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We surveyed Agriculture and Natural Resources Extension staff across the USDA 
North-Central Region about aquaculture programming. Overall, 47%, 35%, and 
15% of respondents indicated that stakeholders had contacted them about 
aquaponics, finfish aquaculture, and shrimp aquaculture, respectively. 
Approximately 8% of respondents indicated that they offered aquaculture or 
aquaponics programming; 45% and 55% indicated that they did not offer 
aquaculture and aquaponics programming, respectively, but were interested in 
offering it. These results indicate that there is interest in increasing Extension 
capacity in fish farming either by hiring new staff or through train-the-trainer 
models. 
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Introduction 

Developing and maintaining an ecologically, economically, and politically sustainable food 
supply is a significant ongoing challenge that invites many potential solutions with varying sets 
of trade-offs. Fish farming can help address global food issues. When aquaculture is done in a 
sustainable manner, it creates a source of protein that is healthy (McManus et al., 2011), relieves 
pressure on overfished wild fish populations, and can create sustainable jobs in the aquaculture 
sector and support industries across many areas of the country (Botta et al., 2021; Broughton et 
al., 2013). 

The United States is a major consumer of seafood, with annual per-capita consumption 
increasing from 15.0 pounds in 2011 to 19.2 pounds in 2019 (National Marine Fisheries Service, 
2021). However, more than 85% of the farm-raised and wild-capture seafood consumed in the 
United States is imported. Edible seafood (including wild-capture and farm-raised fish and 
shellfish) is the second-largest natural resources trade deficit in the United States, behind only oil 
(U.S. Census Bureau, 2021). Despite the trade deficit, many people have started fish farming in 
the United States, either producing fish via traditional aquaculture systems or fish and produce in 
aquaponics systems, with mixed success (Naomasa et al., 2013; Tokunaga et al., 2015). 
Producers often see aquaculture or aquaponics as an opportunity to farm sustainably and supply 
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food from local sources, though many also cite low profitability and regulations as barriers to 
business expansion (Hartenstine, 2022). 

There is significant federal interest in aquaculture and aquaponics, as evidenced by increasing 
federal investment in aquaculture and aquaponics research. In the 1950s and 1960s, federal 
funding for aquaculture research started to emerge, but it was not until the 1980s that federal 
investment in the industry became more direct and consistent. Between 1990 and 2015, the U.S. 
federal government funded nearly 3,000 aquaculture-related research projects, totaling over $1 
billion, with an average increase of six grants and $3.3 million each year (Love et al., 2017). 
Anecdotally, the trend of increased federal investment in domestic aquaculture and aquaponics is 
continuing. While much of the funding continues to come through the United States Department 
of Agriculture (USDA), Sea Grant, a National Oceanic and Atmospheric Administration 
(NOAA)-funded network of 34 university-based programs focused on outreach, education, and 
research related to coastal and Great Lakes natural resource and environmental issues, has 
increased its investment in aquaculture as well. In 2019, Sea Grant approved $16 million in 
federal funding awards that supported 42 aquaculture research and Extension projects, and 
increased aquaculture investment has been specifically mentioned in recent NOAA budget 
justifications (NOAA, 2021). 

Connecting research with aquaculture and aquaponics producers, consumers, and policymakers 
can be challenging due to the limited overlap between stakeholders in these different arenas. 
Extension often plays a connecting role, serving as a boundary organization at the interface of 
researchers, practitioners, and policymakers and facilitating better outcomes (Prokopy et al., 
2015). Spanning the boundaries of these arenas is critical to meeting long-term sustainability 
challenges (Goodrich et al., 2020), and Extension’s long history of serving this role puts it in a 
position to enable and facilitate co-production models to create useful and usable research to aid 
a developing industry (Prokopy et al., 2017). 

Although a strong Cooperative Extension Service (CES) infrastructure could help develop the 
aquaculture industry and facilitate the co-production of aquaculture knowledge, the infrastructure 
may not be developed uniformly across the United States. In this manuscript, we explore the 
existing land grant university agriculture and natural resources Extension infrastructure in the 
USDA North-Central Region by addressing the following research questions: 

1. To what extent is there aquaculture and aquaponics programming occurring within 
the USDA North-Central Region? 

2. To what extent is their interest in additional aquaculture programming within the 
USDA North-Central Region? 

This work was conducted as part of a larger aquaculture programming needs assessment in the 
region. It is important to note that Agriculture and Natural Resources (ANR) staff of CES do not 
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necessarily work directly with aquaculture producers or even indirectly in aquaculture at all. 
However, given that ANR staff work on food production and other natural resources issues with 
a variety of stakeholders, understanding their aquaculture programming offerings and needs is 
key to understanding aquaculture Extension in the region. 

Methods 

Study Population 

Our population is ANR Extension personnel within the USDA North-Central Region, a 12-state 
area consisting of North Dakota, South Dakota, Nebraska, Kansas, Minnesota, Iowa, Missouri, 
Wisconsin, Illinois, Indiana, Michigan, and Ohio. The North-Central Region is home to 68.3 
million people and several large cities, but it also includes significant rural areas (U.S. Census 
Bureau, 2019). Although growth in aquaculture production in the region has been minimal over 
the last 10 years (USDA, 2019), large population centers and significant farming infrastructure 
give the North-Central Region strong potential for aquaculture growth as the industry grows 
(Carlton et al., 2021). Currently, aquaculture sales range from $7.7 million in Missouri in 2018 to 
no documented farm sales in North Dakota (USDA, 2019). Aquaculture production methods 
differ across the region, including outdoor pond production and various types of indoor, land-
based production systems. Given the North-Central Region’s status as a major agricultural center 
in the United States, it is of particular interest as a potential place for aquaculture-related industry 
and Extension. 

Survey Design 

The survey included questions related to three types of aquacultures: fish farming, shrimp 
farming, and aquaponics. For each of the aquaculture types, we asked respondents whether 
stakeholders had contacted them about the types and the respondents’ perceptions of commercial 
and educational interest in the types. We also asked respondents if they provide aquaculture and 
aquaponics programming. See Table 1 for specific questions, wordings, and scales.  

Table 1. Overview of Survey Questions 
Construct Item Response scale 
Contact Do you have stakeholders who contact you 

regarding (aquaculture type)? 
0: No 
1: Yes 

Commercial interest How would you rank the level of interest 
in commercial (aquaculture type) in your 
geographic area? 

1: No interest 
2: Slight interest 
3: Moderate interest 
4: Strong interest 

K–12 education interest How would you rank the level of interest 
in (aquaculture type) from K–12 educators 
as a curriculum topic in your geographic 
area? 

1: No interest 
2: Slight interest 
3: Moderate interest 
4: Strong interest 
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Construct Item Response scale 
Aquaculture 
programming 

Do you provide aquaculture programming 
(i.e., fish farming, shrimp farming, or both) 
to your stakeholders? 

0: No 
1: Yes 

Aquaponics 
programming 

Do you provide aquaponics programs to 
your stakeholders? 

0: No 
1: Yes 

Survey Implementation 

We used state and county Extension websites to find the names and contact information of CES 
personnel working in ANR to participate in the survey. The survey was implemented via 
Qualtrics and administered in February of 2020, prior to the widespread shutdowns and 
quarantines related to SARS CoV-2 pandemic in the United States. The survey included multiple 
reminders, as adapted from Dillman et al. (2009). We contacted a total of 541 Extension 
personnel and received 160 responses, a 29.6% response rate. Michigan had a substantially 
higher response rate than other states (45.5%), North Dakota had a lower response rate (11.6%), 
and South Dakota had no respondents of the 19 Extension staff we contacted (Table 2). The 
reasons for the differences across states are not clear, and though there was no apparent 
correlation between state response rate and aquaculture sales reported by USDA (USDA, 2019), 
the three states with the lowest response rate (Kansas, North Dakota, and South Dakota) were 
also the states with the lowest aquaculture sales. Given the nature of our survey questions and the 
relatively small numbers of ANR personnel and aquaculture markets in North and South Dakota, 
we do not believe any non-response bias would substantially influence our conclusions. 

Table 2. Response Rate by State 
State Response Rate (%) 

Michigan 45.5 
Iowa 36.8 
Illinois 35.7 
Ohio 32.9 
Missouri 32.0 
Indiana 31.6 
Nebraska 31.5 
Wisconsin 28.0 
Minnesota 26.3 
Kansas 26.2 
North Dakota 11.6 
South Dakota 0 
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Results 

Overall, 47%, 35%, and 15% of respondents indicated that stakeholders had contacted them 
about commercial aquaponics, finfish aquaculture, and shrimp aquaculture, respectively. The 
respondents’ estimates of stakeholder interest in commercial and K–12 aquaculture are presented 
overall in Table 3 and by state in Figure 1. 

Table 3. Respondents’ Overall Estimates of Stakeholder Interest in Different Types of 
Aquaculture 

Item 
Mean 

(1: no interest, 4: strong interest) 95% CI 
Commercial interest aquaponics 1.96 1.84–2.08 
Commercial interest fish 1.82 1.74–1.90 
Commercial interest shrimp 1.42 1.34–1.50 
K–12 interest aquaponics 2.04 1.92–2.16 
K–12 interest fish 1.80 1.68–1.92 
K–12 interest shrimp 1.40 1.30–1.50 

 

Figure 1. Perceived Stakeholder Interest in Aquaculture by Sector and State 

 

Note. Dashed lines represent the sector-wide average. 

Approximately 8% of respondents indicated that they currently offer aquaculture programming, 
48% indicated that they did not offer aquaculture programming and were not interested in 
offering it, and 45% indicated that they did not offer aquaculture programming but were 
interested in offering it. 
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Regarding aquaponics, 8% of respondents indicated that they currently offer aquaponics 
programming, 37% indicated that they did not offer and were not interested in offering 
aquaponics programming, and 55% indicated that they did not offer but were interested in 
offering aquaponics programming. Only six respondents indicated that what they currently 
covered provided information on aquaculture marketing. The state-by-state data for aquaculture 
and aquaponics programming are visualized in Figure 2. 

Figure 2. Aquaculture and Aquaponics Programming by State 
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Discussion 

Although few ANR Extension staff currently offer aquaculture or aquaponics programming in 
the North-Central Region, over half of the respondents indicated that they were interested in 
offering aquaculture-related programming. This finding perhaps reflects the stakeholder contact 
findings, where approximately half (47%) of respondents indicated that they had stakeholders 
contact them about aquaponics programming, and around a third (35%) indicated that 
stakeholders had contacted them about aquaculture programming. 

Though many ANR Extension staff are interested in offering aquaculture programming, 
respondents indicated a slight-to-moderate interest in aquaculture among stakeholders 
throughout the North-Central region. Although we did not ask whether the interest is on the 
production or consumption side, given the role of ANR Extension in the region, most of the 
interest was likely on the production side. Despite the sometimes-wide confidence intervals, 
interest in aquaponics was consistently the highest and shrimp consistently the lowest across 
states in the region. 

The high interest among ANR personnel and moderate interest among stakeholders could 
indicate that Extension has a chance to spur additional interest in aquaculture or aquaponics 
through education and programming. It could also indicate that stakeholder interest is limited to 
certain segments of stakeholders that could be effectively targeted either via a state or regional 
aquaculture specialist or by a train-the-trainer model in which local ANR staff work with 
aquaculture specialists to develop programming. 

As it stands, these data show that the current capacity for aquaculture Extension in the North-
Central Region is limited in many states, though there is potential interest in developing 
additional capacity. If private and federal investment in aquaculture research and production 
continues, existing Extension efforts may be insufficient to meet increased demand. Extension 
personnel can serve as key boundary workers, helping to bridge and broker scientific, practical, 
and traditional knowledge (Goodrich et al., 2020); enabling the co-production of useful 
knowledge (e.g., Prokopy et al., 2017); and helping to develop and maintain practical knowledge 
networks (Moss et al., 2019). Although private industry can often serve in these boundary roles, 
as well (Goodrich et al., 2020; Prokopy et al., 2017), insufficient investment in Extension may 
limit the number of people serving the Midwestern aquaculture industry. 

Our survey data show that there is interest in expanding Extension capacity. Potential increased 
demand could be met via additional funding for aquaculture Extension or via careful leverage of 
ongoing aquaculture programming, such as recent USDA, NOAA, and Sea Grant efforts, 
including the Sea Grant-funded Great Lakes Aquaculture Collaborative or EatMidwestFish.org, 
co-funded by NOAA and the USDA North-Central Regional Aquaculture Center. Additionally, 
train-the-trainer programs have been shown to be an effective model for leveraging existing 
Extension resources to achieve greater impact in related areas like food safety (e.g., Martin et al., 
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1999; Richards et al., 2012) and entrepreneurship and farm business management (e.g., 
Brumfield et al., 2017; Fields et al., 2012). Funding agencies could also continue to encourage or 
require research projects to integrate Extension into their research proposals, although integrating 
Extension in a meaningful way is challenging and ideally requires engagement with Extension 
personnel throughout the research cycle, from project design to project completion. However, 
given the continued federal investment in aquaculture research and that Extension can be a 
critical component to industry growth, finding a way to increase capacity may help the 
investment pay dividends. 

References 

Botta, R., Court, C. D., Ropicki, A., & Camp, E. V. (2021). Evaluating the regional economic 
contributions of US aquaculture: Case study of Florida’s shellfish aquaculture industry. 
Aquaculture Economics & Management, 25(2), 223–244.  
https://doi.org/10.1080/13657305.2020.1869860  

Broughton, M. C., & Quagrainie, K. K. (2013). Economic importance of the aquaculture 
industry in Indiana (Illinois Indiana Sea Grant Publication IISG-1370). 
https://iiseagrant.org/publications/economic-importance-of-the-aquaculture-industry-in-
indiana/ 

Brumfield, R. G., Özkan, B., & Vezne, R. (2017). A train-the-trainer program to train Extension 
educators to teach business management skills to women farmers. International Journal 
of Economics and Management Systems, 2, 86–90. 

Carlton, J. S., Shambach, A., & Hartenstine, H. A. (2021). Voices from the industry: 
Aquaculture producers in the Midwestern United States. Choices, Quarter 4. 
https://www.choicesmagazine.org/choices-magazine/theme-articles/the-economics-of-us-
aquaculture/voices-from-the-industry-aquaculture-producers-in-the-midwestern-united-
states  

Dillman, D. A., Smyth, J. D.,  & Christian, L. M. (2009). Internet, mail, and mixed-mode 
surveys: The tailored design method (3rd ed.). Wiley. 

Fields, N., Brown, M., Piechocinski, A., & Wells, K. (2012). A statewide train-the-trainer model 
for effective entrepreneurship and workforce readiness programming. Journal of 
Extension, 50(5). https://tigerprints.clemson.edu/joe/vol50/iss5/36  

Goodrich, K. A., Sjostrom, K. D., Vaughan, C., Nichols, L., Bednarek, A., & Lemos, M. C. 
(2020). Who are boundary spanners and how can we support them in making knowledge 
more actionable in sustainability fields? Current Opinion in Environmental 
Sustainability, 42, 45–51. https://doi.org/10.1016/j.cosust.2020.01.001 

Hartenstine, H. A. (2022). Land-based aquaculture in the Great Lakes region: Trust dynamics 
and barriers to growth. [Master’s thesis, Purdue University]. 
https://doi.org/10.25394/PGS.20383251.v1     

8Aquaculture Extension Capacity in the Midwest

Journal of Human Sciences and Extension

https://doi.org/10.1080/13657305.2020.1869860
https://iiseagrant.org/publications/economic-importance-of-the-aquaculture-industry-in-indiana/
https://iiseagrant.org/publications/economic-importance-of-the-aquaculture-industry-in-indiana/
https://www.choicesmagazine.org/choices-magazine/theme-articles/the-economics-of-us-aquaculture/voices-from-the-industry-aquaculture-producers-in-the-midwestern-united-states
https://www.choicesmagazine.org/choices-magazine/theme-articles/the-economics-of-us-aquaculture/voices-from-the-industry-aquaculture-producers-in-the-midwestern-united-states
https://www.choicesmagazine.org/choices-magazine/theme-articles/the-economics-of-us-aquaculture/voices-from-the-industry-aquaculture-producers-in-the-midwestern-united-states
https://tigerprints.clemson.edu/joe/vol50/iss5/36
https://doi.org/10.1016/j.cosust.2020.01.001
https://doi.org/10.25394/PGS.20383251.v1


Love, D. C., Gorski, I., & Fry, J. P. (2017). An analysis of nearly one billion dollars of 
aquaculture grants made by the US federal government from 1990 to 2015. Journal of the 
World Aquaculture Society, 48(5), 689–710. https://doi.org/10.1111/jwas.12425 

Martin, K. E., Knabel, S., & Mendenhall, V. (1999). A model train-the-trainer program for 
HACCP-based food safety training in the retail/food service industry: An evaluation. 
Journal of Extension, 37(3), 3FEA1. https://archives.joe.org/joe/1999june/a1.php  

McManus, A., & Newton, W. (2011). Seafood, nutrition and human health: A synopsis of the 
nutritional benefits of consuming seafood. Centre of Excellence Science, Seafood & 
Health, Curtin Health Innovation Research Institute, Curtin University of Technology, 
Perth. 
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/32912/185277_53343_Seafoo
d__nutrition_and_human_health.pdf?sequence=2 

Moss, R. H., Avery, S., Baja, K., Burkett, M., Chischilly, A. M., Dell, J., Fleming, P. A., Geil, 
K., Jacobs, K., Jones, A., Knowlton, K., Koh, J., Lemos, M. C., Melillo, J., Pandya, R., 
Richmond, T. C., Scarlett, L., Snyder, J., Stults, M., Waple, A. M., Whitehead, J., 
Zarrilli, D., Ayyub, B. M., Fox, J., Ganguly, A., Joppa, L., Julius, S., Kirshen, P., 
Kreutter, R., McGovern, A., Meyer, R., Neumann, J., Solecki, W., Smith, J., Tissot, P., 
Yohe, G., & Zimmerman, R. (2019). Evaluating knowledge to support climate action: A 
framework for sustained assessment. Report of an independent advisory committee on 
applied climate assessment. Weather, Climate, and Society, 11(3), 465–487. 
https://doi.org/10.1175/WCAS-D-18-0134.1 

Naomasa, E., Arita, S., Tamaru, C., & Leung, P. (2013). Assessing Hawaii’s aquaculture farm 
and industry performance. Aquaculture Economics & Management, 17(2), 184–207. 
https://doi.org/10.1080/13657305.2013.796235  

National Marine Fisheries Service (2021). Fisheries of the United States, 2019 report (Current 
Fishery Statistics No. 2019). U.S. Department of Commerce, NOAA.  

National Oceanic and Atmospheric Administration. (2021). Budget estimate, fiscal year 2022 
(Exhibit 4B. Control Table 2). https://www.noaa.gov/sites/default/files/2021-
06/NOAA%20FY22%20CJ.pdf 

Prokopy, L. S., Carlton, J. S., Arbuckle, J. G., Haigh, T., Lemos, M. C., Mase, A. S., Babin, N., 
Dunn, M., Andresen, J., Angel, J., Hard, C., & Power, R. (2015). Extension′s role in 
disseminating information about climate change to agricultural stakeholders in the United 
States. Climatic Change, 130(2), 261–272. https://doi.org/10.1007/s10584-015-1339-9  

Prokopy, L. S., Carlton, J. S., Haigh, T., Lemos, M. C., Mase, A. S., & Widhalm, M. (2017). 
Useful to usable: Developing usable climate science for agriculture. Climate Risk 
Management, 15, 1–7. https://doi.org/10.1016/j.crm.2016.10.004 

Richards, J., Pratt, C., Skolits, G. J., & Burney, J. (2012). Developing and evaluating the impact 
of an Extension-based train-the-trainer model for effectively disseminating food safety 
education to middle school students. Journal of Extension, 50(4). 
https://tigerprints.clemson.edu/joe/vol50/iss4/7  

9Aquaculture Extension Capacity in the Midwest

Journal of Human Sciences and Extension

https://doi.org/10.1111/jwas.12425
https://archives.joe.org/joe/1999june/a1.php
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/32912/185277_53343_Seafood__nutrition_and_human_health.pdf?sequence=2
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/32912/185277_53343_Seafood__nutrition_and_human_health.pdf?sequence=2
https://doi.org/10.1175/WCAS-D-18-0134.1
https://doi.org/10.1080/13657305.2013.796235
https://www.noaa.gov/sites/default/files/2021-06/NOAA%20FY22%20CJ.pdf
https://www.noaa.gov/sites/default/files/2021-06/NOAA%20FY22%20CJ.pdf
https://doi.org/10.1007/s10584-015-1339-9
https://doi.org/10.1016/j.crm.2016.10.004
https://tigerprints.clemson.edu/joe/vol50/iss4/7


Tokunaga, K., Tamaru, C., Ako, H., & Leung, P. (2015). Economics of small‐scale commercial 
aquaponics in Hawai ‘i. Journal of the World Aquaculture Society, 46(1), 20–32. 
https://doi.org/10.1111/jwas.12173 

U. S. Census Bureau. (2019). American Community Survey 1-year estimates (Census Reporter 
profile page for Midwest Region). http://censusreporter.org/profiles/02000US2-midwest-
region/ 

U.S. Census Bureau. (2021). U.S. international trade in goods and services (FT900). 
https://www.census.gov/foreign-trade/Press-
Release/current_press_release/index.html#ft900 

U.S. Department of Agriculture. (2019). 2018 census of aquaculture. 
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/Aquaculture/
Aqua.pdf  

J. Stuart Carlton, Ph.D., is assistant director of Illinois-Indiana Sea Grant and research assistant 
professor in the Department of Forestry & Natural Resources at Purdue University. Please direct 
correspondence about this article to Dr. Carlton at jsc@purdue.edu. 

Amy M. Shambach is aquaculture marketing outreach associate at Illinois-Indiana Sea Grant. 

Kwamena Quagrainie, Ph.D., is aquaculture economics specialist at Illinois-Indiana Sea Grant 
and clinical engagement professor in the Department of Agricultural Economics at Purdue 
University. 

Acknowledgments 

This work was funded by USDA/NCRAC 2016-38500-25753 Subaward 416-41-71F and 
NOAA/National Sea Grant grant no. NA14OAR170095. The authors would like to thank H. 
Hartenstine and R. Venturi for assistance with the research and manuscript. 

10Aquaculture Extension Capacity in the Midwest

Journal of Human Sciences and Extension

https://doi.org/10.1111/jwas.12173
http://censusreporter.org/profiles/02000US2-midwest-region/
http://censusreporter.org/profiles/02000US2-midwest-region/
https://www.census.gov/foreign-trade/Press-Release/current_press_release/index.html#ft900
https://www.census.gov/foreign-trade/Press-Release/current_press_release/index.html#ft900
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/Aquaculture/Aqua.pdf
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/Aquaculture/Aqua.pdf
mailto:jsc@purdue.edu

	Aquaculture Extension Capacity in the USDA North-Central Region: Results from a Survey
	Introduction
	Methods
	Study Population
	Survey Design
	Survey Implementation

	Results
	Discussion
	References

