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Abstract

This study compared the effects of fire severitgt aalvage logging on early
successional vegetation in the mixedwood borealstanpland of Saskatchewan. The
effects of salvage logging on post-fire forest dsaare poorly understood. Few studies
have investigated the short-term effects of sallagging on the regeneration of boreal
plant species or the long-term impact on overatgocomposition and diversity. This
study examines salvage logged and wildfire ledaeds across three burn severity
classes (no burn, low/moderate burn, and high bowva) two time periods (1 year post-
fire and 10 years post-fire). The results indicasd salvage logging has a significant
impact on the early regeneration of burned mixedioareal plant communities with the
effect still evident in forest stands ten yearstffive. Salvage logging has long-lasting
residual effects on boreal forest plant communédyaedlopment.

Salvage logging one year post-fire reduced the rundiversity, and
abundance of species within each of the burn se®rcreating a less abundant and
simplified plant community. It was also shownttkalvage logging one year post-fire
tended to create more homogenous plant commusiti@ar to those communities
typical of areas of moderate burn severity, comnsirg the effects of burn severity and
decreasing the range of the vegetation communifiéese findings are less pronounced,
but still evident, within salvage logged standsyears post-fire as three regrowth cover
types have developed, characterised by no distagyamoderate disturbance either by
fire or salvage logging, and severe disturbandee donvergence of plant community
characteristics between burn severity classes sitwgging treatments suggests that the
effects of salvage logging do not have long laséffgcts within areas of high burn

severity.



Acknowledgments

I am very grateful for all the help and encouragenuéfered to me by my supervisor Dr.
O.W. Archibold, Dr. Robert Wright, and committeemtzer Dr. Dirk de Boer, for all of their
insight and guidance. | must also thank Dr. Jéfrpe for his contributions as the external
examiner. Funding, field training, and equipmaentthis research project were obtained through
the Forestry Development Fund of the Saskatchewaesky Centre and Saskatchewan
Environment. | could not have completed the fieddewithout the assistance of Dwayne Keir,
Robert Schmidt and Ame Wunderle, who helped mautjitanany bug infested days, identifying
plants and having a great time camping in Nortl8askatchewan. | have to acknowledge Ed
Beveridge and Genny Greif, who started the Burra@g$t Monitoring Project, as they laid the
foundation that my field research was based anudt also thank Weyerhaeuser Canada Ltd,
specifically Rod Pshebnicki and Deb Desrosiers ilped out with many forestry related
guestions.

My family deserves a lot a graditude from me ay @ehelped me out during my
studies. My parents, Garry and Ramona, were alttagre for encouragement and support, for
that | will always be indebted to them. My brotheQuinn and Devin, and my sister Brooke
were always there for me when | needed them, éhaugh at times they might not have
understood what | was doing. The Geography Depantistaff was always helpful and cheerful,
making my time there quite enjoyable. | must @lsknowledge my fellow graduate students in
the Geography Department, who were always good faugh and a great time, making this an
incredible experience. Thanks also go to Digit Ashom without | would not have gotten
through this project with as much fun and undeditam Her encouragement and confidence

were of great significance to me and helped meutjitout my studies.



Table of Contents

PEIMISSION 10 USE .oiiiiiiiiiiii i ere e ettt et e e e e e e e e e e e e e e e e e e e eeeeas [
Y 0111 = V! USSR PPPPUPUPPRRP I
ACKNOWIEAGMENTS ... .ot e e ettt e s e e e e e e e e e e eeeaaeeeeaaeeeeeeennnnes iii
Table Of CONLENTS .......cooiiiiiiiee et e e e e e e e e v
IS A0 T U Vil
IO 11 0T ¥ [o{ 1o o OO PP PUUUPPPPPPP 1
1.2 Objectiveand HYPOtNESES.........cooiiiiiiiiiee e 4
2. BACKGIOUNG ... e et e ettt e e e e e e e e 5
3. LILEIALUINE FEVIBW ...ttt ettt e e e e e e e e e e e e eeeeeeeeeeeeeeeeenennnnns 7
G0 A [ o1 oo 18 ox 1 o] o PO TP P PP PPPPRRRR 7
3.2 The mixedwood boreal forest of Saskatchewan................ccccviiiiiiiiinnn 8..
3.2.1 Forestry in SaskatChewan...........ccoooiiiiiieiiiiiieeeee e e e 9
3.3 Wildfire disturbance regime.............uuuuuuiniiiiiieee e e 11
3.3.1 Plant adaptation and SUCCESSION........ccceeeeeiiiiiieeeeiiiiiee e eeeeee e e e e e e aeaaes 12
3.3.2 FIr@ IMPACT...ceeeeeeieieite ettt e e e e e e e e e e e e e e e eeeeessennnnns 14
3.3.3 Standing-dead tre€S (SNAJS).. . ceeeeeeeeeereeeeieeererriiisr s rrreeer s e e e e e e e eaeaees 16
IR I T =] o | @3 o] [T o PR 18
IS Y= 11772 Vo T= N (oo o [ Vo R 19
3.4.1 Salvage 10gging OPeratiONS...........uuuuuuuuiiiaieeeeeeeeee e eeeeeeieeeeeeeeeaeeeeaas 19
3.4.2 Effects of salvage 10gging........ccovviiiiiiiiiiiiiiiiiieee e eeeseee e e e e e eeeeaeaenens 20
3.4.3 Impacts of salvage logging on boreal plant 8pies..........ccccoevevviiiieiinnnenee. 23
S (010 VK= 1= OSSR 26
0 I o o7 1 [ PP U TP PP PP PP 26
Yo 1] = V[0 ] PP PUPURPP N 27
4.3 SILE SEIBCHION. ...ttt 28
ST (=N o (=X ol 1] o1 o] TSRS 32
L 1Y =1 [0 o LTSRS PPPRUTUPPRRRP 40
SN Y (1 [ V0 1= o o 40
5.2 Field MEeTNOUS ... .. e 41
IV A V/=To 11 = o] o K T= V0 ] o 11 Vo T 41
5.2.2 Tre€ COMPOSITION.....uuuuiiiiiei e e e e ettt e e e e e e e e e e e eeeeeeanenes 44
5.2.3 Site attributes and soil Profiles..............iiiiiiiiiii e 44
5.2.4 MICIOCHMALE. ...ttt e e e e e e e e e e e e e ae b s 44
5.3 DAta @NAIYSIS.....ceeeeeeeriiiiiiiiiiieiee e e e e e ettt et eene e e e e e e e aaaarrrrar . 47
5.3.1 Vegetation analysis Methods..............cooiiiiiiiiiiiiiiiieeeeeee 47
B. RESUILS ... ettt e e e e e e e e e e e e e et e e e e e rr s 52
6.1 Candle Lake burn site (1 year poSt-fir€).......ccccceeeeeeeiiiieeeeiccee e, 52
6.1.1 Species richnNess and dIVErSILY........ .o 52
6.1.2 Environmental characteristiCs............oooiiiiiiiiiiiiiiiiiieeeec e 54



6.1.3 Plant community COMPArISONS.........uuuuruuuuiiaaaaeeeeeeeeeeeeeeeeeeieeeeeeeeeeeeennnnns 56

6.2 Mahigan burn sites (10 years post-fir€).........cooeevurvveiiiiiiiiiiiieeeeeeeeeeeeeeeeeee, 64
6.2.1 Species richness and dIVErSILY..........coiiiriiii e 64
6.2.2 Environmental characteristiCs............oooiviiiiiiiiiiiiiiiieeeecce e 66
6.2.3 Plant community COMPArISONS.........uuuuuuruuiiiaaaeeeeeeeeeeeeeeeeeeeieeeeeeeeeeeeennnnns 68

6.3 Comparison of the Mahigan and Beaupré burn site(10 years post-fire)..... 76
6.3.1 Species richness and dIVErSILY......... oo 76
6.3.2 Environmental characteristiCs.............ooviiiiiiiiiiiiiiiiieeee e 77
6.3.3 Plant community COMPArISONS.........uuuururuuiiiaaaaeeeeeeeeeeeeeeeeeeieeeeeeeeeeeeennnnn 79

6.4 Microclimate variation between logging treatmets within the Candle Lake

burn site (1 year POSE-TIr@) ... .. it 82
6.4.1 MICIOCHMALE. .....ciiiiiiiiie et e e e e e e e e 82
6.4.2 MICTOBNVIFONMIENT. ....uuiiiiiiiie e ettt e e e e e e e e e e eeeeeeennnes 93

7. DISCUSSION. ...t ee e e ettt s e e e e e e e e e e e e e et et ettt et bbb s e e e e e e e e e e eeaeas 97
7.1 The effects of salvage logging on species re@lion .............cccoeeeeeeeeveeeeeennnnns 98
7.2 Effects of salvage logging on plant communities...............ciiiiiiininieeeeeeenn. 103

8. CONCIUSIONS ...ttt e e e e e e e e e e e e eeeeeeeeeeeeeeeseeennnnns 105
G T AU L1011 4 T= T/ PP 105
8.2 RECOMMENAALIONS ... .ot 107

[ =T (0= O 1 (=T o PR 110

Y 0] o =7 o T |Gt S PSROPRR 118

APPENAIX 2.t ettt e ittt a e e e aaaaaaeaaaaaaaeeeaeaaarae 120

7Y o] o =] g T [ G RSP RRUSUOPRR 122



List of Tables

Table 3.1 Plant adaptations and strategies in éhcontext of fire ............cccccceeeeennn. 12
Table 4.1 Study Site attriDULES ........cooi i 28
Table 4.2 Mahigan Burn Site — Burned Leave Stan@haracteristics.................... 33
Table 4.3 Mahigan Burn Site — Burned Salvage Lagd Stand Characteristics ... 34
Table 4.4 Beaupré Burn Site — Burned Leave Standharacteristics..................... 36
Table 4.5 Candle Lake Burn Site — Burned Leavet&nd Characteristics ............. 38
Table 4.6 Candle Lake Burn Site — Burned Salvageogged Stand ....................... 39
Table 5.1 Burn severity ClassSifiCation..............cooiiiiiiiiee e 41
Table 5.2 Study design field plot SeleCtion .............cooiiiiiiiiiii e, 41
Table 5.3 Cover-abundance SCale ...........ooeeeeiiiiiiiiiii e 43
Table 5.4 Stratum layer classes and height range..............cccccviiiviiiiiiiiiinnnn . 43
Table 6.1 Species richness and diversity (Shammag diversity indexH’) for all
vascular plants within the Candle Lake burn site (lyear post-fire)..........cccccevvvvnnnes 53
Table 6.2 ANOVA results for species richness, ¢irsity and total cover on the
logging treatment and burn severity classes of théandle Lake burn site............... 54
Table 6.3 Environmental characteristics of the @ndle Lake burn site (1 year post-
1= S UUOSPRT 55
Table 6.4 ANOVA results for environmental charateristics of the Candle Lake
burn site (1 year POSE-fIr€).......civvieeiiiiieeeeee e 56
Table 6.5 Comparisons of species composition laeten logging treatments and

burn severities within the Candle Lake burn site uBig MRPP .........ooooiiiiiiiiiinnnnnn. 57
Table 6.6 Indicator Species Analysis for the Catle Lake burn site between

[0QQING trEAMENTS... ..ottt e e e e e e e e e e e e e et e e nnnneeebseaann s 58
Table 6.7 Indicator Species Analysis for the Catle Lake burn site between burn
severities within the wildfire leave Stands.....ccc...coooooiiiiii e 59
Table 6.8 Indicator Species Analysis for the Catle Lake burn site between burn
severities within the salvage logged Stands ...cccc..oeevveiviiiiiiiiiiiie e 59
Table 6.9 Correlations using CCA on logging tretanent and burn severity plots
within the Candle Lake DU Site ............coiimiiiiiiiiiiiiiei e 61
Table 6.10 Species richness and diversity (Shamms diversity indexH’) for all
vascular plants within the Mahigan burn Sit€...........ccceeeiiiiiiii i 65
Table 6.11 ANOVA results for species richness,\@rsity and total cover on the
logging treatment and burn severity classes of thelahigan burn site ..................... 66
Table 6.12 Environmental characteristics of the Mhigan burn site (10 years post-
L) PR OUURPUUPPPURUPPPRTR 67
Table 6.13 ANOVA results for environmental charateristics of the Mahigan burn
SIte (10 YEAIS POSE-FIN) ... ittt 68

Vi



Table 6.14 Comparisons of species composition begten logging treatments and

burn severities within the Mahigan Burn Site uSingMRPP..............ccccoiiiviiiiiviiiinnn, 69
Table 6.15 Indicator Species Analysis for the Magan burn site between logging
LLCCT= 1 1T 1T 70
Table 6.16 Indicator Species Analysis for the Magan burn site between burn
severities within the wildfire leave Stands.....ccc...coooooroiiiiiii e 71
Table 6.17 Indicator Species Analysis for the Magan burn site between burn
severities within the salvage logged Stands.....ccc...ooeeviiiiiiiiiiiieeeeeeee 72
Table 6.18 Correlations using CCA on logging treanent and burn severity plots
within the Mahigan burn site (10 years POSt-fir€) ........uueuueiiiiiiiiiieieiieeiieeeeiiiiiiiees 74
Table 6.19 Species richness and diversity (Shamis diversity index H") for all
vascular plants within the Beaupré burn site (10 yars post-fire)...........ccccevvvvvvninnnne 77

Table 6.20 ANOVA results for species richness, rsity and total cover on the
effect of burn severity classes between the Mahigamd Beaupré burn sites (10

YEAIS POST-TIIE) .o e e e e e e e e e e e e e e e e e e e e e e ra e 77
Table 6.21 Environmental characteristics of the Baupré burn site (10 Years Post-
1= U PPPPRPURPRRRIN 78
Table 6.22 ANOVA results for environmental charateristics of the Mahigan and
Beaupre burn sites (10 years poSt-fire) ......ccceeerveiiiiiiiiieeeeeeeeeeee e 79
Table 6.23 Comparisons of species cover betweeamr severities within the

Beaupré burn site USING MRPP ..........ouiiiiicmmecieei e e e 80
Table 6.24 Comparisons of species cover within buseverities between the
Mahigan and Beaupré burn sites using MRPP ... 08
Table 6.25 Indicator species analysis for the Bapré burn site between burn
severities within the wildfire leave stands.....ccc...cooooooeeiiiiiiiieeee e, 81
Table 6.26 ANOVA results between sites for environental variables................... 96

vii



List of Figures

Figure 3.1 Forest Agreement Areas in Saskatchews forests as of 2001............. 10
Figure 3.2 Hypothetical model of the regeneratio of different categories of plants

in relation to depth of DU ... 15
Figure 3.3 Canopy coverage at the Candle Lake busite in an unburned forest

5] 2= L o [P P T R P PPPPPPPPPPPRPPPPPR 17
Figure 3.4 Large numbers of standing-dead snagsill persist in an area of high

burn severity at the Mahigan burn site approximatel 8 years after the fire........... 18
Figure 3.5 Downed woody debris on ground surfade a high severity burn

5Tz 1AVZ= (o [T (oo o =T0 IS ] (= RS 22
Figure 3.6 Salvage logging effects on the foremtvironment............ccccevviviiiinnnnnn. 23
Figure 4.1 Prince Albert FMA, Weyerhaeuser Canad Ltd..............ccccceeeviiiinnnnnne 26
Figure 4.2 Mahigan burn site — Burn severity magproduced by the BFMP......... 29
Figure 4.3 Beaupré burn site — Forest compositiomap by the BFMP.................. 30
Figure 4.4 Candle Lake burn site — Leave standmd Microclimate sites ............. 31
Figure 4.5 Representative photographs of the Mag@an burn site...............cc......... 33
Figure 4.6 Representative photographs of the Mag@an burn site...............cc......... 34
Figure 4.7 Representative photographs of the Bapré burn site........................... 36
Figure 4.8 Representative photographs of the Cdie Lake burn site.................... 38
Figure 4.9 Representative photographs of the Cdie Lake burn site.................... 39
Figure 5.1 Sample plot and subplot design..............ovviiiiiiiiiiiee e 42
Figure 5.2 Weather monitoring equipment at salvge logged micro-sites ............. 45
Figure 6.1 Species richness for all vascular pigs within the Candle Lake burn

]G Q== Tl o0 1] 11 =) RS 53
Figure 6.2 Association analysis of burn severitgtand similarity for Candle Lake
PBUIN Site - 1 Year POSE-TINe ......uueieiiiii s 60
Figure 6.3 Canonical Correspondence Analysis (C&) ordination plot of burn
severity between logging treatments in the mixedwabboreal forest stands of the
Candle Lake burn site (1 year POSt-fIr€) ........umeeeeeerrrrrriiiiiiiieiieeeeeeeeeeeeeeeeeeveeeeeeee 63
Figure 6.4 Species richness for all vascular pigs within the Mahigan burn site

QRO =T LT oo ] o 1) I 65

viii



Figure 6.5 Association analysis of burn severitgtand similarity for the Mahigan
burn site - 10 years POSE-TIre. ....ovviiiiieiii e r e 73

Figure 6.6 Canonical Correspondence Analysis (C&) ordination plot of burn
severity between logging treatments in the mixedwabboreal forest stands of the
Mahigan Burn site (10 year POSE-fir€) .........ciumeeerrrrrmmmiiiiiiaieeeeeeeeereeseeeesesrnnnnnnnnneen 75

Figure 6.7 Average radiation and albedo at the &@ndle Lake micro-sites.............. 82
Figure 6.8 Mean monthly maximum air temperatureq°C) at 50 cm and 150 cm 83

Figure 6.9 Air temperature gradients at treatmen sites at Candle Lake based on
difference between 50 cm and 150 CM......uuiicccriieeeeeeicer e e e eeeeeees 84

Figure 6.10 Waskesiu Lake climograph showing 20e@ar normal monthly
temperatures and precipitation vs. conditions durirg 2004.........ccccooeeeeeeieiiiiieeeeiiiinnns 85

Figure 6.11 Total precipitation at treatment sits at Candle Lake ..............cccccuune. 86

Figure 6.12 Monthly mean relative humidity at 50cm and 150 cm at treatment
SItES At CaANAIE LAKE ..ottt 87

Figure 6.13 Humidity gradients at treatment sitesat Candler Lake: negative values
denote movement of water upwards to the 150 cm hdigand positive values denote
movement downwards to the 50 cm height........cccoeooiiiiii i 88

Figure 6.14 Minimum soil temperatures at 5cm dept in treatment sites at Candle

Figure 6.15 Maximum soil temperatures plotted atour depths for the NB site at
CANAIE LAKE.......eeiiiiiiei e+ttt e e e e e e e e e e e e e e e e ee e e e e e eeeeeearrraann 89

Figure 6.16 Maximum soil temperatures plotted atour depths for the MB and
MBL SiteS @t CaNAIE LAKE .......ceeiiiiiiiiiiei sttt e e e 90

Figure 6.17 Maximum soil temperatures plotted atour depths for the HB and
HBL sites at Candle LaKe............ooiiiiiiiii e 91

Figure 6.18 Mean wind speed at 50 cm. for NB andB sites at Candle Lake........ 92

Figure 6.19 Mean wind speed at 150 cm for NB, HBnd HBL sites at Candle
00 1= TR RRPPPPPPR 93

Figure 6.20 Canopy openness between micro-sitasGandle Lake......................... 93

Figure 6.21 Canopy cover (% openness) versus sotadiation (left) and versus
precipitation (right) for all treatments at sites 1and 2 at Candle Lake .................... 94

Figure 6.22 Average litter depth vs. maximum soilemperature at 5 cm at three
sites and overall average for the study area at Calhe Lake..............ccceeeevvvvvvvvennnnnns 95



1. Introduction:

The boreal forest is the dominant forest regio@amada, extending from
Newfoundland and the Labrador coast to northertidBriColumbia (Rowe 1972). ltis a
complex and dynamic biome that is strongly influeshby natural disturbances,
especially fire, which creates a canopy heterogem@ostand structure and age. Fire is
the most ecologically important stand-replacindutiszance in the boreal forest (Bonan
and Shugart 1989; Barnesal.1998; Schulzet al 2005). The boreal forest disturbance
regime is also influenced by storms, insect andatie outbreaks.

Fire disturbances within the boreal forest constimedree canopy, understory
vegetation and organic layer of the forest flotterang tree stand structure, vegetation
patterns, and successional dynamics (Johnson 19%2) combustion of organics within
the understory layer after a wildfire event leapaches of bare mineral soil covered
with a nutrient enriched layer of ash, and causas@ease in topsoil pH (MacLean
al. 1983), facilitating the quick germination of mastyade intolerant, early successional
species (Rowe 1983). The capability of regenemdtinin situ propagules in a post-fire
environment is dependant on the burn severity apdhdof burn (Archibold 1979; Rowe
1983; Schimmel and Granstrom 1996), which ultimpaitefluences successional
processes and stand development.

Historically, the fire cycle in western Canada tglly ranges from 50 to 100
years (Johnson and Rowe 1975; Bonan and Shugedt W@&iret al 2000). A fire cycle
is defined as the number of years to burn overea equal to the entire area of interest
(Johnson and Van Wagner 1985). Over the last ogrithe natural fire cycle has been

altered by fire suppression and other human inflasron the boreal forest. Long-term



fire management policies, increased efficiencyiref detection and response, large-scale
timber harvesting operations, and the expansi@gotulture have significantly altered
the forest environment and the natural fire cy@ieif et al. 2000; Timoney 2003).

Boreal forest communities now commonly developradteanthropogenic disturbance as
opposed to a natural disturbance. The replaceaferatural disturbance by logging may
profoundly influence the structure and compositbthe forest.

Burn severity influences early successional praeeby determining the depth of
burn, exposing patches of mineral soil exposurecamdumption of the leaves and
branches of the tree canopy, all of which affeetriggenerative ability of boreal species
(Rowe 1983; Schimmel and Granstrom 1996). Plaittasrwthe boreal forest have
evolved in a fire driven ecosystem and have adaptéuke effects of fire (Rowe 1983).
For species which may regenerate by rhizomes desing (such aPopulus tremuloides
andBetula papyrifera buds within the organic layer will suffer loweontality rates
when a shallow burn occurs, allowing for regeneratvithout the need for exposed
mineral soil. Species which rely on seed dispdmalegeneration (such &nus
banksiana depend on a deep burn to consume the organic lageing behind bare
mineral soil and a more favorable seedbed (Row&;198himmel and Granstrom 1996).
Charron and Greene (2002) have shown that exposedtahsoil improves survivorship
of bothPinus banksianandPicea marianaseedlings while increasing depths of the
organic layer cause elevated seedling mortalitye dct of salvage logging disrupts the
post-fire areas by tilling the soil with machinemyd leaving a layer of woody debris over
top of the burned surface, diminishing the areap#n mineral soil used by aerial seed.

Compounded by the removal of seed bearing branspesifically those containing



serotinous cone$’(nus banksiangthe aerial seed bank is essentially removed @yt i

of seeds is relied on by cone bearing trees aloaguit-block perimeter. This lowers the
chances for aerial seed germination and ultimatedgtes successional stands dominated
by species which rely on suckerirf@opulus tremuloidgdor regeneration (Greers al
2006).

Within burned areas it is now common practice teagge harvest post-fire
mixedwood stands immediately following the burrheTact of salvage logging (clear-cut
harvesting after a fire event) within burn areasses a secondary disturbance which
alters the forest structure and influences plagg¢meration (Martinez-Sanchetal.

1999; Kurulok 2004; Purdoet al 2004, Donatet al. 2006; Greenet al 2006). The
initial conifer seedling regeneration and asperksring have been observed to be less
abundant within salvage logged areas comparedltiiingiareas, due to mechanical
damage from harvesting and removal of the seed. b8tress on the seedlings also
increases due to altered microclimate conditiamygiased sunlight and the tillage of the
forest soils. The varied burn intensities withe fire perimeter, coupled with the effects
of salvage logging, could delay forest regeneratioa affect early post-fire succession in
western mixedwood boreal forest stands.

After a fire disturbance, salvage logging decisiarsmade quickly to maximize
the volume of merchantable timber which can be ésted before the timber depreciates
in quality. Research with the Canadian borealdonas shown that this creates profound
changes in species richness and diversity (Kur@@d4; Purdoret al 2004) and tends to
homogenize the stand structure within the earlgestaf regeneration. These decisions

are made without the knowledge of the long terrac that salvage logging has on the



forest ecosystem. More research and insight ideten what effects salvage logging
has on the forest ecosystem and this question riedxsproperly addressed for
recommendations on the future of salvage loggirthfarest resource management
within the Western Canadian boreal forest. A comipze analysis of the effects of fire

and salvage logging on forest flora and microclenatthe main component of this study.

1.2 Objectiveand Hypotheses
The principal objective of this study is to detemmif salvage logging within areas of
different forest fire burn severities has an eftattearly succession in a mixedwood
boreal forest community. The effect of burn inignand salvage logging was
investigated in three comparative mixedwood stamdise boreal forest of
Saskatchewan. This study incorporates species@sitign, environmental
characteristics, plant community comparisons, armlaulimate variations between
unlogged and salvage logged forest stands onesangktirs post-fire. To address the
objective of the study, the following research hyy@ses were developed:
1. Hy: plant communities of unlogged burn areas = ptantmunities of salvage
logged burn areas.
2. Ho: plant communities and microclimate do not varyamburn severities.
3. Ho: plant communities of salvaged logged burn sites/erges with plant
communities of adjacent unlogged burn sites.
The impacts of salvage logging on the forest resowill be assessed in light of

the results of the study.



2. Background

648 forest fires burned in Saskatchewan in the sainoh1995. Over 1,600,000
ha of forestland were burned (IFFN 2005), with @rd number of forest fires occurring
within the southern commercial forest. Salvaggmiog in 1995 and 1996 reached
record levels, creating over 1,200 jobs and pradpen estimated 1.4 million cubic
meters of fire-killed timber (Saskatchewan Envir@min1996; Saskatchewan
Environment 1997; Greif 2000). This large outplusalvaged timber was made possible
by the use of portable mills, an improved technitprautilization of charred stems and a
newly developed market for salvaged timber prod(@teif 2000; Araki 2002).

Concern about the effects of salvage logging orptst-fire environment and the
dearth of research on the impact of burn seventfocest succession prompted the Fish
and Wildlife Branch of Saskatchewan Environmenhtbate the Burned Forest
Monitoring Project (BFMP) in 1995. That projeceated a baseline on the effects of
several large 1995 forest fires near Beaupré CaedkMahigan Lake in Saskatchewan.
The project focused on burn severity patterns hait effects within fire perimeters.

The field information collected was also intendedbé used as baselines for comparison
with salvage logged areas of the same forest typsdess the effects of post-fire logging
practices on the forest ecosystem.

Permanent sites consisting of a variety of foremstdtypes were established
within Weyerhaeuser Canada Ltd’s Prince Albert Bbkanagement Agreement (FMA)
area. Through cooperation with Weyerhaeuser,tthay sites were reserved from
logging in the interests of research on the foeessystem. A grid pattern of survey

lines spaced at 50 meters was established atdhudg sites and fire severity was



recorded at each grid point using scorch heightse®s and degree of consumption of
the ground flora and surface duff. These permasamiple plots were designed as part
of a long term monitoring program which would catale the effects of fire severity on
plant succession and the ecosystem over a terettywear period. Adjacent to the
study sites were areas that were salvage loggkavial the fires, or had been logged
just previous to the fire and then were site-pregand planted in 1996 or 1997. This
created an ideal research area for comparing pessticcession in wildfire and salvage
logged areas. However, due to a change in depatainaiorities within the Fish and
Wildlife Branch of Saskatchewan Environment all wwon the BFMP was halted in 1997
and no further research was conducted (Greif 2000).

Before the project was halted, burn severity mapsewreated for the three
sampled sites with markers left to facilitate ralben for future research. A four-class
burn severity rating system was also devised. Aigoof the present study expands the
initial work on fire severity effects conducted tine staff of the BFMP in the Beaupré

and Mahigan Lake areas.



3. Literature review
3.1 Introduction

Salvage logging increasingly has become a very compnactice within boreal
forest management to harvest fire-killed merchdettimber present after fire. Previous
ideologies within forest management and generalippkrceptions are that forested
areas affected by a major fire disturbances arsidered wasted and damaged. The loss
of the ecological and aesthetic qualities of angstulvth forest often leads to a
misunderstanding of the vital role that fire playighin the boreal forest ecosystem. This
attitude towards post-fire forest environments dlésved forestry practices to increase
within recently burned areas to harvest the chastenhs before they become what the
industry may refer to as a “wasted” forestry pradugcologically, burned forest stands
are hot-spots of boreal plant diversity, early ssonal species regenerate and stand
turn-over occurs while burned stems and dead &reteas instruments of shade, nutrients
and homes for many species of plants and anintadsisequently, there is no “waste” on
a biological scale (Rowe 1983; Nagtial. 2004).

Salvage logging under current legislation withirsli&dchewan does not take into
account the ecological implications of disturbaondhe post-fire productivity of forest
stands. Forest companies are encouraged to haisasbed stands as a measure to
ensure allocated timber supplies are not reducedallarge-scale wildfires. This places
pressure on forestry companies to salvage harvess aisturbed by wildfire, increasing
the amount of disturbance within the wildfire peeter without an understanding long

term effects that salvage logging incurs on thes@bforest ecosystem. As the frequency



of salvage logging increases throughout the bdogast, there is growing uncertainty on

what effects this practice has on the post-firegnty and health of the forest.

3.2 The mixedwood boreal forest of Saskatchewan

The mixedwood boreal forest of Saskatchewan hagpproximate area of
11,156,000 ha and extends across the provincaantAwest to southeast direction
between 52° and 56° North latitude. The mid-bougddnd ecoregion is located within
the Boreal Plain Ecozone. The mixedwood uplarah&acterized by trembling aspen
(Populustremuloide$, white spruceRicea glaucy, balsam fir Abies balsameawhite
birch Betula papyrifery, and balsam poplaPfpulus balsamifefawith Picea glauca
andAbies balsamefound prominently in old growth stands. Depressiand areas of
poor drainage form stands of black sprueie€éa mariana and tamarackL@rix
laricina). Jack pineRinus banksiangis found on more rapidly drained sandy soils
typical of sand dunes and plains (Rowe 1972; CamaBorestry Service 1986;
Beckinghamet al 1996).

The western mixedwood boreal forest area is contpoteverlays of fluvial-
lacustrine deposits and areas of glacial till. ISfmund within this region include
Luvisols, Brunisols, Gleysols and Organic soilsr{@dian Forestry Service 1986).
Luvisolic soils develop in moderately cool climgtaader deciduous and coniferous
forest vegetation. The soils form in well-drairegéas of sandy-loam to clay based
parent material. They are characterised by anaku light-colored A (Ae) horizon, a
brownish illuvial B (Bt) horizon in which silicatelay has accumulated from the

eluviated top layer, and a usually calcareous Qigkizon. Brunisolic soils are well



drained soils exhibiting brownish Bm or Btj horizonin this region they are typically
sandy in texture and occur in areas under decidandsoniferous forest vegetation.
Gleysolic soils form in poorly drained areas tHats signs of prolonged periods of soil
saturation with water and a lack of oxygen. Theydefined by the presence of grey
gleyed colours, prominent mottles or both withisod horizon located within 50 cm of
the mineral soil surface. Organic soils form iwllying areas which are water saturated
for much of the year and have developed from dépos$ifen or bog peat. Organic soils

support coniferous vegetation comprised principafli?icea marianaandLarix laricina.

3.2.1 Forestry in Saskatchewan

Each year an average of 24,000 ha of mixedwoodabtweest is harvested from
Crown lands in Saskatchewan (Saskatchewan Envinon2@93). Approximately 58
percent of the commercial forestland is allocateBdrest Management Agreement areas
(FMA) with approved Forest Management Plans andrBnmental Impact Assessments
(Figure 1). The majority of the harvest within @déocated FMA is done through clear-
cutting with extensive road networks throughoutrdgion. Disturbances, such as
fragmentation of the forest and soil compactionvehad to concerns for the long term

biodiversity of the mixedwood boreal forest (Saskatvan Environment 2005).
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Figure 3.1 Forest Agreement Areas (FMA) in Saskalewan'’s forests as of 2001
source: Saskatchewan Environment, 2003.

Based on a ten-year average for the period 198&#fpximately 500,000 ha of
the mixedwood forest is burned annually by an ayet 785 fires. This disturbance is
equivalent to 500% of the area harvested eachigezaskatchewan. The volume of
merchantable forest burned each year is approxiynataillion cubic meters with a
potential value of $72 million for the forest pradsiindustry of Saskatchewan
(Saskatchewan Environment 1998). Following a widdlisturbance, accessible burned
forest stands are assessed immediately and sdteagesting operations ideally occur
within the first two years following a fire to utike the burned timber before
decomposition renders it unmerchantable. Salvageskting operations are focused on

the first two years post-fire to safeguard thednegyenerating after disturbance.
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3.3 Wildfire disturbance regime

The boreal forest is a wildfire ecosystem and igeys an essential role in stand
dynamics, killing existing forest trees and decirsg@sinderstory organic matter (Johnson
1992). Wildfire plays a central role in the forsstucture, composition, and ecological
function of the boreal forest. Crown fires occurare a predominantly coniferous
overstory builds a large and very flammable fuad@ver time. Bonan and Shugart
(1989) also suggest this is related to the slovaget twigs and needles with low
hanging branches which allow ground fires to quidfread into the canopy. Deciduous
canopies tend to burn with less intensity, as @by Wang (2002), due to higher
moisture contents within the canopy and understoonsequently, mixedwood stands
tend to burn in a more heterogeneous pattern vaitiirg degrees of burn intensity and
severity within the wildfire perimeter (Rowe andoB8er 1973; Johnson 1992).

The heterogeneity of the forest is maintained tghowariations in the frequency
and severity of forest fires. Wildfires range frgnound fires, which burn in the organic
layer and root systems of the forest floor, to aceffires, which consume the organic
layer and shrubs in the understory, scorching ttm of tree trunks, to full canopy
crown fires that may reduce most of the leaf arahtin biomass to ash and charcoal
(Johnson 1992; Archibold 1995; Johnson and Miyar#i881). The size and frequency
of wildfires is highly variable, creating both siahd large scale disturbances which
produce a mosaic of young, middle-aged and old &yedt stands throughout the boreal
forest (Johnson 1992; Rowe and Scotter 1973). Vagadility and condition of fuels,
such as standing dead trees (snags), ladder fmedsdl trees (seedlings and saplings), dry

litter, and any other decaying material in the aadict fire severity (Archibold 1995;
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Franklinet al.2002). Fire severity is further influenced by wea conditions at the time

of the fire and during the antecedent period (Johri®92),

3.3.1 Plant adaptation and succession

Plants within the western boreal forest have ewblivih fire and are adapted to
this form of disturbance, and even depend on firedgeneration. Adaptive
characteristics include serotinous cones, roottamk suckering, and small wind
dispersed seeds that need exposed mineral saiédrbwg fire for successful germination.
Rowe (1983) differentiates five functional adapias utilized by boreal forest plants to
cope with frequent forest fire disturbances. Iwie® scheme, forest species are
categorized by reproductive strategy following ulbince. The five strategies are

invaders, evaders, avoiders, resisters, and ergd(irable 3.1).

Table 3.1 Plant adaptations and strategies in theontext of fire (Rowe, 1983)

Strategy Description

Disseminule-based, propagating primarily by diasper

Highly dispersive, pioneering fugitives with shévted

Invaders disseminules
Evaders Speme_s with relatively long-lived propagules thed stored in
soil or in canopy
. Shade-tolerant species that slowly reinvade buaneds; late
Avoiders

successional, often with symbiotic requirements

Vegetative-based, propagating primarily by horizahénd vertical extensions

Shade-intolerant species whose adult stages caivelow-

Resisters o
severity fires

Re-sprouting species, shade-intolerant or tolexaith,

Endurers shallow or deep buried perennating buds

12



Boreal plant species such as fireweedilobium angustifoliunare early
invaders of the post-fire environment, as theysiade-intolerant, needing an open
canopy and areas of exposed mineral soil in whoastablish. Invader species
regenerate both by seed dispersal and vegetatisagnd=vader species such as
Bicknell's geranium Geranium bicknell) and corydalisQorydalis sempervirensely
on seed banks within the soil to regenerate. B}@eoiders includébies balsameand
bishop’s-cap Mitella nudg. These species often need some modificatioheopost-fire
environment, such as a shade-producing leafy cabefore they can regenerate
successfully. Resisters, suchPasus banksianagan survive low intensity surface fires
due to the thickness of the bark which protectautinderlying cambiumPinus
banksianahas also adapted to the fire regime by developangtinous or semi-
serotinous cones which open when the heat frondirgi melts the resin bonds which
seal the cone shut (Wright and Bailey 1982). Resgpecies, such &nus banksiana
andPicea marianatypically regenerate in high densities followiagvildfire event
providing thein-situ seed bank and mineral soil are available (Gretia¢ 1999).
Endurers, such d@opulus tremuloidesxhibit large densities of saplings in post-fire
environments due to suckering from the root systems

The reproductive strategies of species present g@dlwith the environmental
conditions mould succession after a disturbancanyboreal species display more than
one method of reproduction (Rowe 1983). Followangildfire event, early successional
communities are dominated by species which utihzgtu seed bank germinants and
vegetative reproduction plus seed dispersal tafdrcsegeneration (Archibold 1979; Lee

2004). Later stages are dominated by species whlglon vegetative regeneration, with
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old growth communities dominated by shade tolespeties that can reproduce under a

fully developed canopy.

3.3.2 Fire impact

Wildfires within the boreal forest vary in theit@msity and frequency, resulting
in differing mortality rates for canopy and undergtspecies across the forest. Fire
frequency is defined as the average number of tivasoccur per unit of time at a given
point. Fire intensity is the rate at which heajiigen off by the flame; this energy
transfer allows adjacent fuels to become heatedantkd, thereby transferring more
heat and propagating the fire outwards (Johnso@;lR&fkaet al.2001). The mortality
of plant species within a wildfire will depend dretlocal intensity of the burn itself and
the fires ability to raise the temperature of acsgeto a lethal level. The intensity,
frequency, and size of wildfires in the mixedwoantdal forest directly affect the spatial
and temporal patterns in the vegetation cover (aheber 1982; DeGrandpet al. 1993).
Fire intensity determines the mortality of abovelgrd vegetation in both the canopy and
understory, but has less effect on the temperatutesurvival of vegetation and seed
stored below the surface, both of which are cruoauccessful regeneration of the post-
fire environments.

Ecological effects of fire on the mixedwood borfeskst depend on the fire
severity (Alexander 1982; Schimmel and Granstro®6).9 Fire severity is generally
characterized as the amount of organic materialuéft consumed by the fire and the
extent and depth to which the soil is heated (Ahebeat 1982; Rowe 1983). Fire severity
is different from fire intensity in that it is chasterized by duff removal and depth of

burn, while intensity is the measured as the ratehéch heat is given off by the flame.
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Severity looks at the physical effects of the bomrplant and forest floor structure, while
intensity measures the behaviour of the fire. péeod in which forest soils endure
direct heating of a wildfire is usually short ahe teffects of heat transfer within the soil
layer depend on the thickness of the duff layerthedcheat capacity of the soil itself
(Aston and Gill 1976). Therefore the level of dwlating and its effects on underground
vegetation can be assessed through the amourg diithlayer that is consumed. A
greater level of duff consumption results in a ¢argrea of exposed mineral soil
(Nguyen-Xuaret al. 2000). Schimmel and Granstrom (1996) found de@th of burn

and amount of duff consumed affects the initiakcgssion of boreal forest species, with
the effects lasting over many years post-fire. zZRmatous plant species regenerate quite
quickly following light fire occurrences, while sges which rely on seed dispersal need
severely burned areas with an exposed seed bedhefahsoil for more successful
germination. This is shown in the hypothetical mlatkrived from Schimmel and

Granstrom in Figure 3.2.
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Figure 3.2 Hypothetical model of the regeneratiownf different categories of
plants in relation to depth of burn: A - rhizomatous species; B - seed bank
species; C - species that depend on post-fire sesidpersal.

source: Schimmel and Granstrom, 1996.
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Fire severity will vary throughout the burned adee to the fuel load, natural fire
breaks, duff moisture, and topography of the fosémtd and weather conditions during
the burn (Rowe and Scotter 1973; Johnson 1992yamshi and Johnson (2002)
reported that variations in fire severity withirethurn perimeter create patches of
burned, partially burned, and unburned areas. Saghbility affects the amount of
mineral soil exposure and is a key factor whictedatnes of the early stages of
succession. Fire severity generally tends to bbdriin areas where conifer species
dominate the canopy and lower where aspen is don({iéang 2002); this implies that
fire severity will be heterogeneous within mixedwareas (Flinn 1977; Granstrom

1993).

3.3.3 Standing-dead trees (snags)

Disturbance created by wildfire creates an envirent with increased resources
available to the plant species. Removal of thallgegetation cover increases light
levels, nutrients and water for plant growth (Bareeal 1998). Post-fire mixedwood
stand structure varies with the severity of thenbuFypically, it is composed of many
standing dead and downed trees and varying amotihtser on the forest floor. One of
the longest lasting effects of a stand replaciridfixe is the presence of standing dead
trees (snags).

The standing dead tree component of the post-five@nment plays an important
role in the early successional stages. The renuiile canopy by a high severity fire
immediately increases the amount of light that headhe forest floor (Figure 3.3), and

this alters soil and microclimate conditions in gust-fire environment (Ahlgren and
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Ahlgren 1960). Snags will still cast shadows whichy partially limit the amount of
incident light at ground level and will help to nesdte temperatures (Carleton and
MacLennon 1994). Snags also provide an environfograt wide variety of early post-
fire habitat specialists, such as bark beetke®lytidag¢ and wood boring beetles
(Cerambycidag which quickly colonize burned snhags (Hutto 199Epeau 2000 The
large influx of wood-boring beetles imposes ecorodamage on the salvaged timber
which may lower returns if harvest is delayed. ldger, post-fire environments also
host a large number of woodpeckePscbided which feed on the insects, and the snags

provide habitat for many cavity nesters (Hutto 1,398chcox 1996).

Plot N2 — 31.9 % Open Sky Plot H1 — 72.9 @pen Sky

Figure 3.3 Canopy coverage at the Candle Lake bursite in an unburned forest
stand (left) and a high severity burned stand (righ). Note the large number of
burned snags still standing within the high sevent burn.

Snags can remain standing up to 10-15 years agdourn (Figure 3.4), by which

time most snags have fallen due to wind and de&ayags can remain as a prominent

element within post-fire environments for up to byears (Greiét al. 1999; Lee and
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Crites 1999; Russedt al 2006). The standing dead tree component of ikedwood
forest plays an important role in nutrient cyclegfallen snags decay slowly. Thus, they
provide a long-term source of nutrients (Baretsl. 1999) in contrast to the rapid
release of nutrients which occurs through combuogitacLearet al 1983; Braiset al

2000).

Figure 3.4 Large numbers of standing-dead snagsilspersist in an area of high
burn severity at the Mahigan burn site approximatel 8 years after the fire.
3.3.4 Nutrient Cycling

Wildfire greatly alters the distribution of nutriesnwithin the post-fire
environment (MacLeaat al. 1983). Changes in the radiation balance of adalisite
due to removal of the canopy, blackening of thegofloor, removal of the insulating
organic layer and altered moisture regimes mayriate to a shift in nutrient
availability (Nguyen-Xuaret al 2000). Fire temporarily increases the soil terapge

and pH, as well as removing large amounts of haghan:nitrogen woody debris which
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may promote nutrient cycling in the post-fire eoviment (Kimmens 1996). The
volatilization of nitrogen through fire (Raison 7and increase of phosphorus in the
form of ash create an initial nutrient imbalanckofeing a fire disturbance (Certini
2005). The magnitude of these effects dependh@sdverity of the fire.

Within a burn perimeter, a complex blend of burwesity is found ranging from
areas of severe high burn to residual green patwh@&sburned forest (Eberhart and
Woodard 1987). Similarly, the nutrient regime widlry between the areas of burn
intensity (Nguyen-Xuaet al 2000), which creates an environment for earlysssional
species which rely on wildfire disturbance. Taed term result is a healthy
heterogeneous forest stand (Johnson and Miyand€Hi;Rees and Juday 2002). The
introduction of salvage logging operations altées post-fire environment away from the
natural state by removing snags and disturbingp@fdrest floor. This may alter the
environment making it less favourable for earlycassional species, thereby adversely

affecting forest diversity.

3.4 Salvage logging
3.4.1 Salvage logging operations

Salvage logging within wildfire disturbances notyoharvests fire-killed or
damaged trees, but also removes the residual afesburned forest. This creates an
additional incentive for forestry companies to istveesources in salvage. Salvage
logging operations by Weyerhaeuser Canada Ltd sk&@ehewan, as of 2004, use a burn
code to target areas when salvage harvesting.biitmecode consists of five categories

ranging from light scorching of the understory dmaer tree trunk to a severe stand
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replacing high trunk canopy burn. These burn c@desised to target the most
commercially viable areas within the burn periméRshebnicki per. comm. 2004).

Unburned or green timber within Weyerhaeuser’'s &atlewan FMA areas has
on average a volume of 140-170 m%/ha. When thmsstfstands are disturbed by
wildfire, variable amounts of timber are renderea-+merchantable within the burned
areas. Generally timber crews contracted by Weweisex will target burn codes 1 and 2
(stands burned 1m or 2m up the trunk) for salvagieay are the most valuable for the
production of pulp and saw timber.

Burn code 1 stands are considered areas affectadybyund burn with timber
loss being as little as 0 m3/ha. However there stiéglybe small areas within these stands
with stems partially to completely consumed reaglin a 30-40 m3/ha loss. Burn code 2
stands will have a higher timber loss as any clgoaetions of the wood will need to cut
off before the stem is processed. These standsmoaklosses as high as 50 m3/ha. Burn
code 3 stands are rarely targeted for harvestdieidifor pulp or saw timber as losses
may exceed 70 m3/ha. Burn code 3 stands, as wéllian code 4 stands, are generally
targeted by third party operators who convert thedavinto alternative products, such as
rail road ties and fencing posts. Stands clask¥igh a burn code of 5 or higher are too
damaged to harvest as they would not provide aogaic return (Pshebnicki per.

comm. 2004).

3.4.2 Effects of salvage logging

Salvage logging operations, when feasible, willalistoccur immediately after

the fire is extinguished. All timber is usuallyhsgged within one to two years of the fire
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disturbance to ensure that it is commercially \@ablecause post-fire quality deteriorates
quickly due to weathering of the timber and damagevasive species, such as wood-
boring beetles. The post-fire environment providesmportant habitat for many early
successional bird and insect species. Removahotlsng timber from post-fire
environments by salvage logging negatively affeetdy post-fire habitat specialists.
Morissetteet al (2002) and Nappet al (2004) have both shown in separate studies that
the removal of habitat and nesting sites throudNage logging creates a greater
disturbance than fire alone, negatively affectioggbird communities. Russei al

(2006) support this claim by showing that remairsnggs within areas which have been
salvage logged fall at an accelerated rate, shogehe time span for cavity nesting bird
habitat. Older-aged, burned forest stands arengakkabitat for many breeding boreal
forest bird species (Stambaugh 2003); salvage mgggithin a burn significantly
diminishes that habitat.

The act of salvage logging alters an already distiforest environment. Clear-
cutting modifies the forested environment by remguihe tree cover and understory
shrubs from the area, opening up the forest flo@uin and higher wind velocities which
severely alters the local microclimate, disturlesftirest floor, lessens the ability of the
forest to regenerate naturally and creates diftqest-disturbance conditions than those
following most natural disturbances (Franlkdinal. 2002). This in turn affects soll
properties, reducing soil fertility and alteringetimoisture regime and chemical attributes
(Nguyen-Xuaret al.2000). The removal of timber from the post-firvigonment can
be quite variable on the forest floor due to theamn of coarse woody debris left by the

salvage logging operation (Figure 3.5). This ceaveody debris is mainly composed of
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unmerchantable wood materials such as branchegs,thark and wood chips. A large
increase in the coarse woody debris cover withivesg logged areas compared to non-
logged areas has been observed by Dogiaib (2006) and has been found to impede the

regeneration oPopulus tremuloidesp to two years following salvage logging (Kurulok

2004).

Figure 3.5 Downed woody debris on ground surfaceia high severity burn salvage
logged site (right) and a high severity burn unloggd site (left) at the Candle Lake site.
During harvesting, heavy machinery may compact ssppecially along skid

trails and roads (Archibolet al 2000; Van Rees and Pennock 2001). This canecreat
variable microsites by compressing soils and angatietlands through the construction
of ditches along skid trails and haul roads. Haabs and skid trails also tend to persist
in the post-harvest area for many years if theynateeclaimed after harvesting is
complete (Bucklewt al. 2003; Sumners 2005; Figure 3.6). The presenskidftrails
within salvage logged sites increases the amouexpdsed mineral soil available for
aerial germinants within the first few years of\est, which is a crucial period for
successional regeneration. However, Grextrad (2006) concluded that the exposed

mineral soil from skid trails does not provide apibtable environment for seedlings due
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to the removal of the seed bank from the salvageestiand the drier soil conditions

created by the removal of the forest canopy.

Figure 3.6 Salvage logging effects on the forestveronment. A clear-cut stand one
year ppst-fire (left), and a residual haul road (rght) ten years after a salvage logging
operation.
3.4.3 Impacts of salvage logging on boreal plant spies

Until recently most of the research on salvageilog@ccurred in non-boreal
forest stands (Martinez-Sanchetzal 1999; Mclver and Starr 2001; Lindenmayer 2004,
Hanson and Stuart 2005; Donatical 2006; Lindenmayer and Noss 2006) and has
focused on the disturbance effects on the domimaeatspecies. Studies in the Canadian
boreal forest have mainly taken place in QuebecAdberta (Braiset al 1999; Crites
and Hanus 2001, Fraset al. 2004; Purdort al 2004; Greenet al 2006) and have

considered the understory components as well asftbets of fire severity within

salvage logged sites.
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Purdonet al. (2004) reports that salvage logging in areasftdrthg burn
severity in the eastern Canadian boreal forest tieindmogenize understory composition
and make it more representative of a severe five@mment. They note that species
diversity fell within all fire severity ratings thaad been salvaged logged. The overall
effect is not to create a new successional pathiuayrather to create a sparser and more
simplified post-fire environment than that seesimilar unsalvaged stands. Plant
regeneration was less abundant along with a dexreabversity, due to factors such as
forest floor disturbance and accelerated foresirftbying creating a difference in plant
communities between salvage logged and unloggedstaSimilar results are reported
by Kurulok (2004) in early successional (2 yearstgwe) mixedwood boreal stands in
western Canada.

Initial tree establishment following salvage loggis typically reduced within the
first four years. The mechanical process of tjlsoils and the deposition of woody
debris onto the burned forest surface tends torawal seed and suckering within
salvage logged areas compared to wildfire contrdartinez-Sancheet al (1999)
found that conifer seedling regeneration was redliige33% in pine dominated forests
of Spain, while Donatet al (2006) support this claim as salvage logging cedwconifer
regeneration by 71% within conifer forests of Onegd.S.A. Greenet al. (2006) also
reports a loss of seedling regeneration, four tilass for spruce and five times less for
pine in salvage logged stands in comparison tosabvaged stands. Within deciduous
dominated forests Fraser al (2004) observed a severe impact on aspen sueksitigs
and growth in Alberta when salvage logging was enpnted two years after the fire

occurrence. Areas of severe burn combined with badvage logging traffic showed
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significantly lower densities and growth heightaspen suckers in comparison to
unsalvaged sites of the same burn severity.

Mechanical disturbance and local network of skagldrand haul roads within
salvage stands may act as a conduit for invasigeiap. Kurulok (2004) observed an
increase in species diversity within salvage logstatids 2 years post-fire, due mainly to
weedy species such as common dandelion and Camatla.t Similar changes in
diversity have been reported by Hanson and St@@fs) in Douglas-fir/hardwood
forests of northern California where invasive speavere found exclusively within
salvage logged stands.

Salvage logging following a wildfire disturbancetiwn the mixedwood boreal
forest has not been fully researched to underdtamdhort term and long term effects on
post-fire stand development. Secondary disturbanrflieted by machinery and the
removal of burned timber disrupt initial regenavatidisturb the forest floor, creating an
early successional environment with sparse reggorrand lower species densities in
comparison to unlogged burned forest stands. fitneduction of invasive and weedy
species within salvage logged stands can alteheberogeneity of the forest structure. In
addition, the removal of the aerial seed bank aadmanical tillage of the soil diminish
the chance for regeneration by conifer specieseasing the likelihood that the
regenerating forest stand will be dominated bydismiis species which rely on suckering

for regeneration.

25



4. Study area
4.1 Location

The study area was located in the Mid-Boreal Uplaodregion of the Boreal
Plain Ecozone in north-central Saskatchewan (Ecomsegf Saskatchewan 1994),
situated between 53° and 55° N latitude and 108°1&7° W longitude. All sites
examined are located in the commercial forest withe Weyerhaeuser Canada Ltd -
Prince Albert FMA area (Figure 2). The Mid-borékdland Ecoregion is characterized
by well-drained uplands with a mixture of conifescand deciduous trees interspersed

with wetlands dominated icea marianawith a moss understory (Actat al 1998).

Figure 4.1 Prince Albert FMA, Weyerhaeuser Canadd.td.
source: Weyerhaeuser, 2005.

Topography of the study area is of gently to sthpmglling hills. The area is

composed of overlays of fluvial-lacustrine depoaitsl glacial till, with common
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occurrences of Brunisolic soils found throughowt étoregion (Canadian Forestry
Service 1986). The climate is continental withitgbsummer (May-August)
temperatures ranging from 9.3 to 16.2°C and wi(Newember — February) temperatures
ranging from -7.4 to -17.9°C Mean annual preciptais 467 mm with the majority

occurring as rainfall during the summer (Environin@anada 2005).

4.2 Vegetation

Research was conducted within upland mixedwoodabdoeest communities in
which the forest canopy was dominated by maRgpulus tremuloideandPicea
glauca Stands dominated Bopulus tremuloidesPicea glaucéhad a stand
classification of HS (25 to 50% softwood by voluraedPicea glauca Populus
tremuloideshave a stand classification of SH (50 to 75% haabhby volume). These
stand types were selected as they are the prinogpamercially viable stands harvested
within the region.

Other tree species commonly found within mixedwstaohds of this region are
balsam fir Abies balsame@awhite birch Betula papyrifery balsam poplarfopulus
balsamiferg, jack pine Pinus banksiangand black sprucé?f{cea marianya Common
tall shrub species found in upland mixedwood standside various willow species
(Salixspp.), alderAlnusspp.), beaked hazelni@drylus cornutg red-osier dogwood
(Cornus stoloniferg and buffalo-berry§hepherdia canadengisShort shrub species
include prickly roseRosa aciculariy wild red raspberryRubus idaeus low bush-
cranberry Viburnum edulg and currantsRibesspp.), blueberries/acciniumspp.), and

Labrador teal{edum groenlandicujn Herb species catalogued within the study sites
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belong to the following plant families: clubmoss/¢opodiaceae), horsetail
(Equisetaceae), grass (Gramineae), dogwood (Caegaevening-primrose
(Onagraceae), honeysuckle (Caprifoliaceae), lilligteae), madder (Rubiaceae), orchid
(Orchidaceae), pea (Leguminosae), rose (Rosacaake), (Violaceae) and wintergreen

(Pyrolaceae). The plant nomenclature was taken fwohmsoret al. (1995).

4.3 Site selection

Three unsalvaged burned forest sites and adjaabsge logged sites were
selected, representing two early successional sfdgend 8 years) in mixedwood forest
stand development. Two sites were burned in sepaidfire events in 1995 and set
aside for study by the BFMP, with the third siténgeburned in the summer of 2003.
Each site is representative of upland mixedwoo@#&ldorest stands and their typical fire

disturbance regime (Table 4.1).

Table 4.1 Study site attributes

Study Site Fire Name Year Fire Size (ha) Location
Mahigan burn site Late/Swan Fire 1995 51,438 54N13106°26" W
Beaupré burn site Hillyer Fire 1995 48,745 54°311Q7°17' W

Candle Lake burn site Pasture Fire 2003 21,028 HI4105°28' W

Prior to establishing sample plots within the fisite, fire severity maps were
created using the burn severity rating system de=tiby the BFMP (Greif 2000). Burn
severity maps for the Mahigan burn site (Figurg 4r&l Beaupré burn site (Figure 4.3)
utilized a 50 meter grid system. Areas of diffgrbburn severity within the Candle Lake

burn site (Figure 4.4) were marked off using a tnetdi GPS device.
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Mahigan Burn Site
Burn Severity Map
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Figure 4.2 Mahigan burn site — Burn severity map poduced by the BFMP

(Greif 2000).
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Figure 4.4 Candle Lake burn site — Leave stands andicroclimate sites.
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4.4 Site descriptions
Mahigan burn site

The study site is accessible from the Pear LakelRadjacent to the southwest
corner of Mahigan Lake. A large leave stand apipnakely 147 ha in area, was secured
from salvage operations (Figure 4.2). The leasadsis dominated biicea glaucaand
Populus tremuloidesn the upper slopes with standPadea mariangound in low-
lying areas. Logging operations were occurrindnimithe adjacent area during the time
of the fire disturbance, allowing easy access ¢osite from established road networks.
Salvage logging operations occurred on the southerder of the leave stand and the
area was prepared with a disc trencher and replanta jack pine Pinus banksiangby
a Weyerhaeuser contractor (D. Desrosiers, Weyesea€ianada Ltd, pers. com.).

Characteristics of the leave stand are listed bld%4.2 and 4.3 respectively.
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Table 4.2 Mahigan Burn Site — Burned Leave Stand Ch  aracteristics
Characteristic No Burn Light - Medium Burn Heavy Burn
Mean Tree Height (m) 12.37 13.05 12.58
Mean Tree DBH (cm) 23.95 24.23 16.36

Soil Group* Gray Luvisol, Eutric Brunisol Gray Luvisol, Eutric Brunisol Gray Luvisol, Eutric Brunisol
Overstory Veg based on Basal area WS, TA TA, WS, JP WS, BS, JP, TA, WB
Primary Understory Vegetation** Alnus crispa Epilobium angustifolium Cornus canadensis

*Common great group as per
Canadian Soil Classification system

**all species that covered 10% or
more of a 100 m* plot

Avralia nudicaulis
Cornus canadensis
Equisetum arvense
Equisetum pratense
Ledum groenlandicum
Petasites palmatus
Rosa acicularis

Rubus pubescens

Equisetum arvense
Equisetum pratense
Gramineae spp.
Petasites palmatus
Populus tremuloides
Rosa acicularis
Rubus idaeus

Salix spp.

Epilobium angustifolium
Ledum groenlandicum
Pinus banksiana
Populus tremuloides
Salix spp.

Vaccinium myrtilloides

BS = Black Spruce (Picea mariana)
JP = Jack Pine (Pinus banksiana)

WS = White Spruce (Picea glauca)

TA = Trembling Aspen (Populus tremuloides)

BF = Balsam Fir (Abies balsamea)

WB = White Birch (Betula papyrifera)

Fiure 4.5 Representative photographs f the Mahig

burn site — Leave stand showing an area of higm b
(above) and an area of surface scorching (righpte the
high density of standing snags left within a highirbleave
stand. Scorching is still visible on the lowernks of
white spruce 8 years following the fire disturbance
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Table 4.3 Mahigan Burn Site — Burned Salvage Logged

Stand Characteristics

Characteristic No Burn Light - Medium Burn Heavy Burn
Mean Tree Height (m) -- -- --

Mean Tree DBH (cm) - - -

Soil Group* Gray Luvisol Gray Luvisol Gray Luvisol, Eutric Brunisol
Overstory Veg based on Basal area TA, JP, WB TA, JP, WB JP, TA

Primary Understory Vegetation** Alnus crispa Alnus crispa Cornus canadensis

*Common great group as per
Canadian Soil Classification system

**all species that covered 10% or
more of a 100 m* plot

Aralia nudicaulis
Aster spp.

Cornus canadensis
Equisetum arvense
Gramineae spp.
Ledum groenlandicum
Linnaea borealis
Lonicera involucrata
Mertensia paniculata
Petasites palmatus
Rosa acicularis
Rubus idaeus
Rubus pubescens
Salix spp.

Viburnum edula

Avralia nudicaulis
Cornus canadensis
Epilobium angustifolium
Equisetum arvense
Ledum groenlandicum
Linnaea borealis
Petasites palmatus
Populus tremuloides
Ribes triste

Rosa acicularis

Rubus idaeus

Epilobium angustifolium
Ledum groenlandicum
Pinus banksiana
Populus tremuloides

Salix spp.

BS = Black Spruce (Picea mariana)

TA = Trembling Aspen (Populus tremuloides)

JP = Jack Pine (Pinus banksiana) BF = Balsam Fir (Abies balsamea)

WS = White Spruce (Picea glauca) WB = White Birch (Betula papyrifera)

Figure 4.6 Representative photographs of the Mahigan site — Salvage logged stand. Decomposing
salvage stump (left), area of regrowth followingadvage logging operation (right). Note the opare
surface of haul road ten years following salvaggging operations.
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Beaupré burn site

The study site is accessible from logging traitsated off highway #924 near the
community of Dore Lake. The Beaupré Burn site wginally planned as harvest leave
blocks by Weyerhaeuser logging operations. Clatoperations occurred prior to the
1995 fire event leaving three separate leave stampsoximately 25 ha, 49 ha, and 20 ha
in area (Figure 4.3). The leave stands are doeunayPopulus tremuloided’icea
glaucaandAbies balsamegrowth types. Prior to the 1995 burn the non-4eaneas
were harvested in early 1994, site prepared bgatdencher and V-blade, and replanted.
Seedlings were again replanted in 1996, followhey 1995 Hillyer Fire, by a
Weyerhaeuser contractor (D. Desrosiers, Weyerha€lagseda Ltd, pers. com.).

Characteristics of the leave stand are listed id4.4.
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Table 4.4 Beaupré Burn Site — Burned Leave Stand Ch  aracteristics
Characteristic No Burn Light - Medium Burn Heavy Burn
Mean Tree Height (m) 13.81 11.97 13.13
Mean Tree DBH (cm) 22.96 24.09 22.60

Soil Group*

Gray Luvisol, Eutric Brunisol

Gray Luvisol, Eutric Brunisol

Gray Luvisol, Eutric Brunisol

Overstory Veg based on Basal area

TA, BF, WS

TA, WS, BF

WS, TA, JP

Primary Understory Vegetation**

*Common great group as per
Canadian Soil Classification system

**all species that covered 10% or
more of a 100 m? plot

Cornus canadensis
Cornus stolonifera
Avralia nudicaulis
Equisetum pratense
Mertensia paniculata
Mitella nuda
Petasites palmatus
Rosa acicularis
Rubus pubescens

Viburnum edula

Aralia nudicaulis
Cornus canadensis
Cornus stolonifera
Gramineae spp.
Linnaea borealis
Mertensia paniculata
Petasites palmatus
Rosa acicularis
Rubus idaeus
Rubus pubescens
Salix spp.

Viburnum edula

Cornus canadensis
Epilobium angustifolium
Gramineae spp.
Mertensia paniculata
Petasites palmatus
Populus tremuloides
Rosa acicularis

Rubus idaeus

Salix spp.

BS = Black Spruce (Picea mariana)
JP = Jack Pine (Pinus banksiana)

WS = White Spruce (Picea glauca)

TA = Trembling Aspen (Populus tremuloides)

BF = Balsam Fir (Abies balsamea)

WB = White Birch (Betula papyrifera)

Figure 4.7 Representative photographs of
the Beaupré burn site — Leave stands.
Transition area between high burn and no
burn (top). Fallen trembling aspen snag
in a no burn area (bottom).
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Candle Lake burn site

The research site is composed of three separate ands and is located
approximately 2 km west off of the Snowfield Roagproximately 42 km from the
Candle Lake town site. After the Pasture Fireudisince in the spring of 2003, three
leave stands were secured from salvage logginqabpes, approximately 2.3 ha, 2.6 ha,
and 5.0 ha in area (Figure 4.4). The leave stareldominated biopulus tremuloides
andPicea glauca Other species, occurring in varying proportibesveen the three
separate stands includdies balsamedetula papyriferaPinus banksianandPicea
mariana Characteristics of the leave stand and salvaggeld stands are listed in Tables
4.5 and 4.6 respectively.

Sections within the Candle Lake study site werginally clear cut by
Weyerhaeuser prior to the 2003 Pasture Fire wahgpfor harvesting to continue. With
roads already established in the area, the areawmsequently allocated for salvage
logging operations in early 2004. Three leavedddacated within un-harvested burned
forest were selected in November 2003 and theintatdes were flagged in December
2003. Salvage logging operations occurred adjaoehie leave stands in January and
February, 2004 by both Weyerhaeuser Canada arttgaity operators (Montreal Lake
Enterprises and Quin-Tec). The area was salvaggtbusing a feller buncher and
skidded with a grapple skidder as well as by cohwaal chainsaw - cable skidder
combination. The salvage logged areas and adjéeamrd stands were replanted with
white spruce seedlings. Planting was completeliliiyand August, 2004 by a

Weyerhaeuser contractor (R. Pshebnicki, Weyerhaé€le®ada Ltd, pers. com.).

37



Table 4.5 Candle Lake Burn Site — Burned Leave Stan

d Characteristics

Characteristic No Burn Light - Medium Burn Heavy Burn
Mean Tree Height (m) 20.56 20.49 17.84
Mean Tree DBH (cm) 24.09 25.07 22.70

Soil Group* Gray Luvisol, Eutric Brunisol Gray Luvisol, Eutric Brunisol Gray Luvisol, Eutric Brunisol
Overstory Veg based on Basal area TA, WS, BF WS, TA, JP, BF WS, TA, JP, BF, BS
Primary Understory Vegetation** Alnus crispa Alnus crispa Aralia nudicaulis

*Common great group as per
Canadian Soil Classification system

**all species that covered 10% or
more of a 100 m2 plot

Aralia nudicaulis
Cornus canadensis
Equisetum arvense
Equisetum pratense
Ledum groenlandicum
Linnaea borealis
Maianthemum canadens
Mertensia paniculata
Petasites palmatus
Rubus pubescens
Salix spp.

Viburnum edula

Avralia nudicaulis

Cornus canadensis
Dracocephalum parviflorum
Epilobium angustifolium
Geranium bicknelli
Gramineae spp.

Linnaea borealis

Mertensia paniculata
Petasites palmatus
Populus tremuloides

Rosa acicularis

Rubus pubescens

Cornus canadensis
Corydalis aurea
Dracocephalum parviflorum
Epilobium angustifolium
Geranium bicknellii
Gramineae spp.

Mertensia paniculata
Petasites palmatus

Populus tremuloides

BS = Black Spruce (Picea mariana)

JP = Jack Pine (Pinus banksiana)
WS = White Spruce (Picea glauca)

TA = Trembling Aspen (Populus tremuloides)

BF = Balsam Fir (Abies balsamea)

WB = White Birch (Betula papyrifera)

Figure 4.8 Representative photographs of the Cdrake burn site — Leave stands. Microclimate stati

within an area of no burn (left). High burn stank year following fire disturbance (right).
dense regrowth of hardwood and herb species ihigteburn understory.

Nabe
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Table 4.6 Candle Lake Burn Site — Burned Salvage Lo gged Stand Characteristics

Characteristic No Burn Light - Medium Burn Heavy Burn
Mean Tree Height (m) 20.77 19.47 16.63
Mean Tree DBH (cm) 25.30 21.19 24.23
Soil Group* Gray Luvisol, Eutric Brunisol Gray Luvisol, Eutric Brunisol Gray Luvisol, Eutric Brunisol
Clear-cut, several standing Clear-cut, several standing Clear-cut, several standing
Overstory Veg based on Basal area ws TA WS WS,
Primary Understory Vegetation** Aralia nudicaulis Cornus canadensis Epilobium angustifolium
Cornus canadensis Epilobium angustifolium Geranium bicknellii
*Common great group as per Epilobium angustifolium Petasites palmatus Gramineae s|
Canadian Soil Classification system P 9 P pp-
Rosa acicularis Populus tremuloides Mertensia paniculata
**all species that covered . . .
agproximately 10% or more of a 100 Rubus pubescens Rosa acicularis Petasites palmatus
m* plot Rubus pubescens Populus tremuloides
BS = Black Spruce (Picea mariana) TA = Trembling Aspen (Populus tremuloides)
JP = Jack Pine (Pinus banksiana) BF = Balsam Fir (Abies balsamea)
WS = White Spruce (Picea glauca) WB = White Birch (Betula papyrifera)

Figure 4.9 Representative photographs of the Cdrake burn site — Salvage logged stands. Note the
large amounts of woody debris left scattered owerforest floor within salvage logged areas and the
sparse regrowth of vegetation.
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5. Methods
5.1 Study design

The field sites were sampled during the summer gr@weriods (mid-June
through August) of 2003, 2004, and 2005. The stiths were selected because they
were representative of upland mixedwood standsasard commercially viable for
salvage harvesting operations. The study sitedgged an experimental design
comprised of combinations of disturbance types/égmd or unsalvaged forest stands),
time since disturbance (1 year to 10 years), amd everity within each treatment
(unburned, low to medium burn, and high burn areas)

The time since disturbance was separated into ategories (1 and 10 years
following disturbance) to represent two stagesarrtyesuccessional development within
the mixedwood boreal forest. In both successistaes, the salvage logged stands were
clear-cut for hardwood and softwood timber, witmsosmaller areas of selective logging
for softwood within the 1 year since disturbanaglgtsite. For both successional stages,
the forest stands were salvage logged within oae gkthe wildfire disturbance.

The range of burn severity was divided into thraegories: NB (no burn), MB
(light to medium burn), and HB (high burn). Thésen severity categories were used
for both the leave stand and salvage logged staathtents. Each burn severity
category was identified by specific characterisfitable 5.1) and was based on a
modified version of the burn severity classificat®ystem developed for the Burned

Forest Monitoring Program (Greif 2000).
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Table 5.1 Burn severity classification

Severity Description

No Burn (NB) - no sign of damage

- damage/charring of tree trunk up to 3 meters

Moderate Burn (MB) _ ground vegetation slightly to mostly consumed

_ - taller shrubs (alders, willows) may be consumed
High Burn (HB) - majority of trees sustained severe fire damage
- tree branches and crowns have been consumed
- shrubs and ground vegetation consumed

5.2 Field methods
5.2.1 Vegetation sampling

Sample plots (100 fhwere established using a stratified random desitjmirw
the study stands differentiated by three fire sevetasses and two logging treatments.
Within each stand, fire severity boundaries wesnidied and plots were selected based
on a random pin drop on map coordinates of eaeh &ill sites had a total of 12 to 18
plots with an overall total of 102 plots establidlriring the 2003-2005 field seasons
(Table 5.2). Sampling occurred between the mooitldsine to late August to facilitate
plant identification. A higher number of plots werstablished in leave stand treatments
due to an absence of a salvage logged treatmém Beaupré Burn Site and the limited

spatial extent of salvage logged treatment at thbilyan Burn Site.

Table 5.2 Study design field plot selection

Site Salvage Logged Leave Stand
NB MB HB NB MB HB
Mahigan Burn Site 4 4 4 6 6 6
Beaupré Burn Site -- - - 6 6 6
Candle Lake Site 9 9 9 9 9 9
Total 39 63
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Field sampling was conducted using protocols oedim the Forest Ecosystem

Classification (FEC) plot establishment and fiekdadcollection manual (Jiricket al

2002). For each sample plot a primary quadrata@iz®m x 10m was established, with

2m x 2m sub-quadrats located in the Northwest andHeast corners (Figure 5.1). Plots

were randomly established within burn severity loaries with a minimum of 50 meters

between each plot, and if possible, 50 meters ftgmmargins of the burn severity patch

or cut-block to reduce the edge effect.
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Figure 5.1 Sample plot and subplot design (Jirickat al. 2002)

In each of the sample plots, data were collectedomer and stratum layer of

each plant species. Plants were identified testeeies level except for certain plant

groups (willow and sedges) which were classifiethatgenus level. Species cover was
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recorded using a percent cover class based on diedogersion of the Braun-Blanquet
scale (Table 5.3) and plant stratum layer wasrtezbaccording to codes and heights
listed in Table 5.4. All cover class data collecteas converted to mid-point percentages
for statistical analysis. Assessments of woodyideleaf litter, needle litter and exposed

rock or soil also were based on the cover/abundscale.

Table 5.3 Saskatchewan FEC cover-abundance scal@icka et al 2002)

Class Description

> 75%

>50 and < 75%

>25 and <50%

>15and < 15%

>5and < 15%

>1 and < 5%

< 1% - more than one plant stem of the species
< 1% - one plant stem only

OFRLNW,AUIIO N

Table 5.4 Saskatchewan FEC stratum layer classesdiheight ranges
(Jirickaet al. 2002)

Physiognomy class Height Range Physiognomy Classdgo
Trees > 10 m (dominant in canopy) 1
Trees > 10 m (subdominant in canopy) 2
Tree & Shrub >2mé&<10m 3
Tree & Shrub >05-2m 4
Tree & Shrub <0.5m 5
Forbs & Graminiods 6
Bryophytes & Lichens 7
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5.2.2 Tree composition

Within each plot all tree species with a diametdsraast height (dbh) greater
than 7.5 cm were numbered and recorded. Thewegsidentified to the species level
and their condition, living or dead, noted. Thddif each tree in the plot was recorded
using a dbh measuring tape. Each tree within libtegso had its height measured in
meters using either a hand held clinometer (20818 8eason) or a laser hypsometer
(2004, 2005 field season). A prism sweep fromcirgter of the plot was conducted

using a 2 m2 BAF prism. Trees were tallied by gt each sweep.

5.2.3 Site attributes and soll profiles

For each plot the slope of the main quadrat waasured with a hand held
clinometer and the corresponding aspect was redondazimuthal degrees. The slope
position of the plot (e.g. crest, upper slope, Ioglepe) and general physiography (e.g.
level, concave) were also noted. Solil pits werg tdudetermine the depth of the organic
layer, the type of parent material, seepage, dgainand soil type (such as luvisol or
brunisol). Solil data also included depth and ®oiture of the different horizons. The
soil profiles were recorded outside of the Southwesner of the main plot to reduce

vegetation disturbance.

5.2.4 Microclimate
During the 2004 field season at the Candle Lake Bite a comparative study
was conducted of the microclimates in six differeaatment types. Within Stand 1 of

the burn site, a small recording station was setitiin each treatment type (near the
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centre of the most representative area to mini@meedge effect) and data were
collected from April 2004 until August 2004. Thedtment sites used were divided into
Six categories: a highly burned plot (HB), a lonntoderately burned plot (MB), and an
unburned plot (NB) in an unsalvaged leave stanth earresponding plots within an
adjacent salvage logged stand (HBL, MBL, NBL) (Begure 4.4). Canopy openness,
solar radiation, humidity, air temperature, somhperature, soil moisture, and
precipitation were recorded (Figure 5.2). The aetee used to determine the effect of

stand structure on microclimate under various Isewerity and logging conditions.

Figure 5.2 Weather monitoring equipment at salvagégged micro-sites HBL (left)
and MBL (right). Note large amount of woody debrs left from salvage logging and
scattered distribution of the regrowth vegetation.

Each weather station measured soil temperaturelepths (5 cm, 10 cm, 20 cm,
and 50 cm) using soil temperature probes (ModeB)l@dnnected to a CR10X
Datalogger (Campbell Scientific) excluding site Mihich used 4 soil thermistors

(Model 101) connected to a CR21 datalogger (Canh@o#ntific). Air temperature and
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humidity at 50 cm and 150 cm were measured usintbatation temperature and
humidity probes (Model 207) connected to a CR10baldgger at micro-sites NB, HB,
HBL, and MBL. Thermistor and Humidity Sensors (Mb&CRC-11) for the CR21
datalogger were used at micro-sites MB and NBlcoming and outgoing radiation were
recorded using Li-Cor pyranometers (L1-2000SZ) laight of 2 m at sites NB, MB,

HB, and HBL, and incoming radiation only was re@arét sites NBL and MBL.
Precipitation was measured using copper rain gatigesgh these were not recorded
daily. In addition, precipitation at micro-site Migas measured using a Sierra Tipping

Bucket Rain Gauge (Model RG2501) connected to alGR2alogger.

Supplemental data were collected manually fromdstéand 3 during the period
of vegetation sampling, from July 19-August 3 anggAst 14-19, 2004, respectively.
Each site comprised of two Copper-Constantan (Cut@rymocouples at heights of 50
cm and 150 cm to measure air temperature. Sdagsralso with Cu-Co thermocouples
at 5 cm, 10 cm, 20 cm, and 50 cm were set up teuneaoil temperature. A Licor hand
held pyranometer (LI-2000) was used to make 10amnthcoming/outgoing radiation
measurements at 1.3m along two transects. Randibmaisture measurements were
made (12 cm and 20 cm) with a hand held HydroSBresece. At all micro-sites,
hemispherical photographs were taken with a Nik&d Qoolpix digital camera with
Nikon FC-EB8 fisheye lens. These photos were aedlyadth Gap Light Analyzer (GLA),

Version 2.0 (Frazer et al, 1999) to ascertain carogenness and LAI values.
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5.3 Statistical analysis
5.3.1 Vegetation analysis methods
The primary comparisons within this study were agwthre burn intensities of

the two logging treatments (wildfire leave stand aalvage logging) and the burn
intensities within each logging treatment. Dedorgstatistics were calculated by
treatment and burn intensity for both the environtakand vegetation data sets for all
three study sites (1 year and 10 years). Severtiods were used to examine the
vegetation data at different levels of organizatgpecies richness and diversity through
a 2-way fixed factor analysis of variance (ANOVA)rect gradient analysis using
Canonical Correspondence Analysis (C@AJination; comparativepecies
compositionsising multi-response permutation procedure (MRBPhe species level
through indicator species analysis (ISA); and gnogiplot similarity through a
hierarchical cluster analysis. All tests for ceitlanalysis, CCA, MRPP, ISA, and cluster
analysis were performed using PC-ORD, version 4GMe and Mefford 1999).

Species richness was calculated down to the splesielsfor each plot. Using the
tree, shrub, and understory species, richness alaslated as the number of species per
unit area (100m?). Diversity for all regenerattnge, shrub and understory plants was

calculated with species abundance data using therein-Weiner index{’)
H=->p(np) (5.1)
i=1

wheres = the number of species
p = the proportion of the vegetation cover,
in the plot, belonging to species
Species richness measures the number of spectas wi#ch sample plot, while species

diversity is a combined measure of the number e€igs and the distribution (sharing of
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resources) of vegetation cover among the specib@@ret al 1999). The species
richness and diversity distributions for all buaverity and logging treatments were
found to be normal using the Shapiro-Wilks's tests.

Differences among treatments were tested using\2fwed factor Analysis of
Variance (ANOVA); this allows both factors to beted independently of one another on
the response variable. When comparing differeaossng treatments for the Candle
Lake and Mahigan sites the equation for the 2-weadffactor (Model I) ANOVA was

Yij =u+ B+ L+ BLj +egj (5.2)
where Yj = dependent variable;
1 = the parametric mean of the population;
Bi = burn severity;
L; = logging treatment;
Bl = interaction between burn severity and loggiegtment;
gjik = residual error (sampling plot within burn
severity within treatment).
When comparing differences among treatments foMakigan and Beaupré sites the
equation for the 2-way fixed factor (Model I) ANOM&as
Yij =u+B+ S + BSJ' + gjj (53)
where Y = dependent variable;
1 = the parametric mean of the population;
Bi = burn severity;
§ = site;
B§ = interaction between burn severity and site;
gjik = residual error (sampling plot within burn
severity within treatment).
The ANOVA assumes that all variances are equalimvighch variable tested. Equality
of variance among the treatments was tested uskgrie’s test with a critical value of

0.05. If the test was found to be significant, ¥heable was declared unbalanced and the

data heteroscedastic. All ANOVA’s were performathv6PSS (1999) using a critical
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level (p-value) of 0.05 for the rejection of thdlrhypothesis being tested. All F-ratios
and p-values based on a Type Il sum of squardstive confidence interval for the
calculated means set at 95%.

An outlier analysis test was run on all the induatiplots using a Sgrenson (Bray-
Curtis) distance measurement. All plots found waitthistance greater than 2.0 standard
deviations from the overall mean were identifieg@meng outliers. These potential
outlier plots were monitored over the course ofrthdtivariate analysis procedures, but
did not adversely affect the outcomes. All ploeyevincluded within all multivariate
procedures.

Canonical Correspondence Analysis (CCA) was usetstalize the variation in
plant community composition (ter Braak 1986, 199%ihe use of a direct gradient
analysis (CCA) allows examination of the relatidpgbetween species composition and
environmental variables measured within the treatmeEnvironmental variables
measured were ground cover (downed woody debreg]leditter, leaf litter, and exposed
soil), bryophyte cover, and lichen cover. When@AGs displayed visually the plots are
shown as points and the environmental variablestaoe/n as lines. The greater the
correlation with the environmental variable thedenthe line that is depicted in one of
the quadrant established by the axes; the direofitime line relative to an axis indicates
the strength of the relationship with that axihieTuse of a CCA ordination displays the
importance of environmental variables on speci@spmsition between disturbance
types.

Differences in species composition between andimltgging treatments and

burn severities were examined using multi-respgeseutation procedure (MRPP)
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(Biondini et al 1985; Miekle and Berry 2001; McCuetal 200). The use of a MRPP
analysis provided comparisons of species compaos#ma structure between and within
both the treatment and burn severity classes &M tiiear and 10-year data sets. All
analysis using MRPP were run using a Sgrensomgistaeasurement to deemphasize
the presence of outliers. The test statiatis known as the ‘chance-corrected within-
group agreement’; when all species are identictliwthe group#\=1, the highest
possible value foA. For ecological data from relatively diverse sigit is common for
Ato fall in the range <0.1 to 0.81cCuneet al 20032.

Indicator species analysis (ISA) was utilized usimgthods outlined bpufréne
and Legendre (1997). ISA was conducted on thetagga composition to determine
specific species indicators for the logging treatteeand within the burn severities. Tests
were first run between the logging treatments &ed between each burn severity within
each treatment; reciproct@sts were then ruseparately for each burn severity between
each treatment. Indicator values for the ISA temtgie from 0 to 100, with 100 being
equal to a perfect identification where the presesfca particular species is contained
within a particular group or disturbance withoutoer In all cases the statistical
significance of indicator species was examinedgiaiiMonte Carlo test(= 10,000).

Similarities between treatments and burn severégevexamined using a
hierarchical cluster analysis to group the difféte@atments based on their similarity in
species composition and abundancebfath the 1-year and 10-year data sets. Cluster
distance was measured using the Sorensen (BrayrsiCdistance as it retains its
sensitivity with larger data sets and gives lesgktdo outliers, and groups were then

linked using the nearest neighbor method. Thelsércal structure of the cluster
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analysis groups smaller more similar groups togedhd links them to larger dissimilar
groups until all groups have been linked. Theafscluster analysis provides a visual

representation of similarity in species compositietween the different treatments.
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6. Results
6.1 Candle Lake burn site (1 year post-fire)
6.1.1 Species richness and diversity

A total of 68 species were catalogued within thedla Lake Burn Site between
both the salvage logged and wildfire leave star&igty-eight species were recorded
within wildfire leave stands and a total of 57 vintlsalvage logged stands (Table 6.1).
Species richness, which is the number of specigsisample plots, was significantly
lower within the salvage stands in comparison &l#ave stands (Figure 6.1 and Table
6.2). Burn severity alone did not have a signifioaffect on the species richness, but the
interaction between burn severity and logging treatts was significanp(= 0.018).

The major differences were found between the NBNBH plots, and the MB and MBL
plots of both logging treatments (Tables 6.1 ar) Bwdicating that logging has a
significant effect on the plant communities betwésmnburn severities. A complete list
of all species recorded and the frequency at wtiel occur within the logging
treatments and burn severities can be found in Agigel.

Species diversity, which estimates a combinatiocoofiposition and quantitative
differences within sample plots, was also founteédigher within the leave stands
(Table 6.1). A difference in diversity betweengeverities was found to be significant
(p<0.001), indicating that unique species compositimage developed between the burn
severities. Diversity between logging treatmemtisnibt show a significant result, while
the interaction of burn severity and the loggirgatment was significanp & 0.009;

Table 6.2).
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Total species cover was not affected by burn sgvgri= 0.221), but differences
in total cover between logging treatments wereiBggnt (p<0.001) and the interaction
of burn severity and the logging treatments wag significant p = 0.021; Tables 6.1
and 6.2) indicating that salvage logging has aectfn total coverage within burn
severities. Total cover by regenerating specid¢karsalvage logged sites was sparser
and species composition more homogeneous tham ipuined sites.

Table 6.1 Species richness and diversity (Shannandiversity indexH’) for all
vascular plants within the Candle Lake burn site (lyear post-fire).

Burn # of sites Mean Species Total Total Total Total Total cover Diversity
Treatment Severity sampled Richness Species Tree Shrub Herb (%) (H)

NB 9 26.89 52 4 18 30 100 2.55
Leave MB 9 27.44 52 4 13 35 100 2.48

HB 9 21.89 50 4 13 33 90.78 1.96

NBL 9 19.67 45 4 15 26 38.43 2.50
Salvage MBL 9 19.78 47 4 14 29 59 2.08

HBL 9 21.89 42 4 11 27 70.94 2.15
Overall Wildfire 27 254 68 6 18 44 96.92 2.33
Overall Salvage 27 20.4 57 4 18 35 56.12 2.24

Candle Lake Site (1 Year Post-Fire)
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Figure 6.1 Species richness for all vascular plastwithin the Candle Lake burn site
(1 year post-fire).
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Table 6.2 ANOVA results for species richness, divaity and total cover on the
logging treatment and burn severity classes of théandle Lake burn site (1 year
post-fire). Comparisons found to be significant areshown in bold.

Total Species Richness Diversity Total Cover
Source df F sig. df F sig. df F Sig.
Burn Severity 2 0.792 0.459 2 13.326 <0.001 2 1558 0.221
Logging 1 17.531 <0.001 1 1.380 0.246 1 47.994 <0.001
Burn Sev. vs. Logging 2 4.394 0.018 2 5.187 0.009 2 4185 0.021
Error 48 48 48

6.1.2 Environmental characteristics

Differences in site conditions and stand strucuamables such as bryophyte
cover, exposed soil and canopy openness were hetegen burn severity categories
and logging treatments. The removal of standimip&r has created very different
environments between the salvage logged standthanddildfire leave stands (Table 6.3
and 6.4). A significant interaction between bugmesities and logging treatments was
apparent (Table 6.4). The logging treatments al@tka very significant effect on the
environmental variables (<001), with one exception found with the licheeaps, as a
large proportion of the lichen recorded was fromwaste debris left from the salvage
logging operation.

All salvage logged sites were characterized byaedse in bryophyte, leaf and
exposed soil cover and showed a large increageindver of coarse woody debris,
lichen and needle litter due to slash and wastatedeby the salvage logging operations
(Table 6.3). Coarse woody debris increased oragecby 58% in all burn severities
following logging which effectively reduced the aomb of exposed soil at these sites; for
example, the amount of exposed soil at HBL wascediy 46.6% compared to the

unlogged HB site. The no burn and high burn séwsiies showed the largest difference
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between the wildfire leave stands and the salvaggdd stands, with the least amount of
disturbance found in the moderate burn severigssit

As expected, canopy cover declined significantliofeing salvage logging
which removed the majority of the shade produciagopy and resulted in increased
light levels within the salvage logged stand; thés particularly significant within NB
plots. The residual tree (standing trunk left iog br harvesting) DBH and heights were
similar between all burn severities and loggingtimeents. The forest environment is
altered considerably by salvage logging. The combieffects of increasing the amount
of downed woody matter and needle litter, and #dmeaval of the canopy are fully
described in chapter 3.4.2 Effects of salvage loggi

Table 6.3 Environmental characteristics of the Cadle Lake burn site (1 year post-
fire). All values made available are means + 1 S_.E

Treatment Leave Stand Salvage Logged

Burn Severity NB MB HB NBL MBL HBL
% Ground Cover
Bryophyte species 47.50 +7.53 10.4+£4.32 6.94054 417 £2.23 5.50 +2.76 1.32+1.09
Lichen species 4.17 £1.10 0.80£0.33 0.06 £0.02 20+1.04 2.22+1.02 1.07 +0.36
Coarse Woody Debris  21.39+4.25 25.83+2.92 12227 87.5+0.0 68.89+8.50 76.39+4.39
Leaf Litter 65.28 +6.51  35.56 +8.62 522+226 12.61+5.14 11.94+6.62 1.39+0.35
Needle Litter 20.56 +5.66 40.83+7.10 13.17 £4.8 43.89 +5.02 41.1+6.11 53.89 +8.51
Exposed Saoll 0.01+£0.01 16.39 +3.09 70.83+7.22 278+1.41 13.06 £7.36  24.22+6.92
Forest Structure (>10m)
% Canopy Cover 80.33 35.00 5.11 1.39 8.06 0.67
Residual DBH (cm) 24.09+0.97 25.07+1.15 22.7048 2530+5.93 21.19+152 24.23+5.03
Residual Height (m) 20.56 +0.73 20.49+0.78 128187 20.77+4.93 19.47+1.44 16.63+3.31
% Dead Snags 8.87 38.81 100.00 33.33 35.71 100.00
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Table 6.4 ANOVA results for environmental characteistics of the Candle Lake
burn site (1 year post-fire). Significant results & shown in bold type.

Bryophyte species Lichen species Coarse Woodyi®e
Source df F sig. df F sig. df F sig.
Burn Severity 2 15.252 <0.001 2 5.427 0.008 2 2.703 0.077
Logging 1 27.466 <0.001 1 0.020 0.889 1 250.161 <0.001
Burn Sev. vs. Logging 2  13.730<0.001 2 3.225 0.048 2 4.084 0.023
Error 48 48 48

Leaf Litter Needle Litter Exposed Soil

Source df F sig. df F sig. df F sig.
Burn Severity 2 19.966 <0.001 2 1.112  0.337 2  40.823 <0.001
Logging 1  33.388 <0.001 1 17.215 <0.001 1  13.433 0.001
Burn Sev. vs. Logging 2 9.417 <0.001 2 5.136 0.010 2 13.121 <0.001
Error 48 48 48

6.1.3 Plant community comparisons

Comparisons of species composition between loggddialogged treatments
showed significant differences for all burn sevesif{Table 6.5) and was especially
pronounced between the wildfire leave stands aad#thvage logged stands<0.0001).
Salvage logging created a strong difference betwleetogging treatments, creating
unique stands within the same burn severity cld$ss major division indicates that
salvage logging has a major impact on the reganerat species composition and
coverage. Within the wildfire leave stand, alltglavere significantly different indicating
that the wildfire disturbance has created uniqueeigs compositions between the burn
severities. Salvage logged stands also showeghdisant difference in species
composition between all burn severities, showirag the influence of burn severity is

still strong enough to create unique species coimipos even in the presence of salvage

logging.
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Table 6.5 Comparisons of species composition betarelogging treatments and
burn severities within the Candle Lake burn site usyg MRPP. Significant results
are shown in bold type.

Comparison A p
Between Treatments

Wildfire vs. Salvage 0.1594 <0.0001
NB vs. NBL 0.1826 0.0001
MB vs. MBL 0.0602 0.0010
HB vs. HBL 0.0774 0.0011
Within Wildfire

Wildfire (All) 0.1371 <0.0001
NB vs. MB 0.0906 0.0001
NB vs. HB 0.1766 <0.0001
MB vs. HB 0.0548 0.0051
Within Salvage

Salvage (All) 0.0601 0.0001
NBL vs. MBL 0.0358 0.0095
NBL vs. HBL 0.0723 0.0007
MBL vs. HBL 0.0309 0.0291

ISA analysis between the wildfire leave stands thedsalvage logged stands
resulted in a total of 16 species plus the bryoplgybup being identified as significant
indicators p<0.05). 15 species plus bryophytes were identdiegdignificant indicators
within the wildfire leave stands. Of these, 6 als® listed as indicators within the NB
plots of the wildfire leave stan@ornus canadensi8ryophyte spp.Ricea glauca
Viburnum edulgAralia nudicaulis andLycopodium annotinur{Tables 6.6 and 6.7).
Only Equisetum arvenseas identified as an indicator species in theagvogged
stands. Salvage logging has increased the distoebacross the burn severities, making

them more similar in regenerating species comositi
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Table 6.6 Indicator Species Analysis for the CandlLake burn site between logging
treatments.

Species Name or Group Treatment v p
Populus tremuloides Wildfire 82.1 0.0001
Cornus canadensis Wildfire 82.1 0.0001
Bryophyte spp Wildfire 85.5 0.0002
Picea glauca Wildfire 48.7 0.0005
Viburnum edule Wildfire 75.1 0.0008
Trientalis borealis Wildfire 75.3 0.0009
Maianthemum canadens Wildfire 73.4 0.0010
Linnaea borealis Wildfire 74.7 0.0014
Aralia nudicaulis Wildfire 75.0 0.0023
Viola renifolia Wildfire 54.3 0.0049
Viola canadensis Wildfire 34.6 0.0057
Lathyrus ochroleucus Wildfire 56.1 0.0065
Vicia americana Wildfire 45.6 0.0070
Alnus crispa Wildfire 48.2 0.0171
Pinus banksiana Wildfire 22.2 0.0240
Lycopodium annotinum Wildfire 33.0 0.0324
Equisetum arvense Salvage Logging 23.8 0.0465

Burn severity categories within the wildfire leastands show 11 species plus
lichens and bryophytes with significant indicatatues p<0.05; Table 6.7). Ten of
these were indicators of NB plots. The MB plostdd onlyPetasites palmatysvhile
Geranium bicknelliandDracocephalum parviflorugrspecies commonly associated with
early successional stands, were listed as inde&borthe HB plots. Indicator species
were found in each burn severity category indicathat unique species compositions
were occurring due to the varying levels of burvesity disturbance. All species had an
indicator value (V) greater than 50, identifyifgetn as strong species indicators for

those burn severities.
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Table 6.7 Indicator Species Analysis for the CandlLake burn site between burn
severities within the wildfire leave stands.

Species Name or Group Burn Severity IV p
Aralia nudicaulis No Burn 76.3 0.0001
Lichen spp. No Burn 83.0 0.0001
Bryophyte spp. No Burn 73.3 0.0002
Picea glauca No Burn 71.9 0.0005
Betula papyrifera No Burn 68.3 0.0023
Rubus pubescens No Burn 64.1 0.0034
Pyrola secunda No Burn 57.1 0.0055
Lycopodium annotinum No Burn 63.6 0.0068
Cornus canadensis No Burn 53.1 0.0210
Viburnum edule No Burn 57.6 0.0462
Petasites palmatus Light/Medium Burn 72.7 0.0026
Geranium bicknellii High Burn 78.8 0.0018
Dracocephalum parviflorum High Burn 50.5 0.0404

Burn severity categories within the salvage loggihds identified 4 species as
significant indicatorsg<0.05; Table 6.8). All species were listed witthie HBL plots
and have an IV >50. These species incligetobium angustifoliumAster spp.,
Petasites palmatysindMertensia paniculata No species were identified as significant
indicators within the NBL and MBL plots. Since indtor species were identified only
for the high severity burn sites, salvage loggiag breated a more homogenous species
composition between the burn severities, losingsdgetative range found within the
wildfire leave stands.

Table 6.8 Indicator Species Analysis for the CandlLake burn site between burn
severities within the salvage logged stands.

Species Name or Group Burn Severity \Y p
Epilobium angustifolium High Burn 75.1 0.0018
Aster spp. High Burn 56.7 0.0174
Petasites palmatus High Burn 61.4 0.0176
Mertensia paniculata High Burn 61.0 0.0340
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The cluster analysis of burn severity and loggmegtiment on stand similarity at
Candle Lake showed a strong division between thafiva leave stands and the salvage
logged areas (Figure 6.2). The MB and HB leavésplsplayed a high degree of
similarity in terms of species composition duehte influence of a fire disturbance.
These sites were noticeably different from NB plotfie salvage logged plots showed
varying levels of dissimilarity between the burwesgties and overall differences were
less pronounced than the wildfire leave stands) thie¢ HBL plot shown to be the most
dissimilar of the group. NBL plots are more similacomposition to the MBL and HBL
plots, indicating a more homogenous regeneratidhinvthe salvage logged areas. The
separation of the two clusters indicates that fiostsalvage logging does influence stand

composition.
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Figure 6.2 Association analysis of burn severity ahd similarity for Candle Lake
burn site - 1 year post-fire. NB, MB, HB indicatewildfire leave stands while NBL,
MBL, HBL indicate salvage logged stands.
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The summary results of the Canonical Correspondénegysis (CCA) for all
burn severity and logging combinations as relabeghnivironmental variables are shown
in Table 6.9. Axis 1 shows a strong negative datie@n with leaf litter and cover of
bryophytes and lichens, and a positive correlatidh the amount of exposed soil. Axis
2 shows a positive correlation with needle littever and a negative correlation with
exposed soil. No variables were strongly relatedxis 3. The total variance in species
data explained by each axis is shown in Table 6.9.

Table 6.9 Correlations on three axes for six vartales using CCA on logging

treatment and burn severity plots within the CandleLake burn site (1 year post-
fire).

Correlations

Variables Axis 1 AXxis 2 Axis 3
Wood Matter Cover 0.219 0.320 0.237
Leaf Litter Cover -0.870 -0.089 -0.020
Needle Litter Cover 0.255 0.546 0.023
Exposed Soil Cover 0.675 -0.616 0.098
Bryophyte spp. Cover -0.805 -0.048 0.128
Lichen spp. Cover -0.594 0.207 -0.150
Total Variance (%) 11.6 5.6 3.8

The CCA ordination visually separated the burn s&ee between the logging
treatments (Figure 6.3). NB plots are stronglyasated from the HB and all salvage
logged plots by axis 1. NB plots are associatdt {eaf litter, lichen, and bryophyte
cover which increases from the right to the lefthwi the ordination. The first axis
placed the MB (light to medium burn severity) plbetween NB and HB plots. MB
plots contain characteristics of both classes wditfier in the amount of disturbance as
shown through the dispersal across the ordinatitB.plots are associated with exposed

soil cover as the organic layer has been consumddebhigh severity wildfire, opening
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up the forest floor. HB plots were closer to tlhenposition and environment of the
salvage logged plots but remained significantlyedént on Axis 2. All burn severities
within the salvage logged plots, NBL, MBL, and HBite associated with needle litter
cover indicating the larger amount of debris ardisiwhich occurred due to the
harvesting methods used for the salvage loggingatipe.

MB and MBL plots tend to occupy the same ordinaspace indicating that
species composition and environment variables aferately burned forest stands are
not drastically affected by salvage logging. Theggandisturbance occurs within the high
burn and low burn areas as they contract to theenadely burned ordination space when
salvage logging is applied. The high level ofdlisance of the environmental variables
of the salvage logging operation within the highrband low burn areas makes them
more similar to the moderately burned areas, deorgdhe range of the vegetation

communities and creating a more homogenous fotast s
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Figure 6.3 Canonical Correspondence Analysis (CCAjrdination plot of burn
severity between logging treatments in the mixedwalbboreal forest stands of the

Candle Lake burn site (1 year post-fire).
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6.2 Mahigan burn sites (10 years post-fire)
6.2.1 Species richness and diversity

A total of 73 species were catalogued in salvagged and wildfire leave stands
at the Mahigan Burn Site. Seventy-two species wazerded within the wildfire leave
stand and 54 within salvage logged stand (Tabl@)6.A total of 18 species found within
the wildfire leave stand were not found within g#avage logged stand. Overall species
richness was found to be marginally higher witle salvage logged stand (Figure 6.4),
but this may be influenced by a smaller sample giZ&plots and was not found to be
significant between the logging treatments (Tablds A significant difference in total
species richness between burn severities was f(us@d001; Table 6.11); all burn
severities within salvage logged stands were fdarthve higher values (Table 6.10).
The wildfire leave stands recorded a higher amofishrub and herb species between all
of the burn severities than the salvage loggedsar@acomplete list of all species
recorded and the frequency they occur betweerotigrig treatments and burn severities
is found in Appendix 2.

Species diversity at the treatment level and beatvieen severities was found to
be higher within the salvage logged stands (Taldl8)6 A significant difference in
diversity between burn severitigs<0.001) and between logging treatmems0(001)
was found in both cases, while the interaction ketwburn severity and logging
treatments did not prove significant (Table 6.10lp difference in total cover of species
between the burn severities was found, but totaticdifferences between logging
treatments were shown to be significgmt(0.016). The regeneration of the young tree

and shrub species created a low thick canopy wéachaccount for a large total coverage
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within the salvage logged plots. The differencdiwersity and total cover between the

logged and unlogged treatments is probably conddotéhe removal of residual trees

and disturbance of the forest floor during the agéslogging operation.

Table 6.10 Species richness and diversity (Shannsrdiversity indexH’) for all

vascular plants within the Mahigan burn site (10 yars post-fire).

Burn # of sites Mean Species Total Total Total Total Total cover Diversity
Treatment Severity sampled Richness Species Tree Shrub Herb (%) (H)
NB 6 26.83 52 3 14 35 88.7 2.10
Leave MB 6 28.00 60 7 17 36 84.33 2.30
HB 6 17.67 43 5 10 28 80.3 1.58
NBL 4 31.00 47 6 12 29 100 2.75
Salvage MBL 4 27.00 42 6 9 27 100 2.71
HBL 4 20.50 34 6 9 19 100 2.21
Overall Wildfire 18 24.17 72 7 19 46 84.44 1.99
Overall Salvage 12 26.17 54 6 16 32 100 2.56
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Figure 6.4 Species richness for all vascular plasitwithin the Mahigan burn site (10

years post-fire).

65



Table 6.11 ANOVA results for species richness, davsity and total cover on the
logging treatment and burn severity classes of thiglahigan burn site (10 years post-
fire). Significant results are shown in bold type.

Total Species Richness Diversity Total Cover
Source df F sig. df F sig. df F Sig.
Burn Severity 2 9.847 0.001 2 1.069 <0.001 2 0.612 0.851
Logging 1 1.045 0.317 1 2.283<0.001 1 6.666 0.016
Burn Sev. vs. Logging 2 0.627 0.543 2 0.045 0.619 2 0.612 0.851
Error 24 24 24

6.2.2 Environmental characteristics

Environmental differences between the two loggnegtiments are still evident 10
years after the wildfire and salvage logging operat After removing the standing
timber, the surface area of the salvage loggedistas tilled and replanted wiinus
banksianalarge trenches and berms are found throughouitee Comparative forest
structure was not measured within the salvage kbgtgnds because there were
insufficient trees and snags due to the clearrayitiethod utilized. The major
differences in the environmental variables founthatCandle Lake site (1 year post-fire)
are not as prominent 10 years post-fire betweesdah&age logged and wildfire leave
stands (Table 6.4 and Table 6.13).

Between the NB and NBL sites there was a noticeaddttine in bryophyte cover,
whereas the MBL and HBL had a considerably highgohyte cover compared to their
respective leave stands (Table 6.12). This is shawable 6.13 as the interaction
between the burn severity and the logging treatmestsignificant (<0.001). Lichen
species were found to have no significant diffeeeacross the logging treatments and
burn severities. Coarse woody debris was slighitiher in the MB and HB leave stands

due to the large amount of fallen snags which hignged over since the fire disturbance
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(Table 6.12). The coarse woody debris coveragedmo significant difference across
the logging treatments, burn severity or theirratdion. This evenness in CWD between
the wildfire leave stand and the salvage loggeddsis predicted to change as more
standing shags within the leave stand fall duestmagl, increasing the input of CWD over
a longer time period. Both leaf litter and neddter had higher total coverage within

the salvage logged stands due to the high regeme@tPopulus tremuloideand the
plantedPinus banksiana Leaf litter was found to be significant withimet burn severity
and the logging treatments due to the unique specimpositions found between the
burn severities and the very high regenerationagbBopulus tremuloidewithin the
salvage logged stand. Needle litter was signitigadifferent in the burn severity due to
the increased presenceRihus banksianan the high severity burn areas. Only the HBL
treatment had an increased amount of exposedrsbit &vas not significantly different at
any level. Comparative forest structure was natsueed because there were insufficient

trees and snags after the sites had been cledudng salvage logging.

Table 6.12 Environmental characteristics of the Mhigan burn site (10 years post-fire).
All values made available are means + 1 S.E.

Treatment Leave Stand Salvage Logged
Burn Severity NB MB HB NBL MBL HBL

% Ground Cover
Bryophyte species 3542+929 592+1.85 275+15 10.63+359 23.75+7.94  28.75+5.05

Lichen species 2.42+155 0.50+0.0 0.43+0.07 0.30+0.11 1.00 £0.5 0.80 +0.57
Coarse Woody Debris ~ 16.67 +2.11 24.17+450 18.3%7 15.0 +2.89 16.88 + 6.88 125+25
Leaf Litter 3417+735 2517+7.80 1967+658 625+102 56.25+11.98 21.86+5.72
Needle Litter 242+155  442+314 4125+8.00 6.25+2.17 13.13 £8.32 50.0 +7.22
Exposed Soil 0.00 0.08 +0.08 0.00 0.00 0.00 18.898
Forest structure (>10m)

% Canopy Cover 51.75 18.00 8.75 - - -

Residual DBH (cm) 23.95+1.80 2423+1.86 16.36+0.99 - - .
Residual Height (m) ~ 12.37+0.89 13.05+1.23 12.58+0.76 - - -
% Dead Snags 10.81 25.00 100.00 - - -




Table 6.13 ANOVA results for environmental characgristics of the Mahigan burn
site (10 years post-fire). Significant results arshown in bold type.

Bryophyte species Lichen species Coarse WoodyiDe
Source df F sig. df F sig. df F sig.
Burn Severity 2 1.165 0.329 2 0.453 0.641 2 1.181 0.324
Logging 1 1.749 0.198 1 0.378 0.545 1 2680 0.115
Burn Sev. vs. Logging 2 10.765 <0.001 2 1.574 0.228 2 0.313 0.734
Error 48 48 48

Leaf Litter Needle Litter Exposed Soll

Source df F sig. df F sig. df F sig.
Burn Severity 2 5.758 0.009 2 31.144 <0.001 2 2.223 0.130
Logging 1 8.996 0.006 1 2.290 0.143 1 2206 0.151
Burn Sev. vs. Logging 2 1.805 0.186 2 0.121 0.887 2 2.258 0.126
Error 48 48 48

6.2.3 Plant community comparisons

MRPP comparisons between the salvage logged stahdiidfire leave stand
showed that the species composition between loggedinlogged treatments 10 years
post-fire are still significantly differenp&€0.001) for all burn severities, with the
exception of the HB and HBL sites (Table 6.14)fféences are still evident in the
species compositions between the no burn and medenan severities. The similarity
between the HB and HBL sites signifies that thea# of salvage logging do not have
long lasting effects in areas of high severity surkVithin the wildfire leave stand all
burn severities were significantly different, inglimg that separate plant communities
have developed since disturbance. The varyingdefalisturbance caused by the burn
severity have allowed different vegetative commianito develop in close proximity to
one another. Within the salvage logged stand, high severity plots were significantly
different from both the NBL and MBL plots. Therasvno significant difference found

between the NBL and MBL sites indicating that thesshave become similar in the ten

68



years since the salvage logging disturbance. @meval of the standing timber and the
major tillage of the forest soils have caused théurn and moderate burn severity sites
to become similar in species composition, with agé/logging erasing the signs of burn
activity and the unique species compositions thibdw.

Table 6.14 Comparisons of species composition taeten logging treatments and

burn severities within the Mahigan Burn Site usingMRPP. Significant results are
shown in bold type.

Comparison A p
Between Treatments

Wildfire vs. Salvage 0.2205 <0.0001
NB vs. NBL 0.1434 0.0022
MB vs. MBL 0.1130 0.0014
HB vs. HBL 0.0493 0.1172
Within Wildfire

Wildfire (All) 0.1895 <0.0001
NB vs. MB 0.0977 0.0005
NB vs. HB 0.2284 0.0005
MB vs. HB 0.1289 0.0019
Within Salvage

Salvage (All) 0.1667 0.0039
NBL vs. MBL 0.0072 0.3833
NBL vs. HBL 0.2089 0.0087
MBL vs. HBL 0.1742 0.0114

ISA analysis between the logging treatments redufte total of 12 species plus
the Salixspp. group being identified as significant indazat(<0.05) within the salvage
logged stands (Table 6.15). Of the species lifeu)s banksianas also considered as
an indicator species for both the HB and HBL pieithin the wildfire leave stand and
the salvage logged leave stand (Tables 6.16 af). 6At the logging treatment level no
species was identified as an indicator for the fivddeave stands; this relates to the loss

of distinctive community structures between thenggverity classes within the salvage
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logged area. Tillage of the forest soil within 8advage logged area may have produced
a more hospitable environment for species regaparaesulting in a higher abundance
of herbaceous species. As the salvage loggedcareabecome more homogenous, the
burn severity classes are of similar species coitipos, increasing the likelihood for
individual species to be counted as an indicatotifat logging treatment.

Table 6.15 Indicator Species Analysis for the Malgian burn site between logging
treatments.

Species Name or Group Treatment I\ p

Cornus canadensis Salvage Logging 91.5 0.0001
Linnaea borealis Salvage Logging 80.4 0.0019
Epilobium angustifolium Salvage Logging 82.9 0.0020
Lathyrus ochroleucus Salvage Logging 72.0 0.0020
Alnus crispa Salvage Logging 71.4 0.0039
Vaccinium vitis-idaea Salvage Logging 63.1 0.0060
Achillea millefolium Salvage Logging 56.7 0.0089
Populus balsamifera Salvage Logging 46.8 0.0143
Pinus banksiana Salvage Logging 62.3 0.0277
Ledum groenlandicum Salvage Logging 65.5 0.0289
Salixspp. Salvage Logging 59.2 0.0369
Rubus idaeus Salvage Logging 62.3 0.0431
Larix laricina Salvage Logging 31.6 0.0437

Burn severity categories within the leave standswshO species plus bryophytes,
Salixspp. and grasses with significant indicator valipe®.05; Table 6.16). Nine of
these were indicators of NB severity. The MB siydisted only grass species, while
Pinus banksianandSalixspp. were listed as indicators for the HB ploAdl. species had
an indicator value greater than 50, identifyinghthes strong species indicators for
distinguishing between burn severities which hasreetbped unique stand characteristics
since the fire disturbance. The no burn plots werteuched by fire and are

characterized by species suchPasea glaucaand bryophytes which are commonly
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found in more mature undisturbed forests. The bigim plots developed a strong
association witlPinus banksianavhich tends to regenerate in large abundance fafjar
severity burns due to the large amount of minestlexposed after the fire.

Table 6.16 Indicator Species Analysis for the Malgan burn site between burn
severities within the wildfire leave stands.

Species Name or Group Burn Severity \Y p
Picea glauca No Burn 92.5 0.0003
Bryophyte spp. No Burn 80.3 0.0009
Alnus crispa No Burn 82.1 0.0030
Aralia nudicaulis No Burn 85.4 0.0065
Rubus pubescens No Burn 56.6 0.0158
Ribes lacustre No Burn 79.6 0.0184
Galium triflorum No Burn 68.2 0.0275
Ribes triste No Burn 67.7 0.0346
Cornus stolonifera No Burn 62.6 0.0438
Grass spp. Light/Medium Burn 83.4 0.0140
Pinus banksiana High Burn 99.5 0.0002
Salixspp. High Burn 67.3 0.0273

Burn severity categories within the salvage loggtaahds identified 2 species as
significant indicatorsg<0.05; Table 6.17). The no burn plots lishdrtensia
paniculataas a strong indicator species (IV = 83.2); higmtaeverity listedPinus
banksianaas a strong indicator (IV = 62.8). No speciesendentified as significant
indicators within the MBL plots. The lack of indior species found between the burn
severity classes indicates a loss of heterogengilyn the salvage logged area as the
regenerating species composition becomes sinillae loss of distinctive stand structure
between the burn severities is an indication oéerelase in diversity and a loss of species
richness within the salvage logged areas ten ymzmsfire. The only indicator species

found within both logging treatments dP&us banksianandSalixspp and both species
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are identified with high burn severity signifyinggat salvage logging within high severity

areas does not have long lasting effects.

Table 6.17 Indicator Species Analysis for the Malgan burn site between burn
severities within the salvage logged stands.

Species Name or Group Burn Severity \Y p
Mertensia paniculata No Burn 83.2 0.0361
Pinus banksiana High Burn 62.8 0.0341

The cluster analysis of burn severity and loggmegtiment on stand similarity at
the Mahigan burn site indicated that the effectsal¥age logging are still evident 10
years post-fire (Figure 6.5). Since the NB ploe&sewndisturbed they showed a strong
dissimilarity to the other treatments while theajest similarity was found between the
HB and HBL plots. This indicates that the residefcts of salvage logging do not
persist over a long period of time in areas of Highh severity. Differences were still
detected between the NBL and MBL plots and theyelfavmed a weak cluster with the
MB plots. Whereas initial post-fire regeneratioasxclearly divided by salvage logging
(Figure 6.3), over a ten year time period threeawth cover types have developed,
characterised by no disturbance, moderate distaebaither by fire or salvage logging,

and severe disturbance.
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Figure 6.5 Association analysis of burn severitytand similarity for the Mahigan
burn site - 10 years post-fire. NB, MB, HB indica¢ wildfire leave stands while NBL,
MBL, HBL indicate salvage logged stands.

The summary results of the Canonical Correspond@nedysis (CCA) for all
burn severity and logging combinations as relabeghnivironmental variables are shown
in Table 6.18. Axis 1 shows a strong negativeatation with needle litter. Axis 2
shows a negative correlation with the amount obphyte cover recorded. No variables
were strongly related to Axis 3. The total variamt species data explained by each axis

is shown in Table 6.18.
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Table 6.18 Correlations on three axes for six vaables using CCA on logging
treatment and burn severity plots within the Mahigan burn site (10 years post-fire).

Correlations

Variables Axis 1 Axis 2 Axis 3
Wood Matter Cover 0.098 0.036 -0.151
Leaf Litter Cover 0.371 0.338 -0.352
Needle Litter Cover -0.912 -0.097 0.085
Exposed Soil Cover -0.285 -0.051 -0.052
Bryophyte spp. Cover -0.006 -0.743 0.051
Lichen spp. Cover 0.188 -0.204 0.161
Total Variance (%) 15.0 7.5 6.4

The CCA ordination visually separated the burn s&ee between the logging
treatments (Figure 6.6). NB plots are associai#itl bryophyte species cover which
increases from the centre to the bottom of thenatchn. HB and HBL plots are
associated with needle cover due to the high deregeneration dPinus banksiana
found within both burn severities. The remainimgieonmental variables did not
significantly correlate with any of the burn seties.

The ordination has separated the plots into threeps with similar species
composition and environmental variables. NB plogse grouped together on the bottom
right of the axis with a second group of MB, NBLdaMBL plots together on the centre
of the axis and a third group of HB and HBL plaidhe left side of the axis. The NB
plots were undisturbed and are grouped togethevishyaa separate species compaosition
unique to that of the disturbed plots. MB, NBLdaviBL are clustered together
indicating that in ten years post-fire the MBL &XBL plots are becoming similar in
both vegetative and environmental structure taMiBeplots. HB and HBL plots have
become quite similar in composition 10 years postihdicating that high severity burn

areas show little long lasting effects to salvaggging.
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Figure 6.6 Canonical Correspondence Analysis (CCAjrdination plot of burn
severity between logging treatments in the mixedwabboreal forest stands of the
Mahigan Burn site (10 year post-fire).
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6.3 Comparison of the Mahigan and Beaupré burn si®(10 years post-fire)
6.3.1 Species richness and diversity

A total of 62 species were identified at the Be@upurn Site, while the Mahigan
site catalogued a total of 72 species (Table 6.8pecies richness within the burn
severity classes at the Mahigan and Beaupré sdessimilar for the NB and MB plots.
However, the Beaupré site had much higher speiciesass in the HB severity class; this
is possibly due to a higher densityRdpulus tremuloidewithin the pre-fire stand which
resulted in a less severe burn. Species richmekdigersity was significantly different
between the burn severity classes and between aitdsalso between burn severities
within the sites (Tables 6.20). These signifiadifferences may be due to the Mahigan
site being located in a moister low lying area ¢peal observation) which would create
the habitat for a wider range of plant speciescofplete list of all species recorded and
their frequency at the Beaupreé burn is found in éxpx 3.

Diversity was slightly higher within the Beauprées{Table 6.19). The difference
in diversity between the two sites was found tsigaificant between burn severity
classes and between sites, as well as the int@ndatitween the burn severities and the
sites (Table 6.20). The species compositions akgnificantly different between the
two sites. Total species cover was not signifigaaffected by burn severity or by the
interaction between burn severity and the sitestdial cover between the two sites was
significantly different p = 0.035) indicating that there is a differencehia species

composition between the two representative uplaixeéadwood boreal forest stands.
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Table 6.19 Species richness and diversity (Shanrsmiversity index H") for all
vascular plants within the Beaupré burn site (10 yars post-fire).

Burn # of sites Mean Species Total Total Total Total Total Diversity
Treatment Severity sampled Richness Species Tree Shrub Herb  Cover (%) (H)

NB 6 26.67 44 12 27 93.92 2.14
Beaupré MB 6 28.50 50 5 14 31 93.67 2.39

HB 6 27.50 52 10 37 100 2.22

NB 6 26.83 52 14 35 88.70 2.10
Mahigan MB 6 28.00 60 7 17 36 84.33 2.30

HB 6 17.67 43 10 28 80.30 1.58
Overall Beaupré 18 27.56 62 17 39 95.86 2.25
Overall Mahigan 18 24.17 72 7 19 46 84.44 1.99

Table 6.20 ANOVA results for species richness, davsity and total cover on the
effect of burn severity classes between the Mahigamd Beaupré burn sites (10
years post-fire). Significant results are shown itold type.

Total Species Richness Diversity Total Cover
Source df F sig. df F sig. df F Sig.
Burn Sev. 2 4.405 0.021 2 6.634 0.004 2 0.067 0.936
Site 1 4.401 0.044 1 6.635 0.015 1 4,901 0.035
Burn Sev. vs. Site 2 3.9930.029 2 3.803 0.034 2 0.698 0.505
Error 30 30 30

6.3.2 Environmental characteristics

Differences in site conditions and stand struchg®veen the two sites are

minimal (Table 6.21). Bryophyte cover is signifitly different between the burn

severities, the sites and the interaction betwkertrn severities and the sites (Table

6.22). The significant difference in bryophyte eobetween the two sites may be

explained by the forest canopy difference as theuBee canopy is dominated by

Populus tremuloidewhich tend to grow in drier soils; this may leadatlesser

abundance of bryophyte cover on the forest flddoarse woody debris, lichen and

exposed soil coverage all did not show a signitichifierence between either the burn

severities of the site difference. The Beaup®lsitd a much higher cover of leaf litter
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associated with the dense regeneratioRagulus tremuloides the high burn severity

plots which is indicated by the significant difface ¢ = 0.002) between the two sites.

The Mahigan site has a much higher needle litteecwithin the high burn severity

plots due to the greater density of conifers. #edence in needle litter was found

significantly different across all of the categstri€eThe forest structure between the two

sites does not differ greatly, indicating similaspfire structure between the burn

severities and sites.

Table 6.21 Environmental characteristics of the Baupré burn site (10 Years Post-

Fire). All values made available are means + 1 S.E

Treatment Beaupré Leave Stand Mahigan Leave Stand

Burn Severity NB MB HB NB MB HB
% Ground Cover
Bryophyte species 7.92+2.84 1.83 +0.42 1.50 + 0.45 35.42 +9.29 5.92 +1.85 2.75+15
Lichen species 2.08 +1.58 0.50 +0 0.50 +0 2.42+155 0.50 £0.0 0.43 £0.07
Coarse Woody Debris 1791 +£6.31 26.67 £ 8.26 28.8380 16.67 £2.11 24.17 £4.50 18.33 £1.67
Leaf Litter 54.17 +5.27 37.08 +9.63 53.75+10.87  34.17+7.35 25.17 +7.80 19.67 +6.58
Needle Litter 3.75+1.25 10.83 +10.8 4.08 +3.20 2.42+155 4.42 +3.14 41.25 +8.00
Exposed Soil 0.00 0.00 0.00 0.00 0.08 +0.08 0.00
Forest structure (>10m)
% Canopy Cover 69.25 10.83 2.25 51.75 18.00 8.75
Residual DBH (cm) 22.96+1.28 24.09 +2.03 22.60+1.29 23.9591.8 24.23+1.86 16.36 + 0.99
Residual Height (m) ~ 13.81 +0.63 11.79 +1.66 13.13 £0.91 12.37 $0.8 13.05+1.23 12.58 +0.76
% Dead Snags 9.86 42.11 100.00 10.81 25.00 100.00
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Table 6.22 ANOVA results for environmental characgristics of the Mahigan and
Beaupré burn sites (10 years post-fire). Significarresults are shown in bold type.

Bryophyte species Lichen species Coarse WoodyiPe
Source df F sig. df F Sig. df F Sig.
Burn Severity 2 13.949<0.001 2 2.539 0.096 2 1.264 0.297
Site 1 10.718 0.003 1 0.014 0.905 1 1.118 0.299
Burn Sev. vs. Site 2 6.191 0.006 2 0.028 0.972 2 0.397 0.676
Error 30 30 30

Leaf Litter Needle Litter Exposed Soil

Source df F sig. df F sig. df F sig.
Burn Severity 2 1.295 0.289 2 6.468 0.005 2 1.000 0.380
Site 1 10.977 0.002 1 4.439 0.044 1 1.000 0.325
Burn Sev. vs. Site 2 0.951 0.398 2 8.741 0.001 2 1.000 0.380
Error 30 30 30

6.3.3 Plant community comparisons

MRPP comparisons within the wildfire leave standtha Beaupré site showed
significant differences for all combinations of hiwgeverity (Table 6.23) as well as for
the overall stand analysis. This reflects themlisitve community structures between
burn severity classes within the wildfire leavensi® Comparisons between the Mahigan
and Beaupré burn severities show significant difiees at all levels (Table 6.24),
indicating a difference in species compositionisThfference is potentially due to a
higher frequency of conifer species found throughbe Mahigan site and a higher
frequency of deciduous species found throughouBtaupré site (Appendices 2 and 3).
Both the Mahigan and Beaupré sites show developofatistinct species compositions
among the burn severities in the 10 years sincaviladéire disturbance. Even though the
two sites differ in species composition betweemlaeverity classes (Table 6.24), they

both show a similar trend in unique species contjgmsamong burn severities.
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Table 6.23 Comparisons of species cover betweerrbseverities within the Beaupré
burn site using MRPP. Significant results are showin bold type.

Comparison A p
Within Wildfire

wildfire (All) 0.1704 <0.0001
NB vs. MB 0.1461 0.0005
NB vs. HB 0.2082 0.0005
MB vs. HB 0.0565 0.0131

Table 6.24 Comparisons of species cover within barseverities between the Mahigan
and Beaupré burn sites using MRPP. Significant regts are shown in bold type.

Comparison A p
Within Wildfire

Wildfire (All) 0.2104 <0.0001
Mahigan NB vs. Beaupré NB 0.1309 0.0030
Mahigan MB vs. Beaupré MB 0.0535 0.0034
Mahigan HB vs. Beaupré HB 0.1735 0.0013

ISA analysis of the Beaupré leave stands resuitedotal of 8 species pli&alix
spp. and bryophyte groups being identified as figamt indicators [§<0.05; Table 6.25)
of the wildfire treatments. Of these species,dlare identified as indicators of the NB
treatment Abies balsamearyophytes, andralia nudicaulis Only Rubus idaeusvas
identified as an indicator species for the MB tneait. Within the HB treatment 6
indicator species are listed araxacum officinalgEpilobium angustifoliumPopulus
tremuloidesSalix spp.,Populus balsamifereandFragaria virginiana This reflects the
high regeneration of broadleaf tree species foarmolghout the HB severity plots at the
Beaupré site (Appendix 3). Indicator species vieuvad in each burn severity category
indicating that unique species compositions weraioing due to the varying levels of
burn severity disturbance. All species had anciaiir value (IV) greater than 60,
identifying them as very strong species indicaforghose burn severities. The Mahigan

and Beaupré wildfire leave stands share some itaispecies between the burn
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severities. Within the NB treatment both sitesBisyophyte spp. andralia nudicaulis
as significant indicators. Within the HB treatmenty Salixspp. was listed as
significant between both sites.

Table 6.25 Indicator species analysis for the Bepté burn site between burn
severities within the wildfire leave stands.

Species Name or Group Burn Severity \Y p
Abies balsamea No Burn 94.4 0.0005
Bryophyte spp. No Burn 70.4 0.0175
Aralia nudicaulis No Burn 73.9 0.0228
Rubus idaeus Light/Medium Burn 71.1 0.0136
Taraxacum officinale High Burn 90.9 0.0007
Epilobium angustifolium High Burn 87.5 0.0017
Populus tremuloides High Burn 64.1 0.0064
Salixspp. High Burn 76.4 0.0091
Populus balsamifera High Burn 62.9 0.0288
Fragaria virginiana High Burn 61.1 0.0482
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6.4 Microclimate variation between logging treatmets within the Candle Lake burn
site (1 year post-fire)

6.4.1 Microclimate

Available energy for each microclimatic system gdrstrongly between micro-
sites (Figure 6.7). Compared to the NB site, ay@iacoming radiation increased by a
factor of 3 within the NBL site, with more thanauffold increase in the MBL site
compared to the MB site. However, average radidtioreased only by a factor of 1.2

between the HBL and HB sites due to the smalleralvehange in structure.
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Figure 6.7 Average radiation and albedo at the Caile Lake micro-sites.

Albedo values were generally consistent within and HB sites, averaging
about 0.17 (Figure 6.7). Albedo averaged 27% értlinee NB sites, and values typically
were more variable within each site. The HBL s#leewed the most within-site
variation with albedos ranging from 12 to 24%. Tigh albedo associated with the

NBL sites can be attributed to the reflectivitypshnches and foliage on the ground and
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the absence of blackened, fire-charred materialshwtrovides a surface that is

comparable to the NBL site.

Air temperatures differed significantly betweeresiand were highest in the
salvage logged treatments MBL and HBL where meanthtp maximum temperatures
at a height of 50 cm exceeded 33 °C in July (Figu8®. Mean maximum temperature
in July for HB was 32 °C which was similar to th& Montrol stand. The 50 cm mean
July temperature at MB was lower than HB by 3 °n@ by 7° C compared to MBL.
Unfortunately, the datalogger at NBL failed. Meuaaonthly air temperatures at 150 cm

were less variable and in July ranged from 29 °MRtto 34 °C at HBL.
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Figure 6.8 Mean monthly maximum air temperatures {C) at 50 cm and 150 cm.

Air temperature gradients calculated from 50 an@ drd sensor heights indicate
the direction of sensible heat flux and show hoergn is transferred within the different
micro-sites (Figure 6.9). Negative values denoergy transfer away from the surface

and positive values denote energy transfer towidwelsurface. For the logged sites
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(MBL and HBL) heat is generally moved away from theface. A similar effect was

noted in the MB site. However, in the case ofNiBrand HB sites, the heat flux was

downwards.
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Figure 6.9 Air temperature gradients at treatmentsites at Candle Lake based on
difference between 50 cm and 150 cm. Negative validenote an upward flux to the
atmosphere. Positive values denote a downward flugward the surface.

Rainfall during the summer of 2004 was higher thaerage for the region. The
nearest weather station operated by Environmenadzawas located at Waskesiu Lake,
approximately 100 km NW of the Candle Lake studyaai total of 350 mm of rainfall
was recorded from May to August at Waskesiu Lakapared to the normal amount of

275 mm (Figure 6.10).
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Figure 6.10 Waskesiu Lake climograph showing 20 ge normal monthly
temperatures and precipitation vs. conditions durirg 2004.

Short term measurements following periodic wetlspdiowed that noticeable
variations occurred between the research sitesi(&ig.11). In the wildfire leave stands
rainfall values increased with burn severity andlex 57 mm in the NB site, 71 mm in
the MB site and 88 mm in the HB site. Salvageing further increased rainfalls of 90,
95 and 94 mm recorded at NBL, MBL and HBL respeslivThe difference in
precipitation noted between NB and MB is due torddiced rainfall interception caused
by loss of foliage and the more open canopy at NWBre complete canopy removal in
HB further reduces interception and makes thessi@ar to the areas that have been

salvaged logged.
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Figure 6.11 Total precipitation at treatment sitesat Candle Lake.

Mean relative humidity (RH) values are presenteBigure 6.12. Conditions
were comparatively dry in May and June and RH atri0vas especially variable
between sites during these months. With highefalis during July and August mean
RH was uniformly high at all sites and increasexhfr60% in the early summer to 80%
later in the growing season. Mean RH values atchh®anged from 65% in May to
about 80% in August and, with the exception of MBowed little variation between
sites. The low values at MB probably are caused bgfective sensor. HB and HBL
showed similar trends over the course of the summgrHB displayed consistently more
humid conditions than HBL. HB had a denser vegatatover than HBL and

transpiration could attribute to the ~10% differeetween these sites.
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Figure 6.12 Monthly mean relative humidity at 50 en and 150 cm at treatment sites
at Candle Lake.

A small RH gradient from the 50 cm to the 150 cngheoccurred at HB, HBL,
and NB throughout the growing season, while at M@&#¢ was a positive gradient
(Figure 6.13). MBL is considered to be spurioud should be ignored. The NB site
displayed the largest gradient moving from theaeefto the atmosphere which may be
associated with transpiration from the undisturgexind cover. Similarly, the rapid
establishment of fast growing aspen and other earigl species at HBL may account for
the negative RH gradient that develops in Junepansists through the remainder of the
growing season. However, the negative RH gradieolined at NB, HB and HBL as the
summer progressed and perhaps because of reduwsitabbe/soil moisture later in

August or slower growth and senescence.
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Figure 6.13 Humidity gradients at treatment sites aCandler Lake: negative values
denote movement of water upwards to the 150 cm hdigand positive values denote
movement downwards to the 50 cm height.

Minimum soil temperatures at 5cm depth in the tresatt sites are shown in
Figure 6.14. HBL is nearly always the hottest wiihh near-surface soil temperatures
typically 1 to 5° C warmer than other sites. Thféedence appears to be most marked in
the mid season period, and becomes less apparenindhe year. The NBL and MB
sites were the coolest at the start of the growsegson, but by mid season the near-
surface soils were coolest in the NB site, a coodlithat was essentially maintained with
until the end of the season. Maximum soil temfpees plotted at each of four depths
for the NB are presented in Figure 6.15. A fardgular decrease in maximum soill
temperatures was noted with depth with the rangemperatures increasing at mid
season. At this time the difference in temperabateveen the 5 cm and 50 cm depths
was about 5° C compared to about 3° C in May asd than 2° C in August. The

highest temperature at 5 cm at the NB site wasC17°

88



=y
(4]
1

Minimum Soil Temperature at 5cm

NBL
NN MBL
HBL
T T T T T T T T T T T T T T
128 130 140 150 160 170 180 190 200 210 220 230 240 244

Julian Day

Figure 6.14 Minimum soil temperatures at 5cm depthn treatment sites at Candle Lake.
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Figure 6.15 Maximum soil temperatures plotted atdur depths for the NB site at
Candle Lake.

Similar soil temperatures were noted at the MB @tgure 6.16) although here
the temperatures at the 5 and 10 cm depths wete sjmilar and noticeably warmer than
at 20 and 50 cm depth. This dichotomy was everermposnounced in the MBL site

where the upper soil layers were more than 7° Gngathan the deeper soils. This
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presumably was caused by the two-fold effect ofcterred debris that was left on the
soil surface following salvage logging. The li@ged material would increase
absorption of solar energy near the surface, bilteasame time afford some insulating
effect against energy transfer to the deeper apdrs. The highest temperature recorded

at the MBL site was 22° C compared to 17° C atMiBesite.
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Figure 6.16 Maximum soil temperatures plotted atdur depths for the MB and MBL sites
at Candle Lake.

A different pattern was seen at HB and HBL (Figbu®7). At the HB site
maximum soil temperatures at 5 cm were typicaltiedrees warmer than at 10 cm,
presumably due to increased energy absorption tkyadd and charred material on the
surface. Temperatures 10 and 20 cm were almesti@hl and were about 1° C warmer
than at 50 cm. Temperatures at HB were compatatiteose at NB and the warm soils
at the start of the growing season distinguishedtdB the other burned and logged

sites. Soil temperatures at HBL are similar tasthat MBL and both fluctuate markedly
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throughout the growing season. In both casedemwmiberatures appear to follow daily
radiation levels quite closely. The differencesadoat depth between these sites likely

reflect moisture levels with wetter conditions pagwg at MBL.
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Figure 6.17 Maximum soil temperatures plotted atdur depths for the HB and HBL sites
at Candle Lake.

Wind speed was measured at NB, HB, and HBL andtitites the extreme range
of site conditions (Figures 6.18 and 6.19). Congoar of conditions at 50 cm at the NB
and HB sites showed that HB had consistently highed speeds until the end of June at
which time the regrowth aspen suckers and othestatign were sufficiently tall to
interfere with air movement (Table 6.18). For tast of the growing season the 50 cm
wind speeds at both sites were steady at 0.4%.nTkis compares to values peaking of

0.46 m & at NB and 0.62 m’sat HB at the start of the growing season.
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Figure 6.18 Mean wind speed at 50 cm. for NB andBisites at Candle Lake.

Wind speeds at 150 cm were more variable througth@ugrowing season at all
sites and were generally highest in the disturlited §Table 6.19). Wind speed at HBL
ranged from 0.25 to 1.6 nTand was the most variable with both the lowestligHest
speeds recorded for any site. The complete renaf\sbnding timber opens up the
forest environment and takes away all shade, crgat extreme environment not found

when a canopy is present. At HB the range in veipeed was 0.75 to 1.3 i sompared

to 0.6 to 1.15 mSat NB.
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Figure 6.19 Mean wind speed at 150 cm for NB, HBnd HBL sites at Candle Lake.
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6.4.2 Microenvironment

The most modified structural feature of the micrieonment was the canopy
cover. All three logged sites showed high cangpgnmess ranging from 72% in NBL to
93% in MBL (Figure 6.20). The lower value of cagapenness in NBL is due to the
occurrence of many small aspen stems throughouwtuharea and occasional short trees
that were left standing. The wildfire leave staitds showed increasing canopy
openness from NB, MB and HB respectively. Cangpgynmess in the MB sites averaged
43% as not all tree cover had been killed by fivd 20% in the HB sites where remnant

dead snags provided some shade. This comparé¥4orBthe undisturbed NB sites.
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Figure 6.20 Canopy openness between micro-sites@andle Lake.

Canopy openness was found to be significantly tated to radiation received at
1.3 m height on a cloudless da§ %r0.87 for Candle Lake site 1 and 0.81 for site 2,

p<0.05; Figure 6.17). Canopy openness was also ftubd significantly correlated to

93



the amount of precipitation received at each maite<{f = 0.92 for site 1 and 0.73 for

site 2, p<©.05; Figure 6.21).
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Figure 6.21 Canopy cover (% openness) versus soladiation (left) and versus
precipitation (right) for all treatments at sites 1and 2 at Candle Lake.

Litter depth generally was negatively correlatedn@ximum soil temperatures at

5 cm and 10 cm depths (Figure 6.22), with increadi¢ter depth producing a

corresponding decrease in temperature. The excepas site 1 where the reverse trend

was noted; this was likely caused to the topog@pbsition of the site which maintained

relatively high soil moisture levels. Higher smbisture levels increase soil thermal

conductivity and energy storage allowing the toplager to attain higher soil

temperatures even with an increased litter deptiNgkshabandi and Kohnke 1965).
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Figure 6.22 Average litter depth vs. maximum soilemperature at 5 cm at three
sites and overall average for the study area at Caife Lake.

Analysis of Variance (ANOVA) was used to quantifffekrences between
treatment sites (Table 6.26). Comparison of thedua and logged counterparts indicated
that significant differences (j§<05) occurred between MB and MBL for canopy
openness, albedo, minimum soil temperatures araipgegion. HB and HBL showed
significant differences only for canopy openness mmimum soil temperatures. NB
and NBL showed significant differences for canopgrmness maximum, minimum soil
temperatures and precipitation received. Compamémon-logged sites showed that
NB and HB differed significantly for all variablexcept minimum soil temperatures at 5

cm and precipitation. NB and MB showed significdifterences in maximum soil
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temperature at 5 cm and albedo. For the salvaggetbsites no significant differences

were noted between MBL and HBL.

Table 6.26 ANOVA results between sites for enviranental variables. Values
provided are p-values with significant differences shown in boldype.

. . Soil Temp. ("C) at 5 cm Avg. Soil Temp.  C3MOPY  precip.

Site Comparison Min. Max. (90) at5 cmp Op(%/r;;wess (mm;:) Albedo
NB vs. NBL <0.001 0.022 0.005 0.002 0.018 0.765
MB vs. MBL 0.151 <0.001 0.128 0.023 <0.001  0.002
HB vs. HBL 0.715 0.035 0.096 0.022 0.162 0.763
NB vs. MB 0.023 0.396 0.101 0.191 0.159 <0.001
NB vs. HB 0.020 0.169 0.028 <0.001 0.320 <0.001
MB vs. HB 0.194 0.591 0.211 0.018 0.732  0.005
MBL vs. HBL 0.632 0.365 0.487 0.580 0.314 0.475
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7. Discussion

The results of this study agree with other authoedfirming that salvage logging
immediately after a wildfire disturbance signifitigralters early post-fire plant
communities (Martinez-Sancher al. 1999; Fraseet al. 2004; Kurulok 2004; Purdoet
al. 2004; Hanson and Stuart 2005). Early post-fiteagye logging (1 year post-fire)
tends to remove the boundaries between burn siegecteating similar patterns of
species composition through the removal of thesfocanopy and disruption of the forest
floor. The wildfire leave stands showed uniquecgggecomposition among the burn
severities as boreal forest species have develdiffedent reproductive strategies in
response to varying degrees of burn severity (Rb®83; Schimmel and Granstrom
1996). Salvage logged forest stands in my studwsH a greater degree of homogenous
plant communities among burn severities. Loggipgears to truncate the broader range
of plant community characteristics found in plaotnenunities of unlogged post-fire
forest stands.

The effects of salvage logging were less pronouteegears post-fire, with
plant communities converging between the salvaggdd and unlogged sites. The early
distinct differences found between salvage loggetiumlogged leave stands, developed
into three plant community types described as stuthance, moderate disturbance
either by fire or salvage logging, and severe digtnce early succession communities. |
found that the effects of salvage logging do nasiseover a long period of time in areas
of high burn severity, but continue to be appanerreas of low to moderate burn
severity ten years after disturbance. The effetsalvage logging on plant community

development were still evident ten years postdaasing a decrease in the range of
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boreal plant community composition and structur@agihe no burn and moderate burn

severities.

7.1 The effects of salvage logging on species regeation

Within the very early succession wildfire leaversts (1 year post-fire) the
variability in species richness, and diversitylu post-fire environment, is influenced by
the structural and environmental characteristichasites. The formation of distinctive
species compositions between burn severities wittgrwildfire leave stands was typical
of mixedwood boreal forest after a wildfire distarize (Dix and Swan 1971; Rowe
1983; Bonan and Shugart 1989, Schimmel and Granst@®6). The fire disturbance
affected the microclimate and availability of expdsnineral soil germination sites via
the removal of forest canopy and the creation sifiteal snags. Through the variation in
burn severity and light availability, which takergether created unique plant
regeneration sites, lead to differences in plamroonities across the burnt areas.

Although the salvage logged stands were establishitbth the same range of
post-fire conditions as the leave stands, the mgdgffects of the secondary logging
disturbance resulted in significant differencespecies composition. Early successional
regeneration in the salvage logged stands showegeall loss in species richness and a
drop in species diversity compared to stands distliby wildfire alone. Overall
vascular vegetative cover within salvage loggeddsavas 40.8% lower than for similar
burn severities in the leave stands with the ldrdgéference seeing a 41% decrease
between the moderately burned (MBL) areas. Theagallogged stands created a more

simplified and sparse vegetative community. THesbBngs are similar to Purdcet al
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(2004) where they found a more homogenous undgrstanposition with a decrease in
species diversity and abundance among burn seernitisalvage logged stands.

The most noticeable effect of salvage logging esrgmoval of the residual forest
canopy within all burn severities. Removing thensling timber through salvage logging
created substantial differences in the structurdlenvironmental characteristics at the
sites. The decrease in the abundance of standieg &nd snags created significant
differences in canopy structure and the micro-emrrent. At the Candle Lake burn
site, changes such an increase in incoming radiadiio temperature, wind speed and soil
temperature alter the growing conditions in theagd logged stands. Within the
moderate to high burn severity salvage standdp#sein shade and increase in wind
speeds produced increased fluctuations in dailpe&satures and humidity, which
enhance like likeliness of drying out the top $ayler and increasing the potential for
water stress in the regenerating plants. The I@pecies richness and sparser plant
cover found in the salvage logged stands is evielenthis effect. Modification of the
micro-climate of the salvage logged environment mast pronounced between the
leave stands and salvage logged stands of themaabeas as an undisturbed forest is
vastly different in structure than a disturbed ar@a salvage logging encompasses areas
which were not directly affected by the wildfireest, these areas of no burn are
essentially clear-cut and the changes in speciepaosition and environmental variables
were similar to results described by Franidiral (2002). Differences between the
unlogged and salvage logged areas were progreg$ass! noticeable as burn severity

increased in the environments being compared.
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In addition to modifying site micro-climate, theameval of standing snags and the
residual live canopy also disturbed the forestrflopleaving behind a large amount of
woody material and needle litter (i.e. logging BlasCoarse woody debris left on the
forest floor showed an overall increase of 58%aiwvage logged areas with the largest
increase of 64.2% occurring within the high seyebiirn (HBL) areas. Salvage
harvesting the burnt forest stands increased tleuatrof coarse woody debris on the
forest floor inhibiting forest regeneration as do@anted in studies by Purdenal
(2004), Kurulok (2004) and Dona#ét al (2006). This increase in coarse woody debris
and disturbance of the forest floor caused a deergathe amount of exposed mineral
soil found between the burn severities. Salvaggdd stands showed an overall
decrease in exposed mineral soil by 15.7% witHahgest decrease of 46.6% occurring
in high severity burn (HBL) areas. The loss of theopy also increased solar radiation,
increasing the surface temperature of the forest #ind making it more susceptible to
drying out. The moderate and high burn severgasmwithin the salvage logged stands
produced an average temperature 5°C higher witld@ndp 5 cm of the soil layer. The
disturbance of the forest floor by the salvage inggperation has been found to inhibit
the regeneration of plant species, specificallydong the successful germination rate of
tree seedlings (Martinez-Sanclhetzal 1999; Donat@t al 2006; Greenet al 2006).

Similar to the Candle Lake burn site (1 year pasf-fthe variability in species
richness and diversity at the Mahigan site wildfeave stands (ten years post-fire) is
influenced by the structural and environmental abtaristics. Ten years after the
wildfire disturbance, the formation of distinctigpecies compositions between burn

severities within the wildfire leave stands is tgliof mixedwood boreal forest (Dix and
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Swan 1971; Rowe 1983; Bonan and Shugart 1989, $ekimnd Granstrom 1996). The
variation in fire severity is important in deternmg the ability for species to recolonize
after the wildfire event. Areas affected by loveeirn severities have a higher success
rate of regenerating species which were preseat fwithe wildfire disturbance, while
areas of high burn severities rely on recolonizatmtake place through aerial seed bank
input and seed from surviving sources at the edfdse burn (Greenet al. 2004;

Barneset al 1998).

Species richness at the Mahigan site ten yearsfippstas not significantly
different between the logging treatments, but tivezee 18 fewer species recorded within
the salvage logged stands compared to the wiltfaee stands. This large decrease in
the amount of individual species found in the sgédvbbgged stand indicates that there is
a long lasting effect on the species compositiosabiage logged stands. The wildfire
leave stands recorded a higher amount of shrulharidspecies between all of the burn
severities than the salvage logged areas. A rextuct species post-salvage logging was
first seen in the loss of vegetative range recoatdtle Candle Lake burn sites one year
post-fire. The loss in the number of boreal spe@grimarily associated with
herbaceous species largely found in older mixedvwatadds such as wintergreens
(Pyrola secundpand orchidsGoodyera repens Salvage logged stands also showed a
loss of shrub species, particularly within the nratie burned plots. This loss of
understory shrub species may be due to the distaebaf the forest floor during the
salvage logging operation, removing the residuallsispecies which would have
normally recolonized the area after surviving tkpasure to a moderate burn. Overall

diversity was significantly higher within the safjgalogged stands compared to the leave
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stands. This increase in diversity is possibly thua smaller sample size, ground
preparation, tillage of the soil, and the plantrig®’inus banksianaeedlings post-salvage
harvest. Vegetation cover was also higher by 15rb#e salvage logged stand due to
the dense canopy cover by young regenerating tspesificallyPopulus tremuloides
However, differences in composition between logged unlogged sites became less
pronounced with increasing burn severity.

The effects of salvage logging on environmentailaldes were less pronounced
at the Mahigan burn site. The division betweenwiidfire leave stand and the salvage
logged stand has lessened after ten years postitiieno significant differences being
found other than within the leaf litter coveragestcan be explained by the high
regeneration rate of aspen species, specificalbutfhout the no burn to moderate burn
severity salvage logged plots. The large divisiothe abundance of coarse woody
debris between wildfire leave stands and salvaggdd stands displayed one year after
the salvage operation has diminished and no sggmifidifference was found between the
post-fire sites ten years afterwards. Within th@hMan burn site, the increased coarse
woody debris coverage after salvage logging hasedsed since the salvage logging
operation as there has been no long term input §tamding snags. Conversely, the
wildfire leave stand has an increasing rate of smaroody debris due to the natural
collapse of snags which were killed by the wildfiisturbance. The snags present within
the wildfire leave stand provide a long term inptihutrients, shade, animal habitat (both
standing and fallen), and the availability of nulksgs for the germination of tree
seedlings. This was most apparent in the modgratehed areas which have a mix of

dead and living trees which were not completelyscmnmed by the fire disturbance and
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are dying and falling at a slower rate than sedgherhigh severity burn areas (Greifal

1999; Lee and Crites 1999; Morissedteal 2002; Nappet al 2004; Russekt al 2006).

7.2 Effects of salvage logging on plant communities

Fires are important processes for maintaining todiversity within boreal forest
communities (Wein and MacLean 1983; Johnson 19B& severity at the local level is
important in determining the process of specieslogization after a wildfire
disturbance. Boreal forest species have develdfgaent reproductive strategies in
response to varying degrees of burn severity tlegtte unique species compositions
within the post-fire environment (Rowe 1983; Schietmnd Granstrom 1996). Results
of this research have found that significant ddferes in species composition between
burn severities is common in the wildfire leavensls, while salvage logged stands
tended to show similarity in species compositiotwleen the burn severities. The
negative influences to species composition by g@Vagging can be attributed to the
increase of forest floor disturbance and removdhefforest canopy. It was found that
salvage logging increased the ground cover of eoamdy debris and needle litter
while decreasing the amount of exposed soil, riegpuih reduced species richness and
abundance, with similar findings by Purdeinal (2004). Removal of the forest canopy
alters the post-fire micro-climate by increasingctuations in wind, temperature and
moisture gradients; this has been shown to dryreutorest floor and topsoil, increasing
stress on the emerging plant community and indbgeer rates of mortality among

seedlings in the post-fire environment (Kurulok 20Greenest al 2006).
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Although the logging treatments within the Candéké burn site were disturbed
the same range of fire severity, the results hhweeva that the species composition
between the logging treatments were significaniffieent (Table 6.5, Figure 6.2, Figure
6.3) and this is substantiated by the indicatocigseanalysis. Indicator species of the
leave stand were typical of those described by Rd@®83), with early successional
species such a&eranium bicknelliandDracocephalum parviflorugrassociated with the
high burn severity, while late successional spesiesh as’icea glaucawere indicators
of no disturbance. Significant indicator specigthin the salvage logged stands were
only identified within the high burn severity, imditing that secondary disturbance
through salvage logging had altered the areas distarbance and moderate burn
severity such that they showed similar species asitipn. Complementing these results
is the analysis from the ordination which indicatiedt the high level of disturbance
caused by salvage logging one year post-fire haeteto homogenize the species
composition towards that of the moderate burn sgvglots and in doing so has
decreased the range of the vegetative communities.

The composition of plant community structure atMehigan burn site still
shows the effects of salvage logging ten yearsf@st In comparison to the logging
treatments one year post-fire, where there wastandi division between the salvage
logged and unlogged stands, the Mahigan site tarsymost-fire shows several groupings
between the logging treatments (Table 6.14, Figueand Figure 6.6). Results from the
indicator species analysis between logging treatsnainthe Mahigan burn site identified
12 species, all of which were significant indicatof salvage logged stands. This may

be explained by the general loss of community stinecbetween burn severities at the
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stand level, tillage of the forest floor, and tkelanting ofPinus banksianaallowing for
species to regenerate in a large abundance. Assgieéd within the leave stands one year
post-fire, indicator species of the leave standytars post-fire were typical of those
described by Rowe (1983). ldentified were endspercies, such &nus banksiana
associated with high regeneration rates within figin severity areas while areas of no
disturbance were again indicated by late succeaksmecies such #cea glauca

Within the salvage logged stands only two specieewdentified as significant

indicators of burn severity, witRinus banksian&®eing an indicator of high burn severity
again. There has been a loss of distinctive spexdsemblages normally associated with
burn severity. Initial post-fire regeneration gmar post-fire was clearly divided into

two groups composed of the salvage logged standhendildfire leave stand. Over a
ten year time period three regrowth cover typeslieveloped, characterised by no
disturbance, moderate disturbance either by firgatrage logging, and severe
disturbance. The merging of the high severity buretween the logging treatments
indicates that the effects of salvage logging dohawe long lasting effects within areas

of high burn severity.

8. Conclusions
8.1 Summary

The principal objective of this study was to deterenf salvage logging within
areas of different forest fire burn severities daffect on species regeneration and plant
community composition in a mixedwood boreal fomsnmunity. Results indicated that

salvage logging had a significant impact on the position of early succession plant
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communities in burned mixwood boreal forests acdifsrent burn severities. This
effect was still evident in forest stands ten ygurst-fire, indicating that salvage logging
had longer lasting residual effects on boreal focesxmunity development. The initial
impact of salvage logging was to reduce speciémess, diversity, and cover within all
burn severities, creating a less abundant and siworglified plant community. It was
shown that salvage logging one year post-fire tdridereate more homogenous plant
communities similar to those communities foundnragea of moderate burn severity,
contracting the effects of burn severity and desirepthe range of the vegetative
communities. Such distinctions remained appareet the course of the ten year
regrowth period encompassed by this study. Asag@Vogging becomes more prevalent
within fire disturbed boreal forest communitiesria will be an increase in the
regenerating forest stands and understory composithat have been altered by salvage
logging. These stands tend to be more homogematisa distinct loss of species and
vegetative range, simplifying the successional \paifs.

The regeneration of plant communities after adisturbance is dependant on the
plant community prior to the fire event, the intéynand severity at which the fire burns,
and the presence of viable vegetative banks ardilsmeksjn situor above ground. As
salvage logging removes the forest canopy, the s@ince for aerial seed input is also
removed, requiring the salvage logged stand tortepe seed to be dispersed from the
cut-block edge for seed input. Increased disturban the forest floor, such as a large
input of coarse woody debris, inhibits the regeti@neof early post-fire species. The

initial effects of salvage logging on the numbespécies regenerating and their
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abundance within the post-salvage logging envirartrhave influence on the long term
effect of the regenerating forest structure anceustdry component.

One of the most distinct features of a salvageddggiand is the removal of the
forest stand itself. By harvesting the standingpier, the salvage logged area is left open
and bare. The removal of the standing timber aiags created a large increase of coarse
woody debris on the forest floor, insulating thewgrd and potentially causing fuel loads
to increase and in case of a re-burn, would createre intense fire to occur. The large
coverage of coarse woody debris found within theagge logged plots at the Candle
Lake site (one year post-fire) has decreased ah toverage when compared to the
Mahigan salvage logged stand ten years lateromitrast to the salvage logged stand, the
wildfire leave stand ten years later is receivinghker amounts of coarse woody debris
due to the natural collapse of snags, receivirang term input of nutrients, shade,
animal habitat (both standing and fallen), seekhaput, and the availability of nurse
logs for the germination of tree seedlings. Thngstbn in coarse woody debris allows
the wildfire leave stand a long term input of ceansody debris while the salvage
logged stands ten years after the salvage loggegation are starting to show a shortfall

in coarse woody debris.

8.2 Recommendations

Areas of the boreal forest affected by wildfire aféligh ecological value for the
range of vegetation that develops, the unique mamtmunities forged by burn
severities, and the turnover of the forest strectaaving large amounts of snags.

Salvage logging disrupts the post-fire ecologicdue of the forest structure by causing a

107



secondary disturbance, removing the standing tirmbdrdisrupting plant community
succession. The use of logging roads and largbloaks create major disturbances
which are unnatural to the post-fire environme®alvage logging should emulate
wildfire disturbances more, with larger blocks tdreding trees, dead and alive to act as
seed banks for post-fire regeneration, habitapémt-fire invaders, and to keep the large
range of vegetation. Based on the findings in shisly, the author recommends that
forest managers take measures to decrease theveeg@ailogical effects of salvage
logging. To minimize the loss of species, vegetatange, and disturbance to the forest
floor that occurs within salvage logged burned $ostands, it is suggested that:

1. Large blocks of residual burned forest should Ilfteule-salvaged to safeguard
species diversity in the post-fire environment.e3d large blocks of residual
burned forest should contain large areas of alhIsewerity classes to ensure of a

wide range of plant communities.

2. Standing residual trees and coarse woody debriddihbe left on salvage logged
sites to provide shade and a potential long temmncgoof nutrients from tree
decomposition.

It has been shown that salvage logging reducesp®ees richness and abundance of
the boreal plant community. These effects weréadtacross all burn severities but
were the most prominent in the moderate burn siBzdvage logging these areas tends to
create longer lasting effects on the successiamalth. This is a concern as forest
managers target these sites as the main areaa\fage as they are the most valuable for
the production of pulp and saw timber (Pshebnieki pomm. 2004). There is a lack of
reliable research on the long term effects of ggvagging within the boreal forest.

Many questions still need to be looked at to deteerthe long term effects salvage

108



logging has on the loss of species, vegetativeardetween burn severities, and other
important issues such as seed input. Salvagerigggerations will continue to occur
and there is a need to define what the consequeneesd how to better manage the

post-fire forest ecosystem.
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Appendix 1 Frequency of all species within the Candle Laltnisite (1 year post-fire)
between logging treatments and burn severitiesqu@ncy is shown as the percentage of
plots in which a species occurs. Wildfire and Sgém= 54 plots. x = species found only

within the wildfire leave stands.

Wildfire Salvage Logged
Tree Species: NB MB HB NBL MBL HBL Species Code
Abies balsamea 0.22 0.00 0.00 0.00 0.00 0.00 Abie bal
Betula papyrifera 0.89 0.33 0.08 0.78 0.33 0.22 Betu pap
Picea glauca 1.00 0.56 0.00 0.22 0.11 0.11 Pice gla
Pinus banksiana 0.00 0.22 0.15 0.00 0.00 0.00 Pinu ban
Populus balsamifera 0.00 0.00 0.04 0.11 0.11 0.11 Popu bal
Populus tremuloides 1.00 1.00 0.35 0.89 1.00 1.00 Popu tre
Shrub Species:
Alnus crispa 0.78 0.56 0.15 0.22 0.56 0.33 Alnu cri
Amelanchier alnifolia 0.11 0.11 0.04 0.11 0.11 0.00 Amel aln
Cornus stolonifera 0.11 0.11 0.00 0.00 0.11 0.00 Corn sto
Corylus cornuta 0.33 0.44 0.08 0.22 0.11 0.22 Cory cor
Ledum groenlandicum 0.56 0.44 0.15 0.44 0.67 0.22 Ledu gro
Lonicera dioica 0.11 0.00 0.04 0.22 0.11 0.22 Loni dio
Prunus pensylvanica 0.11 0.00 0.08 0.00 0.11 0.00 Prun pen
Ribes hudsonianum 0.11 0.00 0.00 0.11 0.00 0.00 Ribe hud
Ribes lacustre 0.11 0.11 0.00 0.33 0.00 0.22 Ribe lac
Ribes oxyacanthoides 0.11 0.00 0.04 0.11 0.00 0.22 Ribe oxy
Ribes triste 0.67 0.56 0.08 0.44 0.67 0.44 Ribe tri
Rosa acicularis 0.89 0.78 0.23 0.89 0.78 0.56 Rosa aci
Rubus idaeus 0.33 0.56 0.04 0.22 0.33 0.67 Rubu ida
Salixspp. 0.44 0.67 0.23 0.56 0.56 0.44 Sali spp
Shepherdia canadensis 0.33 0.11 0.00 0.00 0.11 0.00 Shep can
Vaccinium myrtilloides 0.22 0.00 0.04 0.11 0.00 0.00 Vacc myr
Vaccinium vitis-idaea 0.33 0.56 0.00 0.33 0.22 0.00 Vacc vit
Viburnum edule 1.00 0.89 0.31 0.56 0.67 0.78 Vibu edu
Forb & Graminoid Species:
Actaea rubra 0.11 0.11 0.00 0.11 0.00 0.22 Acta rub
Apocynum androsaemifoliumx 0.11 0.11 0.00 0.00 0.00 0.00 Apoc and
Aquilegia brevistyla 0.00 0.00 0.04 0.00 0.00 0.00 Aqui bre
Aralia nudicaulis 1.00 0.89 0.27 0.89 0.89 0.67 Aral nud
Aster conspicuus 0.00 0.11 0.08 0.00 0.00 0.00 Aste con
Aster spp. 0.67 0.67 0.19 0.44 0.11 1.00 Aste spp
Cirsium arvense 0.00 0.00 0.04 0.00 0.00 0.11 Cirs arv
Coptis trifolia 0.00 0.11 0.00 0.00 0.00 0.00 Copt tri
Cornus canadensis 1.00 1.00 0.35 1.00 0.89 1.00 Corn can
Corydalis aurea 0.00 0.33 0.12 0.00 0.00 0.22 Cory aur
Corydalis sempervirens 0.00 0.44 0.12 0.00 0.11 0.22 Cory sem
Disporum trachycarpum 0.11 0.00 0.04 0.33 0.11 0.11 Disp tra
Dracocephalum parviflorum 0.00 0.67 0.27 0.11 0.33 0.78 Drac par
Epilobium angustifolium 0.67 1.00 0.35 0.89 1.00 1.00 Epil ang
Epilobium glandulosum 0.00 0.00 0.04 0.00 0.00 0.00 Epil gla
Equisetum arvense 0.00 0.00 0.04 0.11 0.11 0.56 Equi arv
Equisetum pratense 0.00 0.11 0.04 0.00 0.00 0.00 Equi pra
Fragaria vesca 0.44 0.44 0.00 0.11 0.56 0.22 Frag ves
Fragaria virginiana 0.44 0.33 0.12 0.44 0.44 0.56 Frag vir
Galium boreale 0.22 0.22 0.12 0.33 0.00 0.33 Gali bor
Galium triflorum 0.11 0.00 0.00 0.00 0.11 0.00 Gali tri
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Geranium bicknellii
Goodyera repens
Grassspp

Lathyrus ochroleucus
Linnaea borealis

Lycopodium annotinum
Lycopodium complanatum
Lycopodium obscurum
Maianthemum canadens

Mertensia paniculata
Mitella nuda
Petasites palmatus
Petasites sagittatus
Pyrola asarifolia
Pyrola secunda
Pyrola virens
Rubus pubescens
Solidago spathulata
Trientalis borealis
Vicia americana
Viola canadensis
Viola renifolia

0.11
0.11
0.89
0.89
0.78
0.67
0.22
0.00
1.00
0.89
0.78
1.00
0.00
0.11
0.67
0.33
1.00
0.00
1.00
0.33
0.44
1.00

1.00
0.00
1.00
0.78
1.00
0.56
0.44
0.33
1.00
0.56
0.67
1.00
0.33
0.00
0.11
0.11
0.89
0.22
1.00
0.67
0.44
0.78

0.35
0.00
0.31
0.19
0.27
0.00
0.00
0.08
0.31
0.15
0.12
0.27
0.15
0.00
0.00
0.00
0.23
0.04
0.31
0.23
0.08
0.15

0.22
0.00
1.00
0.67
0.44
0.22
0.00
0.11
0.78
0.67
0.33
0.89
0.00
0.00
0.22
0.00
1.00
0.00
0.89
0.00
0.11
0.44

0.89
0.00
1.00
0.44
0.56
0.22
0.11
0.22
0.89
0.44
0.44
1.00
0.11
0.00
0.00
0.11
0.89
0.11
0.67
0.11
0.00
0.22

1.00
0.00
0.89
0.44
0.56
0.00
0.00
0.00
0.89
0.78
0.67
1.00
0.22
0.00
0.00
0.00
0.89
0.00
0.78
0.44
0.00
0.56

Gera bic
Good rep
Gras spp
Lath och
Linn bor
Lyco ann
Lyco com
Lyco obs
Maia can
Mert pan
Mite nud
Peta pal
Peta sag
Pyro asa
Pyro sec
Pyro vir
Rubu pub
Soli spa
Trie bor
Vici ame
Viol can
Viol ren
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Appendix 2 Frequency of all species within the Mahigan kaite (10 years post-fire)
between logging treatments and burn severitiesqu@ncy is shown as the percentage of
plots in which a species occurs. Wildfire and Sgésa= 30 plots. x = species found
only within wildfire leave stands or salvage loggands as indicated.

Wildfire Salvage Logged
Tree Species: NB MB HB NBL MBL HBL Species Code
Betula papyrifera 0.50 0.67 0.67 0.50 0.75 0.50 Betu pap
Larix laricina 0.00 0.17 0.00 0.50 0.25 0.50 Lari lar
Picea glauca 1.00 0.83 1.00 1.00 1.00 1.00 Pice gla
Picea mariana x  0.00 0.17 0.00 0.00 0.00 0.00 Pice mar
Pinus banksiana 0.00 0.33 1.00 1.00 1.00 1.00 Pinu ban
Populus balsamifera 0.00 0.17 0.17 0.75 0.75 0.25 Popu bal
Populus tremuloides 0.83 1.00 1.00 1.00 1.00 1.00 Popu tre
Shrub Species:
Alnus crispa 0.83 0.33 0.00 0.75 1.00 1.00 Alnu cri
Alnus rugosa X 0.00 0.17 0.00 0.00 0.00 0.00 Alnu rug
Arctostaphylos uva-ursi 0.00 0.17 0.00 0.00 0.00 0.25 Arct uva
Cornus stolonifera X 0.67 0.33 0.00 0.00 0.00 0.00 Corn sto
Gaultheria hispidula 0.00 0.00 0.17 0.00 0.00 0.25 Gaul his
Ledum groenlandicum 0.50 0.50 0.83 0.50 1.00 1.00 Ledu gro
Lonicera dioica 0.33 0.00 0.17 0.50 0.00 0.00 Loni dio
Lonicera involucrata 0.50 0.50 0.17 0.75 0.25 0.00 Loni inv
Prunus pensylvanica X 0.17 0.17 0.00 0.00 0.00 0.00 Prun pen
Ribes hudsonianum x  0.50 0.17 0.00 0.00 0.00 0.00 Ribe hud
Ribes lacustre 0.83 0.33 0.00 0.25 0.00 0.25 Ribe lac
Ribes oxyacanthoides 0.17 0.17 0.00 0.50 0.50 0.00 Ribe oxy
Ribes triste 0.83 0.50 0.00 1.00 0.75 0.00 Ribe tri
Rosa acicularis 0.67 1.00 0.17 0.75 1.00 0.00 Rosa aci
Rubus idaeus 0.50 0.83 0.50 1.00 1.00 0.50 Rubu ida
Salixspp. 0.00 0.67 1.00 0.75 0.75 1.00 Sali spp
Shepherdia canadensis 0.00 0.00 0.00 x 0.25 0.00 0.00 Shep can
Vaccinium myrtilloides 0.00 0.33 0.67 0.00 0.00 0.25 Vacc myr
Vaccinium vitis-idaea 0.17 0.33 0.50 0.50 0.75 0.75 Vacc vit
Viburnum edule 0.67 0.83 0.33 0.75 0.50 0.00 Vibu edu
Forb & Graminoid Species:
Achillea millefolium 0.17 0.33 0.17 0.75 0.75 0.50 Achi mil
Actaea rubra 0.33 0.33 0.17 0.50 0.25 0.00 Acta rub
Aquilegia brevistyla X 0.00 0.00 0.17 0.00 0.00 0.00 Aqui bre
Aralia nudicaulis 1.00 0.67 0.17 1.00 0.50 0.00 Aral nud
Aster spp. 0.83 0.83 0.17 1.00 1.00 0.50 Aste spp
Astragalus canadensis X 0.17 0.00 0.00 0.00 0.00 0.00 Astr can
Carexspp 0.17 0.00 0.00 0.00 0.25 0.00 Carx spp
Circaea alpina 0.33 0.00 0.00 0.25 0.00 0.00 Circ alp
Coptis trifolia X 0.00 0.00 0.17 0.00 0.00 0.00 Copt tri
Cornus canadensis 0.83 0.83 0.83 1.00 1.00 1.00 Corn can
Disporum trachycarpum X 0.17 0.00 0.00 0.00 0.00 0.00 Disp tra
Epilobium angustifolium 0.50 1.00 0.83 1.00 1.00 1.00 Epil ang
Equisetum arvense 0.33 0.50 0.00 0.75 0.75 0.25 Equi arv
Equisetum pratense 0.67 0.50 0.17 0.75 0.75 0.75 Equi pra
Equisetum scirpoides X 0.33 0.33 0.17 0.00 0.50 0.00 Equi sci
Equisetum sylvaticum X 0.17 0.33 0.17 0.00 0.00 0.00 Equi syl
Fragaria vesca X 0.17 0.50 0.17 0.00 0.00 0.00 Frag ves
Fragaria virginiana 0.33 0.33 0.17 0.50 0.50 0.25 Frag vir
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Galium boreale
Galium triflorum
Goodyera repens
Grassspp

Gymnocarpium dryopteris

Habenaria hyperborea
Lathyrus ochroleucus
Lathyrus venosus
Linnaea borealis

Lycopodium annotinum
Lycopodium complanatum

Lycopodium obscurum

Maianthemum canadens

Mertensia paniculata
Mitella nuda
Petasites palmatus
Pyrola secunda
Pyrola virens

Rubus pubescens
Rumex occidentalis
Smilacina stellata
Stellaria longifolia
Taraxacum officinale
Trientalis borealis
Urtica dioca

Vicia americana
Viola canadensis
Viola renifolia

x

0.17
0.83
0.17
0.83
0.17
0.00
0.33
0.00
0.67
0.33
0.00
0.00
0.67
1.00
0.83
1.00
0.00
0.00
1.00
0.00
0.17
0.00
0.00
0.67
0.17
0.50
0.50
0.67

0.33
0.33
0.00
1.00
0.17
0.33
0.33
0.33
0.67
0.17
0.17
0.00
0.67
0.83
0.83
1.00
0.17
0.17
1.00
0.17
0.00
0.17
0.17
0.33
0.00
0.83
0.17
0.50

0.50
0.00
0.00
0.83
0.00
0.00
0.67
0.00
0.50
0.00
0.17
0.50
0.17
0.17
0.00
0.67
0.00
0.33
0.17
0.00
0.00
0.33
0.17
0.17
0.00
0.50
0.00
0.00

0.00
0.50
0.00
1.00
0.00
0.25
1.00
0.75
1.00
0.25
0.00
0.00
0.50
1.00
0.50
1.00
0.00
0.00
1.00
0.00
0.00
0.25
0.25
0.25
0.00
0.50
0.00
0.50

0.25
0.25
0.00
0.75
0.00
0.00
1.00
0.00
1.00
0.00
0.25
0.00
0.25
0.25
0.50
1.00
0.00
0.00
0.50
0.00
0.00
0.00
0.25
0.50
0.00
0.50
0.00
0.25

0.50
0.00
0.00
1.00
0.00
0.00
0.50
0.00
0.75
0.00
0.50
0.00
0.00
0.50
0.00
0.75
0.00
0.00
0.50
0.00
0.00
0.25
0.00
0.50
0.00
0.50
0.00
0.50

Gali bor
Gali tri
Good rep
Gras spp
Gymn dry
Habe hyp
Lath och
Lath ven
Linn bor
Lyco ann
Lyco com
Lyco obs
Maia can
Mert pan
Mite nud
Peta pal
Pyro sec
Pyro vir
Rubu pub
Rume occ
Smil ste
Stel lon
Tera off
Trie bor
Urti dio
Vici ame
Viol can
Viol ren
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Appendix 3 Frequency of all species within the Beaupre Isiten (10 years post-fire)
between burn severities. Frequency is shown agdtmntage of plots in which a
species occurs. Wildfire and Salvage 18 plots.

Wildfire
Tree Species: NB MB HB Species Code
Abies balsamea 1.00 0.17 0.00 Abie bal
Betula papyrifera 0.17 0.83 1.00 Betu pap
Picea glauca 1.00 1.00 1.00 Pice gla
Pinus banksiana 0.00 0.00 0.17 Pinu ban
Populus balsamifera 0.17 0.67 1.00 Popu bal
Populus tremuloides 1.00 1.00 1.00 Popu tre
Shrub Species:
Alnus crispa 0.50 0.17 0.00 Alnu cri
Amelanchier alnifolia 0.17 0.00 0.00 Amel aln
Cornus stolonifera 0.50 0.33 0.17 Corn sto
Ledum groenlandicum 0.00 0.17 0.00 Ledu gro
Lonicera dioica 0.17 0.17 0.17 Loni dio
Lonicera involucrata 0.67 0.67 0.33 Loni inv
Prunus pensylvanica 0.00 0.17 0.17 Prun pen
Ribes glandulosum 0.00 0.17 0.00 Ribe gla
Ribes hudsonianum 0.33 0.00 0.00 Ribe hud
Ribes lacustre 0.17 0.17 0.17 Ribe lac
Ribes oxyacanthoides 0.17 0.00 0.00 Ribe oxy
Ribes triste 0.83 0.67 0.00 Ribe tri
Rosa acicularis 1.00 0.83 0.50 Rosa aci
Rubus idaeus 0.33 1.00 1.00 Rubu ida
Salix spp. 0.00 0.83 1.00 Sali spp
Vaccinium myrtilloides 0.00 0.17 0.17 Vacc myr
Viburnum edule 1.00 0.83 0.50 Vibu edu
Forb & Graminoid Species:
Actaea rubra 0.33 0.33 0.17 Acta rub
Aralia nudicaulis 1.00 0.83 0.83 Aral nud
Aster conspicuus 0.00 0.00 0.33 Aste con
Aster spp. 0.83 0.83 1.00 Aste spp
Cirsium arvense 0.00 0.17 0.67 Cirs arv
Cornus canadensis 1.00 1.00 0.83 Corn can
Disporum trachycarpum 0.67 0.50 0.00 Disp tra
Epilobium angustifolium 0.00 0.67 1.00 Epil ang
Equisetum arvense 0.17 0.17 0.33 Equi arv
Equisetum pratense 0.17 0.17 0.50 Equi pra
Equisetum scirpoides 0.00 0.00 0.17 Equi sci
Equisetum sylvaticum 0.00 0.00 0.17 Equi syl
Fragaria vesca 0.67 0.67 0.50 Frag ves
Fragaria virginiana 0.83 0.83 1.00 Frag vir
Galium boreale 0.83 0.33 0.17 Gali bor
Galium triflorum 0.83 0.83 0.67 Gali tri
Grass spp. 1.00 0.83 0.83 Gras spp
Lathyrus ochroleucus 0.17 0.83 0.50 Lath och
Lathyrus venosus 0.50 0.67 0.50 Lath ven
Linnaea borealis 0.83 0.83 0.83 Linn bor
Lycopodium annotinum 0.17 0.00 0.17 Lyco ann
Lycopodium complanatum 0.00 0.00 0.17 Lyco com
Maianthemum canadens 1.00 0.83 0.67 Maia can
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Mertensia paniculata
Mitella nuda
Monotropa uniflora
Petasites palmatus
Petasites sagittatus
Pyrola asarifolia
Pyrola secunda
Pyrola virens

Rubus pubescens
Stellaria longifolia
Taraxacum officinale
Trientalis borealis
Trifolium hybridum
Vicia americana
Viola canadensis
Viola renifolia

1.00
1.00
0.00
1.00
0.00
0.33
0.17
0.33
1.00
0.00
0.00
0.67
0.00
0.17
0.00
0.83

1.00
1.00
0.17
1.00
0.00
0.33
0.17
0.17
1.00
0.00
0.17
0.50
0.00
0.83
0.17
0.67

0.83
0.50
0.00
1.00
0.17
0.17
0.33
0.17
0.83
0.17
1.00
0.33
0.17
0.83
0.17
0.50

Mert pan
Mite nud
Mono uni
Peta pal
Peta sag
Pyro asa
Pyro sec
Pyro vir
Rubu pub
Stel lon
Tera off
Trie bor
Trif hyb
Vici ame
Viol can
Viol ren
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