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1.0 GENERAL INTRODUCTION

A general perception among resource managers and public alike, is that conifer plantations
provide generally poor habitat for most wildlife.  Whether this is true for all developmental
stages, or just particular phases, is somewhat unclear.  The aim of this study, is to identify the
habitat parameters affecting songbird diversity in 30-40 year old red pine plantations in eastern
Ontario.  Stands of this age were selected for investigation, because this is the stage at which
songbird diversity and population density appear to be at the lowest levels.  It is also the stage at
which stand thinning operations are normally undertaken, and thus, there is the potential to
enhance songbird habitat quality by modifying the plantation management protocol.  Those
features found to influence songbird populations have been incorporated into a series of
recommendations encompassing forest management objectives at both the stand and regional
levels.

Over the past few decades, field studies have indicated serious population declines for many
neotropical migrant songbird species (Freemark and Collins 1989; Askins et. al. 1990; Askins,
1993; BBS 1993; Robinson and Wilcove 1995).  This decline has been attributed to the
reduction and fragmentation of mature forest habitats along the migration routes, and on both
wintering and breeding grounds.  For many species that normally breed in Canada, tropical and
subtropical deforestation is expected to result in the loss of >50% of available wintering habitat
by the year 2000 (Diamond 1991).  However, there is a general consensus that loss of quality
breeding habitat in the U.S. and Canada is the most significant factor in songbird decline
(Freemark and Collins 1989; Robinson 1989; Robinson 1992; Robinson and Wilcove 1995). 
Within the settled areas of Ontario, much of the original forest landscape has been reduced to
small isolated woodlots by a century and a half of human settlement (Keddy 1994).  There is
ample evidence that many songbird species will either not breed in these small fragments, or if
they do, their reproductive success may be compromised by "edge effects," such as increased
predation, brood parasitism and competition (Kroodsma 1987; Litwin and Smith 1989;
Robinson et al. 1995).  Management strategies implemented for these remaining fragments, and
for regenerating secondary forests, will play a critical role in the population dynamics, as well as
long term survival of neotropical migrants.

Historically, wildlife was treated as a by-product of the timber resource, and it wasn't until the
early 1900's that this lack of management concern came into question (Leopold 1949).  Over the
past few decades, Canadians have challenged provincial and federal resource agencies to
acknowledge the true value of wildlife, and to manage our forests as multiple resource systems. 
This includes "recognizing the full range of species diversity and linkages within the ecosystem;
perpetuating indigenous species and gene pools; recognizing the full range of values and
potentials; perpetuating and restoring inherent diversity; protecting representative biological
communities and vulnerable, threatened, and endangered species..." (OMNR 1993).  Obviously,
a clear understanding of the ecological interactions that underlie forest productivity
will be critical to the long-term maintenance of such a resource.

One area that has been of concern to forest managers, is the apparent negative correlation
between monotypic conifer stands and songbird diversity (Lack 1939; Moss 1978; Moss 1979;
James and Warner 1982; Williams and Marcot 1991).  Traditionally, conifers such as red pines,
have been established as plantations on abandoned agricultural lands prone to soil erosion.  Their
hardiness and relatively rapid growth restores stability to light sandy soils, while providing
harvestable timber.  These plantations can provide favourable economic returns because of their



relatively low management costs and shorter harvest cycles when compared to hardwoods
(OMNR 1986; OMNR 1989).  Plantations established and managed solely for maximum timber
yield, however, typically lack the hardwood and herbaceous components found within natural
stands.  This lack of vegetative complexity has been implicated as the single most important
factor affecting songbird diversity and population density, even more so than stand area,
geometry or landscape isolation effects (MacArthur et al. 1966; Karr and Freemark 1983;
Holmes and Recher 1986; Litwin and Smith 1989; Parker et al, 1994).

Hardwood succession may actually be inhibited by initial plantation management.  Pines are
typically planted close together to promote tall, straight growth and self-pruning (which reduces
the number of knots in the log).  As the pine stands mature, much of the under story begins to
decline because of increased shading by the canopy.  Later, any remaining competitor species
may be removed directly (Johnson and Landers 1982; OMNR 1986; OMNR 1989).  In both
cases the elimination of vegetative layers results in reduced floristic and structural complexity
(heterogeneity), and a consequent reduction in niche stratification, (i.e. reduced foraging
opportunities on a three-dimensional plane) (MacArthur and MacArthur 1961; MacArthur et al.
1966; MacDonald, 1966; Karr 1968; Karr and Roth 1971; Robinson and Holmes 1982;
Robinson and Holmes 1984; Childers et al. 1986). Just as importantly, insect prey diversity
declines because of a lack of suitable plant substrates.  During this period there is a marked
reduction in songbird diversity and density.  There is also a marked turnover in species, although
some generalists may be capable of maintaining viable populations throughout the stand
transitions (Welsh 1987).

Not all songbirds respond negatively to pure, dense, conifer stands, however (Sturman 1968;
Holmes et al. 1979; Landres and MacMahon 1980; Rice 1984).  Kirtland's warblers (Dendroica
kirtlandii) nest exclusively in densely stocked jack pine (Pinus banksiana) stands that are 6-23
years of age, while red crossbills (Loxia curvirostra) forage predominantly on conifer seed
crops, an unpredictable resource periodically produced in abundance in older dense stands
(Probst 1988; Benkman 1993).  Similarly, in the earliest stages of plantation growth, songbird
communities may increase in density and richness as young stands develop simple structural
complexity, when compared to the prior grassland habitat (Batten and Pomeroy 1969; Currieand
Bamford 1982; Childers et al. 1986).

If it is possible to influence habitat quality through appropriate stand management actions,
perhaps by enhancing structural heterogeneity, then pine plantations might be used as a
conservation tool by resource managers.  It has been widely recognized that there is a need for
additional forest cover in the highly fragmented landscape of southern Ontario (Geomatics
1993).  From a regional perspective, it must be determined whether wildlife would benefit from
an overall increase in the area devoted to pine plantations.  Similarly, plantations could be used
to reconnect or even expand existing woodlot fragments, thus reducing "edge," while expanding
the area of forest interior habitat available for nesting songbirds.  The results of this study will
help to provide a sound basis from which such decisions can be made.









2.2 Data Collection

2.2.1 Species Diversity and Territory Density.  In 1994 and 1995, songbird surveys
were conducted from the end of April until mid-July, corresponding with the active breeding
season for most songbirds found in this region (Cadman et al. 1987; Peck and James 1987). 
Each of the seven study areas was surveyed between dawn until late morning at least once a
week.

Song playback and spot-mapping were used in combination to determine territorial boundaries
(Bibby et al. 1992).  Territorial males were identified by their behavioural responses to
prerecorded song (e.g. directed singing, aggressive posturing).  Often males could be lured out
to the perimeters of their territories using song playback, however, spot-mapping was deemed to
be the more appropriate method for actually determining territorial boundaries within the
plantations.  This technique relies on repeated observations of males to determine the true extent
of their territories (Freemark and Collins 1989; Haila et al. 1989; Bibby et al. 1992).  Compared
to point counts and linear transects, spot mapping provides more information on breeding,
particularly for small areas (Robbins 1978; Tomialojk and Verner 1990).

2.2.2 Reproductive Status.  All observations of breeding pairs and nesting activity were
recorded throughout the field season.  These included: successive observations of female(s)
within a male's territory; observations of courtship; observations of nests or nest building
behaviours; observations of parents carrying food; and observations of nestlings or fledglings.

2.2.3 Habitat Characterization.  Qualitative assessments of the habitats were based on field
visits and aerial photo analyses.  Habitats were categorized as follows:

Pr - red pine plantations
Ps- scotch pine plantations
Pmix - mixed pine plantations, primarily of red pine/jack pine
OF - old field secessional areas (mixed grasses, shrubs, young trees)
Sw - swamp forest (red maple, birch, cedar, ash) and associated wetland
areas
MIX - open canopied areas of mature upland trees species (typically
white pine, hard maple, hemlock, ash, birch)
H - mature upland hardwoods (typically of hard maple, oak, ash, birch)

Quantitative habitat measurements of the conifer plantations (Pr and Pmix) were based on
guidelines outlined in the Southern Region Ecological Land Classification Forest Plot Sampling
Manual (ELC - OMNR 1994).  Thirty-two circular sample plots (400 M  each) were established2

within the plantations (several plots were established in adjacent forest habitats for comparison).
Plot locations were determined as follows:

i)  Areas of peak songbird density were established for each stand from the results
of the spot-mapping surveys.  Representative plots were established within these
areas to ensure that the specific vegetative characteristics of these significant
habitats were assessed.  In most cases, a simple stratified random approach to plot
location would have missed many of these "hot-spots" due to the low density of
songbirds occurring within the plantations.



ii) Plots were also established randomly within areas deemed representative of
particular plantation conditions.  These ranged from pure stands with negligible
under story components, to patches of advanced hardwood succession.  Sampling
intensity was reduced in areas exhibiting obvious uniform growth (e.g. intensively
managed sites).

iii) Although extensive sampling of adjacent forest habitats would
have provided a useful baseline for habitat quality comparisons, time

constraints prevented the establishment of more than a few plots in these areas.

Once plot locations were established, the specific habitat variables were
surveyed as per the ELC guidelines (see Appendix 2 and 3)

2.3 Data Analysis:

2.3.1 Habitat Quality Indices: Songbird habitat quality was determined using a
number of indices and comparative assessments.  Below are listed the indiceswhich
provided the most information pertaining to plantation management
criteria:

i) Species Density Diversity In this study, species density was determined from the results
of territorial mapping.  To provide a comparative measure between stands of different
sizes, species density (Sr) was evaluated on a per hectare basis as follows:

S  = S /Ar i

where: S  = total songbird species observed within thei

     community
A =   habitat area in hectares

ii) Territory Density.  Territorial density was calculated for each of the stands in a manner
similar to that for species richness, whereby:

T = T / Ai

where: T  = total number of territories observed withini

the stand
A = area of stand in hectares

iii) Breeding Pair Density and % Success. The density of breeding pairs (P) for each stand
was determined as above whereby:

P= P /Ai

where: P  = total number of pairs observed within a stand i

A = area of the stand in hectares

As a measure of habitat quality, the percentage of territories with breeding pairs was determined
from field observations.  This is based on a general assumption that territorial quality directly or
indirectly affects female mate choice.



iv) Nesting Density and % Success.  Next to the successful fledging of young, nesting is
perhaps the most valuable measure of territorial quality (Robinson 1989).  An effort was
made to locate all nests within plantations.  Nesting density (N) was calculated for each
stand as follows:

N= N /Ai

where: N  = total number of nests observed within the standi

A = area of the stand in hectares
The percentage of territories bearing nests was also determined.
2.3.2 Habitat Plot Data and Assessment of Quality

i) Vegetation Data: The data collected for each of the habitat plots were
categorized as follows:

eTree Density (TDEN): The total number of all trees of >9 cm DBH

eBasal Area (BASA): The total basal area calculated in M /ha from DBH2

measurements of all trees of >9 cm DBH.

eCanopy Tree Species Diversity (TSP): The number of tree species
comprising the canopy layer.

eDBH Groupings (A, B, C): The number of trees in each of three DBH size
classes where A = >9<15 cm, B = 15-25 cm and C = >25 cm

ePercent Groundcover (GC): The estimated coverage of the herbaceous
layer.

eCanopy Closure (CC): The estimated canopy closure (%).

eConifer Canopy (CON): The estimated percentage of the canopy closure
represented by conifer species.

ePercent Sapling Cover (SAP): The total estimated coverage by saplings
and tall shrubs (Layers 3 and 4).

ePercent Seedling Cover (SEED): The total estimated coverage by
seedlings (Layer 5)

eTree Structural Diversity (TSD): An index of plot diversity derived from the Foliage
Height Diversity index - H' (MacArthur and MacArthur 1961; MacArthur et al. 1966;
Litwin and Smith 1989; Parker et al. 1994)

H’ = - (33p  1n p )i i

where, pi = the proportional coverage by each tree species within a respective height
class (Layers 1 to 5)

3(pi In pi) = summation for all species and height classes.



Groundcover (Layer 6) was not included in the analysis because of the variance in seasonal
growth that occurred among the plots over the course of the data collection period.  Moss and
lichen cover (Layer 7), and vegetative debris and exposed rock (Layer 8), were also not included
in the analysis.

Frequency distributions were developed for each of the habitat variables to assess normality. 
Log transformations were conducted for those variables that were significantly skewed from the
normal distribution.

ii) Habitat Quality Indices.  For each of the habitat plots, the number of songbird
species (S), territories (T), breeding pairs (P) and nests (N) associated with each plot
were determined using the following criteria:

1. all songbirds whose territories included all or part of the 400 M  vegetation plot were2

included unless their known habitat preference was substantially different from that defined by
the plot itself

2. nests were only counted if they were actually located within the boundaries of the plot.

iii) Data Analysis. Simple regressions and ANOVAs were conducted for each of the h@bitat
variables.  Significant relationships between the various vegetation categories and the songbird
habitat quality indices (dependent variables) were assessed at p < 0.05 using Fisher's F-test (Zar
1984).

Significant trends were assessed at 0.05 <p < 0.1.

Multiple regression analyses (stepwise additive regressions) were also conducted to determine
the actual combination of independent variables that contributed significantly to habitat quality.

2.3.3 Landscape Effects.  Landscape components such as proximity of the study sites to
adjacent forest habitats, were not included in the regression analysis because of the lack of
appropriate controls; (i.e. wholly isolated stands).

2.3.4 Area Effects.  Species-area relationships were developed for each of the three major
stand types (pure red pine plantations, pine plantations with advanced hardwood succession and
native upland forest).  Although there were actually too few stands to statistically validate the
results, the trends provide useful information.

3.0 RESULTS

3.1 Comparisons Between Stand Types.

3.1.1 Species Richness.  During the two field seasons, 45 species of songbird were
observed at the study sites, of which 22 occurred within red pine stands (Appendix 1). 
Corvids, such as Blue Jays (Cyanocitta cristata) and Common Crows (Corvus
americanus), were excluded from the study, as were non-songbird species such as Ruffed
Grouse (Bonasa umbellatus), and Greathorned Owls (Bubo virginiana).  Piscines,
including Hairy Woodpeckers (Dendrocopus villosus), Downy Woodpeckers (D.



pubescens) and Yellowbellied Sapsuckers (Sphyrapicus varius) were not included in the
diversity analyses, but were noted for their significance as indicators of potential breeding
habitat for cavity nesters and of relative insect prey abundance.

Overall, the red pine plantations had the lowest songbird diversity of the seven habitat categories
(Figure 3.1). Mean species richness in the red pines was only about 23% of that found within the
swamp, mixed forest or mature hardwood stands.  The Scotch pine and mixed pine stands were
intermediate in richness, as were the old field sites.

At least 4 songbird species were found in each of the eleven red pine stands, while one stand
(Ireton) had a maximum of 17 species.  The lowest species diversity occurred within the three
semi-isolated red pine plantations near Kemptville (Wall, A/S/V, Moritz).  Indeed, a significant
negative correlation was found between stand area and species richness, although this is likely
related to the lack of hardwood regeneration within the larger stands (Figure 3.2).

From a plantation management perspective, maximum species richness within some conifer
stands may be indicative of important habitat characteristics.  The Ireton/Stolfa red pine stand
had a species density value that approached intermediate levels of richness (2.1 spp./ha).
Similarly, the Ireton mixed pine stand had a species density value of 5.0 sp./ha, placing it well
above the overall mean for the three natural forest stands.  Both of these stands were structurally
diverse and exhibited substantial hardwood succession.

3.1.2 Territory Density.  Boundary locations for species known to have small territories and
specific habitat requirements, were usually confined to obvious habitat features.  For example,
virtually all of the Red-eyed Vireos (Vireo olivaceus) observed within the red pines were
associated with patches of hardwoods of at least 1 ha in size.  In some cases, these patches
included nothing more than one or two large oaks or maples surrounded by even-aged saplings. 
In other cases, the territories of some species were found to extend much farther than expected,
particularly within the pure red pine stands.  Ovenbird territories, generally about 2 ha in size
within mature deciduous habitats (Villard et al. 1991), were found to extend up to 3 ha in some
of the red pine stands.

The overall territory density pattern for the individual stands mirrored that of species richness
(Figure 3.3). Mean territory density was again lowest in the red pine plantations, and highest in
the mixed and hardwood forest habitats.  The maximum territory density for a red pine stand was
3.3 terr./ha, which occurred at the 5.5 ha Ireton/Stolfa East site, a highly interspersed plantation
surrounded by a complex of other habitat types.  Similarly, the 1.2 ha Ireton mixed pine stand
had a territory density of 6.2 terr./ha, which was above the mean for the mixed and hardwood
forest habitats.  In the latter case, the majority of the territories extended beyond the plantation
borders and into adjacent forests.

The lowest territory densities (0.6 terr./ha) were observed in two of the three semi-isolated
plantations near Kemptville.  This was an order of magnitude lower than the mean for the mixed
and hardwood forest habitats (6.1 terr./ha). Territory densities were also low (1.0 terr./ha) in the
third semi-isolated plantation, and in several monotypic contiguous stands at Stony Swamp.

3.1.3 Percent of Territories with Breeding Pairs . The percentage of territories for which
breeding pairs were confirmed was similar across stand types, and averaged between 75% and
88%.  Individually, the red pine stands ranged from a low of 76% in the Ireton/Stolfa East stand,



to 100% in the north and east Stony Swamp plantations.  No significant difference in mean value
was found between the three categories of pine plantation.

3.1.4 Nesting Density.  The percentage of territories with active nests was assessed for the 





pine plantations only.  Nests were found in less than half of the territories within the red pine
stands, but in several instances, the missing nests were located in the portions extending into
adjacent habitats.  The mean density of nests within the red pines was less than half that for the
mixed pine stands.

3.2 Comparisons Between Plantations.

3.2.1 Songbird Habitat Quality.  Overall, regression analyses provided clear evidence
that structural diversity, canopy diversity and sapling coverage were all positively associated
with the four measures of songbird habitat quality (see Figure 3.4). Stands with high values of
these three components were typically open canopied with substantial intermediate and under
story growth.  Similarly, Class II tree density (9-25 cm DBH)), overall tree density (all trees
>9 cm DBH), total basal area, and canopy closure were all negatively associated with
songbird habitat quality (see Figure 3.5). Stands that had high values of these variables were
best represented by dense, monotypic plantations with minimal hardwood succession.

Based on regression analyses of each of the habitat quality indices, an optimal stand habitat was
designed (from a songbird perspective).  This design has been incorporated into the management
recommendations (section 4.0)

3.2.2 Stepwise Regression Analysis.  All seven of the significantly associated habitat variables
were incorporated into an additive stepwise regression analysis, from which multivariate
regression equations were developed (Statview 1993).  The resulting equations are as follows:

Species Diversity: y  = 10.776 + 3.2961ogTSP - 5.3481ogB (r  = .59)s
2

No. of Territories: y  = 13.801 + 4.971ogTSP - 7.4671ogB (r  = .57)t
2

No. of Breeding Pairs: y  = 16.767 + 7.6871ogTSP - 8.3981ogTDEN (r =.59)p
2

No. of Nests: Y  = 6.389 + 2.4061ogTSP - 3.5951ogB (r  = .43)n
2

These equations provide strong support that songbird habitat quality is most affected by
interactions between canopy diversity (TSP) and tree density (TDEN and B).  In management
terms, the best plantation habitats are provided by those stands with the greatest number of tree
species in the canopy, and with fairly open structure.  Lower tree density corresponds with
greater light penetration and an overall increase in the vegetative layering.









4.0 DISCUSSION AND MANAGEMENT RECOMMENDATIONS.

4.1. Overview Wildlife diversity is now recognized not only as an important natural resource,
but as a key indicator of ecosystem integrity.  To that end, resource managers have a
responsibility to ensure that wildlife diversity is not eroded by inappropriate forest
management practices.  At the stand level, the suite of habitat features found in the most
diverse plantations in this study can serve as a basis for maintaining, and even enhancing,
songbird diversity.  At the landscape level, conifer plantations may provide additional forest
habitat, serve as linkages between existing woodlots, or perhaps provide unique habitat
features for less common songbirds.  Although wildlife values have traditionally been
overshadowed by other priorities (e.g. soil stabilization and timber production), there is a
precedence for incorporating significant habitat features into the management protocol.  A
recent initiative on the part of the OMNR, is to promote the restoration of woodlands on
private and public lands, in part by encouraging hardwood succession within conifer
plantations (Geomatics 1994).  This initiative fits in well with the results of this study, in
which hardwood succession was found to be critically linked to songbird diversity and
reproduction.  As temporary shelters for developing structurally diverse hardwood forests,
conifer plantations can serve as useful conservation tools for the restoration of neotropical
migrant songbird populations.

This study investigated songbird diversity and reproductive status in eleven managed red pine
stands in the 30-40 year age class (mid-rotation).  Red pine plantations are generally
characterized as dense monotypic forests with limited undergrowth.  The results support the
established view that pure plantations provide generally poor breeding habitat for most
songbirds, however, several factors can improve habitat quality significantly.  For the 30-40 year
age class, poor quality habitat (as measured by low species diversity, territories, breeding pairs
and nests) was primarily related to low structural heterogeneity, although species-specific habitat
requirements and landscape factors, such as proximity to source habitats, also played important
roles.

4.2. Importance of Hardwood Succession.  On a per stand basis, habitat quality was
considerably lower in the red pine plantations than in any of the other six habitat categories.  On
average, stands of pure red pine with little or no hardwood regeneration exhibited 27% of the
songbird diversity found in the natural forest habitats.  Indeed, most of the songbirds observed
tended to be associated specifically with areas of advanced hardwood growth.  Habitat quality
decreased linearly with increasing canopy cover, basal area and tree density.  These variables are
all negatively correlated with hardwood regeneration and therefore, with structural
heterogeneity.  Alternatively, habitat quality increased linearly with increasing structural and
floristic diversity.

An examination of species occurrences and territorial densities showed an interesting trend in
habitat occupancy as the stands gained structural complexity.  Habitat generalises, such as the
Ovenbird, were capable of establishing territories and successfully nesting in relatively pure
stands (although a minimal level of herbaceous or hardwood growth was still necessary for
foraging).  Robins and Black-capped Chickadees were also prevalent in stands with minimal
regeneration, but this can be attributed to their larger home ranges, enabling them to forage
beyond the periphery of the generally small plantations.  As hardwood succession progressed,
other species became more common, including Rose-breasted Grosbeaks, Yellow-rumped
Warblers, and Hermit Thrushes.  If the regression analyses accurately reflect songbird responses



to increasing structural diversity, it might be expected that species richness and territorial density
would continue to increase linearly.  This appears to be borne out by examining the higher
average habitat quality found within the mixed pine stands.  Hardwood succession was likely
more advanced in these plantations because of lower tree density and sparser canopy cover,
which could provide better lighting conditions for under story growth.  In some mixed pine
stands, species richness, and territorial densities approached levels found within the hardwood
and mixed upland forest habitats.  It is conceivable that, given time, these stands would take on
additional characteristics of the natural forests; i.e. tall remnant pines surrounded by hardwoods
of varying sizes and ages.

Habitat quality was found to be further affected by the type and form of hardwood succession
occurring within the plantations.  Songbird species diversity and breeding densities were highest
in patches of hardwoods > 1.0 ha in size, particularly where structural layering was maximized;
e.g. numerous foliage layers.  Many of the deciduous adapted species, such as Red-eyed Vireos,
would not venture beyond the areas of hardwood growth, unless specifically responding to song
playbacks.  Smaller hardwood patches tended to be occupied only if they were located near other
patches, or near the periphery of adjacent natural stands.  Finally, plantations with young,
uniform growth had generally low breeding densities.

Canopy diversity was positively associated with all four of the habitat quality indices, as indicated
by both simple and stepwise regression analyses.  In general, habitat selection by songbirds is
related to the foraging substrates and nesting sites provided by a variety of mature deciduous
trees.  Alternatively, the presence of insect prey on particular tree species can contribute to the
diversity and abundance of songbirds.  For example, spruce budworm outbreaks in the extensive
spruce forests of northern Ontario and the northeastern U.S., were found to contribute
significantly to the diversity and abundance of foraging songbirds (Crawford and Titterington
1979; Morse, 1980; Welsh 1980; Crawford et al. 1983).  Similarly, the presence of certain
herbaceous species, such as spring wildflowers, can influence prey availability within a stand (e.g.
butterflies, bees, beetles etc.).

From the regression analyses, optimal songbird habitat can be defined within the context of the
plantations examined.  It should be kept in mind that the plantations with the greatest songbird
diversity and breeding densities still fell short of the habitat quality provided by natural upland
stands.  As the plot analyses were primarily confined to the plantations, the following stand
design cannot be transferred to upland forest types without further investigation. However, it
is reasonable to expect that the same principles regarding structural diversity apply.

Therefore, within the context of a mid-rotation conifer plantation, a stand design for optimizing
songbird habitat might have 100% sapling coverage (layers 3 and 4), corresponding to
approximately 50% canopy closure.  Basal area would be about 18 m2/ha. with an overall
density of 560 trees/ha. (of >9 cm.  DBH) of which 250 trees/ha. would be of class 11 size (DBH
>9<25 cm.). The canopy would consist of at least 5 equally represented tree species (of which
most would be hardwoods).  Multiple regression analyses have provided an indication that of the
7 habitat variables examined, canopy diversity (+ve) and class 11 tree density (-ve) have the most
influence on songbirds.  From a plantation management perspective, it may be useful to focus on
these two elements in order to improve songbird habitat quality.



Recommendation 1

That the optimal plantation design for 30-40 year old red pine stands described above, be
considered as a starting point for resource managers wishing to manage existing conifer
plantations for wildlife.  It is recognized that the values as outlined, may run counter to
economically viable timber production, but it should also be recognized that wildlife, such as
songbirds, may have different needs.

The primary finding of this study, has been that advanced hardwood succession within red pine
plantations is the most crucial factor affecting habitat quality.  This observation is supported by
numerous studies involving a variety of stand management practices (Capen 1979; Dickson and
Segelquist 1979; Crawford and Frank 1987; Brawn and Balda 1988; Litwin and Smith 1989). 
Light penetration to the stand floor appears to be the most limiting factor preventing hardwood
seed germination (OMNR 1986; OMNR 1989; Elliott 1994).  Stand thinning is the most frequent
recommendation for increasing light levels and thus, hardwood growth, although low intensity
fires have been suggested for removing the slash overburden (Austin and Perry 1979; Brawn and
Balda 1988).  Furthermore, snags and perches provided by the hardwood trees may accelerate
ecological succession by promoting active seed distribution by birds (McClanahan and Wolfe
1993).

Recommendation     2

That protection and incorporation of significant habitat features such as hardwood fencerows,
remnant mature trees, vernal pools, snags, etc. should be considered a priority during the initial
phases of plantation development. Remnant hardwood growth will eventually serve as a
potential seed source for additional succession, while providing beneficial breeding sites for
songbirds. Furthermore, these features should be protected during subsequent thinning or
harvesting operations.

Recommendation     3

That all red pine plantations be thinned according to established cutting schedules (Elliott
1994; OMNR 1989).  This is recommended as a means of promoting hardwood succession, in
addition to improving the quality of harvestable timber.  Typically, this form of stand
management involves row removal or thinning at 15 -40 years of age followed by successive
commercial cuts every 5-25 years depending on site conditions.  A stand design that would
optimize songbird habitat might have 100% sapling coverage (layers 3 and 4), with
approximately 50% canopy closure.  Basal area would be about 18 m /ha with an overall2

density of 560 trees/ha (of >9 cm.  DBH) of which 250 trees/ha would be o class II size
(DBH >9<25 cm.). The canopy would consist of at least 5 equally represented tree species
(of which most would be hardwoods).  It should be noted that landowners would have to balance
timber and wildlife values in deciding whether this design would be appropriate.

Recommendation     4

That wherever possible, plantations should be established near existing hardwood seed sources
(e.g., hardwood fencerows, swampy areas, adjacent upland stands) to promote hardwood



succession.  These areas should be thinned early to promote secessional growth.  Hardwood
succession should be monitored and additional thinning undertaken if necessary to increase the
size of the patch.  Plantation areas downwind of hardwood seed sources are prime locations for
encouraging hardwood regeneration.

Recommendation     5

That hardwood succession be promoted in plantations isolated from adjacent natural forest
stands. Direct seeding or transplanting of hardwoods into the plantation will likely be required ,
at least until natural regeneration occurs. Tree shelters such as Tubex , or Quill  (have been® ®

shown to aid in their establishment (OMNR 1994).  From a landowner perspective, the
development of a hardwood stand within the shelter of a conifer plantation will be substantially
more cost-effective than attempting to establish a hardwood
plantation directly on open lands.

Recommendation     6

That patches of hardwoods be promoted within the plantations, rather than thin, uniform
growth. throughout.  In this study, hardwood patches of 1.0 ha. or larger were most likely to
attract a wide diversity of songbirds.  Alternatively, smaller patches in close proximity to each
other, or to adjacent natural stands can be created.  These patches may be developed over a
number of years by thinning the surrounding red pines to promote natural seeding. 
Alternatively, small clearings may be cut within the plantations, and hardwoods seeded or
transplanted directly (see Recommendation 4).  A balance of heavier thinning in areas of
hardwood advance in combination with regular thinning in other areas, will help landowners
balance timber and wildlife objectives.

Recommendation     7

That jack pines, or jack pine/red pine mixes, be considered on sites with poorer quality, shallow
soils.  These stands promote hardwood succession more rapidly because of a generally sparser
canopy and greater light penetration.  These stands were found to have substantially higher
songbird diversity than pure stands alone.

4.3 Promotion of Special Features.  Species diversity and breeding activities were further
influenced by the presence or absence of unique habitat features.  Northern Waterthrushes
(Seirus noveboracensis) were invariably associated with shallow vernal pools located within low-
lying patches of black ash, birch and red maple.  Another habitat feature associated with stand
diversity was the presence of exposed ridges of junipers (juniperus virginiana), hawthorns
(Crataegus spp.) and cedars, which provided nesting sites for White-throated Sparrows
(Zonotrichia albicollis).  Alternatively, some species either rarely nested within the plantations,
or did not occur there at all because of a lack of particular habitat features.  For example, Pine
Warblers (Dendroica pinus) were not as numerous as expected in the red pine stands.  This
appeared to be related to the absence of distinctively tall pines.  On several occasions, pine
warblers were observed nesting in white pines that were substantially taller than the surrounding
red pines.  This is apparently a nesting preference specific to the Pine Warbler (Cadman et al.
1987).  Snags (dead standing timber) and tree cavities, were other important habitat elements
lacking from within the red pine stands.  This appeared to be related to specific qualities of the
red pines themselves, rather than to the age of the stand or the management process.  Once dead,



red pines quickly fall and rapidly decompose, instead of remaining upright for many years as do
white pines, cedars and hemlocks (Tsuga canadensis).  This lack of standing dead timber reduces
the incidence of insect prey for foraging songbirds such as

Woodpeckers, Chickadees, Solitary Vireos (Vireo solitarius), Black and White Warblers
(Mniotilta varia) and Nuthatches (Sitta spp.) (Robinson and Holmes 1982; Cadman et al. 1987). 
For example, in the mature southern pine forests of the south-eastern U.S., Red-cockaded
Woodpeckers (Picoides borealis) are believed to be endangered because of the reduction in
foraging habitat and available nesting cavities (Kelly et al. 1994).  Fewer foraging woodpeckers
also limits the number of excavated cavities suitable as nest sites for other species.  In the Great
Lakes- St. Lawrence forests of Ontario, there are 284 species of vertebrate fauna, of which 15%
(43 spp.) are partially dependent on cavities (Anderson and Rice, 1993).  For conifer plantations,
the presence of mature hardwoods contributes to the availability of these habitat features, and
therefore, to greater faunal diversity.  Some authors suggest that managers take direct action to
create these features within managed stands.  For example, by incorporating nest boxes into the
stands as a means of promoting cavity nesting songbirds.  This has been shown to be effective for
young stands during the initiation phase (Oelke 1967).  However, in mature stands, the
effectiveness of artificial nest boxes is questionable (Norris 1994).

Recommendation      8

That snags and tree cavities be promoted and maintained throughout the life of the stand.  This
can be accomplished by encouraging hardwood succession, retaining existing old growth
features, and allowing a portion of the stand to reach old age (although red pines may be
inadequate in this regard).  Nest boxes are not recommended for mature stands, but may be
useful during the early stages of stand development.  It is unlikely that such features can be
created from the young developing conifers, therefore the retention of existing old growth
features during stand initiation is critical.

4.4 Landscape Context.  Landscape context appears to be another important determinant of
overall species richness.  The three plantations with the lowest songbird diversity lay within
agricultural areas, and were relatively isolated from other upland forest habitats.  This isolation
may be a determinant of overall habitat occupancy, as per the principles of island biogeography
(MacArthur and Wilson 1967).  There may also be limitations to effective colonization within the
larger plantations because of the relative isolation of hardwood patches.  Indeed, for the
relatively pure stands, species richness did not increase with area as it did for the stands with
higher levels of structural diversity.  However, the impacts of stand isolation and size are related
to the effective search area of a given songbird species (Hunter 1987).  In this study, none of the
plantations were larger than 23 ha, and none lay farther than 1 km from other upland forests, well
within the visual range of most songbirds searching for breeding habitat.  The species
impoverishment of the larger isolated stands in this study is therefore, most likely related
specifically to the lack of hardwoods.

For structurally complex stands, landscape context was found to be an important factor in
determining habitat quality, but in an indirect manner.  For those conifer plantations located
within a matrix of upland forests and old fields, the inadequacy of the habitat was diminished by
the degree of hardwood regeneration, which is inherently related to the proximity of hardwood
seed sources.  Songbirds normally associated with deciduous forests, such as Red-eyed Vireos,
Rose-breasted Grosbeaks, and Veerys (Catharus fuscesens ), established territories that



overlapped both habitat types, thus boosting species richness and territorial density.  These
species were typically absent from the pure red pines, but were observed in isolated patches of
hardwood regeneration, and along mature hardwood fencerows extending in from the adjacent
forests.  Pure pine stands therefore lack the habitat features desired by most breeding songbirds.

In an agricultural or suburban landscape, the availability of upland forests of any type may be a
limiting factor in the recovery of declining populations of some neotropical migrants.  A 32 year
survey of hemlock/hardwood forests in a suburban setting in the northeastern U.S., showed that
the recovery of a number of migrants was correlated to nearby reforestation projects (Askins and
Philbrick 1987).  In such a landscape, large red pine plantations may provide useful breeding
habitats for a limited number of songbirds.  Similarly, studies of songbird movements between
breeding habitats have indicated the importance of wooded corridors, such as those provided by
shelterbelts (Haas 1994).  However, it is important to undertake additional studies in this regard,
to determine if such populations are sustainable.  Small isolated woodlots may act as "ecological
traps" that attract migrant neotropical dispensers but eventually lead to decreased reproductive
success from high levels of predation and parasitism (Robinson 1989).

Recommendation     9

That, wherever possible, red pine stands be initiated adjacent to other upland forest habitats,
and that hardwood succession be promoted within the plantations to encourage songbird
residency.

Recommendation     10

That longer term studies in reproductive success be undertaken for songbirds
breeding within isolated red pine plantations.  The results of these studies may
provide support for initiating conifer plantations on non-forested lands in order
to increase available habitat .

4.5 Plantation Shape.  A traditional view among resource managers has been that edge
habitats (i.e. peripheral areas of shrubby, secessional growth) are generally beneficial for
increasing wildlife diversity and density, primarily through increased habitat interspersion and
vegetative complexity (Leopold 1933; Odum 1971; Gates and Gysel 1978).  This concept is now
viewed as a potentially disruptive management objective in terms of maintaining the
integrity of the forest ecosystem.  Populations of some migrant songbird species have been found
to be declining largely because of the negative influences of brood parasitism and nest predation. 
These so called "edge effects" tend to occur at much higher frequencies in small fragmented
woodlots, and along forest peripheries (Brittingham and Temple 1983; Wilcove et al. 1986;
Temple 1986; Yahner and Scott 1988).  In the northeastern U.S., nest predation by both avian
and mammalian predators was significantly higher in edge habitats than in forest interiors (Roth
and Johnson 1993).  A critical review by Paton (1994) showed convincing evidence that edge
effects may extend up to 50 m into the forest.  He suggested that edge effects might even occur
around large forest clearings greater than three canopy tree heights in width.

Recommendation    11

That the development of edge habitats be minimized by reducing the exposed perimeter of the



plantation.  Within an agricultural landscape, long and narrow, or complex irregular designs
should be avoided unless the perimeter is contiguous with other forest stands (particularly
mature upland forest).  In this case, the perimeter should be maximized to encourage hardwood
succession.

4.6 Plantation Size.  The suitability of a forest habitat varies with the home range size and
specific requirements of a given bird species.  Overall diversity then, may depend on the scale at
which a given habitat is viewed (Hunter 1987).  Although plantation size was not adequately
assessed in this study, it may be an important determinant of overall diversity.  The reduction in
breeding habitat through forest fragmentation and loss has been identified as one of the most
significant causes of songbird decline in North America (Litwin and Smith 1989; Robinson 1989;
Kelly et al. 1994; Opdam et al. 1995).  In Pennsylvania, Porneluzi et al. (1993) found a 20 fold
decline in ovenbird reproductive success between large hardwood forest fragments (>10000 ha)
and smaller fragments (9-183 ha).  Robbins et al. (1989) found that for large, undisturbed forests,
area was the best predictor of species abundance over any other habitat variable, and therefore
should be the first consideration for forest management.  If this is not possible, then the authors
suggest that managers first identify the specific habitat needs of area-sensitive or rare species
before attempting to increase overall diversity.  If large contiguous forests are unavailable they
recommend managing smaller units in close proximity to larger forests (see Recommendation
11).

Recommendation      12

That the effects of plantation size be further investigated to determine if diversity and overall
breeding success are influenced by stand area, particularly for area sensitive songbirds.

4.7 Plantation Age.  Plantation age has been shown to play an important role in determining
not only songbird diversity and density, but also the specific songbird community that might be
expected to occur.  For example, during the first 10 years or so (stand initiation phase),
songbirds adapted to open field or edge type habitats, appear to do well (Currie and Bamford
1982; Childers et al. 1986).  As canopy cover increases over the next 10-15 years, under story
vegetation is shaded out and habitat structure declines.  In the absence of managed stand
thinning, this period of under story exclusion may extend for the next 50 years or more.  Only a
few generalist species are capable of successfully using plantations in this state.  However, if the
stand is allowed to grow to maturity and beyond, the canopy will begin to open up as trees age
and die.  Songbird diversity will again increase as structural complexity returns (Adams and
Morrison 1993).  For stands >100 years of age, some studies have found species diversity to be
50% greater than those in the 26-53 year age class (Currie and Bamford 1982).

Recommendation      13

That some pine stands (or portions thereof) be allowed to complete their natural life span
(beyond marketable age).  This will increase the representation of an important landscape
element in eastern Ontario.  However, in the case of red pines, it may be difficult to maintain
stands into old age without loss to windfall and ice damage.

4.8 Plantation Age Structure.  An uneven age structure within a natural forest stand
increases the structural heterogeneity of the habitat and provides increased three-dimensional
foraging opportunities for songbirds.  However, for the conifer plantations, stand management



directed toward the creation of multiple levels of uneven-aged pines will likely not increase
habitat value, as there is usually not a corresponding increase in insect abundance (except for
perhaps, pest outbreaks).  Based on the results of this study, it is primarily hardwood succession
that is required to develop the heterogeneous broadleaf structure that will lead to greater prey
density and diversity.  Furthermore, management directed toward the promotion of conifer
regeneration is likely to counteract hardwood succession through competition for light and
nutrients.

Recommendation     14

That, for the eastern Ontario region, the creation of an uneven age structure within the conifer
plantations be directed toward hardwood succession and not to conifers.  Although this may run
counter to the objectives of softwood timber production, resource managers must consider the
needs of wildlife as well.

4.9 Soils (See Table Al).  The majority of the red pine stands sampled in this study were
located on light sandy soils, typical of the site conditions normally chosen for these plantations. 
However, as a species, red pines grow best on deep coarse loams, as do most marketable
hardwoods.  There is potential then, for the faster growing red pines to serve as shelterwoods for
the more valuable, shade tolerant hardwoods on these soil types (OMNR 1989).

Recommendation      15

That red pine plantations be investigated as shelterwoods for the growth of marketable
hardwood timber on appropriate soils.  This could serve as an important landscape
management tool, in addition to the promotion of high quality timber.  Hardwood succession
within red pine stands initiated between existing forest fragments could eventually increase the
overall size of available breeding habitat (an important consideration for area-sensitive
species). Similarly, conifer plantations could be used to expand the size of individual woodlots,
or to reduce irregularities in the perimeter (thus reducing edge).   Alternatively, poor quality
shallow soils can support jack pine, but not more valuable timber species.  In this study, mixed
jack pine/red pine stands were found to have greater levels of hardwood succession than pure
red pine stands, with correspondingly higher songbird diversity.  If managed strictly to
accelerate hardwood succession, the development of such plantations might provide useful
wildlife habitat on abandoned farmlands.

Recommendation      16

That jack pine or jack pine/red pine plantations be investigated as a means of promoting the
regeneration of hardwood forests (and therefore songbird habitat) on abandoned lands of poor
quality soils.

4.10 Songbird Species of Management Concern.  The recovery of species diversity within
the forests of Ontario has been identified as an important management objective for resource
managers (OMNR 1993).  As has been indicated throughout this paper, many neotropical
migrant songbirds are in particular need of targeted management action.  The availability and
quality of breeding habitats have been reduced by forest fragmentation, deterioration, and
outright loss.  It is important to recognize, however, that boosting overall diversity without first
identifying and ranking the needs of individual species may be the wrong approach to restoring



the integrity of the forest ecosystem.  For example, populations of habitat sensitive songbirds
may be negatively affected by alterations to the size of the plantation, or by management
operations such as thinning or harvesting.  Solitary vireos, a provincially significant songbird
species, were observed nesting in several mixed pine stands, while hermit thrushes, a declining
area-sensitive migrant, were found nesting in many of the red pine stands.

Recommendation    17

That stand management operations not take place from April to July in order to
prevent disruptions to resident breeding songbirds.

Recommendation      18

That large plantations (>75 ha), or plantations occurring within a contiguous forest matrix, be
assessed for area-sensitive songbird species before decisions are made to harvest large portions
of the stand.
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