	Appendix 1. Results for all knowledge elements shared in Noongar participant statements.

 

	 
	#
	Summary
	Example

	Geology, Topography, Soil 
	78
	
	

	Soil type, moisture
	13
	Moisture in soil extinguishes fire, prevents burning the roots of plants, gives a slower burn. Some moist soil doesn’t require burning. 
	“It wouldn’t burn right to the edge there, it’d be too moist, there’d be too much moisture.”
“It helps if you’ve got damp underground.”

	Slope
	14
	Fire travels faster up hill.
	“Fire is upwards”

	Geologic substrate, landform
	43
	Recognition of the difference between landforms (e.g. riverbanks compared to granite outcrops)
	“The fire is the same, it’s the terrain that’s different.”
“Looking at those three different areas, that we need to take into consideration the layout of the landscape.”

	Elevation
	3
	Clear around high point to increase visibility.
	“The whole lot would have been cleared so they can see the skyline and see where that mob is moving by the fires."

	Aspect
	0
	
	

	Soil temperature, frozen or thawed
	0
	
	

	Vegetation, Fuels
	179
	
	

	Moisture of live or dead fuels
	27
	Fuel moisture influences fire type. Some moisture is good for burning in a slow and controlled manner.
	“That’s what I’m saying about the compact [nature] of the fuel load, if its compact and dry and moist well then to me, that would be an ideal slow burn, cold burn.”

	Plant or animal phenology
	16
	Noongar seasonal knowledge is rooted in phenology, which dictates when burning may happen. Both plant phenology (flowering, bark) and animal phenology (young) discussed.
	“Culturally we have six seasons. Within those six seasons, the focus in on the egg laying mammals, so you need to be mindful when you do a burn.”
“Karri is not known for flames going up, most of the bark has been shed at this time of year now too.”

	Fuel composition, species
	54
	Many specific species were mentioned in terms of how they burn or their need for/response to fire. Special attention paid to species that provide food or water. Invasive weeds species have changed fuel composition.
	“Because if it gets in these paperbarks, it won’t burn down here, it will burn up top when it gets those leaves, it will go straight along those leaves.”
“You’d make sure that [melaleuca] was protected because that’s water there, and there may be food plants there.”

	Fuel load
	72
	Fuel load determines how it may be burnt. Existing fuel loads at study sites were higher than they would be under traditional Noongar management.
	“And what we are looking at here is all this overgrowth from many, many years, which in our cultural history we wouldn’t have.”
“Because it’s too overgrown…everything needs to be thinned.”

	Fuel or vegetation structure, arrangement, continuity, height
	15
	Fires should be kept out of the canopy; therefore, structure and continuity are important considerations. 
	“Be mindful of…all the connection that’s off the ground.”
“If you were in the forest, you’d have a clear run you know.”

	Fuel consumption: degree, speed, patchiness
	51
	High patchiness achieved through careful placement and/or low intensity of fire. Slow fires are preferred.
	“Amongst all this burning there might be one plant in a little patch as big as this chair or something, and so you leave it like that, because that’s what the fire meant it to do.”

	Fuel diameter or size (e.g. Log vs grass)
	3
	Clearing around larger fuels (logs) or pulling them out of the vegetation, not to be burnt in the small fires.
	“Even logs and that they’d clean around it.”
“I would pull them out, the bigger trees, the smaller ones can be burnt but the bigger branches and things they need to be, they need to be handled by themselves.”

	Vegetation type
	54
	Recognise difference in vegetation types. Less likely to burn in melaleuca wetlands and on granites, more likely in forested areas.
	“It’s not as overgrown as down there, so down there you’d have to be really careful.”
“These things here [Borya herb fields], you wouldn’t burn these, simply for if there’s no lizard trap around well then, they’re the place where the lizards would be.”

	Weather
	97
	
	

	Season
	41
	Late or end of summer is preferred. The current fuel load may warrant a winter burn. Season relates to animal and plant phenology - an important consideration. Spring, when animals are giving birth or laying eggs, is not a good time for burning.
	“Culturally we have six seasons.”
“It’s about timing at the end of summer.”
“But it is dangerous now, the amount of material there. So, you have to do it in winter, maybe the latter part of winter when there’s a lot more moisture, a lot cooler.”

	Onset or end of rainy season, dry season, timing of rain
	8
	Onset of rains at the end of Summer highlighted as an indicator to burn.
	“I can only go on my old teachings and that was the first rain, really about May. It just dampens things down, but the grass is still dry, and the radiating heat will dry that moisture up anyway, to allow the burn.”
“When the autumn rains came in, the first two heavy rains of the year.”

	Wind speed, force
	36
	Wind is very important in deciding if the conditions are right for burning. Low winds were preferred, no burning in very high winds. Wind is used to direct the fire.
	“Not too blowy, just gentle and you know you’re getting it done.”
“Well yes, if you’ve got a real windy day you wouldn’t burn.”

	Wind direction, source
	45
	Use the wind direction to advantage, don’t burn in hot north winds.
	“We don’t like the north winds. We used to call it ‘worra, worra’, it was strong… that north wind is a hot wind.”
“You have to wait for the wind to burn the right way.”

	Temperature
	14
	A cool day is best for burning.
	“It’s got to be a cool day.”
“And the evening was the better time to burn as it was cooler.”

	Humidity of air, day
	2
	Good to have some humidity for burning.
	“Just have a look how damp it is.”

	Water level, stream flow, river cycle
	0
	
	

	Quantity of rain
	1
	Regrowth depends on following year’s rainfall.
	“And that would also depend on the rainfall the following year, if you get good rainfall it’ll come back a lot quicker.”

	Snow or ice location, condition
	0
	
	

	Lightning
	6
	Lightning as another source of fire, of out of control fires.
	“Lightning strikes would have taken care of a lot of that stuff [that wasn’t burnt by Noongars]. This is where our patchwork burning did not allow those huge bushfires from lightning strike. We already had patch burning in place. That was the only time there was other fires, [when] there was lightning strikes.”

	Phase of moon
	0
	
	

	Sun's force and position in sky
	0
	
	

	Clouds
	0
	
	

	Fire Behaviour
	126
	
	

	Fire intensity, heat output (hot or cool fire)
	45
	Fires should be ‘cool’. High intensity associated with uncontrolled fires. Cool fires are used to achieve desired outcomes.
	“We don’t like hot fires, because that burns. It’s too fierce, it’s uncontrollable, and it literally burns everything.”
“I think if you’re doing, what we say a real cool burn, it would look after itself.”

	Frequency, return interval, time since fire
	9
	Land management using fire was continuous and cyclical. Fire may be applied to a certain place once every 2-4 years. Regularity ensured fuel loads were kept low and vegetation stayed healthy.
	“It’s continuous. Australia was continuous, many, many thousands of years ago, it needs to be followed.”

	Fire size, area, aerial extent
	29
	Small patches, between 5 and 100m2 depending on the vegetation, terrain and other determinant factors.
	“And then they would do another little section, and that’s how they did it. You wouldn’t set the whole strip of the fire around, because you can’t control it, you know, so you have to have it in a small section where you can control what you’re doing.”

	Fire type (surface, ground, canopy)
	23
	Ground and surface fires only. No reason to have canopy fires, they should be avoided.
	“They used to clean all underneath that. Most of our fires were ground cover.”

	Backing, heading fire
	9
	Use the wind to advantage in setting fires, specific actions depend on specific circumstances.
	“Our people were not afraid to burn with the flames behind them too, because then the flames would be pretty quick, and you put them out if they needed to.”
“You need it from behind. Because you’ve got to water down there, if it got away it could only go as far as the water.”

	Direction of fire spread (including landmarks)
	23
	Fire is directed in desired way, using on wind, often towards natural firebreaks (water, granite outcrops)
	“And the fire, you just steer it to where you want it to go.”
“If you got the right wind conditions, you are just burning right down to the waterway.”

	Flame height
	26
	Flames should be kept low, on the ground, away from the canopy.
	“At least there’s not too much fire going up into the canopy, and we don’t want that from a cold burn.”
“If you had high flames, you’d have a hot burn”

	Rate of spread
	23
	Distinguish between fast and slow burns. Slow burns ideal for clearing the low undergrowth. 
	“If you lit a fire up, you wouldn’t want to destroy everything, you just want to burn quickly or slowly, whatever [speed] to suit the preservation of your garden.”

	Natural extinguishment
	29
	Fire at the right intensity naturally extinguishes itself Often extinguishment occurs because of a natural firebreak, such as a waterway or granite outcrop. Also mention of ability to summon rain for extinguishment. 
	“You are just burning right down to the waterway, and as you get close to the edge of the water, it is obviously quite wet”
“The fire wouldn’t be fierce enough to reach that [granite].”
“And they talked about how Noongars, how our people could bring about rain to support.”

	Residence time
	0
	
	

	Evenness, smoothness
	4
	Not always smooth, small areas can be left unburnt. 
	“And you’ll find that it won’t burn in a straight pattern. It will leave patches behind and that’s ok, because there’s plants there.”

	Spotting, sparks, embers carried aloft
	4
	Danger of sparks and spotting exists, especially from intense fires, high fuel loads or windy conditions.
	“They had the ability to work out just how much [area] was enough and to put it out and not let it burn a bit bigger and a bit bigger and next minute you’re so far away from here where it sparked you’ve got to run back and put that one out.”

	Fire Operations
	298
	
	

	Control
	62
	Control very important to achieve the right type of burn. Control as a definitive factor of Noongar burning.
	“Fire is good as long as you can control it.”
“I think it was a more conservative and considerate way of burning, that’s my view of the way that the old people used to do it.”

	Firebreaks, barriers
	34
	Creation and use of existing firebreaks and barriers widely employed to provide safety. Often create firebreaks using fire.
	“Well as I was saying, as long as you’ve got that fire break there you just have to watch it, you know.”
“But there’s a big black patch that’s been burnt there, so next year when they come here, they’ll burn the one alongside, knowing full well there’s no fuel along here to burn. It’s that quilt. Burning like a quilt.”

	Time of day
	12
	Early morning or late afternoon to ensure right conditions.
	“But my family never used to start burning in the middle of the day, nor early morning, because otherwise if the day gets too hot, it will just help to fuel the fire, they used to go out later in the afternoon”

	Landscape pattern, patch size
	86
	Patchwork as assumed approach, size depends on vegetation and fuel characteristics.
	“And they would only do very small patches at a time.”
“I would burn this kind of thing in pieces, like patchwork. I’d burn a few little pieces, [burn] one, leave [one], one, leave, one, leave, in a patchwork.”

	Tools for preparation, ignition, control
	6
	Multiple ignition strategies mentioned, control using a green bough of a tree.
	“They always carried a bush, cut a limb off big enough to handle so that if the fire jumped and went anywhere else, they could put it out.”

	Crew size, use of neighbours
	8
	Most statements regarding crew size related to contemporary management, including presence of enough people for the size of the fire and the need for firefighters to be present.
	“So rather than expecting this all to go because it will get out of control, just concentrate, put all your resources, your manpower into just this little patch here.”

	Ignition pattern
	28
	Small fires lit in sequence, leaving space between. Can have multiple ignition points simultaneously as long as they are closely monitored.
	“You start up a bit and just burn down, just a little patch here and another little one over here and you start to join them up. And we’re not talking something that’s going to be done in one season, it’s going to be done over four or five seasons. Periodically. A sort of polka dot action.”

	Spatiotemporal sequence of fires, including for prevention
	40
	Patches alternative burnt and unburnt, using burnt areas as a firebreak.
	“They only had like house blocks and they’d do that at a time and wait until that burnt out and do another patch so they finished up in a fairly wide patch but they wouldn’t do it all in one day, they’d take it over a certain amount of time.”

	Danger, risk, destructive potential
	9
	Close regulation of fire, due to an understanding of its danger and destructive potential, meant that fire was not seen as a threat. No memory of Noongar fire getting out of control.
	“We had fires all of our lives, but we never had any problems with the fire. Because they always took great care about the danger of what can happen if the fire got away.”
“There was never any threat.”

	Fire placement
	96
	Strategic and specific placement of fire for certain outcomes, not ‘willy nilly’. Mostly near campsites, on granites for manufacturing, or near specific food or medicine plants, avoiding mature trees.
	“Once you put a tent down or a mia-mia, you’d have to clean around it.”
“They would know where all these medicinal plants are, and trees, and they would go there to specifically burn the undergrowth and make sure that its cleared, protected and taken care of.”

	Planning, monitoring prior to burning
	47
	Very important that clear plans are made, informed by close monitoring of conditions and vegetation.
	“You would need to have a good understanding of your environment and the lay out of the land… [and] a good understanding of the weather conditions, when going in to assess how the conditions are.”
“It’s an observance thing.”

	Site preparation
	59
	Site preparation is an important part of burning safely, especially close to camps and other import assets, such as mature trees.
	“They used to make sure that an area that they were going to burn would be really cleaned up of as much undergrowth as they could, and then they’d [burn]…clear as much of the undergrowth by hand.”
“And bigger trees with bark and that on, [they’d clear in] a circle around it, so that when they burn it, it wouldn’t catch alight.”

	Fire duration
	4
	Discussion of fire duration were to communicate that fire must never be left unattended while it is still burning.
	“You wouldn’t leave anything burning. It should burn out. You allow yourself time for it to burn out. You burn it for however long [you can] control that burn that’s going on over there.”

	Special clothing
	3
	Negative statements indicated that no special clothing was needed, bare feet indicate the low intensity of fires. 
	“Barefoot. None of these things here, steel caps, out in the bush, and the main thing that they are monitoring and watched was this here: the environment.”

	Fire Effects
	175
	
	

	Fire effects on vegetation
	126
	Fire encourages regeneration for animal feed, health of plants, increased resources. It helps clear up overgrown areas, allowing access and improving vegetation health as well as aesthetic value.
	“All species need burning. That’s to help the growth.”
“From an Aboriginal person’s perspective, this isn’t any good unless it’s been burnt. Like my dad used to say, ‘fire fixes everything’”.

	Fire effects on animals
	49
	Increases available feed for animals, attracting more animals. Reduces prevalence of snakes, bugs and other unwanted animals close to camps. Large, uncontrolled fires can kill animals and destroy habitat.
	“It’s going to improve most animals’ lives or their life cycles.”
“You’ve still got this green here for the animals, animals can come in to have a feed and escape in the day, and then this would be burnt differently you know.”
“It’s only if a big wild bushfire gets away that lots and lots of animals and reptiles get killed.”

	Consequences of not burning
	12
	Fuel loads reach very high levels, plants and animals suffer from lack of regrowth, regeneration, especially fire dependent species. Decreases resources.
	“Now I see with our bush tucker, where we go, because there’s no fire control or anything, it’s all starting to die out.  I’m noticing now, areas where we go, we went this year and we got just about nothing [no bush food]”.
“But unless you start burning properly, we’re going to lose all of them [plant species].”

	Fire effects on soil
	9
	Fire can replenish carbon in soil, change chemical composition and encourage soil-stored seed bank germination. 
	“Once the fires go through, you’ve got a lot of pot ash which is a very valuable chemical to put back in the ground and the carbon, too.”


	Smoke effects, smoke colour, smoke column characteristics
	22
	Smoke as an indicator of who was burning, different smoke from different vegetation types, black smoke considered bad. Smoke can act as a warning for animals and an indicator of wind. Smoke germination of seeds. 
	“We were just amazed by the black smoke that was coming from those [uncontrolled] fires and the width of it you know, it was incredible to see.”
“And just by the smoke, the look of the smoke, when you were burning, they’d know who it was.”
“And even the smoke is good for the trees as well, it’s all got to do with biology and that kind of stuff.”

	Scorch height, bark char, smoked leaves
	0
	
	

	Fire effects on watershed, water delivery
	20
	Fire cleans water, helps to create gnammas holes for water collection.

	“Oh no, ash and charcoal, even if they go out there, cleans water. And that’s one of the ways that we had to clean water. So, from burning, it’s good for it.”
“If you wanted to make a gnamma hole you had to use fire, it’s the only way you could crack the granite enough for you to dig it.”

	Fire Governance, other social factors
	146
	
	

	Burning illegal or regulated by central government
	12
	Burning banned as part of the colonial process, related to stolen generation. Continued lack of access to and agency over country prevents burning today.
	“I grew up in the era where if we were seen to be living as natives the children were taken off to the mission.”
“It’s about time that they sat down and listen to indigenous people. People in the know, people that know how to treat it [the land]. This is a travesty. This is wrong. What’s been happened because they stopped Aboriginal burning all those 250 years ago and um, it’s not right now .”

	Gender roles in fire management
	19
	Many participants suggested that fire was traditionally a role for male Elders, especially large hunting fires. Smaller fires around camps were shared roles. Some participants highlight the importance of women in burning.
	“The men will clear it a little bit and then they’ll go fishing and then it’s up to the women to do the rest.”
“Because the only time we burn fire was with all the women. The blokes never joined us, we did it all by ourselves, well my aunties did.”
“But the men used to go away late evening in the afternoon, they’d walk off with a gun, a few of the men and they’d start doing their little bits of cleaning so that when they put a fire to it, everything would be protected.  Mum used to stay home with the kids and dad and the boys all used to go.”

	Land stewardship, care, cleaning up country, controlling space
	87
	Fire is a key tool in the land care toolbox. Fire helps in caring for plants, caring for home and is a symbol of home. It is rooted within cultural rites of caring for country.
	“It was like this collaboration with nature, or partnership with the bush. You’re both working together, and this was a joyous occasion to see that first flame.”
“Your burning track; my family used to burn Israelite Bay to Albany.”
“And it’s also, fire we call it ‘kaarl’, but it’s also home, ‘kaarl’ is our home fire, so sometimes we were saying ‘where’s your fire?’ as in ‘where’s your home?’”

	Knowledge transmission
	23
	Fire as a tool for knowledge transmission. Interruption of knowledge transmission through colonial processes makes opportunities to re-establish pathways of knowledge very important.
	“Mainly blokes, it has always been their responsibility. The kids would be watching and seeing things.” 
“Because this would be learning for our younger generation and the younger generation are beginning to want the knowledge and they don’t know really how to get it.”

	Burning regulated internally by community
	11
	Certain people are responsible for fire, discussions mentioned gender and totemic rites. Strict controls, including knowledge not to play with fire and when a fire may be lit.
	“And when you look at it, trees are living creatures you know, so they were protecting them as well, and being totemic people, it would have been very important.”
“Usually the men would do the decision of when to burn.”

	Fire as a tool in social resistance, protest, local conflict
	0
	
	

	Authority, decision to burn
	35
	Authority held by male Elders, or those with special totemic rites to fire. Burning for particular purpose, on walkabout or for cultural reasons. 
	“And what I was going to say was the fire, it’s got a living spirit. We see it as having a living spirit – it will do what it wants to do, naturally.”
“Oh, usually the men would do the decision of when to burn.”

	Age of participants
	20
	Directed by Elders or older knowledgeable family members, younger family members present. Contemporarily, Elders need to direct young people. This should be an opportunity for inter-generational transfer of knowledge.
	“I think the more knowledge you get from talking to elders, the better off you can prepare yourself.”
“When my children were little, my husband used to take the when he used to do burning.”
“I think that’s the time that we start using the oldies for the information, but you need to employ fit people.”

	Prohibited areas (customary, sacred, community safety)
	20
	Discussion on prohibited areas for camping, men’s and women’s business. Granites as culturally important country. Karri and other tall forest often avoided. Burning strictly prohibited on country that belonged to other people.
	“Those granite rocks always had some spiritual meaning connected to them.”
“There were times where they did hide things, they did hide particular spots at certain times.”
“But you couldn’t go off that track without permission and use someone else’s resources unless you asked.”





Caption

[bookmark: _GoBack]Summaries and examples relating to 59 of 69 universal elements of Traditional Fire Knowledge 
 Defined by Huffman (2013).  These are derived from statements recorded in semi-structured interviews of 8 Noongar participants. Number of statements relating to each category (e.g. “Geology, Topography, Soil”) and each element (e.g. Soil type, moisture) is recorded in the column “#”.
