8.2 05

Drainage effluent occurs much less frequently than overflow effluent; catfish ponds are drained
to facilitate seining/harvest, to adjust fish inventory, or for maintenance. Catfish fingerling
ponds are drained annually, broodfish ponds are drained on average every 3.9 years, while
foodfish ponds are drained on average every 11.7 years (USDA NAHMS 2010a). Partial
drawdown of watershed ponds occurs about every 15 years. For ponds with long intervals
between draining, most of the effluent volume is from overflow events. For ponds that are
drained more frequently (e.g., fry and fingerling ponds), effluent volume from draining can
exceed overflow discharge.

Most commercial catfish ponds have fixed internal drains with water inlets located on the pond
bottom. Upon opening the drain, sediment that has accumulated in and around the drainpipe
inlet is discharged with the first flush of water, resulting in a high initial solids concentration in
the effluent. After the accumulated sediment has been scoured from the area immediately
surrounding the drain inlet, the quality of the water discharged is nearly identical to the bulk
pond water for the remainder of pond draining (Hargreaves et al. 2005a). It is common practice
for drains to discharge into vegetated ditches; although the primary function of the ditches is to
carry water away from the pond, they also function as informal settling basins that can reduce
nutrient loads and suspended solids in the effluent prior to entering receiving waters
(Hargreaves et al. 2005b) (Hargreaves and Tucker 2003). For example, Hargreaves et al. (2005b)
showed that after initial effluent plumes flowed 492 to 656 feet (150 to 200 m) through a ditch,
nearly all solids, nitrogen, and phosphorus in the initial effluent were assimilated into the
surrounding environment, and their concentrations were lower than in bulk pond water
(Hargreaves et al. 2005b). The duration of poor water quality of initial effluent from catfish
ponds with internal drains is brief (approximately 10 min), and discharged solids settle rapidly
after flowing through 492 to 656 feet (150 to 200 m) of vegetated ditch extending from pond
effluent outfalls (Hargreaves et al. 2005b).
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In both cases of effluent—overflow and drainage—the water quality is likely to be worse than
that of the receiving waterbody. However, the volume of these effluents relative to the
receiving waterbody and the relative contribution of aquaculture effluents, in comparison to
other factors such as agriculture, has been shown to be negligible in area-based cumulative
impacts.

For drainage systems’ response to potential nutrient-related contamination, Stephens and
Ferris (2004) examined two commercial channel catfish farm drainage systems considered
representative of a “typical farm” and the receiving streams affected in northeast Arkansas. The
research used modified rapid bioassessment protocols and additional biological impairment
testing to conduct an instream community assessment of the affected receiving stream. Though
physicochemical analyses indicated minor differences between fish pond effluents and
receiving stream water, taxa richness of benthic macroinvertebrates and fish were not
significantly different between receiving systems: upstream, facility effluent, and downstream.
The authors stated that “these findings suggest minimal detrimental instream effects result
from the introduction of aquaculture effluents into receiving waters.”

Similarly, Silapajarn et al. (2004) analyzed the effects of catfish ponds on water quality in the
Big Prairie Creek Watershed, where catfish ponds (primarily watershed ponds) represented
7.5% of the watershed area and roughly half of the area devoted to catfish farming in Alabama.
Their results found that, although catfish farming “has measurable impacts on stream water
quality,” the water quality of Big Prairie Creek Watershed was not impaired and is considered
superior to the fish and wildlife propagation standard set forth by the Department of
Environmental Management (Silapajarn et al. 2004). These findings of negligible impact were in
accordance with a previous study by Boyd et al. (2000), which found no significant difference in
water quality among stream samples upstream and downstream of catfish farms on eight
streams in Alabama.

Although aquaculture growout facilities are typically believed to have the most potential for
ecological impact, evidence corroborates the lack of effluent-related impact from catfish
hatcheries. In the U.S., channel catfish hatcheries typically operate from late April through late
June, corresponding to the natural breeding cycle of broodstock. Tucker (2005) sampled water
supply and effluent from five channel catfish hatcheries in northwest Mississippi. Samples were
evaluated for total suspended solids, soluble and total phosphorus, total ammonia, total
nitrogen, and 5-day biochemical oxygen demand. Net pollutant loads were found to be low for
all variables. The highest average effluent concentrations were lower than the corresponding
concentrations in most potential effluent-receiving streams in northwestern Mississippi (Tucker
2005). The total effluent volume from channel catfish hatcheries in 2005 constituted less than
0.02% of total annual streamflow in the region (Tucker 2005). The author stated that “it is
therefore unlikely that catfish hatchery effluents will have a negative effect on receiving stream
water quality.” Tucker (2005) also stated that the water quality of catfish hatchery effluents
was better than that of receiving streams, comparing his results to values for total suspended
solids, total phosphorus, and total nitrogen obtained from 24 permanent streams in
northwestern Mississippi during the spring season (Tucker and Lloyd 1985). It is important to
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note, though, that catfish hatchery effluents are not largely representative of foodfish
production effluents.

The Wolf Lake watershed encompasses 27,113 acres in Humphreys and Yazoo counties in west-
central Mississippi. The lake is listed as impaired due to sediment/siltation and excess nutrients
(MDEQ 2003). A study team evaluated the relationship between the sources of inputs, their
loading characteristics, and the resulting conditions in the lake (MDEQ 2003). Catfish ponds
covered approximately 5% (1,256 acres (508 ha)) of the watershed. It was concluded that
catfish ponds contributed less total solids per acre than row crops, hardwood forest,
pasture/fallow land, or residential areas (Table 2). Catfish ponds contributed 83% less
phosphorus input than row crops and were similar to hardwood forests, pasture/fallow lands,
and residential land uses. Catfish ponds contributed more nitrogen on a per acre basis than
other land uses, resulting in 11% of the total nitrogen loading to the watershed.

Table 2. Percentages of watershed land use and pollutant loadings to Wolf Lake, Mississippi*

Pollutant loadings (% of total loading)

Land use Area (%) Solids Phosphorus Nitrogen
Row crops 44 81.8 79.6 64.1
Hardwood forest 28 6.1 7.8 5.9
Pasture/fallow cropland 23 11.6 10.8 18.8
Catfish ponds 5 0.4 1.5 10.8
Residential 1 0.2 0.3 0.4

! From MDEQ 2003.

“Aquaculture” has been historically listed as a contributor in the non-point source category in
multiple TMDLs in Mississippi and Alabama in the mid-2000s, indicating that catfish ponds do
contribute to cumulative impact on the natural waterbody. They often represent a small
fraction of the total nutrient and sediment loads entering the waterbody; for example, the
average embankment pond (10.8 acres) will discharge 21.5 kg (47 Ibs) N per year in overflow
effluents, whereas permitted point source and non-point source discharges in the same region
total in the thousands of pounds N and P per day (Boyd et al. 2000) (USEPA 2008). In addition,
these nutrient loads are regulated and managed to be reduced over time to meet the water
quality standards; as of December 2016, only one creek in Alabama lists aquaculture as a major
contributor to impairment—sedimentation—and has been listed as impaired since 2014 (ADEM
2016). None of the previously approved TMDLs that listed aquaculture as a contributor in
Mississippi, like Wolf Lake, are on the current impaired waters list (MDEQ 2016).

Aquaculture is generally not listed as a contributor to eutrophication in degraded waterbodies,
but the water quality of streams in major production areas like the Mississippi Delta is often
higher than that of catfish effluents. In spite of Tucker’s conclusion (2005) that catfish hatchery
effluents were of higher quality than receiving streams in northwestern Mississippi, data
collected by the Mississippi Department of Environmental Quality (MDEQ) and United States
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Geological Survey (USGS)! show recent water quality (2012 to 2016) in sampling sites
throughout Leflore, Humphreys, and Sunflower counties (the most intensive production region
in the U.S.) to generally be of higher quality than the overflow effluent values obtained from
2001 to 2003 (Table 1a) (Tucker and Hargreaves 2003). Of over 800 samples taken across 30
sites from 2012 to 2016, more than half were of higher quality for total nitrogen (TN), total
phosphorus (TP), and total suspended solids (TSS) than the overflow effluent values in Tucker
and Hargreaves (2003); the median values (0.95 mg/L TN, 0.33 mg/L TP, 121 mg/L TSS) were
also all of higher quality than those found in Tucker and Hargreaves (2003).

Overall, the quality of catfish aquaculture discharge and overflow effluents can be worse than
that of receiving waterbodies, yet their volume and frequency of discharge is low, and data
show no evidence that effluent discharges cause or contribute to cumulative impacts at the
waterbody/regional scale beyond those that are regulated to be ecologically safe.

Conclusions and Final Score

As shown, U.S. catfish pond culture appears to result in few effluent-related impacts when
assessed on the basis of waste discharge. Low-exchange ponds are effective at trapping solids
and sequestering phosphorus; however, the use of commercial feeds in catfish farming results
in a relatively nitrogen-rich effluent. Due to the overall low volume of effluent and relatively
minor contribution to cumulative impact in the receiving waterbody, catfish farming does not
result in significant effluent related environmental impacts. Any contribution to cumulative
impact is well regulated and managed to be reduced to an ecologically safe level. Data show no
evidence that effluent discharges cause or contribute to local or regional impacts beyond those
that are regulated to be ecologically safe.

The final score for Criterion 2 — Effluent is 8 out of 10.

1 Water quality data obtained through the National Water Quality Monitoring Council’s online portal:
https://www.waterqualitydata.us/portal/
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Criterion 3: Habitat

Impact, unit of sustainability and principle

=  Impact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat
types and have greatly varying levels of impact to both pristine and previously modified
habitats and to the critical “ecosystem services” they provide.

= Sustainability unit: The ability to maintain the critical ecosystem services relevant to the
habitat type.

=  Principle: aquaculture operations are located at sites, scales and intensities that
cumulatively maintain the functionality of ecologically valuable habitats.

Criterion 3 Summary

F3.1 Habitat conversion and function 7
F3.2a Content of habitat regulations 3
F3.2b Enforcement of habitat regulations 5
F3.2 Regulatory or management effectiveness score 6
6.67
TR . |

Brief Summary

Catfish ponds are sited in moderate-value habitats that were historically altered (more than 15
years ago) by activities such as agriculture, yet they represent a small fraction of disturbance
overall in the ecosystems they are sited in; catfish ponds also provide critical habitat to a variety
of taxa that would otherwise be lost as cropland, which ponds have replaced. Thus, catfish
ponds are said to maintain ecosystem functionality with moderate impacts. Regulations
governing farm siting vary by state from absent to comprehensive, while other elements of land
development and pond construction are well regulated. There are limited considerations of
cumulative habitat impacts. Enforcement of these regulations is highly effective and active at
the area-based scale, while the permitting, licensing, and enforcement history is transparent
and accessible.

When combining the Factor 3.1 score of 7 out of 10 with the scores for Factors 3.2a (3 out of 5)
and 3.2b (5 out of 5), a final score of 6.67 out of 10 is given for Criterion 3 — Habitats.

Justification of Ranking

Factor 3.1. Habitat conversion and function

Channel catfish production in the U.S. occurs in manmade, inland, freshwater ponds. The
majority of U.S. channel catfish production occurs in five states in the southeast (Alabama,
Arkansas, Louisiana, Mississippi, and North Carolina), as well as California and Texas. The two
major producing areas are 1) a portion of the Mississippi alluvial valley that includes northwest
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Mississippi and southeast Arkansas, and 2) the Blackland Prairie region of west Alabama and
east Mississippi. Over 88% of the U.S. channel catfish production comes from farms in these
two regions (USDA NASS 2015). In both of these regions, the habitats in which catfish farms are
sited are considered to be moderate value, because they feature primarily riparian land and
floodplains as well as temperate broadleaf and mixed forests (USFS 2016) (USDA NRCS 2016).

Northwest Mississippi is the most intensely developed channel catfish producing region in the
U.S., with ponds occupying more than 30,000 acres (> 12,100 ha) of land (USDA NASS 2012).
Despite this intensive production, ponds account for less than 1% of land use in the region.
Even in sub-watersheds in the Yazoo River basin (Mississippi) with more intense development,
ponds account for only 5% to 10% of the watershed by area.

The ecosystem functionality of floodplain habitats in the Mississippi alluvial valley was
degraded in the early 1800s with the construction of the Mississippi River levee system (Kemp
2000). Beginning in the early 1900s, large tracts of hardwood forests in the region were cleared
for agricultural use (mainly soybeans and rice) (McWilliams and Rosson Jr. 1990); today, over
90% of the Mississippi alluvial plain has been cleared and drained for agricultural use (USFS
2016). These forests “historically provided some of the essential habitat for wintering
waterfowl [...] in the lower Mississippi alluvial plain” (Christopher et al. 1988), and conversion
for agriculture significantly damaged ecosystem functionality. As agricultural commodity prices
fell in the 1980s, low-yielding fields were converted to catfish ponds (Boyd et al. 2008). Similar
to the Mississippi alluvial valley, the majority of ponds in the Blackland Prairie region are
located on former pasture land (Boyd et al. 2000). The rolling terrain of this area is poorly
suited for producing most row crops.

There is little to no expansion of catfish pond acreage into unaltered habitat; in recent years,
pond acreage being brought into production has increased (though there have been net
declines in production acreage) due to higher market prices, yet these ponds are being
constructed in previous catfish pond acreage or cropland taken out of production (USDA NASS
2016). Any