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Before widespread fre exc usion po icies, American Indians used broadcast understory fres or cu tura  burns to 
enhance resources integra  for their  ive ihood and cu tura  practices. To restore ecocu tura  resources dep eted 
from decades of fre exc usion and to reduce wi dfre risks, the Karuk and the Yurok Tribes of Northwest 
Ca ifornia are  eading regiona  co  aborative eforts to expand broadcast fres and fue  reduction treatments on 
pub ic, private, and Triba   ands in their ancestra  territories. Through co  aboration with Karuk and Yurok Triba  
members and basketweavers, we eva uated the efects of broadcast fres and three fre proxy treatments on 
Ca ifornia haze nut shrubs (Corylus cornuta var. californica) that produce high y va ued ecocu tura  resources for 
basketry materia s. Across a 10 ha Doug as-fr and mixed hardwood forest (500 m a.s. .) in the K amath 
mountains, we estab ished 27 stratifed b ocks (16 m2) and within each b ock app ied three fre proxy treatments 
designed and used by Triba  members with an untreated contro . These treatments invo ved manua  haze nut 
stem cutting, direct y b istering haze nut stems via propane torch, and igniting surface fue s pi ed within ha-
ze nut shrubs to top-ki   stems. Broadcast fre was app ied to 12 separate b ocks. After a fu   growing season 
(12–18 months post-treatment/burn), shrubs were re-measured. We then harvested these stems (n = 604; 50 
shrubs) across treatments and compared resu ts with stems gathered independent y by two experienced Karuk/ 
Yurok basketweavers (n = 396 and n = 73) from an adjacent broadcast burned site. Compared to the untreated 
shrubs, pi e burning, propane torching, and broadcast burning increased basketry stem production by 7–10 fo d 
(p < 0.001), whi e the cutting treatment increased production by 4-fo d (p = 0.006). Shrubs with re ative y 
greater access to sun ight (southern aspect, ≥51% and < 70% canopy cover) produced fewer qua ity stems 
when compared to shrubs with an eastern aspect (p < 0.01) and ≥70% canopy cover (p < 0.05). Harvested 
stems across a   treatments disp ayed simi ar stem  ength distributions to those gathered by one of the two 
basketweavers (p > 0.05). Our resu ts demonstrate that these fre-proxy methods are an efective means to 
increase the production and qua ity of basketry materia s. Expanding the area and frequency of targeted un-
derstory fre-based forest treatments on private, pub ic and Triba   ands in Ca ifornia and the Pacifc Northwest 
wou d substantia  y increase the avai abi ity of these fre-enhanced ecocu tura  resources that are current y 
 imited in supp y and in high demand. 

1. Intr ducti n 

As a resu t of historic fre exc usion po icies in the American West, 
American Indian communities have sought to re-integrate prescribed 
fre and other fue  reduction treatments to decrease wi dfre risks on 
Triba   ands and across other jurisdictions within their ancestra  terri-
tories (Carro   et a ., 2010; Ko den, 2019; Long and Lake, 2018). Tribes 
have expressed strong interest to use prescribed fre to improve the 

density and avai abi ity of cu tura  y and economica  y important 
p ants, fungi, and anima s, referred to as ‘ecocu tura  resources’ 
(Anderson, 2018; Carro   et a ., 2004; Lake et a ., 2017; Long and Lake, 
2018). A though ecocu tura  resources are simi ar to nontimber forest 
products (Chamber ain et a ., 2018; Charn ey et a ., 2007; Jones and 
Lynch, 2007), ecocu tura  resources are a so integra  to Indigenous 
identity (Kimmerer, 2011; Long et a ., 2018). 

Co-management agreements between Tribes and pub ic  and 

⁎ Corresponding author. 
E- ail addresses: tonymb@stanford.edu (T. Marks-B ock), frank. ake@usda.gov (F.K. Lake),  mcurran@stanford.edu (L.M. Curran). 

https://doi.org/10.1016/j.foreco.2019.117517 
Received 10 Apri  2019; Received in revised form 29 Ju y 2019; Accepted 30 Ju y 2019 
0378-1127/ © 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/). 

http://www.sciencedirect.com/science/journal/03781127
https://www.elsevier.com/locate/foreco
https://doi.org/10.1016/j.foreco.2019.117517
https://doi.org/10.1016/j.foreco.2019.117517
mailto:tonymb@stanford.edu
mailto:frank.lake@usda.gov
mailto:lmcurran@stanford.edu
https://doi.org/10.1016/j.foreco.2019.117517
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foreco.2019.117517&domain=pdf
http://creativecommons.org/licenses/BY-NC-ND/4.0


T. Marks-Block, et al. Forest Ecology and Management 450 (2019) 117517 

agencies, such as the United States Department of Agricu ture (USDA) 
Forest Service, refect recent eforts to integrate Triba  ecocu tura  re-
source objectives into management p ans (Bussey et a ., 2015; Carro   
et a ., 2010; Catton, 2016; Diver, 2016; Dockry et a ., 2017; Donoghue 
et a ., 2010; Jurney et a ., 2017; Long and Lake, 2018). A though nu-
merous studies exist on the efects of prescribed fre, a ong with 
manua , mechanica , and pi e burning fue  reduction treatments on fre 
severity (Ka ies and Kent, 2016), on y a few studies in North America 
examine the efects of such treatments on ecocu tura  resources 
(Ha pern, 2016; Hankins, 2013; Lake, 2007; Lathrop and Martin, 1982; 
Peter et a ., 2017; Shebitz et a ., 2009; Wynecoop et a ., 2019). Given 
that pre-co onia  Indigenous burning, coppicing, transp anting, and 
harvesting sought to enhance ecocu tura  resources, specifca  y ex-
amining how such treatments afect these resources may provide usefu  
information to support the objectives of Tribes and  and management 
agencies invo ved in eco ogica  restoration, socio-economic deve op-
ment, and wi dfre risk reduction (Anderson, 2018; Charn ey et a ., 
2018; Ka ies and Kent, 2016; Senos et a ., 2006). 

After severa  decades of  imited fue  treatments, the Karuk and the 
Yurok Tribes in Northwest Ca ifornia are  eading regiona  eforts to 
expand fue  reduction treatments and prescribed fres on pub ic, pri-
vate, and triba  reservation  ands in their ancestra  territories to protect 
structures and to restore ecocu tura  resources (Fig. 1A; Diver, 2016; 
Har ing, 2015; Long et a ., 2018; Robbins et a ., 2016). Fire-enhanced 
ecocu tura  resources (e.g., acorns, berries, basketry materia s, and 
wi d ife) are integra  to the Karuk and Yurok Tribes (Ba dy, 2013; 
Harrington, 1932; Hefner, 1984; Huntsinger and McCafrey, 1995; 
Norgaard, 2014). In Karuk and Yurok territory, and e sewhere in Ca i-
fornia, American Indians refer to their prescribed fres as ‘cu tura  
burns’, because the burns aim to improve the qua ities and densities of 

ecocu tura  resources centra  to subsistence and ceremonia  practices 
(A dern and Goode, 2014; Long et a ., 2018). Cu tura  burning is a 
critica  component of ‘ecocu tura  revita ization’ eforts in Northwest 
Ca ifornia given the centra ity of fre-enhanced resources to cu tura  
practices. Cu tura  burning distinguishes these fres from the fue  re-
duction-focused prescribed burns of pub ic  and agencies whose pri-
mary objective is to reduce fue   oads, and thus, moderate wi dfre in-
tensity (Co  ins et a ., 2010; Schwi k et a ., 2009). 

Since the ear y 1990s, forest management in the Pacifc Northwest 
and Triba  consu tation po icies have undergone severa  major con-
ceptua  and programmatic changes coup ed with  egis ation (Thomas 
et a ., 2006; Vinyeta and Lynn, 2015). American Indian po itica  orga-
nizing resu ted in the passage of  egis ation to reform the Nationa  
Historic Preservation Act in 1992 that required US governmenta  con-
su tation with Tribes surrounding cu tura  resources in their ancestra  
territories (Stapp and Burney, 2002). In 1994 and 2000, US President 
C inton issued executive orders that expanded consu tation require-
ments to a   decisions that had imp ications for Tribes (C inton, 2000, 
1994). These executive orders a ong with other interna  actions of 
USDA Forest Service staf cata yzed the hiring of Triba   iaisons and the 
formation of the Ofce of Triba  Re ations (Catton, 2016). Conse-
quent y, to meet these treaty and federa  Indian trust ob igations, co -
 aborations among Tribes and pub ic  and agencies became increasing y 
forma ized (Lake et a ., 2018; Long et a ., 2018). 

With the imp ementation of the Northwest Forest P an (NWFP) in 
the 1990s (Fig. 1B), forest management on pub ic  ands in Karuk and 
Yurok ancestra  territories shifted from timber extraction toward eco-
 ogica  restoration and endangered species conservation (e.g., Northern 
Spotted Ow , Strix occidentalis) dependent upon o d-growth forests 
(Thomas et a ., 2006). The NWFP a so precipitated the deve opment of 

Fig. 1. (A) Study region with federa  jurisdictiona  boundaries and Karuk and Yurok territories. Ancestra  territory boundaries, provided by the Karuk and Yurok 
Tribes, represent reconstructions, but current y are not fxed or rigid boundaries. Ancestra   ands of other Northwest Ca ifornia Tribes (e.g., To owa, Wiyot, Hupa, 
Shasta) are not inc uded here, but note that their ancestra   ands may partia  y over ap with the boundaries rendered here (Baumhof, 1963). (B) Western region of 
the United States of America, inc uding Ca ifornia haze nut (Corylus cornuta var. californica) distribution derived from the Atlas of US Trees (Litt e Jr, 1971) as we   as 
the area encompassed under the Northwest Forest P an (2002). The study region is depicted by the red square. 
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Fig. 2. Hopper basket (center) used to pound acorns with unpee ed ( eft) and 
pee ed (right) haze nut basketry stems. This basket is composed of pee ed ha-
ze nut stems simi ar to those shown a ong with other materia s. [Photo: Frank 
K. Lake, USDA Forest Service and Karuk Tribe] 

new Nationa  Forest p ans and estab ished regu ar federa  monitoring of 
Triba  consu tation processes that created opportunities for the Karuk 
Tribe to infuence forest po icy and resource management within their 
ancestra  territory (Diver, 2016; Long et a ., 2018; Senos et a ., 2006; 
Vinyeta and Lynn, 2015). These po icy changes as we   as the 2001 
Nationa  Fire P an and the 2003 Hea thy Forests Restoration Act (PL 
108-148) estab ished benchmarks and best practices coup ed with 
earmarked funds for fue  reduction treatments, and supported co  a-
borative projects to manage fre in Karuk and Yurok ancestra   ands 
(Lake, 2011). In Ca ifornia and the Pacifc Northwest, the USDA Forest 
Service annua  y treats more area with understory mechanica  thinning 
than prescribed fre to reduce forest surface fue s (Vai  ant and 
Reinhardt, 2017). Impediments to prescribed fre and fue  reduction 
inc ude seasona  restrictions on fue  reduction activities for threatened 
and endangered wi d ife, staf reductions associated with the decrease 
in timber receipts from NWFP mandates, burn restrictions during major 
wi dfre events, and air qua ity regu ations that constrain avai ab e burn 
days (Ca kin et a ., 2015; Quinn-Davidson and Varner, 2012; Schu tz 
et a ., 2018; Stephens et a ., 2016; Wi  iams, 2009). However, recent 
eforts within the USDA Forest Service to increase cross-jurisdictiona  
 andscape-sca e treatments, known as the ‘Shared Stewardship’ in-
itiative seek to address severa  of these constraints (USDA Forest 
Service, 2018). 

Despite these cha  enges, the Karuk and Yurok Tribes co  aborate 
with the Fire Learning Network (FLN) and other agencies to host annua  
prescribed fre training exchanges (TREX: But er and Go dstein, 2010; 
Har ing, 2015; Long et a ., 2018; Robbins et a ., 2016; Spencer et a ., 
2015). The FLN is an efort by the USDA Forest Service, US Department 
of the Interior, and The Nature Conservancy to restore fre-dependent 
 andscapes by engaging in co  aborative, community-based p anning. 
On the Yurok reservation, the Cu tura  Fire Management Counci  
(CFMC)  eads eforts to expand cu tura  burning in partnership with the 
Yurok Tribe and the Ca ifornia Department of Forestry and Fire Pro-
tection (Yurok Tribe, 2015). CFMC is a community-based organization 
 ed by Yurok Triba  members that support private and Triba   and-
owners who seek to conduct cu tura  burns on their properties by 

sharing equipment, providing necessary personne , and submitting 
permits. The Karuk Tribe is co  aborating with the USDA Forest Service, 
the Or eans-Somes Bar Fire Safe Counci , and other community orga-
nizations to initiate fue  reduction and cu tura  burn treatments in their 
territory through the Western K amath Restoration Partnership (WKRP; 
Lake et a ., 2018; Long et a ., 2018; USDA Forest Service PSW Region, 
2018; Vinyeta and Lynn, 2015). The WKRP is composed of NGOs, 
Tribes, and government agencies that have initiated a pi ot project near 
Somes Bar, CA to app y mechanica  and prescribed fre treatments in 
fre exc uded forests. Upon comp etion, they have proposed to expand 
these fre treatments across 480,000 ha. (Lake et a ., 2018; Long et a ., 
2018; USDA Forest Service PSW Region, 2018). 

Substantia  ethnohistorica  information exists on the efects of fre 
on ecocu tura  resources wor dwide (Scherjon et a ., 2015; Trauernicht 
et a ., 2015) and in the Pacifc Northwest, and Ca ifornia, in particu ar 
(Anderson, 2005; B ackburn and Anderson, 1993; Boyd, 1999; Lewis, 
1993). However, empirica  eco ogica  efects of contemporary fue  re-
duction treatments on ecocu tura  resources are not we   known, and 
such studies may serve to inform adaptive and co  aborative manage-
ment projects in American Indian territories (Anderson, 2002; Berkes 
et a ., 2000; Long et a ., 2018; Wynecoop et a ., 2019). Species-specifc 
studies have demonstrated that prescribed burning improves the den-
sities of b ueberries (Vacciniu  spp., Duchesne and Wetze , 2004) and 
reduces insect infestation in tanoak acorns (Notholithocarpus densiforus, 
Ha pern, 2016). Fire has been shown to increase the density and en-
hance the qua ity of severa  p ant species (e.g., Xerophyllu  tenax 
beargrass, Muhlenbergia rignes deergrass, Anthoxanthu  nitens sweet-
grass) used for American Indian basketry resources (Anderson, 1999; 
Gagnon and P att, 2008; Grifth et a ., 2007; Hart-Frede uces and 
Ticktin, 2019; Lathrop and Martin, 1982; Peter et a ., 2017; Shebitz 
et a ., 2009; Shebitz and Kimmerer, 2005). 

Ca ifornia haze nut (Corylus cornuta Marsh. var. californica) is a 
critica  y important ecocu tura  resource for Karuk and Yurok Triba  
members. Ca ifornia haze nut ranges from British Co umbia to the 
southern Sierra Nevada and centra  coasta  mountains of Ca ifornia and 
extends over ~76% (180,471 km2) of the NWFP area (Fig. 1B; Litt e Jr, 
1971; Thompson et a ., 2015). Ca ifornia haze nut is a deciduous, mu ti-
stemmed shrub that resprouts vegetative y after disturbance, simi ar to 
Corylus a ericana and Corylus cornuta var. cornuta in centra  and 
eastern North America (Buckman, 1964; Pe c et a ., 2011). Throughout 
Ca ifornia haze nut’s range, the nuts are consumed by American Indians 
(Armstrong et a ., 2018; Cuthre  , 2013; Fine et a ., 2013; LaLande and 
Pu  en, 1999; Thompson, 1991). Across the Pacifc Northwest, Ca i-
fornia haze nut stems continue to be used by American Indians for 
basketry and materia  cu ture (Mason and Covi  e, 1904; Moerman, 
1998; Turner, 1998; Zobe , 2002) with simi ar uses of Corylus spp. 
persisting throughout Europe (Batsatsashvi i et a ., 2017; Bichard, 
2008). The straight and unbranched stems of recent y burned haze nut 
shrubs are in high demand by Ca ifornia Indians to produce baskets for 
diverse uses (Fig. 2, Anderson, 1999; Bibby, 2004; Harrington, 1932; 
Hefner, 1984; Hunter, 1988; Johnson and Marks, 1997; Ka  enbach, 
2009; Levy, 2005; Mathewson, 2007; O’Nea e, 1932; Ortiz, 1998, 1993; 
Sa berg, 2005; Shanks, 2006; Thompson, 1991; Underwood et a ., 
2003). In 2017, basketweavers reported haze nut stems se  ing for $1 
per stem, indicating their socio-economic va ue (T. Marks-B ock, pers. 
obs., 2018). Moreover, the diverse products constructed from these 
materia s refect their artistry ski  s, cu tura  signifcance, and ancestra  
history and identity as we   as bestow respect for these ta ented bas-
ketweavers (Bibby, 2012; Johnson and Marks, 1997; Mathewson, 
1998). One type of basket in high demand is the baby crad e as these 
crad es remain a centra  component of chi d rearing in Northwest Ca-
 ifornia Indian cu ture (Bibby, 2004). These baskets often require ~300 
haze nut stems to produce and then may be so d for ~$800 do  ars (T. 
Marks-B ock pers. obs., 2018). 

Based on ethnographic studies, Northwest Ca ifornia Indians such as 
the Karuk and Yurok reported y initiated re ative y sma   (< 4 ha) 
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understory broadcast fres in the summer and fa   months every 
2–5 years in haze nut groves to increase concentrations and qua ity of 
basketry stems (Anderson, 2005; Busam, 2006; Harrington, 1932; 
Huntsinger and McCafrey, 1995; LaLande and Pu  en, 1999; Stewart, 
2002; Thompson, 1991). As cu tura  burning diminished due to the 
enforcement of fre exc usion po icies, basketry stems reported y be-
came scarce because on y poor qua ity gathering areas remained that, 
in turn, high y constrained basketry production (Bright, 1957; Hefner, 
1984; Huntsinger and McCafrey, 1995; Levy, 2005; Norgaard, 2014; 
O’Nea e, 1932). For examp e, based upon 43 interviews with basket-
weavers in 1929, anthropo ogist Li a O’Nea e reported that: 

“Haze  sticks are conceded by the women of both tribes [Yurok and 
Karok] to be the best, but the most difcu t to procure nowadays. 
New  itt e shoots from a ground recent y burned over are idea . This 
statement is fo  owed, however, by the  ament that fres cannot be 
set as they used to be by the o d-time weavers, and by the regret that 
accidenta  burnings occur se dom in p aces where they do basket 
makers any good” (O’Nea e 1932:15). 

Because of these resource avai abi ity cha  enges, basketweavers and 
stem gatherers have used permitted techniques to generate haze nut re-
sprouting that serve as substitutes or proxies for cu tura  burns (F. Lake, 
pers obs; Hunter, 1988). 

To eva uate these techniques for potentia  inc usion into  arger-sca e 
fue  reduction management areas, we co  aborative y designed a fe d 
experiment to compare the efcacy of four practices (Fig. 3) used by 
Yurok and Karuk Triba  members to increase haze nut stems for 

Fig. 3. Four haze nut shrub treatments. (A) Pre- and post-cut treatment. A   
stems in each shrub were cut to ground  eve  (< 5 cm) to stimu ate coppicing, 
and to mimic mechanica  understory c earing and pi ing for fue  reduction. (B) 
Pi e burn treatment during combustion. Surface fue s (primari y 1-h, 10-h fue s, 
and surface  itter comprised of conifer need es and hardwood/shrub  eaves) 
were p aced between haze nut stems within a shrub to form a burn pi e 
(< 25 cm height). (C) Propane torch burn treatment. Haze nut shrub stems 
were burned at ground  eve  to cause bark b istering and stem morta ity. (D) 
Broadcast burn treatment. A fre was set with drip torches to back down-hi   and 
a  owed to spread to ki   above-ground haze nut stems. 

basketry: (1) cutting or the manua  coppicing of haze nut shrubs 
(Hunter, 1988); (2) pi e burning of surface fue s inc uding need e/ eaf 
 itter and 1-hour (0.00–0.64 cm diameter) and 10-hour (0.64–2.54 cm 
diameter) fue s within individua  haze nut shrubs; (3) propane torch 
burning of individua  haze nut shrubs (Ortiz, 1998); and, (4) prescribed 
cu tura  burns set to broadcast, or move through the understory, to top-
ki   mu tip e haze nut shrubs. Among these treatments, we compare and 
contrast the production of suitab e shoots: straight, unbranched basa  
re-sprouts of haze nut shrubs (Fig. 2). Then we eva uate if canopy 
cover, aspect, and the presence of deer browse infuence the pro-
ductivity of basketry stems. Basketry stems were harvested post-treat-
ment and compared and then contrasted by  ength and diameter with 
stems harvested independent y by two experienced Karuk/Yurok bas-
ketweavers from an adjacent broadcast burned site. 

These treatments and measures were conducted in direct co  a-
boration with Karuk and Yurok basketweavers whose eco ogica  
know edge and harvesting practices informed this study and samp ing 
design (Lake, 2013; McLaugh in and G aze, 2008). Basketweavers have 
observed that haze nut shrubs that grow in areas with re ative y greater 
sun exposure produce extensive  atera  branching, thus reducing viab e 
basketry stems post-treatment (Johnson and Marks, 1997; Mathewson, 
1998; Ortiz, 1998), but may increase nut production. Basketweavers 
a so report that stem sprouts from coppiced haze nut are not as p iab e 
as stem sprouts that emerge from burned haze nut (F. Lake and T. 
Marks-B ock, pers obs). Whi e we did not eva uate this stem character-
istic, Rentz (2003) demonstrated that burned haze nut stems contained 
a greater wood-to-pith ratio than unburned, coppiced haze nut stems, 
 ending empirica  support to basketweavers’ observations. Because 
basketweavers and managers have a so reported that deer and e k 
browse may negative y afect basketry production (Underwood et a ., 
2003), we a so inc uded the presence of this activity in our observa-
tions. 

Our study combines Indigenous ecocu tura  and ‘western’ scientifc 
epistemo ogies to monitor and manage forests as advocated by 
American Indian fre and forest managers (Lake et a ., 2017; Mason 
et a ., 2012; Mazzocchi, 2006). This integrated participatory approach 
seeks to identify efective practices for improved ecocu tura  resource 
management, such as enhancing both the density and qua ity of bask-
etry materia s (Bussey et a ., 2015; Emery et a ., 2014; Humme  and 
Lake, 2015; Mockta et a ., 2018). 

2. Meth ds 

2.1. Social science  ethods 

To deve op an eco ogica  research project focused upon an 
Indigenous ecocu tura  resource, we initia  y drew from Indigenous and 
anthropo ogica  research methods such as participatory and reciproca  
study design and observations that serve to foster re ationships of trust 
among academics, Indigenous scientists, and cu tura  practitioners 
(Bernard, 2011; Lake et a ., 2017; Smith, 1999; Wi son, 2008). We 
worked with Triba  cu tura  practitioners and Triba  government staf 
over severa  years to integrate ecocu tura  resource objectives into  and 
management p ans. This investment and participation in the commu-
nity generated trust and  ed to accountabi ity, reciprocity, and co  a-
boration among researchers and Triba  members (Lake, 2013). The 
co  ection of qua itative and quantitative socia  science data was de-
ve oped and reviewed iterative y by as the Karuk and Yurok Tribes, 
who have their own independent research review processes to generate 
accountabi ity and co  aboration with researchers (Karuk Tribe et a ., 
2017; Sarna-Wojcicki, 2014). These proposa s then received approva  
by our institutiona  human subject review boards at the Oregon State 
University and Stanford University. 

Samp ing design and imp ementation initia  y was informed by 
semi-structured interviews, participant observations and co  aborative 
fe d work with Karuk and Yurok basketweavers and cu tura  
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practitioners conducted by Lake (2002–2008; Lake, 2007; McLaugh in 
and G aze, 2008). Initia  y, Lake worked c ose y with key basketweavers 
to deve op research objectives and accountabi ity. Bui ding on co  a-
borations estab ished by Lake, Marks-B ock conducted eco ogica  fe d 
measurements from 2014 to 2019 of cu tura  burns (n = 15) for ha-
ze nut stem production supp emented by additiona  interviews and di-
rect observation of basketry stem gathering with basketweavers 
(n = 44) that informed the ana yses and interpretation of the treatment 
data. 

Our interviews and interactions with basketweavers corroborated 
that suitab e basketry stems were scarce due to fre exc usion (Hefner, 
1984; Hunter, 1988; Ortiz, 1998). Interviews a so confrmed that in the 
absence of broadcast burning, basketweavers and friends gathered ha-
ze nut stems from shrubs treated using the three fre treatment proxies 
(Fig. 3), a though the re ative efcacy of these treatments remained 
unc ear. Basketweavers a so consistent y reca  ed that the departure of 
supportive USDA Forest Service managers created major set-backs, 
because they had to re-estab ish  ines of communication with new staf 
and inform them about their basketry materia s and fre treatment 
needs. Hence, as the Nationa  Fire P an (2001) and the Hea thy Forests 
Restoration Act of 2003 (P.L. 108-148) initiated increased fue  reduc-
tion treatments throughout this region (Schoennage  et a ., 2009), 
basketweavers and Triba  members often were not informed about the 
schedu es or  ocations of understory mechanica  treatments and 
broadcast burns, and thus they missed opportunities to gather haze nut 
stems. As a resu t, basketweavers and co  aborators be ieved that an 
empirica  study on the efects of severa  fre treatments on haze nut 
shrubs cou d assist managers in incorporating Indigenous resource ob-
jectives into their p ans. 

To eva uate what basketweavers consider to be stems of basketry 
qua ity, we attended over 50 basketry c asses and workshops supported 
by the Karuk and Yurok Tribes where we received direct instruction 
from basketweavers. We a so observed over 50 independent haze nut 
stem gathering trips to describe stem gathering practices. In these set-
tings, a   basketweavers stated that stems must be straight, unbranched, 
and free of insect intrusions or bark b emishes. Moreover, a wide range 
of both stem  engths and diameters are used depending on the type and 
size of basket they are weaving. Stems having  engths (e.g., 10–50 cm) 
can be used to weave earrings, tobacco pouches, or baby ratt es, 
whereas  onger stems (e.g., 50–100 cm) are suitab e for producing 
storage baskets or baby crad es. Sma   diameter stems (1–3 mm) are 
preferred by basketweavers conducting fne weaving, a though the ta-
pered tips of  ong stems with 4–12 mm diameters may be used for si-
mi ar purposes. Other basketweavers may se ect wide stems (5–12 mm 
diameter) for fsh traps, storage baskets, or baby crad es. 

As participant observers in both materia  gathering and production, 
we documented basketweaver gathering site preferences and a so 
constraints such as gathering in margina   ocations (e.g., c ear cuts and 
mechanica  y thinned roadsides). Basketweaver Mrs. Verna Reece 
stated: “it’s kind of hard to get burn[ing done]…When  ogging…they 
just burn [s ash]…so it wasn’t that good of materia …Out in the open… 
[haze  stems are] kinda sta ky, fat. It’s diferent when you have…a 
canopy over it. It kind of reaches for the sun and kinda grows  ong, 
s ender” (Lake, 2007: 600). 

From these basketweaver observations, we then broad y defned 
suitab e qua ity basketry stems, and focused our eforts on measuring 
the  ength and diameters of stems produced from mu tip e treatments 
under a suite of biophysica  conditions. Haze nut morpho ogy, struc-
tura  integrity, auteco ogy, and basketry use criteria garnered from 
basketweavers informed the samp ing design, treatments, and mea-
surements used here (Fig. 4). 

2.2. Experi ental  ethods 

2.2.1. Study area 
Treatments were conducted on a 10 ha forest with abundant 

Fig. 4. Karuk basketweavers Ms. Janet Morehead ( eft) and Ms. Li  ian Rentz 
(right), pee ing and eva uating the qua ity of haze nut stems gathered from the 
treatment area. 

haze nut shrubs on a private y owned parce  that adjoins the Or eans 
Ranger District of the Six Rivers Nationa  Forest in the K amath River 
watershed. The study  ocation is within the 1919 km2 ancestra  territory 
of the Yurok Tribe and the 2728 km2 ancestra   ands of the Karuk Tribe 
(Fig. 1A; Waterman 1920, Baumhof 1963). In Karuk territory, the 
federa  government did not estab ish a reservation,  eaving mere y 
3.83 km2 of Karuk trust  ands in their ancestra  territory, with the re-
mainder  arge y under the jurisdiction of the K amath and Six Rivers 
Nationa  Forests and scattered private homesteads (Fig. 1A; Davies and 
Frank, 1992; Norgaard, 2014; US Census Bureau, 2017). As a resu t, 
Karuk Triba  members and management agencies must navigate the 
USDA Forest Service c aims on their ancestra  territory and have  imited 
options to expand their  and base through the acquisition of private 
 and ho dings. In Yurok territory, mu tip e over apping jurisdictions 
occur inc uding Redwood Nationa  Park (192 km2, Underwood et a ., 
2003) and Six Rivers Nationa  Forest (577 km2) outside of the re-
servation estab ished by the federa  government. The reservation is 
 ocated a ong a one mi e bufer from the K amath River’s estuary to 
~80 km upriver (~225 km2; Huntsinger and Diekmann, 2010). How-
ever, 106 km2 (47%) of the reservation is under private timber com-
pany ownership (Yurok GIS Program, 2015). Consequent y, the Yurok 
Tribe must either coordinate or interact with mu tip e actors within 
their ancestra  territory, but they present y have greater options for 
acquiring private properties than the Karuk Tribe. 

Doug as-fr (Pseudotsuga  enziesii) and mixed hardwoods (e.g., 
Arbutus  enziesii, Quercus kelloggii, Notholithocarpus densiforus, Acer 
 acrophyllu  and U bellularia californica) comprise the forest overs-
tory at the study site. In Ca ifornia, haze nut is an understory, mu ti-
stemmed shrub (< 6 m ht in this study region) that typica  y occurs 
be ow 2,100 m above sea  eve  on mesic sites with we  -drained soi s 
(Fryer, 2007). Re ative y  ow-intensity fres that historica  y scarred 
canopy trees every 10–17 years (Crawford et a ., 2015; Skinner et a ., 
2018; Tay or and Skinner, 1998; Wi  s and Stuart, 1994) often ‘top-ki  ’ 
understory haze nut stems, which is when above-ground p ant tissues 
are ki  ed, whi e be ow-ground p ant tissues remain a ive (Anderson, 
1999). 

2.2.2. Fire proxy treat ents and prescribed burning of hazelnut shrubs 
We rep icated fre proxy treatments used by Karuk and Yurok Triba  

members to mimic prescribed fres that cou d be imp emented by forest 
managers at fue  reduction sites with haze nut shrubs. These fre proxy 
treatments were: (A) cutting a   stems in each shrub to ground  eve  
(< 5 cm) as a means to stimu ate coppicing, and to mimic mechanica  
understory c earing and pi ing for fue  reduction; (B) pi ing surface fue s 
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Fig. 5. Study site with treatment b ock design. (A) Spatia  distribution of 
treatment b ocks. The broadcast fre  ine divides the 15 fre proxy and untreated 
b ocks from the 12 broadcast fre treated b ocks. Contour  ines depict the e e-
vation and aspect at the site. (B) Schematic b ock (16 m2) with four haze nut 
shrubs (f  ed circ es) that received fre proxy treatments. 

(primari y 1-h, some 10-h fue s, and adjacent surface  itter consisting of 
need es/ eaves) between haze nut stems to form a sma   pi e (< 25 cm 
height) that was subsequent y burned; and, (C) app ying a propane 
torch fame near ground  eve  to haze nut shrub stems unti  stems 
b istered indicating stem morta ity (Fig. 3). The prescribed fre treat-
ment, referred to here as a ‘broadcast’ fre treatment, was a  owed to 
spread across mu tip e haze nut shrubs (Fig. 3D), whi e a   other fre 
treatments were constrained to individua  y targeted shrubs. 

We emp oyed a randomized b ock design to estab ish 27 stratifed 
b ocks (b ock = 16 m2) that inc uded each treatment, except for the 
broadcast fre treatment (Fig. 5A). B ocks were se ected if they con-
tained at  east four haze nut shrubs spaced > 1–2 m apart with simi ar 
dimensions (e.g., shrub height, tota  stems, and stem diameter; Fig. 5B). 
Subsequent y, tota  stems and the potentia  ‘usab e’ basketry stems were 
counted within each haze nut shrub and shrub height was measured 
over a 15 day period preceding the imp ementation of treatments on 
May 14, 2008. Based on basketweaver se ection criteria, basketry stems 
were defned as straight stems > 10 cm  ong without branching. Shrub 
height as we   as the s ope, aspect, and canopy cover were recorded 
within each b ock. S ope was measured using a Suunto PM-5/360 PC 
C inometer, aspect was recorded using a compass, and canopy cover 
was measured four times with a spherica  concave densiometer at each 
cardina  direction above each shrub, to obtain a mean va ue (%) for 
each individua  (Fia a et a ., 2006; Lemmon, 1956). Aspects between 
135° and 225° were c assed as southern (n = 56) and aspects between 
45° and 134° were c assed as eastern (n = 49). Canopy cover ≤50% 
(n = 12) was categorized as ‘ ow’, cover ≥51% and < 70% as ‘medium’ 
(n = 63), and ≥70% as ‘high’ (n = 30). After our pre-treatment sur-
veys, we random y treated three of the shrubs within each b ock with a 
fre proxy and one shrub was designated as an untreated contro  
(Fig. 5B). 

Historica  y in Karuk and Yurok territory, cu tura  burns primari y 
were app ied in the fa   months (Harrington, 1932; O’Nea e, 1932; 
Stewart, 2002; Thompson, 1991) with some occurring in spring months 
(Ha pern, 2016; Lake, 2007). Given the unpredictab e avai abi ity of 
broadcast burn conditions, the experimenta  and samp ing design was 
conservative with a   three fre proxy treatments and contro s rep icated 
as we were unsure whether broadcast burns cou d be inc uded in this 
study. Fortunate y, suitab e prescribed fre conditions occurred on 

October 28, 2008 and a broadcast burn was app ied to ~5 ha afecting 
12 of the 27 treatment b ocks (Fig. 5A). Fire  ines were estab ished to 
preserve ~50% of the previous y treated b ocks in order to compare the 
intact fre proxy treatments to the broadcast burn treatment (Fig. 5A). A 
backing fre with strip ignitions (3–5 m apart) was set with drip torches, 
and the fre burned from 14:20 to 16:30 h (Fig. 3D). Temperature 
ranged from 69.5° F to 75.0° F, re ative humidity spanned 39.5–48.0% 
and the Yurok RAWS station (9 km from site) recorded fue  moistures 
between 7.4% and 12.3%. The ffteen b ocks with three fre proxy 
treatments and a contro  that were not afected by the prescribed 
broadcast fre were then re-surveyed the fo  owing year (May 2009) 
when stems were suitab e for harvest (n = 60 shrubs). On y one of the 
ffteen pi e burned shrubs died. After a fu   growing season (18 months 
post-burn; Apri  2010), we re-surveyed 45 out of 48 shrubs in the 12 
broadcast burned b ocks as three tagged shrubs cou d not be re- ocated. 
Post-treatment measurements inc uded the density of basketry stems, 
tota   ive stems, and the presence of deer browse within each shrub. 

2.2.3. Hazelnut ste   easure ents 
On May 8, 2009, we harvested basketry stems (n = 604) produced 

from 50 shrubs in the cut (n = 233), propane (n = 205), pi e burn 
(n = 148), and contro  (n = 18) treatments. Stems were cut < 5 cm 
from the ground,  abe ed, and then bark was removed to prepare the 
stem for weaving. Stem diameter was measured with a digita  ca iper 
and stem  ength with a meter tape. These stems harvested from the fre 
proxy treatments were then compared to haze nut stem co  ections 
gathered on May 3, 2008 by two experienced Karuk/Yurok basket-
weavers (n = 396 and n = 73) from an ear ier prescribed broadcast 
burn (October 2006) adjacent to the experimenta  study site. 

2.2.4. Data analyses 
To eva uate the production of post-treatment basketry stems in each 

shrub among the diferent treatments, we deve oped a negative-bino-
mia  genera ized  inear mixed mode  (GLMM) using the g mmTMB 
package in R (Magnusson et a ., 2017; R Core Team, 2014). B ock was 
set as a random efect, and treatment, aspect c ass, s ope, the presence 
of deer browse, pre-treatment tota  stems, and canopy cover c asses 
were inc uded as covariate fxed efects. Pre-treatment tota  stems were 
a so inc uded as a fxed efect to eva uate if shrub size afected the 
quantity of post-treatment basketry stems. We used Type III Wa d Chi 
Square tests to perform backwards se ection to fnd the mode  of best 
ft. To ana yze the diferences within categorica  variab es that showed 
signifcance in the GLMM, we generated Estimated Margina  Means 
(EMMs) to address imba ances in the study design (e.g., 45 broadcast 
shrubs versus 15 pi e burned shrubs) using the emmeans package and 
compared 95% confdence interva s using the Tukey and Dunnett 
methods (Lenth, 2018). 

To ana yze the  ength and diameter of stems gathered from the fre 
proxy treated and contro  shrubs, we deve oped two gamma distributed 
GLMMs using the g mmTMB package. Each shrub was set as a random 
efect in the mode , and treatment, pre-treatment shrub height, aspect 
c ass, and canopy cover c ass were treated as covariate fxed efects. We 
generated mode s of best ft using backwards se ection with Type III 
Wa d Chi Square tests, and produced EMMs to ana yze diferences in 
stem  engths and diameters within categorica  variab es using the 
Tukey method. Stem  ength and diameter distributions from our 
treatment samp es were compared with the co  ections of two basket-
weavers using a mu tip e comparison Wi coxon Rank Sum test 
(Kabacof, 2015). 

3. Results 

The 86 treated haze nut shrubs produced a tota  of 923 basketry 
stems (10.73 per shrub ± 1.02), whereas the 19 contro  shrubs pro-
duced on y 20 basketry qua ity stems (1.05 per shrub ± 0.45). Within 
the broadcast burned b ocks, six shrubs had died whi e four shrubs were 
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Table 1 
Efects of the fre proxy and broadcast burn treatments (e.g., cut, pi e burn, propane, broadcast) on haze nut basketry stem production compared with the untreated 
contro . Estimated Margina  Mean (EMM) is back-transformed from the  og sca e and averaged over the va ues of aspect and canopy c asses. The contrast to contro  
ratio is the treatment EMM to untreated contro  EMM (1.54, SE = 0.60). The confdence interva s, t-statistic and p-va ues were generated using the Dunnett method. 

Treatment n EMM Contrast to contro  ratio Contrast SE CI t ratio p va ue 

Cut 15 6.45 4.19 1.87 1.38–12.7 3.22 0.0066 
Pi e Burn 15 10.98 7.13 3.05 2.46–20.7 4.59 0.0001 
Propane 

Broadcast 
15 
41 

15.45 
11.54 

10.05 
7.50 

4.16 
3.07 

3.57–28.2 
2.70–20.9 

5.57 
4.92 

< 0.0001 
< 0.0001 

Fig. 6. Fire proxy treatment, broadcast burn, and untreated contro  efects on 
haze nut basketry stem production. Estimated margina  means (EMM) of 
basketry stems with 95% confdence interva s ( og sca e) within the contro  and 
four fre proxy treatments. Letters indicate signifcant diferences between 
treatments (p < 0.05). 

unburned and were then inc uded in the untreated (contro ). A   ha-
ze nut shrubs that were treated with either pi e burning, propane 
torching, and, or a prescribed broadcast burn increased the production 
of basketry stems from 7 to 10-fo d in comparison with the shrubs in the 
untreated contro s (p < 0.001, Tab e 1, Fig. 6). However, the quantity 
of basketry stems per shrub produced by the cut treatment (EMM = 6.5, 
SE = 1.61) was on y 4-fo d greater than the untreated contro s 
(EMM = 1.54, SE = 0.60, p = 0.006, Tab e 1). The EMM of the cut 
treatment was reduced signifcant y when compared with the EMM of 
the propane treatment (EMM = 15.45, SE = 2.79, p = 0.025, Fig. 6). 
Basketry stems among the propane, pi e burn (EMM = 10.98, 
SE = 2.36), and broadcast (EMM = 11.54, SE = 1.84) treatments did 
not exhibit signifcant diferences (a   = p > 0.25, Fig. 6). 

Pre-treatment tota  stems (p < 0.001), aspect c ass (p < 0.01), and 
canopy cover c ass (p < 0.05) imparted signifcant efects on basketry 
stem production in haze nut shrubs (Wa d Type III Chi Square test; 
Tab e 2). Shrub size (pre-treatment tota  stems) and basketry stem 
production exhibited a strong positive re ationship (p < 0.001, Fig. 7). 

Table 2 
Variab es afecting basketry stems within study b ocks. Resu ts of a Wa d Type 
III Chi Square test on the signifcance of the treatments (contro , cut, pi e burn, 
propane, broadcast), pre-treatment tota  stems, aspect c ass, and canopy c ass 
on basketry stems generated from a negative-binomia  genera ized  inear mixed 
mode  (GLMM). Aspects between 135° and 225° were c assed as southern 
(n = 56) and aspects between 45° and 134° were c assed as eastern (n = 49). 
Canopy cover ≤50% (n = 12) was categorized as ‘ ow’, cover ≥51% and < 
70% as ‘medium’ (n = 63), and ≥70% as ‘high’ (n = 30). Two additiona  
biophysica  variab es (deer browse, s ope) did not exhibit strong efects on 
basketry stems (p > 0.05) and were removed from the mode . Haze nut shrub 
b ocks (n = 27; 16 m2) are set as random efects. 

Fixed efect χ2 Df p(> |χ2|) 

Treatment 35.38 4 < 0.001 
Pre-treatment tota  stems 23.11 1 < 0.001 

Aspect c ass 6.99 1 0.008 
Canopy c ass 7.14 2 0.028 

Fig. 7. Pre-treatment tota  stems (shrub size) positive y afect post-treatment 
basketry stem production. Pre-treatment tota  stems and post-treatment bask-
etry stems are p otted by treatment with  ines of best ft determined by ordinary 
 east squares regression. 

Shrubs within eastern aspect c asses produced 1.73-fo d more basketry 
stems (n = 49, EMM = 9.48, SE = 1.18) than those in southern aspect 
c asses (n = 56, EMM = 5.47, SE = 1.19, p < 0.01). Within the ca-
nopy cover c asses, the shrubs within the medium canopy cover c ass 
(n = 63) produced a 5.08 EMM (SE = 0.86) of basketry stems, whereas 
shrubs within the high canopy cover c ass (n = 30) produced 1.84-fo d 
greater basketry stems (9.36 EMM, SE = 1.75, p = 0.03) than the 
medium canopy cover c ass. Shrubs within the  ow canopy c ass 
(n= 12) had a 7.87 EMM (SE = 2.00) and did not difer signifcant y 
from shrubs in the high (p = 0.83) or medium canopy cover c asses 
(p = 0.27). Within the initia  negative-binomia  GLMM, deer browse 
and s ope did not impart signifcant efects on basketry stem production 
(p > 0.05). 

Basketry stem  engths gathered from the treated and contro  shrubs 
ranged from 11.00 to 118.60 cm (µ = 43.24, SE = 0.83) and stem 
diameters ranged from 0.53 to 5.76 mm (µ = 2.30, SE = 0.04, Fig. 8). 
Basketweaver1 gathered stem  engths ranging 14.10–81.20 cm (µ = 
38.97, SE = 0.58), and Basketweaver2 gathered stem  engths ranging 
27.80–73.40 cm (µ = 47.76, SE = 1.29, Fig. 8B). From basketweavers’ 
sourced materia s, stem diameter ranged from 0.96 to 4.11 mm (µ = 
2.13, SE = 0.03) and 1.64–4.45 cm (µ = 2.89, SE = 0.07), respective y 
(Fig. 8A). The distribution of basketry stem  engths and stem diameters 
gathered by Basketweaver2 were greater than those gathered by Bas-
ketweaver1 as we   as those stems harvested from the fre proxy 
treatment b ocks and broadcast burn (Wi coxon rank sum; p < 0.001, 
Fig. 8). However, simi ar stem  ength and diameter distributions were 
recorded from stems harvested in the fre proxy treatment b ocks and 
broadcast burn as we   as those gathered by Basketweaver1 (p > 0.05). 

Resu ts from the gamma GLMMs showed that pre-treatment shrub 
heights and aspect c asses had a signifcant afect on basketry stem 
 engths and diameters from treated and contro  shrubs. A strong posi-
tive re ationship was detected between pre-treatment shrub height and 
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post-treatment stem  engths and diameters (p < 0.001). Shrubs within 
the southern aspect c ass produced both shorter  ength 
(EMM = 34.4 cm, SE = 1.62) and sma  er diameter (EMM = 1.87 mm, 
SE = 0.08) stems post-treatment than eastern aspects (diameter 
EMM = 2.52 mm, SE = 0.15;  ength EMM = 47.6 cm, SE = 2.79, 
p < 0.001). Between the treated and contro  shrubs, basketry stem 
 ength did not difer signifcant y. However, the stem diameters har-
vested from the pi e burn (EMM = 2.00 mm, SE = 0.12) and cut 
(EMM = 2.49 mm, SE = 0.127) treatments were signifcant y diferent 
(p = 0.02). Propane treated stem diameters (EMM = 2.14, SE = 0.11) 
were nonsignifcant in the mode  (p = 0.15). No discernab e efects of 
canopy cover c asses on stem diameter or  ength were detected. 

4. Discussi n 

The app ication of three fre proxy treatments and a prescribed 
broadcast fre treatment indicate that a   treatments generated 4–10-
fo d increases in basketry qua ity haze nut stems when compared with 
the untreated haze nut shrubs. Untreated (contro ) haze nut shrubs 
contained on y 1.54 ± 0.60 basketry stems per shrub, and thus, are 
deemed margina , or too  imited in va ue for Ca ifornia Indian basket-
weavers (Anderson, 1999). Thus, broadcast fres or substitute treat-
ments are required to generate basketry qua ity stems. 

Basketweavers prefer cu tura  burns to treat haze nut shrubs for 
basketry because they efcient y top-ki   many haze nut shrubs re a-
tive y rapid y, and thus, create improved gathering rates for basket-
weavers. Cu tura  burns a so may have positive efects upon additiona  
ecocu tura  species and may reduce understory fue s. A though our 
broadcast burn treatment was efective at producing basketry stems, 
~15% of broadcast burned haze nut shrubs died, and thus reduced the 
basketry stems expected from this treatment. Whi e we did not assess 
pre-burn surface fue   oads before ignition, the  andowner had not 
previous y conducted fre treatments in the broadcast burn area, sug-
gesting that surface fue   oads may have been re ative y higher than in a 
historica  y, and thus, more frequent y burned forest. Decades of fre 
exc usion increase surface fue   oadings that generate increased fre 
intensities and shrub morta ity during prescribed burns (Kaufman and 
Martin, 1990; Thaxton and P att, 2006). In the absence of broadcast 
burns, pi e burning and propane torch burning treatments a so are ef-
fective methods to top-ki   haze nut shrubs. When creating pi es within 
haze nut shrubs practitioners may avoid pi es with high fue   oads and 
inordinate fre residence time to prevent shrub morta ity resu ting from 
excessive direct heat (Siefkin et a ., 2002). On y ~7% of monitored 
shrubs died from our surface fue  pi es when they were composed of 1-
h, 10-h, and surface  itter fue s with height  imited to < 25 cm, but 
estab ishing fue   oad and fre residence time  imits or guide ines 

Fig. 8. Treatment efects on haze nut bask-
etry stem size distributions compared with 
basketweavers’ harvests. Samp es were gath-
ered from 46 treated and 4 untreated shrubs 
(n = 604), and co  ected by Basketweaver1 
(n = 396) and Basketweaver2 (n = 73). Fire 
proxy treatment and contro  stem size dis-
tributions did not difer signifcant y from the 
distributions gathered by Basketweaver1 
(Wi coxon Rank Sum; p = 0.5). However, the 
stem size distributions from Basketweaver2 
difered signifcant y from a   treatments and 
Basketweaver1, but based on a re ative y 
sma   samp e size (Wi coxon Rank Sum; 
p < 0.001). (A) Stem diameter (mm) and (B) 
stem  ength (cm). Distributions shown as 
kerne  density p ots. 

through additiona  research wou d be usefu  especia  y when expanding 
these app ications over  arge areas. 

In contrast to our cutting treatment that focused so e y of haze nut 
stems, mechanica  cutting is wide y used by agencies and  andowners to 
create shaded fue  breaks (65–400 m wide) and is typica  y paired with 
the pi e burning of cut woody debris (Agee et a ., 2000; Rhoades and 
Fornwa t, 2015; Vai  ant and Reinhardt, 2017). When burned haze nut 
shrubs are unavai ab e or insufcient basketweavers wi   gather bask-
etry stems opportunistica  y within these mechanica  y created fue  
breaks if suitab e coppiced haze nut shrubs occur. However, basket-
weavers report reduced stem strength or p iabi ity from mechanica  
treatments compared to burn treatments, which is supported by  ower 
wood-to-pith ratios in these stems (Rentz, 2003). The  ower stem 
qua ity and reduced expected stem density from cut treatments con-
siderab y reduces basketweavers’ preference for this treatment. 

The four environmenta  variab es we measured (e.g., s ope, deer 
browse, canopy cover, and aspect) appear to exp ain some of the var-
iation observed in haze nut basketry stems production. Deer browse 
occurred on on y fve of the 105 haze nut shrubs measured, and thus, in 
this particu ar case deer browse was inconsequentia . Yet, deer her-
bivory typica  y occurs at the axi  tip of new basa  shoots. Subsequent y, 
the haze nut shrub typica  y produces two or more  atera  branches 
be ow where the apica  bud and  eaves were eaten, producing an un-
suitab e basketry stem. Thus, if deer or other ungu ate browsers are 
abundant (e.g., at sites further from private residences), browse cou d 
become a major factor in the reduction of basketry stems. 

Haze nut shrubs in the ‘high’ canopy cover c ass produced 1.84-fo d 
more basketry stems than those in the ‘medium’ canopy cover c ass. 
These resu ts support Karuk and Yurok basketweavers’ experience and 
observations. Areas with re ative y  ow canopy cover (i.e., 0–20%) and 
increased  ight conditions stimu ate  atera  branching within haze nut 
basa  resprouts, reducing the potentia  density of basketry qua ity stems 
(Johnson and Marks, 1997; Lake, 2007; Ortiz, 1998). However, the 
shrubs within the ‘ ow’ canopy cover c ass produced high y variab e 
basketry stems whose EMM was 1.55-fo d greater than shrubs in the 
‘medium’ canopy cover c ass a though the EMM did not difer sig-
nifcant y. On y four shrubs in the  ow canopy cover c ass had 30% 
cover, and the remaining eight shrubs in that c ass were 50% cover, 
which refects  imitations in both our samp ing efort and truncated 
range of measured canopy cover (30–85%) within a 10 ha samp ed 
area. Given that southern aspects in the northern hemisphere are ex-
posed to additiona  so ar radiation than eastern aspects, shrubs with 
southern exposures (EMM = 5.48) produced signifcant y fewer bask-
etry stems than those in eastern aspects (EMM = 9.48, Barbour et a ., 
1987: 341). Overa  , additiona  samp ing of shrub responses to treat-
ments across the fu   aspect range wou d improve these ana yses and 
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our understanding. 
P ant branching and architectura  responses to sun ight are ex-

ceptiona  y diverse and show phenotypic p asticity (Va  adares and 
Niinemets, 2007). In unburned and non-coppiced temperate deciduous 
understory trees and shrubs,  atera  branching can be stimu ated by 
increased  ight conditions (Bonser and Aarssen, 1994; Canham, 1988; 
Char es-Dominique et a ., 2012; Hame in et a ., 2015; Pickett and 
Kempf, 1980). Ca ifornia haze nut appears to change its p ant archi-
tecture from a sympodia  form in fu   sun to a monopodia  form under 
forest canopies much  ike the mu ti-stemmed shrub, Rha nus cathartica 
(Char es-Dominique et a ., 2012). However, more detai ed morpho o-
gica  measurements are required to confrm these haze nut architecture 
forms. 

Aspect c ass a so afected stem  ength and diameter in the GLMMs 
ana yses. Stems measured from eastern aspects were 1.38-fo d  onger 
and 1.35-fo d wider compared with those in southern aspects. These 
resu ts a ign with basketweaver know edge that shrubs with fu   sun 
exposure produce shorter stems than those under canopy cover. 
Simi ar y, the Mediterranean shrub Arbutus unedo has been shown to 
produce ta  er resprouts post-fre when growing in northern and eastern 
aspects compared to southern and western aspects (Konstantinidis 
et a ., 2006). However, our observed decrease in viab e basketry stems 
in southern aspects and medium canopy cover shou d not be mis-
construed to suggest that burning shou d be  imited under these site 
conditions because shrubs under these conditions sti   produce at  east a 
5-fo d increase in basketry stems as untreated shrubs. 

Treatments did not have a detected efect on stem  ength. However, 
the cut treatment produced 1.25-fo d greater stem diameters than the 
pi e burn treatment. Cut treatments may not induce as much physio-
 ogica  stress or  oss of stored energy as compared with burning treat-
ments, and thus, the shrub may have sufcient resources to produce 
more robust stems with greater diameter. Severa  studies have found 
that high severity fres reduce shrub resprouting vigor and biomass 
compared with  ow severity fres and cutting treatments (C arke et a ., 
2013; Fernández et a ., 2013a; Kee ey, 2006; L oret and López-Soria, 
1993), however other studies have found that severity does not corre-
 ate with resprout vigor in other shrub species (Drewa et a ., 2002; 
Fernández et a ., 2013b; Kee ey et a ., 2008). 

Stem diameter and stem  ength distributions harvested from the 
treated and contro  shrubs (n = 604), were simi ar to those harvested 
from a broadcast burn by Basketweaver1 (n = 396). Thus, our fre 
proxy and broadcast burn treatments appeared to produce stem qua i-
ties that are preferred by basketweavers. However, Basketweaver2 
harvested a distinctive set of stems. Admitted y, this stem samp e from 
Basketweaver2 is re ative y  imited (n = 73) when contrasted with our 
treatments and Basketweaver1. Most important y, basketweavers re-
ported that some basketry projects may require diferent sets of stem 
diameters and  engths. Therefore, basketweavers’ aims must be con-
sidered when comparing haze nut stem harvesting activities. 

Our resu ts demonstrate that expanding the area and frequency of 
targeted understory fre-based forest treatments on private, pub ic and 
Triba   ands in the Pacifc Northwest and Ca ifornia wou d generate 
greater avai abi ity and distribution of basketry haze nut stems that are 
current y  imited in supp y and in high demand (Ba dy, 2013; Long and 
Lake, 2018; Ortiz, 1993). Sma  -sca e (≤10 ha) app ication of these fre 
proxy treatments appears quite feasib e both for private  andho ders or 
on pub ic  ands that wou d require minima  permitting as we   as  im-
ited  abor and  ow materia  costs. The constraints associated with pre-
scribed and cu tura  burns, such as the  imited burning season and in-
creased  iabi ity concerns in c ose proximity to residences within the 
Wi d and Urban Interface, do not necessari y app y to these fre proxy 
treatments because they can be conducted when prescribed burning 
conditions are risky or biophysica  y not possib e (e.g., either e evated 
or  ow dead surface fue  moisture). Due to these and other constraints, 
the USDA Forest Service current y is ab e to imp ement understory 
mechanica  fue  reduction treatments across a greater area than 

broadcast burning to reduce fue s in Ca ifornia and the Pacifc North-
west (Vai  ant and Reinhardt, 2017). Yet, the three fre proxy practices 
examined here appear to be high y compatib e for integration into 
 arger-sca e USDA Forest Service, or other fue  treatment programs 
(≥10 ha), and  ike y wou d require on y minor adjustments to current 
understory mechanica  fue  reduction practices to meet these additiona  
Triba  ecocu tura  objectives. For examp e, if the woody debris from 
these understory mechanica  treatments are pi e burned, haze nut burn 
pi es (< 25 cm) or propane torching cou d be incorporated into this fue  
reduction activity, increasing haze nut stem productivity. Further, ha-
ze nut stems cou d be inc uded for remova  in mechanica  understory 
thinning treatments, if they were initia  y exc uded from the prescrip-
tion. Whi e Triba  members prefer broadcast burning for ecocu tura  
resource production, they recognize that mechanica  understory treat-
ments are necessary to address decades of fre exc usion, and prepare 
sites for broadcast burning in the near future (USDA Forest Service PSW 
Region, 2018). If areas of high haze nut shrub densities are either 
known or identifed in consu tation with Tribes and basketweavers, and 
a ign with fue  reduction objectives, the subsequent production of 
basketry stems from mechanica  treatments wou d provide additiona  
benefts to the fue  reduction va ue of this treatment. Given that ha-
ze nut is distributed across 75% of the NWFP area,  imited eforts are 
required to identify these suitab e areas (Long et a ., 2018). 

Po icies that support Triba  consu tation within pub ic  and agencies 
ofer efective opportunities for increased and efective co  aborations 
and communication in forest management (Bussey et a ., 2015; Dockry 
et a ., 2017; Donoghue et a ., 2010; Lake et a ., 2017). Since this initia  
experimenta  study was conducted, prescribed burning and fue  treat-
ments have expanded throughout northwest Ca ifornia,  arge y as a 
resu t of inter-governmenta  and community partnerships that aim to 
manage pub ic, Triba , and private  ands (Har ing, 2015; Long et a ., 
2018; USDA Forest Service PSW Region, 2018; Yurok Tribe, 2015). 

Throughout this study, we sought to incorporate Indigenous 
know edge and participation with ‘western’ scientifc approaches to 
support these expanding co  aborative eforts among Triba  govern-
ments and pub ic  and agencies. Fire exc usion po icies forced Ca ifornia 
Indian communities and forest managers to curtai  their routine cu tura  
and prescribed burning practices. Despite these po icies, Karuk and 
Yurok basketweavers retained their know edge, maintained their 
practices and, most important y, deve oped severa  innovative techni-
ques to rep icate fre’s efects on haze nut to produce essentia  basketry 
materia s. To support their eforts, we quantifed their haze nut fre 
treatment outcomes with the aim to inform managers of their efcacy 
and materia  importance, to faci itate increased forest access, and to 
reduce bureaucratic processes required for Triba  members who seek to 
emp oy these fre proxy treatment methods and broadcast burns. 
Moreover, we encourage eforts to exp ore creative app ications that 
aim to incorporate these haze nut fre proxy practices within govern-
ment- ed understory mechanica  fue  thinning and  arge-pi e burning 
treatments. Through such co  aborative processes, basketweavers and 
Tribes may be ab e to receive fnancia  and  ogistica  support, and, most 
important y, recognition and respect for their priorities and experience 
in managing haze nut as we   as other critica  ecocu tura  resources. 
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