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Abstract 
 
The use of fire for managing and protecting species habitat, including human settlement, 
has been and is an important activity for First Nations peoples globally (Mack 2001, 
Boyd 1999, Lewis 1986).  The goal of this project was to identify when and why 
Nlaka’pmx ancestors applied fire in the Kentucky-Paradise Lake region of the Merritt 
TSA.  The objectives were to complete a historical fire regime survey, interview elders 
regarding when and where the fire occurred and analyze the remaining fire-scars for 
characteristics that would indicate features unique to aboriginal fire management. 
 
Our results to date indicate that in the Pothole Creek Sampling area when seasonal 
information is matched against the intra-annual scar information patterns appear to show 
a high probability of fire-scars associated with middle earlywood to latewood as being 
lightning caused, while scars occurring in the early part of the growing season and the 
dormant season may be attributed to Nlaka’pmx fire management activity supported by 
oral testimony.  The minimal data sets analyzed in the Paradise Lake area indicate an 
absence of fire-scars in the dormant season.  However recent archaeological evidence and 
oral testimony indicates known fire management methods in the region.  In the Paradise 
Lake area additional samples need to be gathered for further insight into aboriginal fire 
management methods. 
 
Based on the results at Pothole Creek, further work needs to be completed to determine 
the extent of stand departure from the historical mean fire intervals of 9.8 years.  
Research needs to be completed to determine how many fire intervals have been missed, 
what is the appropriate safe treatment to return to the historical stand structures that 
include fire and how have the plants adapted to timber stands without 5-13 fire cycles.  
There is 13x the fuel loading in the Pothole Creek area and most of the traditional use 
plants identified in interviews are being choked out.  If a wildfire is to occur there, we 
predict it will be a stand replacing fire with intense heat.  It is unknown how these plants 
will survive this heat.  Treatments for fuel management systems include selective logging 
or tree spacing with prescribe burning for understory burn in the late fall season.  Further 
examination of the volume of timber in the area would also provide more insight into 
management fuels as well. 
 
Keywords: Fuel management, First Nations, traditional use, criteria and indicators, 
indigenous burning, co-management, indigenous science, fire history, ethnobotanical 
management, Nlaka’pmx Stewardship, Nlaka’pmx Science 
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1 Summary of Research Project Activities 
 
1.1 Project Management 
 
The research project commenced October 15, 2002 and activities were carried out until 
completion March 31, 2003.  Forest Innovation Investment funding was awarded to 
Tmixw Research towards analyzing and reporting Historical Fire Regime data for the 
Pothole and Paradise Lakes region of the Merritt TSA.  Weyerhaeuser Canada Limited 
supported the inventory phase of the project that began in September 2003.  Thirty-two 
fire-scar tree-ring samples were collected through Weyerhaeuser’s Forest Investment 
Account land-based program.  In the Pothole Creek region, the gathering and analysis of 
fire-scar tree-ring samples supplemented 1999 Ministry of Forests research (Gray and 
Riccus). 
 

1.1.1 Goals and Objectives 
 
The goal of this project was to identify when and why Nlaka’pmx ancestors applied fire 
in the Kentucky-Paradise region of the Merritt TSA.  The objectives for accomplishing 
this goal were to 1) complete a historical fire regime survey, 2) interview elders regarding 
when and where the fire occurred (which may be implicitly indicated in stories), and 3) 
analyze the remaining fire-scars for characteristics that would indicate features unique to 
aboriginal fire management. 
 

1.1.2 Deliverables 
 
The deliverables for this project include: 
 

 Workplan for activities 
 Summary of results of historical Fire Regime and Nlaka’pmx fire management 

indicators 
 Database entry of fire management indicators 
 Complete year-end report summarizing all activities 
 Recommendations for fuel management systems in the IDF Kentucky-Paradise 

region 
 Extension of results through newsletters and brochures 

19/12/2005  Tmixw Research 
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1.1.3 Study Area 

 
The study area comprises Kentucky-Alleyne Lakes to Paradise-Creighton Lakes, which 
are accessed from the principal highway corridor (Hwy 97) that begins in Merritt in the 
Nicola Valley (665m asl) and extends to Peachland in the Okanagan Valley.  The three 
main exits to access forest service roads into the study area include Highway 5A (Aspen 
Grove), Loon Lake (1200m asl) and Elkhart Lake Exits (1500m asl).   The study area is 
located around 49.88°N latitude and 120.45°W longitude extending approximately 20 
kilometres beginning from Kentucky-Alleyne to Paradise Lakes and 7 kilometres in 
width from Creighton to Island Lakes (See Figure 1).  There are 4 sampling locations – 
Pothole Creek, Island Lake, Paradise Lake and Paradise Lake East.  The entire study area 
is located in the Merritt Forest District, or Cascade Forest District (2003), which is the 
western most district of the Kamloops Forest Region. 
  

POTHOLE

PARADISE EAST

PARADISE

ISLAND LAKE

 
Figure 1: The Four Sampling Locations in the Kentucky-Alleyne Paradise Lakes Study Area 

 
 
1.2 Data Collection Methods 
 

1.2.1 Traditional Use Information 
 
Between September 2002 and March 2003 interviews and corresponding Archaeological 
and Ethnographic analysis was undertaken in the Kentucky-Alleyne Paradise Lake region 
of the Merritt TSA by Tmixw Archaeology and Tmixw Research Development.  10 
interviews were completed with Nlaka’pmx and Okanagan Nation cultural advisors, 
either in groups or individually.  This area continues to be used by several communities 
within both Nations.  The selection of cultural advisors was based on their knowledge 
and experience in the Kentucky-Alleyne and Paradise Lakes region.  In the Pothole Creek 
ecosystem (IDFdk1), past burning practices are known to promote plant species with 
adaptations to fire, such as Douglas-fir (technology)∗ and pinegrass (technology) and an 
open stand structure with sparse, patchy regeneration.  The understory is comprised of 
common snowberry (medicinal), common juniper (medicinal), red-osier dogwood 
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(technology/medicinal), pinegrass (technology), kinnikinnik (medicinal) and soapberry 
(food) (Turner 1998).   
 
GIS-based queries at Tmixw Research were also completed and indicate community 
members gathered soapberry (food/medicinal), chokecherry (food/medicinal) and 
saskatoon (food) at Paradise Lake region (MSxk).  The growing season is sufficiently 
warm and dry that moisture deficits can occur, which in turn provides significant fire-
origin evidence in stands of Lodgepole Pine.  The understory is comprised of pinegrass 
(technology), grouseberry (food) and feathermoss, with soapberry (food/medicinal), 
heart-leaved arnica (medicinal), and Prince’s Pine (medicine).  The GIS query results 
were mapped oral testimony from cultural advisors who identified these plants for use. 
 

1.2.2 Archaeological and Ethnographic Surveys 
 
In 2003, Tmixw Archaeology completed an Archaeological Inventory Study for 
Weyerhaeuser.  During this research, significant archaeological evidence in the Paradise 
Lakes provided direction for establishing fire-scar tree ring sample locations.  
Surrounding the Paradise Lake region Markey and Sandy (2003) located 20+ Culturally 
Modified Trees (CMTs) and 1 house pit depression.  There are many historical trails in 
the area that support Elders testimony of fire management activities for maintenance 
purposes. 
 

1.2.3 Historical Fire Regime 
 
In September 2002 Tmixw Research and R.W. Gray Consulting collected 32 fire-scar 
samples from both living and dead trees based on previous positive methods conducted 
by Arno and Sneck (1977), Dieterich and Swetnam (1984) and Gray and Riccius (1999).  
In fire regimes with historically frequent occurrence, point frequencies are used to 
determine regime statistics for fairly small areas of the landscape (Martin and Sapsis 
1991).  These fire regimes typically contain tree species such as ponderosa pine (P. 
ponderosa Dougl. Ex Laws.), Douglas-fir, and western larch (Larix occidentalis Nutt.) 
that are scarred but not killed by low-intensity fire.  Large diameter live trees were 
sectioned using the methodology described by Arno and Sneck (1977) and Gray and 
Riccius (1999), while small diameter trees were felled and sectioned until the area with 
the highest number of visible scars are located.  In some cases, large diameter, solid snags 
were sectioned similar to large-diameter live trees as opposed to felling them.  This was 
done if the snag has high potential value for wildlife and if it was a) safe to leave it 
standing or b) too dangerous to fall.  In most cases live trees, especially Douglas-fir, that 
were felled were bucked up into 1 m lengths to increase the drying rate of the cambium.  
 
Between October 2002 and January 2003, fire-scar samples were dried for a period of 4-6 
weeks prior to lab preparation.  Lab preparation involved cutting each sample with a band 
saw to locate the area with the most scars and clearest ring pattern.  Each sample was 
then mounted on ¼” ranger board and polished. 
 

19/12/2005  Tmixw Research 
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Information pertaining to each fire-scar was recorded including scar-direction, tree type 
(live, snag or fallen log), associated vegetation and slope.  Digital photographs were 
taken on site and sample points were GPS located using RIC GPS Standards. 
 
In order to establish ring dates from dead samples, and to check live samples for missing 
or false growth rings, the samples must be crossdated with a master chronology of ring-
widths (Stokes and Smiley 1968; Fritts 1976; Fritts and Swetnam 1989).  Developing the 
master chronology involves collecting a minimum of 10 increment cores from the fire-
scar sample tree species as well as individuals most likely to express the climate signal 
for the region.  A master chronology already existed for the Pothole Creek site (Gray and 
Riccius 1999) but not for Paradise Lake.  Two cores are taken from each of the 10 sample 
trees1, one from each side of the tree along the contour.  Ring-widths from each tree are 
then averaged and averaged again across all 10 samples to get a regional pattern of ring-
widths.  Using the common pattern of ‘marker’ years (either extremely narrow or wide 
rings) from the master chronology, researchers can crossdate both the increment cores 
and fire-scar samples to ensure accurate dates for tree ages and past fires (Madany et al. 
1982; Dietrich and Swetnam 1984; Brown and Swetnam 1994 and Grissino-Mayer 1995). 
 
Fire-scar samples from live trees were crossdated with the aid of a binocular dissecting 
microscope using methods outlined in Yamaguchi (1991) from the bark year to the pith.  
For samples obtained from dead material (logs and snags), the ring widths were measured 
using a Velmex-Acurite measuring stage and MEDIR software (Grissino-Mayer et al. 
1996).  The undated ring width series from the sample was compared with the ring width 
series of the master chronology using COFECHA (Grissino-Mayer et al. 1996) to 
determine the pith or inside date of the sample.  Each sample was then visually 
crossdated to confirm the inside date and to obtain the fire dates.  Only distinct fire-scars 
were dated leading to a potentially conservative population of fire dates for each site.  
Other scars are often evident on the sample, especially frost and sunscald scars that occur 
on Douglas-fir following the first fire-scar. 
 
A software package for fire history developed at the University of Arizona International 
Tree Ring Lab, FHX2, (Grissino-Mayer 1995) was used for graphical and statistical 
analyses of the fire history data.  Statistics include a computation of mean, minimum and 
maximum fire intervals over a specified time period for each of the sites, plus the 
seasonality of each fire.  This time period or period of reliability (POR) ensures 
consistency in the fire history data.  The POR is defined by the researcher (Grissino-
Mayer 1995).  For both sites, we defined the beginning and end of the POR by the 
earliest and latest fires when a minimum number of trees had the ability to record fire.  
For a more detailed discussion of the period of reliability see Grissino-Mayer (1995) and 
Riccius (1998). 
 
Seasonality, or intra-annual position of the fire-scars, were recorded as “early in the 
earlywood”, “middle of the earlywood”, “late in the earlywood”, “latewood”, or 
“dormant” for the period when cambial growth has become inactive (Caprio and 
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1 Master chronologies, if they are derived from at least 10 samples, are submitted to the U.S. National 
Oceanic and Atmospheric Administration Global Climate Database in Boulder, Colorado. 
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Swetnam 1995) (Figure 7).  The calendar periods that these apply to are detailed in Table 
1.  Gray and Riccius (1999) reported that the dormant season on the Pothole Creek site 
likely begins in early summer due to moisture stress and continues to early May of the 
following year.  The onset of the dormant season at Paradise Lakes occurs much later in 
early August and continues a bit later in May. 
 

 
Figure 2: Areas of an annual growth ring used in designating intra-annual, or seasonal, fire-scar 
positions (from Caprio and Swetnam 1995). 
 

Location Early 
earlywood 

Middle 
earlywood 

Late 
earlywood 

Latewood Dormant 

Pothole early May mid-May to 
early June 

early June to 
early July 

early to mid-
July 

mid-July to 
early May 

Paradise late May to 
early June 

early June to 
late June 

late June to 
mid-July 

mid- to late-
July 

late July, 
early August 
to late May 

Table 1: Calendar period that corresponds to annual ring phenology. 
 
The Ministry of Forests Protection Branch maintains a comprehensive lightning-locator 
network throughout the province that supports a database of lightning strikes by date and 
time, location (latitude and longitude), and polarity.  This dataset was used to first 
identify a subset area within which lightning-caused fires could conceivably affect the 2 
sampling areas, then to produce statistics on lightning occurrence by month and polarity.  
This data would then be overlayed on the intra-annual fire-scar location dataset to 
determine which fires were likely caused by lightning and which by aboriginal burning. 
 
Lightning occurs in 2 distinct forms: cloud to cloud, and cloud to ground.  Cloud to cloud 
strikes do not come into contact with the earth’s surface so do not constitute a fire 
ignition source.  Cloud to ground lightning, as the name implies, does contact the ground 
but not all strikes are capable of starting fires.  This type of lightning is further separated 
into negative polarity strikes and positive polarity strikes (Latham and Williams 2001).  It 
was long thought that only positive polarity strikes, because of their long-continuing 
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current (LCC), were responsible for fire ignitions.  Flannigan and Wooton (1991) 
however, found that negative strikes had longer LCC and started more fires in 
northwestern Ontario than did positive strikes. 
 
Due to the difficulty in determining much of lightning physics in the field, most research 
on lightning physics and ignition probabilities is done under laboratory conditions.  In 
this setting the following lightning properties have been determined: approximately 20% 
of all negative strokes and 85% of all positive strokes have an LCC (Anderson 2002), 
and, the efficiency of lightning fires seems to be in the range of 0.01-0.04 fires/cloud to 
ground strike (Latham and Williams 2001).  These 2 properties were both considered in 
the analysis of lightning in this project. 
 
1.3 Archaeological and Ethnographic Survey Results 
 
Markey and Sandy (2003) have documented that in the spring, the people moved from 
their winter pithouse villages to seasonal camps, often at mid/high elevations, where mat 
lodges consisting of woven mats placed over a framework of light poles was constructed.  
Many other types of lodges or temporary shelters were also constructed with the type and 
size of shelter based on the duration of the stay and the number of persons requiring 
cover (Figure 3).  The spring melt, first in the river valleys and then at the higher 
elevations, led to the first gathering of green shoots of the rosebushes, stinging nettle and 
other plants. 
 

 
Figure 3:  Mat Lodge Structures, Teit (1900) 
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Other kinds of roots harvested included avalanche lilies, wild potatoes, bitterroot, 
nodding onion, chocolate lilies, balsamroot, tiger lilies and cow parsnip.  The Nlaka’pmx 
and other Interior peoples were aware that prolonged steaming of yellow avalanche lilies 
in pit-ovens converted their indigestible carbohydrate, insulin, into edible fructose, and 
then allowed drying and storing for use in later seasons.  For instance, Botanie Valley, 
mentioned by Teit (1900), was a unique and important resource area for the Nlaka’pmx 
people near Spences Bridge.  Various other plants and roots were cooked in pit ovens and 
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traded. Anastasio (1972) noted the importance of root plants for the Plateau peoples, that 
the “bulbs and roots formed the bulk of the plant diet…root crops apparently never failed; 
if they had, the results might have been even more devastating than the smallpox and 
other epidemics which periodically swept the area.”  In the spring, they also gathered 
cambium from the inner bark of lodgepole and ponderosa pine that provided a sweet 
delicacy in mid to late spring (Tmixw 2002).  Usually, early spring fishing for trout in the 
plateau lakes was also practiced. 
 
The traditional lifestyle of the Nlaka’pmx during the summer involved the pursuit of 
migrating salmon along the Fraser and Thompson rivers and their tributaries. Vast 
numbers of salmon were netted, subsequently wind and sun dried and then stored or 
traded.  The Nlaka’pmx fished primarily using spears, dipnets, hooks and line in shallow 
waters, drift nets in deeper waters, although the technology used varied according to the 
community and locality.  They also fished for trout, suckers and memit in the creeks and 
rivers when the waters were flowing fast and cold.  At the same time, other families 
traveled along known trails to upper elevations to camp and gather a wide variety of 
berries and medicines.  During the early summer and mid-summer months, a large variety 
of berries were harvested as they ripened at different elevations between June and 
September.  These berries and plants were picked, dried and brought back for winter 
consumption and trading.  They also hunted for different types of grouse, small mountain 
mammals and mule deer. 
 
July and early August was the peak berry-picking season, although various kinds of plant 
foods figured prominently in the diet of the Nlaka’pmx people, including fleshy fruits, 
seeds and nuts, leafy greens, roots, mushrooms, cambium and other tree products, as well 
as lichen and cactus.  Some food plants such as cactus, balsamroot, bitterroot or 
hazelnuts, were limited in availability to certain environmental zones within Nlaka’pmx 
homelands.  Others were/are available throughout all or most of the Nlaka’pmx 
homelands.  By knowing and making use of the new growth at different elevations 
throughout the summer, the Plateau people had fresh plant foods available between early 
April and late September. 
 
During the fall organized hunting of mule deer, mountain goat, big horn sheep, elk, and 
more recently moose occurred along the forest edges, the alpine and the subalpine.  These 
hunts used a variety of techniques, but customarily involved a communal drive with the 
use of long deer fences, corrals, nets, deadfalls and pitfalls.  Dogs were also used when 
hunting and brought along when camping.  The meat was dried, stored and/or traded.  
The hides were scrapped and tanned for clothing, technology, and a variety of other 
purposes. The annual cycle wound up with the hunt for deer and other species in the 
mountains in mid fall. 
 
Natural resources management was carried out through a variety of ways including the 
burning of old plant growth to enhance new growth (Turner et al. 1990, Tmixw 2002), the 
pruning of berry bushes, the replanting of immature corms and bulbs after the ground had 
been loosened with a digging stick, and overall, through the selective harvesting of plant 
and animal species in the sense of a person never taking more than was needed to feed 
one’s people. 

19/12/2005  Tmixw Research 
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1.4 Dendrochronology Analysis Results 
 

1.4.1 Interior Douglas-fir Ecosystem – Pothole Creek Region 
 
The fire-scar samples collected at Pothole Creek were added to a pre-existing dataset 
reported in Gray and Riccius (1999).  The 10 samples collected as part of this project 
were combined with the existing 19 from the 1998 study and produced a total of 71 fire-
scars (Figure 4).  Fire dates at Pothole Creek extend from 1632 to 1967. 
 

 
Figure 4:  Master fire chronology for the Pothole Creek site 
 
Frequency statistics for the Pothole Creek site are detailed in Table 2.  The MFI is quite 
low relative to other reported Mean Fire Internal (MFI)’s for dry Douglas-fir sites in the 
southern interior of B.C. (Blackwell et al. 2001; Gray et al. 2002).  The minimum 
interval of 1 year is not unusual whereas the maximum of 47 years, being recorded very 
early in the chronology (1600’s), can be attributed to the low number of samples and not 
any appreciable gap in fire activity. 
 

19/12/2005  Tmixw Research 

The historic fire regime exhibited at Pothole Creek would have resulted in fairly open 
stands of Douglas-fir with a mixture of age cohorts.  Evidence for open stands comes as a 
result of the relationship between frequent fire and Douglas-fir fire intolerance at a young 
age (Steinberg 2002).  With a mean interval of 9.8 years Douglas-fir seedlings 
germinating between successive fires would still be at a susceptible height and diameter 
to heat damage from a passing forest fire.  A high proportion of these germinating 
seedlings would be killed.  A proportion of the seedlings that did survive, however, 
would grow to maturity and may or may not exhibit fire-scars.  The trees that were 
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scarred, and eventually sampled in this study, originated at a wide variety of times 
(Figure 4) constituting a very heterogeneous age cohort. 
 

Mean Fire 
Interval 
(MFI) 

Median Fire 
Interval 

Weibull Median 
Interval 

Minimum Fire 
Interval 

Maximum Fire 
Interval 

9.8 7.0 6.1 1 47 

Table 2: Fire regime statistics for the Pothole Creek site. 
 

1.4.2 Montane Spruce Ecosystem - Paradise Lake 
 
Paradise Lake yielded 5 fire-scar samples, all lodgepole pine, with fire dates from 1869 to 
1908.  This site exhibited a historically frequent and low-intensity fire regime prior to 
1910 (Figure 5).  Fires were very frequent (MFI = 13 years) (Table 3) for a pure 
lodgepole pine forest type in the MSxk.  With high fire frequency, fuel accumulations 
would be kept low in turn keeping fire intensity low.  Further evidence of low fire 
intensity is the initial scarring, and in 1 case re-scarring, of lodgepole pine which is not 
considered to be highly fire-tolerant (Uchytil 1992). 
 

 
Figure 5:  Master fire chronology for the Paradise Lake site. 
 
The historic fire regime at Paradise Lake resulted in a mixed age-cohort stand (Figure 5) 
with lodgepole pine germination not highly correlated with fire activity.  This stand type 
was recently reported for large areas of lodgepole pine in the IDFdk3 in the Cariboo 
Region (Iverson et al. 2002). 
 

Mean Fire 
Interval 
(MFI) 

Median Fire 
Interval 

Weibull Median 
Interval 

Minimum Fire 
Interval 

Maximum Fire 
Interval 

13.0 15.0 12.2 4.0 20.0 

Table 3:  Fire regime statistics for the Paradise Lake site 
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1.4.2.1 Paradise Lake East 
 
A total of 6 fire-scar samples were collected from Paradise Lake East, all again being 
lodgepole pine.  The earliest fire was recorded in 1796 and the latest in 1886.  The 
historic fire regime found at Paradise Lake East is significantly different from the 
Paradise Lakes site.  Mean fire frequency is longer at 22.5 years versus 13 years (Table 
4), and intensity appears to be higher with more trees scarred per fire event (Figure 6). 
 

 
Figure 6:  Master fire chronology for the Paradise Lake East site. 
 
The result of these fire regime characteristics appears to be a temporally mixed-severity 
fire regime where fires were less frequent, permitting higher accumulations of between 
fire fuels to build up, resulting in higher fire intensity and severity with the subsequent 
fire.  The stand structure under this regime exhibits more of an even-aged characteristic 
than uneven-aged. 
 

Mean Fire 
Interval 
(MFI) 

Median Fire 
Interval 

Weibull Median 
Interval 

Minimum Fire 
Interval 

Maximum Fire 
Interval 

22.5 22.5 17.7 2.0 43.0 

Table 4:  Fire regime statistics for the Paradise Lake East site. 
 

1.4.2.2 Island Lake 
 
Seven lodgepole pine fire-scar samples were collected from Island Lake with the earliest 
fire in 1751 and the latest in 1869.  This site is very similar to the Paradise Lake East site 
in historic fire regime frequency and intensity and resultant stand structure (Figure 7, 
Table 5). 
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Figure 7:  Master fire chronology for the Island Lake site. 
 

Mean Fire 
Interval 
(MFI) 

Median Fire 
Interval 

Weibull Median 
Interval 

Minimum Fire 
Interval 

Maximum Fire 
Interval 

25.0 25.0 18.7 3.0 64.0 

Table 5:  Fire regime statistics for the Island Lake site. 
 

1.4.3 Fire-scar Seasonality 
 
The majority (72%) of recorded fires at Pothole Creek occurred in the dormant season 
(Figure 8), with the remaining fires split between unknown, latewood, early earlywood, 
and middle earlywood.  This indicates fire ignitions in either the spring or fall before or 
after increment growth. 
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Figure 8:  Proportion of fire-scars by intra-annual ring position for Pothole Creek. 
 
The Pothole Creek seasonality results differ significantly from the 3 Paradise Lake area 
sites which indicate much higher proportions of fires occurring in the growing season.  
Fires at Paradise Lakes appear to be split between early in the growing season, 18% in 
the early earlywood, and 82% combined between the late earlywood and latewood 
(Figure 9).  The absence of fire-scars in the dormant season is notable. 
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Figure 9:  Proportion of fire-scars by intra-annual ring position for Paradise Lake. 
 
The fire-scars at Paradise Lake East, while exhibiting some dormant season fires, still 
contain a high proportion of scars in the growing season wood (Figure 10).  The 
combined late earlywood and latewood scars are double the number of scars found in 
dormant wood. 
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Figure 10:  Proportion of fire-scars by intra-annual ring position for Paradise Lake East. 
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Figure 11:  Proportion of fire-scars by intra-annual ring position for Island Lake. 

 
The Island Lake scars exhibit the highest proportion of dormant season scars of the 3 
Paradise Lake sites at 42% (Figure 11).  The growing season scars found at this site 
occurred midway through the growing season in the late earlywood. 
 

1.4.4 Lightning Seasonality 
 
The month recording the most average overall lightning strikes is July with 70 at Paradise 
Lake and 128 at Pothole Creek (Figure 12).  August has the second highest strikes per 
month followed by June, May, and September. 
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Figure 12:  Average number of lightning strikes by month for both Pothole Creek and Paradise 
Lakes. 

 
The distribution of lightning polarity by month (Figure 13) is fairly consistent over the 
spring and summer months.  The highest level recorded is September at 20% followed by 
June at 16%, August at 15%, May at 12%, and July at 7%. 
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Figure 13:  Proportion of lightning strikes by polarity for both Pothole Creek and Paradise Lake. 

 
The likelihood that a lightning strike, or flash, will result in a fire ignition is dependent on 
a number of factors including whether or not the strike exhibits a long-continuing current 
(LCC), the characteristics of fuels encountered, and how much precipitation accompanies 
the strike (Latham and Williams 2001).  Investigating lightning occurrences to determine 
the proportion of strikes that could have resulted in a fire ignition is limited to an analysis 
of the type of current recorded by the lightning locator system because information on 
LCC, surface fuels, and weather patterns are not available.  For this project the value of 
0.01 of all strikes resulting in a fire ignition is used because it best matches published 
lightning model data of surface fuels (Latham and Williams 2001). 
 
Based on the average annual number of ignitions by month and the modeled ignition rate 
from Latham and Williams (2001) the months of July and August would produce the 
highest number of lightning-caused fires for both areas (Figure 14).  For Pothole Creek 
this would mean 1.28 fires/year for July and 1.05 fires/year for August, and for Paradise 
Lakes 0.70 fires/year for July and 0.58 fires/year for August.  All other months had very 
low probabilities of ignition. 
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Figure 14:  Average annual probability of a lightning strike resulting in a fire ignition by month and 
location. 
 
When this seasonal information is matched against the intra-annual scar information from 
Pothole Creek the pattern appears to show a high probability of fire-scars associated with 
middle earlywood to latewood being caused by lightning while scars occurring in the 
early part of the growing season and the dormant season being attributed to First Nations.  
The evidence at Paradise Lakes suggests that lightning-caused fires are more firmly 
entrenched in the growing season and aboriginal fires are associated with early to mid-
growing season and dormant periods. 
 
1.5 Extension Results 
 
The goals of the extension plan was to ensure information from this project was 
communicated with 1) Licensees needing to address insect infestation to reduce timber 
losses, 2) the Ministry of Forests Fire Protection Branch and the District Manager, 3) 
other First Nations expanding their traditional use inventories and building capacity for 
co-management initiatives, and 4) stewardship organizations, such as the NSIFS, who 
incorporates Nlaka'pmx values and methods into future silviculture regimes in the Merritt 
IFPA. 

 
The specific objectives to achieve this extension goal are to ensure: 
 

1. Inventory information results are communicated to decision makers 
 

2. Reports and presentations are delivered to industry, government in a clear format 
 
The delivery format of the extension results was lead by Tmixw Research and support 
from the Merritt Fire Zone and R.W. Gray Consulting.  The following presentations were 
made at the following workshops: 
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Tmixw Research presented the concept of this project at the BC Archaeologists Forum 
held in Nanaimo in October 25-27, 2002.  Received excellent response regarding the 
integration of Traditional Knowledge and Fire Management.  Audience:  Professional 
Archaeologists 
 
On March 10, 2003 Tmixw Research, the Ministry of Forests and Merritt Fire Zone co-
hosted a Fire Management Plan meeting in Merritt.  Presentation topics included TSA 
Land Management and interface issues and concerns (Rod DeBoice and Tom Lacey), 
Tmixw Research research projects (Jennifer Morrison), fire ecology (Bob Gray) and First 
Nation comments (lead by Grand Chief Gordon Antoine).  Audience: 52 people attended 
this dinner meeting, including Aspen Planers and Tolko Industries representatives, Nicola 
Valley Institute of Technology, Coldwater Band, Cook’s Ferry Band, Lower Nicola 
Band, Shackan Band, and Upper Nicola Band representatives, Tmixw Research staff and 
British Columbia Forest Service staff. 
 
On March 21, 2003 Jennifer Morrison, representing the Nicola Tribal Association, 
attended a 1-day workshop hosted by Brad Hawkes of the Canadian Forestry Service 
entitled “Strategic Fire Risk Assessment and Management of Southeastern British 
Columbia.”  This workshop provided fire managers and First Nation representatives with 
results regarding GIS-based coarse scale analysis of the departure historical stand 
structures and historical fire regimes.  There was also a discussion and feedback session 
to comment on the data going into the analysis and the possibility of future expansion.  
Audience:  First Nations, BC Fire Zone Managers, Canadian Forest Service and Fire 
Ecologists and Fire Behaviour experts. 
 
On February 3, 2003 Tmixw Research representatives met with Upper Nicola Band 
members at the weekly Elders meeting to discuss fire management methods and what 
Elders would like to see happen in the future. 
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2 Project Evaluation 
 
Measurable indicators of the success of the project in achieving desired outcomes are: 
 
1. Work plan for activities 

 
The proposed work plan was successful because 1) the inventory phase was initiated and 
completed on-schedule with funding provided by Weyerhaeuser, 2) delays in analysis 
were forecasted and necessary arrangements were carried out by R.W. Gray Consulting 
to ensure this was completed within the project timelines, and 3) there was full 
cooperation by the Merritt Fire Zone in providing in-kind assistance when gathering 
destructive (chain saw) samples. 

 
2. Summary of results of historical Fire Regime and Nlaka’pmx fire management 

indicators 
 
The summary of results of the historical Fire Regime in the Pothole Creek area is 
excellent as there are a high number of samples that were added into the previous 
inventory created by Gray and Riccus (1999) for the Ministry of Forests.  Based on the 
data results from the Paradise Lake area additional fire-scar tree-ring inventory gathering 
needs to be completed as there is extensive archaeological evidence and present cultural 
activity that lends to fire management.  Further analysis of additional samples may 
provide concrete insight into how fire was used as a management method to meet cultural 
use objectives. 
 
3. Database entry of fire management indicators 

 
Database entry of spatially recorded fire management indicators was completed using 
Microsoft Access.  Each of the 32 samples were entered into a Tmixw Research Fire 
History database for future development as there is yet a standard for collecting and 
archiving this type of information.  The database is included with this report. 
 
4. Complete year-end report summarizing all activities 

 
All activities were completed and reported on by April 30, 2003.  There was a delay in 
final reporting as a result of the unexpected Research Program Call for Proposal in 
March.  This was a challenge that we met, however our capacity is small and committed 
time is juggled with other ongoing research projects. 
 
5. Recommendations for fuel management systems in the IDF Kentucky-Paradise 

region 
 
Based on the results at Pothole Creek, further work needs to be completed to determine 
the extent of stand departure from the historical mean fire intervals of 9.8 years.  
Research needs to be completed to determine how many fire intervals have been missed, 
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what is the appropriate safe treatment to return to the historical stand structures that 
include fire, and how have the plants adapted to stand without 5-13 fire cycles.  There is 
13x the fuel loading in the Pothole Creek area and most of the traditional use plants 
identified in interviews are being choked out.  If a wildfire is to occur there, it will be a 
stand replacing fire with predicted intense heat.  It is unknown how these plants will 
survive this heat.  Treatments for fuel management systems include selective logging or 
tree spacing with prescribe burning for understory burn in the late fall season.  Further 
examination of the volume of timber in the area would also provide more insight into 
management fuels as well. 
 
6. Extension of results through newsletters and brochures 

 
Monthly progress summaries were written and posted in the Nicola Lodge Newsletter 
throughout the duration of the project.  In addition, a fire management poster designed 
with FRBC funding was used to promote the continuation of this innovative work as 
funded by the Forest Innovation Investment.  Tolko Industries Inc. has also requested the 
research results of our study for their internal newsletter published out of Vernon.  
Filming of Nlaka’pmx fire management knowledge in the ‘First Scientists’ documentary 
by Discovery Channel is also ensuring extension of our research results. 
 
In the end, our partnership with FORREX was minimal.  They were committed to several 
projects, but did attempt at assisting Tmixw Research with our extension needs.  Tmixw 
Research extended the results of this research to the public in the time that was available.  
We are hopeful that this upcoming year Tmixw and FORREX are able to partner to 
extend the results of our future work. 
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3 Application of Results 
 
The long term perspective on forest management planning has begun to set a new 
standard for First Nations, licensee and government cooperation in resolving forest 
management issues within the Merritt TSA and strengthen the outlook for all 
communities in BC. 
 
The results of this project are now being used at the field level to: 
 

 Strengthen cooperative efforts for fire management between First Nations, the 
Merritt Forest District and Industry to prevent catastrophic fires near populated 
areas.  This cooperation will save lives.  For example, Merritt Fire Zone and 
Tmixw Research have since worked together to develop and propose relating fire 
management projects. 

 Support processes of co-management between First Nations, Industry and 
government.  For example, Weyerhaeuser’s support in this project provided 
researchers and foresters with experience in completing an aboriginal fire history 
project. 

 Increase the understanding of and development of silviculture regimes that 
include fire for First Nation value areas.  For example, Canadian Forestry Service 
has acknowledged that there are extensive fire-scars in past analysis work that 
would lend itself to evidence of aboriginal burning. 

 
The innovative results from this project have: 
 

 Provided Nlaka’pmx communities with a successful fire management program 
capable of meeting various needs for traditional management and rural interface 
protection. 

 Expanded levels of public input and education through a public information 
program, reports and open houses 

 Developed forest management plans that consider local issues and opportunities 
with a focus to address fire management needs within the Nlaka’pmx 
communities. 

 Provided supporting information to an expected Land and Resource Management 
Plan (LRMP) 
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4 Knowledge Gaps and Further Research 
 
4.1 Knowledge gaps 

Understanding Nlaka’pmx fire management practices and determining how fire 
management can be effective as a management tool after 60+ years of fire suppression 
policy is a daunting task.  It is understood that forest managers are facing massive insect 
infestation and the subsequent event of large catastrophic wildfires that will result in 
significant commercial timber loss.  Knowledge gaps that First Nations organizations, 
such as Tmixw Research, have identified include 1) the reconstruction of the historical 
fire regime, 2) the integration of TEK and western science, and 3) the application of fuel 
management treatments to support healthier ecosystems and thus healthier forests. 

 
4.1.1 Historical Fire Regime 

 
The results of this research project successfully expanded the understanding of the 
historic fire regime data for IDF ecosystems in western Canada.  Further analysis of the 
1999 Ministry of Forests fire history research in the Pothole Creek area showed an 
increase in mean fire interval.  In this report, entitled Historical Fire Regime for the 
Pothole Creek Interior Douglas-fir Research Site, the authors, Gray and Riccus, state that 
fire is an important historical disturbance factor in the interior IDF stands and that the 
mean fire interval was 13 years.  Our results show that the mean fire interval is 9.8 years 
and that the majority (72%) of recorded fires at Pothole Creek occurred in the dormant 
season, with the remaining fires split between unknown, latewood, early earlywood, and 
middle earlywood.  This indicates fire ignitions in either the spring or fall before or after 
increment growth. 
 

4.1.2 Integrating Western Science and TEK 

Aboriginal Fire Management is a relatively newly accepted area of research for western 
scientists.  Until recently, research regarding the purposeful use of fire by First Nation 
peoples in many ecosystems has been easy to document but difficult to substantiate.  By  
recognizing the ability of First Nation peoples to have actively used fire to change 
ecosystems for their use and survival we are advancing important knowledge systems.  In 
many cases, western scientists often attribute old fire-scars found in tree-rings to 
lightning rather than to anthropogenic causes (Kilgore 1985, Pyne 1995).  The use of fire 
for managing and protecting species habitat, including human settlement, has been and is 
an important activity for First Nations peoples globally, including in Australia and United 
States (Mack 2001, Boyd 1999, Lewis 1986).  Dr. Gerald Williams (2002) has recently 
compiled a synopsis of literature documenting the seasonal evidence that these ‘natural’ 
fires were intentionally set.  For example, the analysis of tree-ring fire-scars in Banff 
National Park shows that these recurring fires occurred in the wetter months of spring and 
fall when lightning is not present.  Interestingly, researchers have concluded that the 
majority of these fires were caused by aboriginal people setting fires in cooler, wetter 
months when the blazes were easier to control (White 2002).  This project advances the 
growing interest and awareness among researchers, Fire Crew Bosses and resource 
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managers to learn holistic burning practices to decrease the risk of catastrophic fire 
events (Lewis 1980, Turner 1991, Williams 1994, Gottesfeld 1994, Boyd 1999, Menanno 
2000, Burton 2000, Gray 2001, Gayton 2001, Alcoze 2000, Lacey 2001, Lepofsky et al 
2003).  This project supports the understanding that the ecological integrity of the land 
does not exclude human activity and the benefits of anthropogenic disturbance such as 
fire as an active resource management activity actually ensures biodiversity values (Agee 
1990, Lewis 1985, Gray and Wesley 1996, Williams 2002). 

A common question asked is ‘What makes aboriginal burning unique from prescribed 
western science-based burning?’  Tmixw Research is beginning to document that 
aboriginal burning practitioners are known to intimate environmental indicators rather 
than use computerized equipment running nationally based models to assess weather-
indexing conditions (Tmixw 2002, Lacey 2001, Turner et al. 1990).  While grassland 
burning is quite common in the early spring, fall burning in the mid-alpine is not present 
to the degree it once was (Lacey and Spahan 2002).  Indicators that have been identified 
for fall burning include, but are not limited to, the first frost as well as other climatic 
conditions, such as the presence of fast-growing successional plants along trails.  From 
Nlaka’pmx elders testimony the estimated flame height from burning activity is 
approximately 3-4 meters (Rank 3) for adjacent mid-alpine forest stands (Voght 2002).  
This information assists the Fire Zone Manager in determining historical fuel loads and 
stand structure in order to develop fuel management procedures.  The presence of a 
historically more frequent fire regime does complement Nlaka’pmx knowledge of fire 
management practices in the Kentucky-Paradise region. 

Gathering TEK has mainly been viewed as a social science, however, there is the 
potential for conducting participatory action research (Wadsworth 1998, Turner and 
Carpenter 1999) to ensure collaborative research processes.  The use of Nlaka’pmx 
Indigenous Knowledge provides more detailed direction on fire resource management 
and traditional techniques.  The support for cultural knowledge is shared by the Nicola 
Similkameen Innovative Forestry Society (NSIFS) as Tmixw Research continues to 
document the Nlaka’pmx traditional use knowledge of elders and community members.  
As of March 2003, 7% of the NTA Nlaka’pmx population has been interviewed and 
mappable information digitized into a GIS system.  In 2001 fire management knowledge 
was collected and entered in this process. 

Application of Fuel Management Treatments 

It is still early in our research to make statements on the application of Fuel Management 
Treatments given Nlaka’pmx Traditional Knowledge current stand structure departure 
levels.  Integration of Traditional Knowledge and scientific methods will assist in 
addressing new research in testing proposed fuel management treatments and recording 
the results.  The literature regarding the application and knowledge of fuel management 
treatments in BC is limited.  The provincial policy of 60 years of fire suppression has 
impacted research efforts and therefore results.  However, there is some research in BC 
and a growing interest in the United States and Australia to initiate fuel management 
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research.  In his research finding, Macadam (1989) stresses the importance of timing for 
burns to minimize nitrogen loss for soil nutrient content.  Our research shows that 
seasonality of burning is an important factor that may unknowingly have prevented this 
loss in historical Nlaka’pmx activities. 

 
4.2 Further Research 
 
As stated earlier additional fire-scar tree-ring samples are required for the Paradise Lake 
area, with extensive correlation analysis completed in the Archaeological Inventory 
results.  Some analysis was completed but further detailed focus on the aspects of fire 
management and archeo-ethnobiology would also be beneficial.  What foods were people 
surviving on and how were these possibly acquired and managed for in the plant species’ 
dormant cycle are some questions that need to be answered. 

In the Pothole Creek area, research needs to be completed to determine how many fire 
intervals have been missed, what is the appropriate safe treatment to return to the 
historical stand structures that include fire, and how have the plants adapted to stand 
without 5-13 fire cycles.  There is 13x the fuel loading in the Pothole Creek area and 
most of the traditional use plants identified in interviews are being choked out.  If a 
wildfire is to occur there, it will be a stand replacing fire with predicted intense heat.  It is 
unknown how these plants will survive this heat.  Treatments for fuel management 
systems include selective logging or tree spacing with prescribe burning for understory 
burn in the late fall season.  Further examination of the volume of timber in the area 
would also provide more insight into management fuels as well. 
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5 Financial Variances 
 
The following variances over 5% were incurred during the project: 
 
Salary and benefits were over the projected amount by $2,032.96 as a result of under 
estimating the number of hours required to complete the analysis and reporting by the 
Project Manager and Research staff. 
 
Travel was under the projected amount by $1,057.42 as a result of managing and sharing 
travel expenses with partners and other projects. 
 
Materials and Supplies were under the projected amount by $252.83 as a result of not 
purchasing Adobe Photoshop to prepare digital photos from the field. 
 
Consultation costs were reduced by $641.46 as a result of the reduced participation of 
FORREX in extending project results.  The Project Manager at Tmixw Research and the 
Ministry of Forests (in-kind) organized and completed extension objectives. 
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