


Supplemental Material: Harvester perceptions of climate vulnerability: contributions to building climate resilient fisheries
Appendix A - Stakeholder Survey
Scientists predict that changing ocean conditions in the Gulf of Maine have the potential to impact fisheries and disrupt the social and economic fabric of fishing communities. Researchers at The Nature Conservancy in Maine and University of Washington are conducting this survey as part of an effort to assess the social and ecological vulnerability of fishing communities in the Northeastern United States and getting input from fishermen is a vital part of the project. We are interested in your perceptions of the vulnerabilities of coastal fisheries and fishing communities, and the strengths and resilience that help them adapt to change. We are coordinating this effort state agencies in the Northeast and will be sharing results with these agencies to help inform decision making. 

All of the information you provide will be kept anonymous; individual surveys will only be seen by the research team and results will be compiled to keep all responses anonymous. The research has been reviewed has been reviewed by the Human Subjects Division at the University of Washington (STUDY00008104). The survey will take about thirty minutes to complete. Please answer all the questions to the best of your knowledge. We appreciate your willingness to participate in this survey and thank you for your time.

A sweepstakes for ten $100 Amazon gift cards is being held in conjunction with this survey. Completion of the survey is not required to enter this drawing Individuals over 18 who enter between June 7, 2020 and August 31, 2020 will be eligible to win one of ten Amazon gift cards.

Background Information
This section will ask a few questions about you, the fisheries you participate in, and the regions where you fish.

1. What Northeast do you participate in? Check all that apply.
· Lobster
· Herring
· Menhaden 
· Scallop
· Atlantic cod
· Haddock
· Atlantic pollock
· Atlantic halibut
· White hake
· Dabs (American plaice)
· Gray sole (witch flounder)
· Windowpane flounder
· Yellow tail flounder
· Black backs (winter flounder)
· Acadian redfish
· Monkfish
· Skates
· Whiting (silver hake)
· Red hake
· Red crab
· Clams
· Squid
· Dogfish
· Summer flounder
· Scup
· Black seabass
· Other (must specify)

2. Which species   or fisheries generate at least 25% of your fishing income? Check all that apply. Please think of these fisheries when you are asked other questions about your main or primary fisheries. Check all that apply.
· Lobster
· Herring
· Menhaden 
· Scallop
· Atlantic cod
· Haddock
· Atlantic pollock
· Atlantic halibut
· White hake
· Dabs (American plaice)
· Gray sole (witch flounder)
· Windowpane flounder
· Yellow tail flounder
· Black backs (winter flounder)
· Acadian redfish
· Monkfish
· Skates
· Whiting (silver hake)
· Red hake
· Red crab
· Clams
· Squid
· Dogfish
· Summer flounder
· Scup
· Black seabass
· Other (must specify)

3. Below is a list of common fishing grounds in the Northeast.  Please check the box of any region where you fish regularly. 
· Inshore Gulf of Maine (defined by the 50-fathom curve)
· Offshore Gulf of Maine (defined by the 50-fathom curve)                                                            
· Georges Bank
· Southern New England
· Long Island Sound
· Mid Atlantic
· Other
4. Where is your homeport and zip code? 
5. How long have you been fishing?
· 0 - 5 years
· 5 -15 years
· 15 - 25 years
· more than 25 years
6. Where do you live? Please include the name and zip code of your town.
7. How long have you lived in your current community?
· 0 - 5 years
· 5 -15 years
· 15 - 25 years
· more than 25 years

8. What is your role in the fishing industry? (Check all that apply)
· Captain Vessel Owner 
· Crew member
· Other:
 

9. (If answer to previous question is captain or vessel owner) How many crew do you typically employ during your main fishing season? Mark only one.
· 1-3
· 4-7
· 7-11
· greater than 11

10. What length of vessel do you work on or operate? Mark only one.
· 25 ft. or less 26 to 35 ft.
· 36 to 45 ft.
· 46 to 55 ft.
· 56 to 65 ft.
· 66 ft. or greater
11. What gear types do you use? Please check all that apply.
· Longlines
· Midwater trawl 
· Bottom trawl
· Trap 
· Purse seine Gillnet
· Rod and reel
· Other:
12. Do you currently participate fisheries in other parts of the country in addition to those off of ME, NH, MA, RI, or CT? Mark only one. 
· Yes
· No
13. (If yes to previous question) Where and which fisheries?
14. What percentage, if any, of your annual income comes from jobs or sources outside of fishing? Mark only one.
· none
· 10% or less
· 10% to 25%
· 25% to 50%
· more than 50%
15. How old are you? Mark only one.
· Under 30
· 30 - 40
· 40 - 50
· 50 to 60
· 60 to 70
· over 70 years
16. What is your gender identity? Mark only one.
· Female
· Male
· Prefer not to say
· Other:   	
17. Are you an enrolled tribal member?
· Yes
· No
18. Please indicate any changes you have observed in the waters off of ME, NH, MA, RI, or CT. Mark only one oval per row.
	
	Decrease
	No change
	Increase

	Ocean temperature
	
	
	

	Severe weather
	
	
	

	Availability of main target species
	
	
	

	Other
	
	
	



19. Do you think your ability to catch fish has been affected by climate change?
· Yes, positively affected 
· Yes, negatively affected 
· No
· No, I have not observed any changes
20. Please elaborate if you answered yes to the previous question.
21. Please explain how your ability to catch fish has been affected. 
Impacts on fisheries
For the next question, you will be asked what, if any, effect you believe ocean warming is having on specific fisheries. For each fishery, we would like you to indicate if you think ocean warming is having a strong or slightly negative effect, no effect, or a slightly or strongly positive effect. You many also answer I don't know. Then you will be asked about your confidence level in that answer before moving on to the next fishery.
22. What, if any, effect do you believe ocean warming is having on these fisheries? See NE survey question 23 for responses Mark only one oval per row.
	
	Strong negative effect
	Slight negative effect
	No effect
	Slight positive effect
	Strong positive effect
	I don’t know

	Lobster
	
	
	
	
	
	

	Herring
	
	
	
	
	
	

	Menhaden 
	
	
	
	
	
	

	Scallop
	
	
	
	
	
	

	Atlantic cod
	
	
	
	
	
	

	Haddock
	
	
	
	
	
	

	Atlantic pollock
	
	
	
	
	
	

	Atlantic halibut
	
	
	
	
	
	

	White hake
	
	
	
	
	
	

	Dabs (American plaice)
	
	
	
	
	
	

	Gray sole (witch flounder)
	
	
	
	
	
	

	Windowpane flounder
	
	
	
	
	
	

	Yellow tail flounder
	
	
	
	
	
	

	Black backs (winter flounder)
	
	
	
	
	
	

	Acadian redfish
	
	
	
	
	
	

	Monkfish
	
	
	
	
	
	

	Skates
	
	
	
	
	
	

	Whiting (silver hake)
	
	
	
	
	
	

	Red hake
	
	
	
	
	
	

	Red crab
	
	
	
	
	
	

	Clams
	
	
	
	
	
	

	Squid
	
	
	
	
	
	

	Dogfish
	
	
	
	
	
	

	Summer flounder
	
	
	
	
	
	

	Scup
	
	
	
	
	
	

	Black seabass
	
	
	
	
	
	

	Other (must specify)
	
	
	
	
	
	


23. Please indicate your level of confidence in your responses to the previous question. See NE survey question 24 for responses. Mark only one oval per row.
	
	Low confidence
	Medium 
Confidence
	High confidence

	Lobster
	
	
	

	Herring
	
	
	

	Menhaden 
	
	
	

	Scallop
	
	
	

	Atlantic cod
	
	
	

	Haddock
	
	
	

	Atlantic pollock
	
	
	

	Atlantic halibut
	
	
	

	White hake
	
	
	

	Dabs (American plaice)
	
	
	

	Gray sole (witch flounder)
	
	
	

	Windowpane flounder
	
	
	

	Yellow tail flounder
	
	
	

	Black backs (winter flounder)
	
	
	

	Acadian redfish
	
	
	

	Monkfish
	
	
	

	Skates
	
	
	

	Whiting (silver hake)
	
	
	

	Red hake
	
	
	

	Red crab
	
	
	

	Clams
	
	
	

	Squid
	
	
	

	Dogfish
	
	
	

	Summer flounder
	
	
	

	Scup
	
	
	

	Black seabass
	
	
	

	Other (must specify)
	
	
	


24. Are any of your primary fisheries being affected by changes in other marine species?
· Yes
· No
25. If yes, how is it being affected?

The next two questions ask you how fishing in recent years compares to 30 years ago. If you were not fishing 30 years ago, please answer based on what you have heard from others or your understanding of what it was like during that time.
26. When you compare the last 5 years to 30 years ago, have you seen changes in the range of your primary target species? Mark only one.
· Yes 
· No
27. If yes, how has it changed?
28. When you compare the last 5 years to 30 years ago, has the time of year of when you fish shifted at all? Mark only one. 
29. If yes, how has it changed?
Perceptions of Exposure and Risk
This section asks about environmental, fishing, or community issues; your level of concern about those issues; and how often you think about them.
30. What Northeast species or fisheries do you think are most likely to be negatively affected by climate change?
31. Are there any species or fisheries that you think will be positively affected by climate change?
Below is a list of issues that may affect your fishing success, your wellbeing, or the wellbeing of your community. For the following questions, please mark 2 answers in each row - 1 indicating your level of concern and 1 for how often you think about the topic.
32. Marine Environment – frequency of thinking about these issues instead of concern? Check all that apply.
	
	Not concerned at all
	Somewhat concerned
	Very concerned
	Never 
	Occasionally
	Frequently

	Warming waters

	
	
	
	
	
	

	Ocean acidification
	
	
	
	
	
	

	Increases in severe storms
	
	
	
	
	
	

	Sea level rise
	
	
	
	
	
	

	Changing weather patters
	
	
	
	
	
	

	Ocean water quality
	
	
	
	
	
	

	Harmful algal blooms
	
	
	
	
	
	

	Habitat degradation or loss
	
	
	
	
	
	



33. Fishing
	
	Not concerned at all
	Somewhat concerned
	Very concerned
	Never 
	Occasionally
	Frequently

	Size of fish populations
	
	
	
	
	
	

	Bycatch
	
	
	
	
	
	

	Landed value
	
	
	
	
	
	

	Costs associated with fishing (fuel, vessel maintenance, etc.)
	
	
	
	
	
	

	The stock assessment process
	
	
	
	
	
	

	Travel time to fishing grounds increasing
	
	
	
	
	
	

	Regulations
	
	
	
	
	
	

	Offshore wind development
	
	
	
	
	
	


34. Community and infrastructure
	
	Not concerned at all
	Somewhat concerned
	Very concerned
	Never 
	Occasionally
	Frequently

	Aging labor force
	
	
	
	
	
	

	Community cohesion in the fishing community
	
	
	
	
	
	

	Community cohesion in your residential community
	
	
	
	
	
	

	Coastal and port infrastructure
	
	
	
	
	
	

	Workforce availability
	
	
	
	
	
	


35. Personal
	
	Not concerned at all
	Somewhat concerned
	Very concerned
	Never 
	Occasionally
	Frequently

	Physical health problems
	
	
	
	
	
	

	Mental health problems
	
	
	
	
	
	

	Safety at sea
	
	
	
	
	
	

	Familial relationships
	
	
	
	
	
	

	Financial stress
	
	
	
	
	
	


36. Do you regularly smoke cigarettes? Mark only one.
· Yes
· No
37. During the last 12 months, on days when you drank alcohol how many drinks did you usually have? Mark only one.
· N/A 
· 1-2
· 3-4
· 5-6
· 7-8
· greater than 8
38. Please indicate your level of agreement with the following statements.
	[bookmark: _Hlk118293026]
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree

	I believe climate change is occurring
	
	
	
	
	

	Climate change will harm me personally
	
	
	
	
	

	Climate change will harm future generations
	
	
	
	
	

	If I had a choice, I would leave fishing
	
	
	
	
	

	It is a big risk to move into a new fishery
	
	
	
	
	

	There is no point in preparing for climate change since we don’t know exactly what will happen
	
	
	
	
	

	There will not be enough fish to continue to operate in my main fishery in 20 years
	
	
	
	
	


39. Fisheries occasionally have conflicts with other fisheries or other activities that take place in the ocean or coastal environment. Please indicate your level of agreement with the following statement. My fishing is negatively affected by
	[bookmark: _Hlk118359196]
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree

	Recreational fisheries 
	
	
	
	
	

	Other commercial fisheries
	
	
	
	
	

	The internal conflict within my commercial fishery
	
	
	
	
	

	Aquaculture 
	
	
	
	
	

	Tourism
	
	
	
	
	

	Offshore wind development
	
	
	
	
	

	Recreational fisheries 
	
	
	
	
	

	Shipping
	
	
	
	
	

	Coastal development
	
	
	
	
	



Sensitivity
Below is a list of statements that may indicate the degree to which community and individual wellbeing is sensitive to changes in the health of fisheries and the environment. Please indicate your level of agreement with each statement. Define physical and mental health and wellbeing.
40. Conditions
	
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree
	I have not observed any changes

	Changes in fisheries have negatively impacted my overall well-being
	
	
	
	
	
	

	Changes in fisheries have negatively impacted my physical health
	
	
	
	
	
	

	Changes in fisheries have negatively impacted my mental health
	
	
	
	
	
	

	Changes in the environment have negatively impacted my physical health
	
	
	
	
	
	

	Changes in the environment have negatively impacted my mental health
	
	
	
	
	
	

	Changes in the environment have raised my stress levels

	
	
	
	
	
	

	Changes in the environment have negatively affected my safety while fishing
	
	
	
	
	
	



41. Connections
	
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree

	I would encourage my children to be fishermen
	
	
	
	
	

	Fishing is important to my identity
	
	
	
	
	

	Fishermen are supported in my community
	
	
	
	
	

	 I am passing down fishing knowledge to the next generation
	
	
	
	
	

	I feel a connection to my environment
	
	
	
	
	

	I feel a connection to my community
	
	
	
	
	


42. Capabilities
	
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree

	I make enough money to support my family
	
	
	
	
	

	I am able to plan two years out in the future
	
	
	
	
	

	I am satisfied with my job
	
	
	
	
	

	I think the fisheries I participate in are managed effectively
	
	
	
	
	

	I have access to the data and information I need for successful fishing

	
	
	
	
	

	I can find qualified crew with the skills they need to do a good job
	
	
	
	
	

	Climate change should be considered in fisheries management
	
	
	
	
	


43. Cross-cutting
	
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree

	The fisheries I participate in are managed in an equitable way
	
	
	
	
	

	There are opportunities for people who are not currently fishing to enter into east coast fisheries
	
	
	
	
	

	There are opportunities for deckhands and other lower-level crew to advance
	
	
	
	
	


Adaptive Capacity
Responding to changes, stemming from climate or other issues, will require adaptations by individuals, communities, and governance structures; this section asks for your perspective on their ability to do so.
44. With regard to the future security of yourself, your residential community, or your fishery, please indicate the extent to which you agree or disagree with the following statements:
	
	Strongly disagree
	Somewhat disagree
	Neutral
	Somewhat agree
	Strongly agree

	I could easily move into a new fishery
	
	
	
	
	

	I could easily find work in another natural resource industry (aquaculture, forestry, etc..)
	
	
	
	
	

	I could easily get income not related to natural resource harvest, fishing or otherwise.
	
	
	
	
	

	I could easily get a loan or some other form of financial support
	
	
	
	
	

	I am confident in my ability to travel further to fish if that is needed
	
	
	
	
	

	I think fisheries management can adapt and respond quickly to changing environmental conditions
	
	
	
	
	

	I feel constrained in my ability to adapt to changes because of regulations.
	
	
	
	
	


45. What are your top three concerns regarding your fishing business? (only 3 checks allowed?)
· Affordable access to working waterfront
· Market access as a result of COVID-19
· International trade disruptions
· Developing new markets
· Finding reliable crew members
· Fishery regulations
· Quota limits
· Shifts in species distribution
· Climate change
· Other concern
46. What sorts of changes could quicken response time and make fisheries management more flexible as it responds to future challenges? Maybe indicate none is an ok answer?
47. What type of support do you need to respond and adapt to climate change?
48. What metrics related to climate change do you think are important to be monitored for your fishery?
49. Are there other concerns or thoughts you would like to share about the future of fishing or your community?

































Appendix B – Specific questions included in the vulnerability indices
Most respondents that target American lobster, scallop, Atlantic cod, pollock, yellowtail flounder, winter flounder, red hake, summer flounder, and striped bass think these species are being negatively impacted by warming waters (Table 3; Appendix II Figure A1). The majority of survey respondents targeting Atlantic herring, haddock, Atlantic halibut, white hake, dabs, gray sole, windowpane flounder, Acadian redfish, monkfish, skates, whiting, clams, squid, and dogfish think that climate change is not having an effect on these species. The only species identified by respondents as being positively impacted by warming ocean temperatures were menhaden, scup, and black sea bass (Table 3; Appendix II Figure A1). 
[image: ]
Figure A1. Exposure and the impacts of climate change on commercial species in the Northeastern United States. 

[image: ]
Figure A2. Sensitivity. Responses to the questions included to calculate sensitivity. 

[image: ]
Figure A3. Adaptive Capacity. Responses to the questions included to calculate Adaptive Capacity. 











Annex C – Vulnerability scores by participating fishery
Table C1. Species included in this survey, the management authority, and their average exposure, sensitivity, adaptive capacity, and vulnerability of survey respondents participating in those fisheries. Management authorities are: ASMFC - Atlantic States Marine Fisheries Commission, NEFMC - New England Fisheries Management Council, and MAFMC - Mid-Atlantic Fishery Management Council.


	Fishery
	Scientific Name
	Management Authority
	Average Exposure (0 - 1)
	Average Sensitivity    (0 - 1)
	Average
Adaptive Capacity        (0 - 1)
	Average Vulnerability (0 - 1.73)

	Atlantic menhaden
	Brevoortia tyrannus
	ASMFC
	0.49
	0.47
	0.42
	0.94

	Atlantic halibut
	Hippoglossus hippoglossus
	NEFMC 
	0.47
	0.51
	0.4
	0.94

	Atlantic spiny dogfish
	Squalus acanthias
	NEFMC/MAFMC
	0.53
	0.47
	0.43
	0.94

	Winter flounder
	Pseudopleuronectes americanus
	NEFMC 
	0.53
	0.47
	0.4
	0.95

	Scup
	Stenotomus chrysops
	MAFMC/ NEFMC/ASMFC
	0.53
	0.46
	0.42
	0.95

	Atlantic herring
	Clupea harengus
	NEFMC/ASMFC
	0.6
	0.42
	0.44
	0.96

	Windowpane flounder
	Scophthalmus aquosus
	NEFMC 
	0.53
	0.52
	0.41
	0.96

	American lobster
	[bookmark: _Hlk121752994]Homarus americanus
	ASMFC
	0.57
	0.45
	0.42
	0.97

	Squid complex
	Longfin squid (Doryteuthis (Amerigo) pealeii)
Illex/shortfin Squid (Illex illecebrosus)
	MAFMC
	0.57
	0.49
	0.43
	0.97

	Summer flounder
	[bookmark: _Hlk121753007]Paralichthys dentatus
	MAFMC/ NEFMC/ASMFC
	0.57
	0.43
	0.4
	0.97

	Black sea bass
	Centropristis striata
	MAFMC/ NEFMC/ASMFC
	0.56
	0.46
	0.42
	0.97

	Haddock
	[bookmark: _Hlk121752734]Melanogrammus aeglefinus
	NEFMC 
	0.58
	0.51
	0.43
	0.98

	Striped bass
	[bookmark: _Hlk121752753]Morone saxatilis
	ASMFC
	0.63
	0.43
	0.45
	0.98

	[bookmark: _Hlk121752679]Yellowtail flounder
	Limanda ferruginea
	NEFMC 
	0.54
	0.52
	0.37
	0.99

	Clam species
	
	State Agencies
	0.57
	0.49
	0.42
	0.99

	Atlantic cod
	[bookmark: _Hlk121752360]Gadus morhua
	NEFMC 
	0.59
	0.5
	0.42
	1

	Atlantic pollock
	[bookmark: _Hlk121752587]Pollachius virens
	NEFMC 
	0.6
	0.5
	0.42
	1.01

	White hake
	[bookmark: _Hlk121752336]Urophycis tenuis
	NEFMC 
	0.57
	0.54
	0.39
	1.02

	Atlantic sea scallop
	[bookmark: _Hlk121752314]Placopecten magellanicus
	NEFMC
	0.6
	0.51
	0.39
	1.03

	Monkfish
	Lophius americanus
	NEFMC/MAFMC
	0.57
	0.53
	0.37
	1.03

	Gray sole/witch flounder
	[bookmark: _Hlk121752940]Glyptocephalus cynoglossus
	NEFMC
	0.54
	0.53
	0.33
	1.04

	Acadian redfish
	[bookmark: _Hlk121752968]Sebastes fasciatus
	NEFMC 
	0.6
	0.51
	0.36
	1.04

	Atlantic deep-sea red crab
	Chaceon quinquedens
	NEFMC
	0.6
	0.37
	0.31
	1.04

	Whiting/silver hake
	[bookmark: _Hlk121752977]Merluccius bilinearis
	NEFMC 
	0.58
	0.57
	0.36
	1.05

	Dabs/American plaice
	[bookmark: _Hlk121752927]Hippoglossoides platessoides
	NEFMC 
	0.57
	0.54
	0.33
	1.06

	Northeast skate complex
	Barndoor skate (Dipturis laevis)
Clearnose skate (Raja eglanteria)
Little skate (Leucoraja erinacea)
Rosette skate (Leucoraja garmani) 
Smooth skate (Malacoraja senta)
Thorny skate (Amblyraja radiata)
Winter skate (Leucoraja ocellata)
	NEFMC
	0.58
	0.54
	0.34
	1.06

	Red hake
	Urophycis chuss
	NEFMC 
	0.64
	0.51
	0.32
	1.07
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