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Table 1. Probability values (p) for Bonferroni t-tests between treatment groups for shrub crown
area measurements.
ii. List of Figures.
Figure 1. Location and layout of the sampling lines, treatment units, and level of tree removal
(one-third basal area removal, two-thirds basal area removal, and control) at the Lewes Marsh
study area.
Figure 2. Layout of point-quarter sampling method. The transect line runs from south to north
along each plot line. Image from:
http://www.webpages.uidaho.edu/veg_measure/Modules/Lessons/Module%205(Density)/Mod_3
_Pix&More/Point-Centered_Qrtr.gif
Figure 3. Established willow clumps in the control sites were comprised predominantly of older
large upright stems and decaying snags (photo Sept. 2011).
Figure 4. Left: Willow clumps disturbed by harvesting, here in the two-thirds removal plot,
showed vigorous resprouting of new stems. Right: Vigorous growth of adventitious sprouts was
seen on willow stems (Salix spp.) knocked to the ground by harvesting. (photo July 2017).
Figure 5. Mean crown area (cm2/100m2) by treatment line for shrubs in the Control, One-thirds
removal, and Two-thirds removal treatment areas at Lewes Marsh.
Figure 6. Mean number of stems (+ 1 S.E.) for shrubs in the Control, One-thirds removal, and
Two-thirds removal treatment areas at Lewes Marsh.
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Figure 7. Mean crown area (cm2/100m2) for shrubs in the Control, One-thirds removal, and Twothirds removal treatment areas at Lewes Marsh.
Figure 8. Mean crown area (cm2/100m2) as a function of canopy openness (%) for shrubs in the
Control, One-thirds removal, and Two-thirds removal treatment areas at Lewes Marsh.
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1.0 Summary.
Harvesting trials for the Lewes Marsh Caribou Lichen Research and Monitoring study were
established in the winter of 2014/15 and 2015/16. Nine experimental treatment units, each 3 ha
in size, were laid out in three blocks, each block containing three different treatment units. The
blocks were separated from each other by a 100 m buffer. Within each block, treatment units
were randomly assigned to one of three treatments: high-retention logging (one-third basal area
removal), low-retention logging (two-thirds basal area removal), or no harvesting (control). Postharvest assessments in 2016 found that mean canopy openness of the control, one-third, and twothirds basal area removal treatments was 38.7, 50.1, and 62.9% respectively. This raises the
questions of whether or not increased forest floor light availability will trigger greater
establishment and growth of shrub species used as ungulate forage, predominantly willow (Salix
spp.) on this site. This is a key question for wildlife managers, as the value of enhancing ground
lichen cover for caribou by partial cutting would be negated if growth responses on the part of
the shrub community change predator-prey dynamics on the site, from apparent competition
triggered by wolf-moose interactions. Measurements in summer 2017 found that crown area and
the number of stems were greatest in the two-thirds removal treatments, followed by the control,
and one-thirds removal treatments. The height of established willows was greatest in old clumps
in the control plots. A vigorous resprouting response was seen in many willow clumps in the
two-thirds removal treatment, especially where existing mature stems had been knocked to the
ground during harvesting or broken off at the soil surface, for instance, on skid trails. A lesser
response was observed in the one-thirds removal treatment. Continued monitoring of shrub
response at the time of the next site reassessment (planned for 2020/2021) will be critical to
evaluating the overall quality of the site for caribou habitat.
5
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2.0 Introduction.
2.1 Factors Controlling Lichen Development in Boreal Forests.
Numerous studies have documented the successional development of terrestrial lichens in
fire-origin stands. Zouaoui et al. (2014) found that the time elapsed since the last fire was the
best explanatory variable for the abundance of terrestrial lichens in black spruce (Picea mariana)
forests, while Johnson (1981) found that forage lichen cover reached maximum values between
150 to 250 years after stand origin. Johnson noted that feather moss mats dominated many of the
old forest stands, especially in sites with greater canopy closure. Coxson and Marsh (2001) found
that older pine-lichen woodlands in north-central B.C. showed a gradual transition from a
Cladina dominated forest floor cover to feather moss mat dominated forest-floor surfaces. Many
of the Cladina lichen mats in their mature to old stands were found growing embedded within
feathermoss mats, which were slowly infiltrating and covering the lichen thalli.
This pattern of lichen decline is very similar to that observed in the open needle-leaf
mixed spruce and pine lichen forests in the Lewes Marsh area south of Whitehorse. Sulyma and
Coxson (2001) found that terrestrial lichen mats were strongly associated with forest floor
microsites with greater canopy exposure, while feather mosses dominated shaded microsites.
Similar conclusions were reached by Jonsson Čabrajić et al. (2010) in northern Scandinavian
forests, where optimal terrestrial lichen growth was found only in stands with less than 60%
canopy cover. Haughian and Burton (2015) confirmed these opposing habitat preferences of
terrestrial lichens and feather mosses, demonstrating that terrestrial lichens responded positively
to warmer microsites with greater light availability, while feather mosses preferred cooler shaded
microsites. Stevenson and Coxson (2015) suggested that forest management practices such as
6
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stand thinning could, under some circumstances, be used to slow or even halt this loss of
terrestrial forage lichens in mature to old forest stands, prolonging the period of terrestrial lichen
forage availability.
2.2 Apparent Competition for Caribou – The Role of Browse Shrubs.
One of the key emerging concepts explaining the decline of many North American
caribou herds has been the role of apparent competition from other ungulates, such as moose
(Cumming et al. 1996, Hervieux 2016, Wittmer et al. 2005). This competition is based not on
direct use of the same food resource or habitat; rather it is mediated by predator-prey dynamics.
In British Columbia, this has often been triggered by the introduction of clear-cut logging within
and adjacent to caribou ranges. This leads to greater availability of early seral shrub species, such
as willow and alder. As a result, regional moose populations climb within 15 to 20 years after
logging, supporting, in turn, increased populations of predators such as wolves. Caribou become
a secondary casualty of these landscape level changes, facing higher mortality as an incidental
prey resource for expanding wolf populations. This scenario has played out in mountain caribou
herds across British Columbia. A text-book case was the Telkwa herd south of Smithers, which
fell from some 300 animals in the late 1960’s to less than 20 animals by 2016 (Grant 2017),
notwithstanding attempts to reintroduce animals in 1997 and 1998. Grant (2017) documents the
rapid decline of caribou populations in the first decades after logging, driven by increasing
availability of early seral vegetation and the resultant climb in abundance of moose and wolf
populations. Short-term solutions to the rise of apparent competition and associated collapse of
caribou populations have looked at both sides of the moose-wolf interaction, some attempting to
reduce moose populations by increasing hunting pressure (Serrouya et al. 2017), other
7
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implementing wolf cull programs (Hervieux et al. 2014), yet others introducing maternal pens to
safeguard caribou from predation in the critical late winter-early spring period (Boutin and
Merrill 2016). These solutions have had mixed success, but all will require continued
management interventions for many decades, until the primary driving factor, the abundance of
early seral vegetation, declines in regional landscapes.
2.3 Caribou Habitat in the Southern Lakes Region.
The winter range of the Carcross caribou herd is located in the Southern Lakes Region in
south central Yukon Territory, and a portion of adjacent British Columbia. In many woodland
caribou (Rangifer tarandus caribou) ranges managers have adopted a strategy of intensively
developing large blocks of habitat within a short period so that other larger areas could be left
undisturbed (Racey et al. 1991, Smith et al. 2000, McNay 2011). That strategy may not be
appropriate for the Carcross caribou winter range (Florkiewicz et al. 2007) for several reasons.
The Carcross caribou winter range is close to centres of human habitation; linear developments,
and rural residential areas. Small scale agriculture and forestry activities are common throughout
the area as well. The best lichen-producing habitats are dispersed and are over-represented
within the zone of human influence, and access to lichens may ultimately become a limiting
factor for this herd (Florkiewicz et al. 2007). Timber harvesting operations in the area are small
in scale, and have included commercial firewood cutting operations and selective removal of
trees for local building projects. Historically harvested areas ranged from 1.5 ha to 12 ha (Gough
2010).
2.4 The Lewes Marsh Caribou Lichen Research and Monitoring Program.
In response to these issues the Yukon Forest Management Branch and Environment
Yukon jointly initiated a program of research aimed at identifying how forest harvest practices
8
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can minimize impacts on terrestrial forage lichens in the winter range. The project was designed
as a multi-phase adaptive management study, described by Ogden et al. (2009) as focussing on
the relationship between variable retention harvesting systems and abundance of terrestrial
forage lichens. As part of Phase 1 a literature review was prepared on factors affecting the
abundance of terrestrial lichens in managed forests, including the effects of variable retention
harvesting (Gough 2009). The field component of Phase 1 was a retrospective study of the
relationship between levels of retention and lichen abundance in historic harvesting blocks in the
Lewes Marsh area (Gough 2010).
Phase 2 harvesting trials for the Lewes Marsh Caribou Lichen Research and Monitoring
study were established in the winter of 2014/15 and 2015/16 as described in Coxson (2017).
Mean canopy openness in control, one-third, and two-thirds basal area removal treatments were
38.7, 50.1, and 62.9% respectively (Coxson 2017). Initial post-harvest assessments noted a trend
of declining feather-moss mat abundance, which suggests increasing future habitat availability
for terrestrial lichens. A major recommendation of the 2017 assessment report was that
additional monitoring protocols be put in place to assess changes in forage shrub (primarily
willows and alders) abundance in the Lewes Marsh trial (Coxson 2017). These
recommendations were implemented during the summer 2017 field season, with point-quarter
methods used to assess forage shrub abundance along sampling lines in the Lewes Marsh
Caribou Lichen Research and Monitoring study. This provides critical baseline data for
assessing the success of the partial-cutting treatments in restoring/extending late successional
caribou habitat characteristics.

9

Lewes Marsh Caribou Lichen - Research and Monitoring Phase 2
Report on 2017 Post-Harvest Shrub Assessments.
University of Northern British Columbia, February 2018.

Figure 1. Location and layout of the sampling lines, treatment units, and level of tree removal
(one-third basal area removal, two-thirds basal area removal, and control) at the Lewes Marsh
study area.
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3.0 Methods.
The experimental design within the Lewes Marsh Caribou Lichen Research and
Monitoring study is described more fully by Coxson (2017). In brief, the intent of the harvesting
prescriptions was to create stands with dispersed retention of the existing tree canopy at two
different levels of openness. Over time, the result will be a two-storied or multi-storied stand.
Three levels of retention were implemented:
•

High retention – one-third basal area removal using a mark-to-cut single-tree

selection system, with trees marked for removal.
•

Low retention – two-thirds basal area removal using a mark-to-leave single-tree

selection system, with trees marked for retention.
•

Control – no modification to stand structure.

Nine experimental treatment units, each 3 ha in size, were laid out during the winter of
2014 and 2015 (see outline of treatment units in Fig. 1). The treatment units were set out in three
blocks, each block containing three treatment units. The blocks were separated from each other
by a 100 m buffer. Within each block, each treatment unit was randomly assigned to one of the
three treatments.
Assessments of shrub abundance were conducted using the point-quarter sampling
method of Mueller-Dombois and Ellenberg (1974). Shrub sampling points were established at 20
m intervals along the north-south permanent sampling lines in the nine treatment blocks (Fig. 1).
At each of the 20 m interval points along the permanent transect lines the distance to the nearest
shrub clump was measured within each of the 4 quarters as shown in Fig. 2. Additional
11
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measurements taken on each of the shrub clumps located in each quadrat were diameter of
canopy coverage, the number of stems, and the height of the highest branch. A height of 1 m
was established as the minimum size for measuring a shrub clump. Only forage shrubs were
measured. In the Lewes Marsh site these consisted of willows (Salix bebbiana and Salix
scouleriana) and green alder (Alnus viridis) (Gould 2010). Measurements were not taken on
ground cover shrubs such as soapberry (Shepherdia canadensis), or dwarf shrubs such as
bearberry (Arctostaphylos spp.), as these were included in prior quadrat based cover assessments
(Coxson 2017). In total 540 point-quarter measurements were taken in 2017; all but one was on
willows (Salix spp.), thus our analysis was confined to this genus. A preliminary investigation of
differences between treatment blocks was obtained by conducting Bonferroni t-tests on crown
area measurements (Table 1). The primary focus of future statistical analysis (after the next remeasurement of plots in 2020-2021) will be that of time series analysis within individual
treatment blocks.

Figure 2. Layout of point-quarter sampling method. The transect line runs from south to north
along each plot line (from University of Idaho 2011).
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Table 1. Probability values (p) for Bonferroni t-tests between treatment groups for shrub crown
area measurements.
Treatment

Control

One-

Two-

Control

thirds

thirds

---

---

---

0.096

---

---

0.908

0.506

---

Onethirds
Twothirds

4.0 Results and Discussion.
The point-quarter sampling method used in the present study provides a highly
repeatable means of obtaining measurements of density and basal area for trees and shrubs
(Mueller-Dombois and Ellenberg 1974, Elzinga et al. 1998). In a comparison of sampling
methods Cottam and Curtis (1956) found that the point-quarter method gave the least variable
results and was less subject to bias. Point-quarter sampling has been widely used in ecological
assessments, from California Chaparral (Jacobsen and Davis 2004) to Alaskan shrub
communities (Oldemeyer and Regelin 1980). Although point-quarter sampling can overestimate
basal area compared to direct assessments of all known individuals (Mark and Essler 1970), this
is a bias that is found mainly in stands with very uneven age-classes, where large stemmed
individuals disproportionately influence measurements. The coefficient of variation in point13
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quarter centred quadrat measurements in Alaska was between 16 and 21% (Oldemeyer and
Regelin 1980), well below that of direct quadrat based measurements (16-56%). One factor
which can diminish the accuracy (essentially reducing replication) of point-quarter shrub
measurements is when individual shrub clumps are detected from multiple sampling lines
(Mueller-Dombois and Ellenberg 1974). This occurred very infrequently in the current data set,
mainly on lines 25-27, where shrub abundances were lower.

Figure 3. Established willow clumps in the control sites were comprised predominantly of older
large upright stems and decaying snags. (photo Sept. 2011).
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Figure 4. Left: Willow clumps disturbed by harvesting, here in the two-thirds removal plot,
showed vigorous resprouting of new stems. Right: Vigorous growth of adventitious sprouts was
seen on willow stems (Salix spp.) knocked to the ground by harvesting (photo July 2017).
The mature pine forests in the Lewes Marsh site contained scattered willow clumps. In
control plots these consisted largely of upright older large stems and decaying snags (Fig. 3).
Where established shrub clumps were disturbed during harvesting a vigorous resprouting of
willow shoots was seen (Fig. 4). With one exception, as noted below, the abundance and
distribution of shrubs in the study area reflects their pre-existing occupancy in the landscape
(Figs. 5-7). The size of pre-existing willow clumps was largest in the westernmost parts of the
study area (lines 1-3), declining in both crown area and height in the lines nearer the eastern

15
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block boundaries (lines 25-27) (Figs. 5 and 6). Within control plots the number of stems and the
height of those stems showed opposing patterns (Fig. 6), again reflecting the fewer large stems
found near the eastern boundary of the study area. The one notable exception to these patterns
was the relatively high cover and density of shrubs along sampling lines 7 to 9. These sampling
lines not only had the highest removal levels (two-thirds) of our treatments, but line 7 was also
an area where the initial harvesting effort was conducted at a higher intensity than planned, with
over 70% canopy openness found along much of line 7, compared to average canopy openness
nearer 60% for most of the two-thirds removal treatments, and 50% in the one-third removal
treatment (Coxson 2017). Many of the willow clumps along line 7 were knocked over or broken
in this initial harvesting period, leading to vigorous resprouting (Fig. 4). These differences
between sampling lines, however, were not statistically significant in comparisons using
Bonferroni t-tests (Table 1). The value of the study design, however, lays in the ability to
support time series statistical assessments within treatment blocks at the next sampling interval
(see Recommendations).
The greater crown area and number of stems along lines 7 to 9 are still likely a response
from pre-existing shrub clumps. Much as they would after fire, willow clumps respond strongly
to mechanical disturbance and the greater light and increased soil temperature found in open
areas. Increasingly, forest ecologists are realizing that shrub communities are persistent spatial
elements in the understory of forest stands, resprouting in the same location over the course of
multiple disturbance events (Bond and Midgley 2001, Lertzman et al. 1996). These concepts
apply equally well to boreal forests (Chapin III 2006), subject to the intensity of stand-initiating
fires, which on occasion can burn through soil organic horizons and below-ground root remnants
(Bergeron 1991, De Grandpre et al. 1993, Rowe and Scotter 1973).
16
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Although willows are a preferred browse species for caribou (Denryter 2017), when they
are abundant in caribou winter range they can trigger apparent competition. This occurs when
other ungulate species browsing on the same shrub communities support predator populations,
for whom caribou are now an incidental prey species (Cumming et al. 1996, Hervieux 2016,
Wittmer et al. 2005). There is no clearly defined threshold at which increased shrub availability
will trigger apparent competition for caribou from other ungulates, however, these interactions
have been widely accepted as an important factor in global declines of caribou and reindeer
(Vors and Boyce 2009). The response of shrub communities to increasing canopy openness in
the Lewes marsh selective harvest treatment is thus an important variable for continued
monitoring.
The level of tree removal in selective harvesting treatments is a key variable in
understanding the response of understory shrubs (Bose et al. 2014). The goal of the Lewes
Marsh Caribou Lichen Research and Monitoring selective harvest treatments was to achieve a
level of canopy thinning which promoted the growth of forest floor caribou forage lichens at the
expense of feather moss mats, while minimizing the growth response of understory shrubs. At
the present time there is no correlation between shrub abundance and canopy openness in the
Lewes marsh plots (Fig. 8). Although Mallik (2003) notes that Ericaceous shrubs can respond
vigorously to forest harvesting (clear-cutting or selective cutting), these conclusions were drawn
from a temperate rainforest ecosystem on Vancouver Island. The best evidence for an
intermediate response to selective harvesting comes from the study of Miège et al. (2001), with
follow-up measurements provided by Waterhouse et al. (2011). This study took place in the
Chilcotin plateau of central-interior British Columbia. Terrestrial lichen cover initially declined
in partial-cut harvesting treatments; however, 8 years after harvesting, terrestrial lichen cover had
17
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recovered with little exclusion from understory shrubs. Bryophyte cover also declined
significantly in the partial-cuts, but did not recover; supporting the hypothesis that reduced
canopy cover differentially favoured terrestrial lichen mats. It would have been interesting to see
if the trends towards recovery of lichen mats without a significant response from understory
shrubs had continued in the Waterhouse study, however, the mountain pine beetle outbreak led to
widespread defoliation of remaining trees, with a concomitant increase in abundance of
understory shrubs (Waterhouse et al. 2011).

Figure 5. Mean crown area by treatment line (cm2/100m2) for shrubs in the Control, One-thirds
removal, and Two-thirds removal treatment areas at Lewes Marsh.
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Figure 6. Mean number of stems (+ 1 S.E.) for shrubs in the Control, One-thirds removal, and
Two-thirds removal treatment areas at Lewes Marsh.

Figure 7. Mean crown area (cm2/100m2) for shrubs in the Control, One-thirds removal, and
Two-thirds removal treatment areas at Lewes Marsh.
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Figure 8. Mean crown area (cm2/100m2) as a function of canopy openness (%) for shrubs in the
Control, One-thirds removal, and Two-thirds removal treatment areas at Lewes Marsh.

5.0

Recommendations.
The evaluation of forage shrub species in the Lewes Marsh selective harvest treatments is

a key part in the determination of the suitability of treatment blocks as future caribou habitat. It
is recommended that point-quarter shrub assessments be continued in the next major
reassessment of terrestrial lichen communities and understory vegetation, currently planned for
2020/2021, five years after harvesting, with time series analysis conducted on data obtained from
within each treatment block to determine response of forage shrub communities.
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