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Background and Research Objectives 
 

Recently, a framework for species conservation in managed landscapes has been 
proposed based on the concepts of ‘thresholds’ and ‘targets’ (Huggett 2005).  This project 
addresses key questions in the ‘thresholds and targets’ approach – how do species respond to 
habitat gradients, can these responses be used to set reliable management targets, and how does 
the intensity of survey effort affect the management targets derived from estimated habitat 
relationships? 

A considerable body of empirical literature has documented the response of forest species 
to changes in habitat structure and composition, more recently at multiple scales.  These studies 
can be divided into two groups.  In one group, researchers have used linear regression to model 
species responses (Young 1996).  The second group arose more recently from theoretical 
modelling suggesting that species may respond non-linearly to habitat loss, such that there is a 
‘threshold’ habitat amount below which extinction probability increases sharply (Andrén 1994; 
Fahrig 2001).  Implicit within this theory is a practical extension - quantification of thresholds in 
response to habitat loss may be useful to set management targets, such as the amount of forest to 
be retained from harvesting (Huggett 2005).  A precautionary target for the amount of habitat can 
be set at some point above the threshold.  This is referred to as the ‘thresholds and targets’ 
approach to quantitatively define forest practices toward the maintenance of biodiversity 
(Guénette and Villard 2005).   

There has been considerable interest in empirically testing the thresholds and targets 
approach within the last several years (e.g. Lindenmayer et al. 2005; Betts et al. 2007; Poulin et 
al. 2008; Roberge et al. 2008).  These studies have been useful in highlighting the importance of 
testing for non-linearity between species and habitat.  However, one issue with these studies is 
that most use presence-absence data to relate species to habitat, which may be a poor predictor of 
habitat quality (van Horne 1983).  Further, the use of presence/absence data to predict probability 
of occurrence is problematic because the required statistical transformations almost always 
produce a threshold-like relationship (back-transformation to the probability scale of logit-
transformed binomial data).  Studies assuming linearity in the responses of species to habitat, 
though precluding tests for thresholds, have more often related informative response variables, 
such as abundance and reproduction.   

Rather than a focus on finding thresholds on the one hand, or an assumption of linearity 
on the other, applied research relating species to habitat may be more broadly relevant with a 
more comprehensive approach.  Such an approach would include tests for linearity and non-
linearity in responses to habitat, and a concerted effort toward quantifying abundance, 
reproduction or other more ‘sensitive’ and informative variables, including the behaviour of 
individuals.  Reliable estimates of the response of abundance and reproduction to habitat 
gradients are highly valuable whether or not these relationships contain thresholds. These 
relationships can still inform target-setting, provide useful information on the effectiveness of 
current forest practices, and allow prediction of the likely effects of changes in management 
practices.  Management targets can be derived from non-linear relationships without abrupt 
thresholds in responses, and from linear relationships.  A linear relationship with a steep slope 
reveals at least one interval along the habitat gradient at which the variable is minimized, 
implying that ‘risk zones’ can be identified (Angelstam et al. 1994).  
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The mixedwood boreal forest extends from Manitoba to northeastern British Columbia 
and is characterized by forest stands that are a ‘mix’ of coniferous and deciduous trees (Kabzems 
et al. 1976; Chen and Popadiouk 2002).  The nature of this ‘mix’ in forest composition – the ratio 
of coniferous to deciduous trees – is likely a major evolutionary force shaping biodiversity in the 
boreal mixedwood forest.  Some researchers have suggested that mixedwood stands are a distinct 
habitat type, and have identified bird species that prefer mixedwood stands over stands 
comprised primarily of either coniferous or deciduous trees (Stelfox et al. 1995; Hobson and 
Bayne 2000; Girard et al. 2004; Hagar 2007).   

There are concerns that logging practices are causing an ‘unmixing’ of mixedwood 
forests (Hobson and Bayne 2000).  Logging these forests typically results in the replacement of 
mixedwood stands with either conifer- or deciduous-dominated stands, usually of just one tree 
species.  One solution to minimize the effects of logging is to define so-called management 
‘targets’  - an appropriate ‘mix’ of conifer and deciduous trees in regenerating mixedwood 
stands, and appropriate natural proportions of old deciduous, old coniferous and old mixedwood 
stands across landscapes (Gauthier et al. 1996).  However, significant uncertainties remain about 
how to implement such policies.  For instance, it is unclear how low the proportion of hardwood 
or conifer species can fall before the mixedwood contribution to species abundance disappears 
(Willson and Comet 1996).  Because mixedwoods comprise a significant portion of the boreal 
forests, estimates of potential ‘thresholds’ in stand composition would be useful in efforts to 
sustain biodiversity.   

In this study, we will define stand and landscape scale management targets by 
quantifying the responses of songbirds and woodpeckers to the gradient in forest composition, 
measured as the ratio of coniferous to deciduous trees.  We quantified these relationships using 
three years of field data collected in the mixedwood boreal forest in the Peace River region of 
northeastern BC.  In keeping with a comprehensive approach to the use of species-habitat 
relationships to define quantitative management targets, we will test for linear and non-linear 
relationships, and use data on abundance in addition to presence-absence data.  We will compare 
habitat relationships derived from our off-road line transects and point counts to relationships 
derived from a less intensive roadside survey to determine how survey effort affects estimations 
of relationships to stand composition.  Finaly, we will relate the reproductive performance of the 
yellow-bellied sapsucker to stand composition.  In the context of logging in the mixedwood 
boreal, sapsuckers are an ideal candidate to test the relationship between reproduction and forest 
composition because they seem to prefer mixedwood forests (e.g. Savignac and Machtans 2006).   

Our main research questions are: 1.  How does the abundance of songbirds and 
woodpeckers change across the gradient in forest composition – are there graphically or 
statistically definable thresholds in the responses of some species?, 2.  If there are no clearly 
definable thresholds, or if responses are linear, how can the relationships between birds and 
forest composition be used to define management targets?, 3.  Which bird species occur at higher 
abundances in mixedwood stands?, 4.  How can we aggregate the responses of individual bird 
species to forest composition to define an optimal ‘mix’ for mixedwood forests?, 5.  What are the 
implications of any differences between management targets derived from presence-absence 
versus abundance, and the abundance versus reproduction of the yellow-bellied sapsucker, in 
relation to forest composition?, 6. What habitat characteristics do yellow-bellied sapsuckers 
select for nesting sites, are these characteristics correlated with reproductive output, and can 
quantitative ‘thresholds’ at mutiple spatial scales be identified in sapsucker nest site selection, 7. 
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Do roadside and off-road surveys provide data which result in different estimations of habitat 
relationships and thus different management targets? 
 

Regional Applicability 
 
Results of this study will be directly relevant to the development of a monitoring framework for 
Indicator 1-3 of CanFor Ltd.’s Sustainable Forest Management Framework.  The project will 
result in the development of a protocol to identify focal species for adaptive management and 
monitoring throughout CanFor’s tenure in northeastern BC. The protocol will be applied to forest 
birds, but can later be adapted by CanFor for application to other taxonomic groups. Results of 
the project will also be used to determine the habitat relationships of focal songbirds and 
woodpeckers at the stand and landscape scales.  Habitat relationships will be used to assess 
coarse filter approaches, and inform operational guidelines for bird species requiring further 
management. The project will result in a cost-effectiveness comparison between high-intensity 
monitoring and CanFor’s current low-intensity monitoring program. Thus, results of the project 
will be used to determine whether CanFor’s monitoring program for forest birds is sufficient, and 
if not, to develop a cost-effective longterm monitoring program for forest birds in northeastern 
BC. 
 
More generally, there is a significant provincial context for understanding habitat thresholds in 
the implementation of Ecosystem-Based Management in the North and Central Coasts of BC 
(Coast Information Team 2004) and a broad international research community interested in the 
application of habitat threshold to conservation in managed landscapes.  
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Methods   
 

The study was conducted within an area about 10 000 km2 centred on the WAC Bennett 
Dam near the communities of Chetwynd and Hudson’s Hope in northeastern British Columbia.  
Two study sites were in the northeast portion of Tree Farm License (TFL) 48, in the western half 
of the Dawson Creek Timber Supply Area (TSA), and one study site was an approximately 35 
000 ha area within the southwestern portion of the Fort St. John (FSJ) TSA.    
 

Sampling design and bird surveys 
We used a stratified sampling design to sample birds and vegetation in 90 old (100-180 

years) forest stands across a gradient in forest cover type, varying in the proportion of deciduous 
versus coniferous trees.  Most stands (70%) were 110 to 150 years old.  We grouped stands into 
forest cover types based on the proportion of deciduous trees as follows: conifer 0-19%, conifer-
leading 20-39%, mixedwood 40-59%, deciduous-leading 60-79%, deciduous 80-100%.  We 
sampled 20 conifer, 18 conifer-leading, 16 mixedwood, 16 deciduous-leading, and 20 deciduous 
stands.   

The abundance of songbirds and woodpeckers were estimated using distance sampling 
along line transects and at point count stations (Buckland et al. 2001) between 0415 and 0930 
hours from 27 May to 4 July, 2007-2009.  Line transects were 200 m long, started at and ran 
perpindicular to logging roads.  Point count stations were placed at the end of line transects.  
Line transects and point count stations were spaced at least 200 m from other transects and 
stations, to avoid multiple counts of individual birds.  All line transects began at logging roads, 
which often overlapped the edges of stands, but all transects were otherwise placed at least 100 
m from the boundary of forest stands or other ‘edges’ like waterbodies, seismic lines, and roads.  
No point counts were placed within 100 m of stand edges.  Most (60) stands were visited twice, 
once at the beginning (27th May-15th June) and once at end of the breeding season (16th June-4th 
July).  Eighteen stands were surveyed once in 2007 and once in 2008.  Twelve stands were no 
longer accessible due to a road-washout so were surveyed only once in 2007.  

Surveys were conducted on mornings with no precipitation and with no or light wind.  
All surveys were conducted by the same observer (K.Squires).  Birds flying over stations and 
line transects were recorded but not included in any analyses.  Detections were noted by type as 
‘visual’, ‘song’, ‘call’, or ‘drum’.  After a settling period of two minutes after arrival at point 
count stations, the distance and location with respect to the observer were recorded for all male 
birds seen or heard during 5 minutes.  To increase the detectability of woodpeckers, we used 
call-playback at point count stations according to the protocols outlined by the provincial 
standard (RIC 1999).  We used a digital game caller (FoxPro Inc. FX5) to broadcast at about 90 
dB three 20 minute intervals of calls and drumming per species, from the smallest to largest 
species.  Call-playback was conducted after point count surveys, but before moving from the 
station to identify or locate any uncertain birds.   

Because of the difficulty in censusing birds while walking, surveys along line transects 
were limited to woodpeckers and the following species: american three-toed woodpecker, blue-
headed vireo, black-throated green warbler, golden-crowned kinglet, least flycatcher, magnolia 
warbler, ovenbird, red-breasted nuthatch, yellow-bellied sapsucker.  Using information in the 
literature, we selected these species because their abundances are likely responsive to stand 
composition.  Transect routes were followed using a handheld Global Positioning System (GPS) 
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unit (Garmin Ltd. 60CSx), usually accurate to within 5 m.  Along line transects, we visually 
estimated and recorded the angle from the line to the bird, and stopped briefly every 25 meters to 
increase the probability that we heard or saw all male birds that were present.     

For both point counts and line transects, distances were measured using a laser range 
finder (Bushnell Ltd. Yardage Pro Sport 450) to the nearest meter for birds detected within 30 m.  
We estimated distances to the nearest 5 m for birds estimated to be 30-50 m away, and if 
necessary, made attempts to more accurately locate the bird after the survey.  Distances beyond 
50 m were estimated using only auditory cues to the nearest 10 m.   

We used the maximum count for transects and stations visited twice in one year, and the 
average of the within-year maximum counts for stands that were visited across years.  For stands 
with two stations and transects, we averaged the yearly maximums or across-year averages to 
derive one abundance estimate per stand.  We chose to use the maximum rather than the average 
of within-year counts because I assumed that it was more likely that individuals detected on only 
one of the two visits were present and had established territories but were undetected on the other 
visit.  Using the average is appropriate if the assumption is that it was more likely that non-
detections on the other visit meant that individuals were absent, and that the detection did not 
represent territory establishment (Bibby et al. 2000; Dieni and Jones 2002; reviewed in Betts et 
al. 2005).  
 

Quantifying habitat at local and landscape scales 
We visually estimated stand composition by comparing the proportion of forest 

comprised of each tree species within the 3-dimensional volume in our visual field, which 
usually extended to about 25-30 m.  Therefore, we estimated stand composition at 25 m intervals 
along line transects.  We also visually estimated stand composition out to about 25 m from the 
centre of 11.3 m radius (0.04 ha) vegetation plots.  Vegetation plots were centred on point count 
stations and on three points 30 m away from the centre of stations along directions separated by 
1200 – the location of one of the three surrounding plots was chosen randomly (Martin et al. 
1997).  We also quantified stand composition from tree density and from estimates of basal area 
derived from measurements of the diameter at breast height (DBH) of all trees (DBH > 15 cm) 
within vegetation plots.  We quantified other vegetative characteristics as listed in Table 1, which 
we measured by slightly modifying the BBIRD and provincial RISC standard (Martin et al. 
1997; RISC 2010).   

All vegetation variables were measured over the entire 0.04 ha plot.  Almost all plots 
were centered on reference trees – on aspen trees for vegetation plots used to quantify yellow-
bellied sapsucker nest-site selection, and on trees near the point count GPS coordinate which we 
thought to be representative of the site.  Trees were classified by decay class according to the 
Wildlife Tree Classification system in the provincial inventory standards for woodpeckers (RIC 
1999).  Stumps less than 1.3 m in height were classified as coarse woody debris (CWD).  Tall 
shrubs were counted, as were tree saplings which were categorized by stem size – 0-5 cm, 5-10 
cm, and 10-15 cm. Willow (Salix spp) and Alder (Alnus spp) were the only species categorized 
as tall shrubs since only these frequently occurred at heights over 1.3 m – all other shrub-like 
species were categorized as ‘low shrubs’ and were quantified by percent ground coverage.  We 
measured average canopy height by choosing a point on a tree that seemed to be the average 
height of trees in the upper canopy, and then measuring the height of this point with a 
hypsometer.  We quantified percent canopy cover with a spherical densiometer - we counted the 
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number of dots not covered by vegetation, being careful to include dots covered by tree trunks, 
multiplied the count by 1.04 and subtracted this number from 100.  We averaged four estimates 
derived from four counts at a point about 5 m from the centre of the plot in each cardinal 
direction.  Plot composition for four vegetation layers was estimated by visualizing the vertical 
projection of each layer and then estimating the percent plot coverage including any overlap over 
other layers for: trees over 10 m; tall shrubs – saplings, willow and alder shrubs > 1.3 m; low 
shrubs – all other shrub species, saplings, willow and alder < 1.3 m; and herbs.  Ground coverage 
was estimated similarly for: green vegetation < 10 cm in height; leaf litter; downed logs (> 8 cm 
diameter); bare ground; and moss.  To categorize the plot by vegetation structure, we used the 
composition within five vegetative strata (canopy, sub-canopy, tall shrub, low shrub, and herb) 
as follows: ‘simple’ were plots of even height with some coverage in up to two strata, ‘moderate’ 
were of uneven height and > 10% coverage in three strata, ‘complex’ were of uneven height with 
> 10% coverage in four or five strata.  All CWD pieces > 15 cm in diameter within the plot were 
counted per decay class – tree species was recorded for decay classes 1 to 3.  Trees were casually 
inspected for cavities while measuring tree DBH and then again when the DBH measures were 
completed.  We recorded the excavator species where possible, hole orientation, age, and 
approximate height.   

We used the average of the vegetation variables from the four vegetation plots (0.16 ha 
over 5.4 ha) centred on each point count station in relating birds detected in point counts to 
habitat.  Bird abundances derived from line transects and yellow-bellied sapsucker nest density 
was related to the average of visual estimates of stand composition at the nine intervals (0 to 200 
m at 25 m intervals) along line transects, and secondly, to the estimate of the interval closest to 
the location of each bird detection for 19 heterogenous stands in which the estimates of the 
deciduous portion varied along line transects by more than 15% .   

At the landscape scale, we related bird abundances and sapsucker nest density to the 
vegetation characteristics listed in Table 1, which we quantified at 300 m and 500 m radii from 
sampling points using ArcGIS.   
 

Quantifying nest site selection of yellow-bellied sapsuckers 
We quantified nest-site selection of yellow-bellied sapsuckers at the nesting tree, nesting 

site, territory, and home range scales.  We compared the following variables of nest and nearby 
‘available’ trees: diameter at breast height, decay class, decay state, tree height, height to live 
crown, tree top condition (broken or not), and the number of fungal conks.  For nest trees, we 
recorded the height, orientation, and age of other cavities, and recorded the height and 
orientation of the active cavity.  Decay class was assessed using the Wildlife Tree Classification 
system in the provincial inventory standards for woodpeckers (RIC 1999).   

Available trees at the nesting site scale were selected as the randomly-chosen nth aspen 
tree of Decay Class 2 with fungal conks and no cavities, within a 30 m belt transect along a 
random direction 25 m to 80 m from each nest tree.  We chose available trees at the territory 
scale by walking to a pre-chosen coordinate using a handheld GPS, and then using the same 
protocol as used at the nesting site.  Coordinates were chosen in stands 100-180 years old using 
ArcGIS at a randomly-chosen direction and distance between 200 and 300 m from the nest tree 
coordinate.  We confirmed the absence of yellow-bellied sapsuckers at these locations by 
searching for nest cavities, new sapwells, and by using playback of sapsucker calls and 
drumming during one visit during the pre-fledging period in June.   
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This study design corresponds to ‘case-control sampling’ (Keating and Cherry 2004) and 
a ‘constrained’ design (Battin and Lawler 2006) because we checked to ensure available sites 
were unused, and because available sites were chosen with respect to the location of the nest tree.  
The assumption underlying a constrained design is that individuals choose territories first and 
then nest sites.  To investigate selection at the home range scale, we used ArcGIS to quantify 
forest composition in 300 m radii circles centred on nest sites and on randomly-chosen sites (use-
availability design) within the same watershed if it was smaller than the study site, or within the 
study site.    

We quantified stand composition and other habitat variables (Table 1) in 0.04 ha circular 
vegetation plots centred on nest and available trees.  Four plots were centred on nest trees and 
available trees randomly chosen at the territory scale (200-300 m from the nest tree), with one 
plot centred on the nest or available tree, and three plots 30 m away along directions separated by 
1200.  The location of the first outer plot was chosen randomly (Martin et al. 1997).  Since 
randomly-chosen available trees at the nesting site were usually 15 – 50 m away from the nest 
tree only one vegetation plot was centred on the available tree.   

Quantifying yellow-bellied sapsucker reproductive success  
In order to relate reproduction to stand composition, we quantified reproductive success 

per yellow-bellied sapsucker pair, hatch dates, and nest density per stand.  We searched for nests 
systematically along line transects established to survey songbirds and woodpecker abundance, 
but we also found nests opportunistically while travelling between sampling points.  Nest sites 
were searched for, monitored, and quantified according to established protocols (Dudley and 
Saab 2003).  Using a video camera mounted on an extendable pole (‘cavity peeper’, Sandpiper 
Technologies Inc.), we quantified the reproductive success of female sapsuckers as the number 
of fledglings per nest (Murray 2000).   
 

Statistical Analyses 

Presence-absence and abundance of songbirds and woodpeckers in relation to stand 
composition 

We used Non-Metric Multi-Dimensional Scaling (NMDS) to identify important habitat 
variables explaining variation in bird abundance, and to identify bird communities associated 
with conifer, mixedwood, and deciduous stands.  NMDS is more reliable than other ordination 
techniques which use measures of similarity.  Sample plots at opposite ends of the gradient with 
no species in common are often scaled together (i.e. as similar) in ordination space by similarity-
based ordination techniques.  NMDS uses measures of dissimilarity and thus more accurately 
represents the spread of bird abundances across an environmental gradient.  

We related the presence-absence of bird species and yellow-bellied sapsucker nests to 
forest composition using logistic regression, and then segmented logistic regression to 
statistically test for non-linearity and thresholds (e.g. Betts et al. 2007).  We evaluated the fit of 
logistic regressions using the Area Under the Curve value and identified cut-points, i.e. 
‘thresholds’ using ROC analysis as per Guennette and Villard (2005).   

To relate all other response variables to habitat (relative abundance, sapsucker nest 
density along line transects, and number of sapsucker fledglings), we used a Poisson regression 
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with a logarithmic link.  In cases of overdispersed data, we used zero-inflated negative binomial 
regression (Pearce and Ferrier 2001).  We found no studies testing for cut-points using Poisson 
regression.  Muller and Hothorn (2004) suggested using recursive partitioning – a technique 
which tests for the cut-point as the point along the x-axis (habitat gradient) representing the 
greatest statistical difference between two sub-sets of the count data at increasing partitionings 
along the x-axis.  We also used linear regression with polynomials and nonlinear regression to 
test a set of possible models, which were fit to the data using the maximum-likelihood method.  
Models were selected using Akaike’s Information Criterion corrected for sample size (AICc), 
and evaluated using Akaike weights, evidence ratios, and the change in AICc (Burnham and 
Anderson 1998).  Analyses were limited to species detected in more than 20% of stands (18 
stands) across all three years of the study.   

 
Yellow-bellied saspsucker nest site selection 

To estimate the logit of selection probabilities for habitat variables, we used conditional logistic 
models because we used a case-control sampling design – nest trees and sites were paired with 
available unused sites.  Within an information-theoretic approach, the relative contribution of 
predictor variables to sapsucker nest site selection was compared using Akaike weights.  We 
created a list of a priori models based on hypotheses for nest site selection of the yellow-bellied 
sapsucker derived from literature reviews and our own field observations.  Our set of a priori 
models includes models with habitat variables measured at more than one spatial scale, which 
allowed me to use variance decomposition to investigate whether variables were correlated 
across spatial scales (Battin and Lawler 2006).  We tested for correlations between variables to 
exclude one variable of a correlated pair, which we did by comparing the AIC weights of models 
containing each variable.  
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Results and Discussion 
 
Data analyses are ongoing.  Here we report summaries of relationships of bird abundances to 
stand composition, derived from point count and line transect surveys, and a summary of the 
reproductive output of yellow-bellied sapsuckers in relation to stand composition as well as 
summary statistics of sapsucker nest sites and reproduction .  We also provide summaries of 
vegetation variables measured in circular plots around point count stations in relation to stand 
composition.   
 
A total of 64 forest bird species were detected during point counts in 90 stands across the 3 years 
of the study (Table 2).  Twenty species were each detected at least 30 times in more than 18 
stands, and accounted for more than 85% of all 2258 detections.  Along line transects, we made 
689 detections of the nine focal species (Table 3).  Each species was detected at least twenty 
times, and except for the Blue-headed Vireo, in at least 20% of 90 stands.  Except for the 
american three-toed woodpecker, these species were among the twenty most common species 
detected during point counts. 
 
The abundance of most species in relation to stand composition followed descriptive accounts in 
the literature (Figures 1 and 2).  Some species like the American Redstart and Least Flycatcher 
were found mostly in deciduous stands, and the Golden-crowned Kinglet was detected more 
often in conifer-dominated stands.  The Black-throated Green Warbler, Magnolia Warbler, and 
Yellow-bellied Sapsucker were most abundant in mixedwood stands and deciduous-leading 
stands.  No species was found in only one stand type, and no species was detected most often in 
conifer stands. 
 
We found 178 active nest cavities of Yellow-bellied Sapsuckers in 163 trees on 120 breeding 
territories during the three years of this study.  Of the 68 territories surveyed in more than one 
year (which were most (80%) of the territories found prior to 2009), 53 (77.9%) were used in at 
least one more year.  Nineteen trees were used for nesting in subsequent years – in four of these, 
the pair nested in the same cavity as the previous year – but no cavities or trees were used for 
more than two years.  Four nest trees had fallen over in the following year.   
 
Except for one cavity in a poplar snag, all nest trees were aspen trees with internal heart rot, as 
evidenced by the presence of fungal conks on the trunk.  Most nest trees (89.9%) were dying and 
showed signs of more advanced decay than randomly-selected trees but only 26 of 108 (24%) 
nest trees had broken tops (Table 4).  About half (53.3%) of the nest trees (n=120) contained no 
other cavity holes, 41.7% had one other excavation.  One tree contained an active northern 
flicker cavity.  Most of the cavities (65%) opened to a southerly aspect between east and west, 
but about half were facing between east and south (48.3%).     
 
Trees selected randomly at the nest site and territory scales were larger than nest trees (t = -3.62 
P < 0.001, df = 103 and t = -5.41, P < 0.001, df = 54; Table 4).  On average, 68.3% of active 
sapsucker cavities were in aspen trees with a DBH of 32-42 cm.  The trunks of nest trees had 
more fungal conks which may be indicative of more internal heart rot than in random trees and 
were in a higher decay stage than random trees.  No other differences were found between nest 
and random trees (Table 4).   
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We collected reproductive data from 126 nesting attempts of yellow-bellied sapsucker pairs on 
103 territories between 2007-09 (Table 3).  We determined clutch size, measured as the number 
of eggs laid, for 40 nests on 31 territories, and quantified the number of fledglings, measured as 
the number of chicks in the cavity about 6 days before fledging, for 72 nests on 61 territories.  At 
least one young fledged from all monitored nests except two – therefore, nesting success was 
98%.   
 
Of 37 nests monitored in 2009, 6 contained a runt chick and 3 a runt egg.  In one nest, the runt 
egg had been one of the first 3 of 6 eggs laid – only one chick fledged from this nest.  Except for 
runts, sibling nestlings and fledglings appeared to be about the same size, except for one nest in 
which the largest nestling was fledgling-sized and the smallest appeared to be about 6-10 days 
old. In all nests except two, nestling survival from the first observation, which was within four 
days of hatching, to the last observation day was 100%.  In two nests, one nestling per nest was 
counted on one observation date, but not on subsequent observations.  Thus, for all other nests, 
fledging success relative to clutch size depended on hatching success of eggs rather than on 
nestling survival – in other words, hatching success was equal to fledging success for all nests 
except two.   
 
The densities of Yellow-bellied Sapsucker nest sites along line transects in stands varying in 
composition (Figure 3) was similar to the densities of adults detected along line transects (Figure 
1) and during point counts (Figure 2).  Discrepancies between these three Figures in densities in 
mixedwood and deciduous-leading stands are likely due to the scale at which stand composition 
was estimated (200 m along line transects versus 50 m radius from point counts).  Statisical 
modelling will likely elucidate the relationships; for now, it appears that Yellow-bellied 
Sapsuckers more often nested in mixedwood and deciduous-dominated stands.  However, 
reproductive output did not vary with stand composition (Figure 4). 
 
Summary data from vegetation plots around point count stations is shown in Figure 5.  For most 
variables, conifer stands (0-20%) conifer were the most dissimilar from the other stand types, 
with gradual increasing or decreasing gradients with % deciduous trees.  The density of 
understory vegetation and alder shrubs was highest in deciduous-dominated stands; moss 
dominated the understory in conifer stands.    



   
 

11 
 

 
 
Figure 1.  Average abundances per stand (n=90) of focal forest birds surveyed along off-
road line transects in the mixedwood boreal forest of northeastern BC during breeding, 
2007-2009.  Bars show average abundances in, from left to right: conifer, conifer-leading, 
mixedwood, deciduous-leading, and deciduous stands.  Stand composition was measured as 
the average of 8 visual estimates along line transects. 
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Figure 2.  Average abundances per stand (n=90) of focal forest birds surveyed along off-
road point counts in the mixedwood boreal forest of northeastern BC during breeding, 
2007-2009.  Columns show for each species average abundances from left to right in: 
conifer, conifer-leading, mixedwood, deciduous-leading, and deciduous stands.  Stand 
composition was measured as the average of 4 visual estimates around point count stations. 
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Figure 3.  Average number of Yellow-bellied Sapsucker territories (n=74 nest sites) found 
along 200 m line transects in stands differing in composition in the mixedwood boreal 
forests of northeastern BC.  Sample sizes (number of stands) are shown above columns, 
which show from left to right: conifer, conifer-leading, mixedwood, deciduous-leading, and 
deciduous stands.  Stand composition was measured as the average of 8 visual estimates 
along line transects. 
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Figure 4.  Average number of Yellow-bellied Sapsucker fledglings per nest from territories 
(n=40) found along line transects in stands differing in composition in the mixedwood 
boreal forests of northeastern BC.  Sample sizes (number of territories) are shown above 
columns, which show increments of 10% deciduous trees from conifer left to deciduous 
right.  Stand composition was measured as the average of 4 visual estimates around nest 
trees.  
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Figure 5.  Averages for variables measured in 0.04 ha circular plots centred on point counts 
(n = 128, 4 plots per point count) in 90 stands varying in stand composition in northeastern 
BC, 2007-2009.  Columns from left to right in: conifer, conifer-leading, mixedwood, 
deciduous-leading, and deciduous stands.  Stand composition was measured as the average 
of visual estimates from the centre of vegetation plots. 
  

20

21

22

23

24

25

26

Average Tree Height

65

70

75

80

85

% Canopy Cover

0

20

40

Low Shrubs (% Ground 
Coverage)

0

20

40

60

80

Herbs (% Ground Coverage)

0

20

40

60

80

Moss (% Ground Coverage)

0

5

10

15

20

Downed Logs (% Ground 
Coverage)

0

2

4

6

Alder (Alnus spp.) Count



   
 

16 
 

 

Table 1.  List of local- and landscape-level variables related to songbird and woodpecker 

abundance and yellow-bellied sapsucker reproduction. 

Stand 

Snag density and basal area by species and decay class (DBH > 15 cm) 

Tree density and basal area by species and decay class (DBH > 15 cm) 

Sapling density by species (DBH < 15 cm) 

Shrub density by species 

Average canopy height (measured with a hypsometer, Haglöf Inc. Vertex III) 

Percent canopy cover (measured as average of four counts in each cardinal direction using a 

convex spherical densiometer, Model A Robert E. Lemmon Forest Densiometers, USA)  

Coarse woody debris (> 15 cm diameter) abundance and decay class 

Composition (%) by tree species – visual estimate 

Composition (%) by vegetation layer (trees, tall shrubs, low shrubs, herbs) – visual estimate 

Vegetation Structure (simple, moderate, complex) 

Percent ground coverage (green, leaf litter, downed logs, bare ground) – visual estimate 

Density of trees with woodpecker-excavated cavities 

Landscape 

Proportion of edge (forest within 30 m of roads and clearcuts) habitat 

Stand composition (%) by tree species 

Proportion of old forest 
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Table 2.  Frequency of occurrence and average abundance across 90 stands of 64 forest 

bird species detected during point counts conducted in May and June of 2007-2009.  

Species names are given in Appendix 1.   

Species Code Frequency Average Species Code Frequency Average 
YRWA 84 1.44 CAWA 7 0.05
SWTH 76 1.30 LISP 7 0.06
WTSP 58 0.75 OCWA 7 0.05
GCKI 51 0.50 WWPE 7 0.04
YBSA 48 0.44 HAWO 6 0.04
WAVI 42 0.52 HETH 5 0.03
WETA 42 0.36 PISI 5 0.02
AMRE 41 0.74 WWCR 4 0.02
AMRO 41 0.39 BAWW 3 0.03
BTNW 41 0.47 BRCR 3 0.03
RCKI 37 0.34 OSFL 3 0.03
RBNU 36 0.30 ALFL 2 0.02
TEWA 33 0.42 BBWO 2 0.02
OVEN 31 0.42 DOWO 2 0.01
DEJU 27 0.27 DUFL 2 0.01
BHVI 24 0.18 EVGR 2 0.02
LEFL 24 0.26 MGWA 2 0.01
RBGR 24 0.22 BLPW 1 0.01
MAWA 23 0.20 CAFI 1 0.01
YWAR 18 0.15 BCCH 1 0.00
CHSP 16 0.11 CEDW 1 0.01
GRAJ 15 0.11 CONW 1 0.00
WIWA 15 0.10 FOSP 1 0.01
ATTW 14 0.11 NOFL 1 0.01
BCCH 14 0.10 PIWO 1 0.01
VATH 13 0.15 RUGR 1 0.01
BOCH 12 0.10 RUHU 1 0.00
NOWA 12 0.10 SWSP 1 0.01
MOWA 11 0.11 HAFL 1 0.00
CORA 8 0.05    
REVI 8 0.08    
TOWA 8 0.07    
WISN 8 0.05    
WIWR 8 0.05    
BHCO 7 0.04    
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Table 3.  Frequency of occurrence and average abundance across 90 stands of nine focal 

forest bird species detected along line transects conducted in May and June of 2007-2009.  

Species names are given in Appendix 1.   

Species Code  Frequency  Average 
GCKI  56  0.78 
YBSA  56  0.78 
BTNW  48  0.72 
RBNU  36  0.29 
MAWA  35  0.33 
OVEN  32  0.34 
LEFL  20  0.34 
ATTW  18  0.12 
BHVI  14  0.15 
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Table 4. Nesting tree characteristics of yellow-bellied sapsuckers compared to trees 

randomly selected 15-50 m (nest site scale) and 200-300 m (territory scale) from nest trees.   

Nest Trees Random Trees 
Nest Site Scale Territory Scale 

Mean SE n Range Mean SE n Range Mean SE n Range 
            

DBH 37.0 0.49 119 22.5-49.9 39.6 0.79 104 23.8-65 43.7 1.20 55 24.8-72.1 
Tree Height 24.9 0.42 120 9-38.4 26.1 0.36 102 18.5-34.5 24.9 0.51 55 8.00-34.0 
Crown Height 19.9 0.36 112 9.2-31.9 18.9 0.32 101 9.80-29.3 17.0 0.34 52 10.9-21.9 
Fungal Conks 7.68 0.49 104 0-30 3.51 0.35 103 0-30.0 4.00 0.50 54 0-20.0 
Decay State 2.16 0.05 120   1.31 0.06 101   1.31 0.10 52   
Cavity Height 10.7 0.38 120 3.2-21.2                 

Count % n   Count % n   Count % n   
Broken Tree Top 26 24 108           
Decay Class 2 
      Decay State 1 28 25 114   75 74 101   38 73 52   
      Decay State 2 40 35 114   21 21 101   12 23 52   
      Decay State 3 32 28 114   5 5 101   2 4 52   
Decay Class 3 8 7 114           
Decay Class 4 3 3 114           
Decay Class 5 3 3 114                   
Cavity 
    Age - Old 20 17 120           
    Southerly Aspect 78 65 120           
    No Others  64 53 120           
    1 Other  50 42 120           
    2 Others  3 2.5 120           
    3 Others  2 1.6 120           
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Table 5.  Averages for reproductive data measured for yellow-bellied sapsucker nests in 

northeastern BC, 2007-2009.  

 
 Clutch Size 

(Eggs) 
Number of 
Old Chicks 

Number of 
Old Chicks 

Hatching Date Nestling Period 
(days) 

Fledging Date 

Mean 5 4 4 June 17 25 July 8 
Mode 6 4 4  27  
SE 0.20 0.21 0.14  0.45  
Min 3 1 0 June 10 21 June 30 
Max 7 6 6 July 3 31 July 24 
n 30 30 72 39 28 94 
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Appendices 
 
Appendix 1.  Species Codes and Names. 
Code1 Common Name Scientific Name 
ALFL Alder Flycatcher Empidonax alnorum 
AMRE American Redstart Setophaga ruticilla 
AMRO American Robin Turdus migratorius 
ATTW American Three-toed Woodpecker Picoides dorsalis 
BAWW Black and White Warbler Mniotilta varia 
BBWO Black-backed Woodpecker Picoides arcticus 
BCCH Black-capped Chickadee Poecile atricapillus 
BHCO Brown-headed Cowbird Molothrus ater 
BHVI Blue-headed Vireo Vireo solitarius 
BLPW Blackpoll Warbler Dendroica striata 
BOCH Boreal Chickadee Poecile hudsonicus 
BRCR Brown Creeper Certhia americana 
BTNW Black Throated Green Warbler Dendroica virens 
CAFI Cassin’s Finch Carpodacus cassinii 
CAWA Canada Warbler Wilsonia canadensis 
CEDW Cedar Waxwing Bombycilla cedrorum 
CHSP Chipping Sparrow Spizella passerina 
CORA Common Raven Corvus corax 
CONW Connecticut Warbler Oporornis agilis 
DOWO Downy Woodpecker Picoides pubescens 
DEJU Dark-eyed Junco Junco hyemalis 
DUFL Dusky Flycatcher Empidonax oberholseri 
EVGR Evening Grosbeak Coccothraustes vespertinus 
FOSP Fox Sparrow Passerella iliaca 
GCKI Golden-crowned Kinglet Regulus satrapa 
GRAJ Gray Jay Perisoreus canadensis 
HAFL Hammond’s Flycatcher Empidonax hammondii 
HAWO Hairy Woodpecker Picoides villosus 
HETH Hermit Thrush Catharus guttatus 
LEFL Least Flycatcher Empidonax minimus 
LISP Lincoln’s Sparrow Melospiza lincolnii 
MAWA Magnolia Warbler Dendroica magnolia 
MGWA MacGillivray’s Warbler Oporornis tolmiei 
MOWA Mourning Warbler Oporornis philadelphia 
NOFL Northern Flicker Colaptes auratus 
NOWA Northern Waterthrush Seiurus noveboracensis 
OCWA Orange-crowned Warbler Vermivora celata 
OSFL Olive-sided Flycatcher Contopus cooperi 
OVEN Ovenbird Seiurus aurocapilla 
PISI Pine Siskin Spinus pinu 
PIWO Pileated Woodpecker Dryocopus pileatus 
RBGR Rose-breasted Grosbeak Pheucticus ludovicianus 
RBNU Red-breasted Nuthatch Sitta canadensis 
RCKI Ruby-crowned Kinglet Regulus calendula 
REVI Red-eyed Vireo Vireo olivaceus 
RUGR Ruffed Grouse Bonasa umbellus 
RUHU Rufous Hummingbird Selasphorus rufus 
SWSP Swamp Sparrow Melospiza georgiana 
SWTH Swainson’s Thrush Catharus ustulatus 
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Appendix 1 (continued).  Species Codes and Names. 

Code1 Common Name Scientific Name 
TOWA Townsend’s Warbler Dendroica townsendi 
TEWA Tennessee Warbler Vermivora peregrina 
VATH Varied Thrush Ixoreus naevius 
WAVI Warbling Vireo Vireo gilvus 
WBNU White-breasted Nuthatch Sitta carolinensis 
WETA Western Tanager Piranga ludoviciana 
WISN Wilson’s Snipe Gallinago delicata 
WIWA Wilson’s Warbler Wilsonia pusilla 
WIWR Winter Wren Troglodytes troglodytes 
WTSP White-throated Sparrow Zonotrichia albicollis 
WWCR White-winged Crossbill Loxia leucoptera 
WEWP Western Wood-pewee Contopus sordidulus 
YBSA Yellow-bellied Sapsucker Sphyrapicus varius 
YRWA Yellow-rumped Warbler Dendroica coronata 
YWAR Yellow Warbler Dendroica petechia 
1 Code assigned by American Ornithologist’s Union as of January 2010. 

 


