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• Provincially-based land trust

• Owns and manages over 4,000 acres across PEI

• Mandated with protecting species at risk

• Interested in value of natural areas to forest birds

➢ 2017-2018 Forest Bird Program



• Fragmented forest landscape shaped by past and present human 
activity

• PEI Land Use: 

• 41.7% agriculture or abandoned 

• 43.9% forest (natural, regenerating, plantation)

• 6.9% wetland or sand dune

• 7.5% developed

• 3.2% of forest is legally protected (natural area)

• 87% of land is privately-owned

Research Context



Canada Warbler (Cardellina canadensis)
Photo: Brett MacKinnon

Olive-sided Flycatcher (Contopus cooperi)
Photo: Brett MacKinnon

Question 1: What habitat variables correlate with use by 
CAWA and OSFL in PEI Natural Areas?

• Lacking information to identify critical habitat in PEI

• Studied in other jurisdictions but not in PEI



Question 2: How do habitat variables influence avian 
diversity in PEI natural areas?

• Considered cumulative species richness and number of species 
of special concern (SCC)

• SCC based on Environment Canada’s Conservation Strategy for 
BCR 14 in PEI (2013)

• Results inform land management and restoration practices, and 
targeted land acquisition

Photos: Donna Martin & Brett MacKinnon



• In 2017, used a transect method to establish sites in 6 INT 

natural areas

• Study expanded in 2018 to include INT and Provincial 

natural areas

• In 2018, used eBird records, public sightings, and 

preliminary results from 2017 to establish sites

• Based on 2017 results, selected black spruce bogs, alder 

thickets, and cedar swamps 

• In total, 19 natural areas and forested properties included 

in study

Methodology - Site Selection





• June - July, 2017-2018, two surveys per site

• 10 min 100 m limited radius

• > 200 m apart

• Recorded species and # of individuals

• 29 point count locations 

Methodology – Point Counts

The Acadian Marshes Natural Area in Alaska, PEI



• Detailed multi-level habitat surveys

➢ Stand-level habitat variables
➢ Vegetation type, old forest score, canopy cover, water features, song 

perches, and composition of bryophyte-lichen, herbaceous, and shrub 
layers

➢ Landscape-level habitat variables

➢ Area of contiguous forest; distance to nearest edge, residential 
development, agriculture, freshwater, and oceanfront; and acres of 
various land use types in 1, 5, and 10 km radiuses

• Collected information on 275 habitat variables

Methodology – Habitat Surveys



Methodology – Data Analysis

• For CAWA and OSFL
• Univariate analysis using Mann-Whitney U test (α=0.05)

• Bonferroni correction (α=0.001)

• Classification tree

• For species richness and number of species of 
conservation concern
• Regression tree

• Five-fold cross validation of classification and regression 
trees

• Non-metric Multi-dimensional Scaling of bird abundance 
data allowed for further interpretations



• 15 Canada Warbler sites



Mann-Whitney U results indicate that 
CAWA-occupied sites tended to have:

- higher numbers of song perches

- greater area of water features

- lower percent cover of hardwood in 
the canopy layer

- higher percent cover of Sphagnum
moss in the bryophyte-lichen layer

- increased mountain holly (Ilex 
mucronatus) in the low shrub layer

- increased speckled alder (Alnus
incana) in the tall shrub layer

- greater distance to residential 
development

- greater distance to ocean

- less residential development in a 1 
km radius 



Mann-Whitney U results indicate that 
CAWA-occupied sites tended to have:

- greater amounts of coniferous, 
deciduous, and mixed forest in a 1, 
5, and 10 km radius around natural 
areas



Classification Tree For Canada Warbler Presence/Absence



Classification Tree Analysis of Canada Warbler Presence/Absence
Without Vegetation Type



PEI CAWA Sites



• 3 Olive-sided Flycatcher sites



Mann-Whitney U results indicate that OSFL-occupied sites tended to have:

- increased proximity to freshwater

- greater area of residential development in a 10 km radius 

- greater number of small trees (<19 cm DBH) per hectare



Results – Forest Bird Community

• Detected 61 species

• 10 species of conservation concern

➢ Ruffed grouse, Wilson’s snipe, Olive-sided flycatcher, Eastern wood-pewee, 
Boreal chickadee, Veery, Cape May warbler, Bay-breasted warbler, Canada 
warbler, Black-billed cuckoo

Veery (Catharus fuscescens) by Brett MacKinnon



• Sites in Kings County tended to be on the right side of the graph and Prince 
County sites tended to be on the left side of the graph

• CAWA sites clustered



• Sites with the highest species richness tended to be on the left side of the graph

• Only one CAWA site had the highest level of species richness, only one CAWA site 
had less than 16 species



• 83% of sites that had the greatest number of species of conservation concern were in wet 
coniferous vegetation types 

• CAWA sites tended not to have the highest species richness, but 50% of CAWA sites had 
other species of conservation concern present 



Regression Tree for Cumulative Species Richness

In favourable vegetation types:

• Wet sites with a mixed (coniferous/deciduous) tall shrub layer support highest levels 
of species richness

• Dry sites with more coarse woody debris, more closed canopy, and at greater 
distances from agriculture are important for species richness

In unfavourable vegetation types: 

• Dry sites with younger/less complex forest and more closed canopy important for 
species richness



In favourable vegetation types:

• Mountain holly in low shrub layer, coniferous vegetation in the tall shrub layer, 
deciduous vegetation in the herb layer, open canopy condition and area of 
contiguous forest were important for predicting number of SCC

In unfavourable vegetation types: 

• Wet sites more likely to have SCC 

Regression Tree for Number of Species of Conservation Concern



Conclusions

• Amount of coniferous and mixed forests at the landscape-level 
important for CAWA

• Amount of coniferous forest in a 5km radius most important 
predictor of CAWA occupancy

• Stand level features also important for CAWA: song perches, water 
features, Sphagnum moss, mountain holly, speckled alder, open 
canopy condition

• CAWA are sensitive to edge in PEI, particularly coastal and 
residential edges

• OSFL using natural and man-made edges in central and eastern PEI

• Wet forests with diverse shrub layers tend to support highest levels 
of species richness

• Wet coniferous forests with a deciduous understory tend to support 
the highest levels of SCC



Management Recommendations

• Landscape-level

• Focus on large tracts of coniferous and mixed forest with canopy gaps 
and wet forest types embedded  for CAWA

• Build on existing areas of contiguous forest for SCC

• Protect and manage threats at natural and man-made edges for OSFL 

• Stand-level

• Build on existing habitat centres for CAWA

➢ Opening canopy gaps in nearby wet areas, leaving song perches

• Supplement shrub and herbaceous layers especially impacted areas 
where seed bank may be depleted

➢ Mountain holly (Ilex mucronata), speckled alder (Alnus incana) for CAWA

➢ Mixed coniferous and deciduous shrubs species for SCC

• Promote complex and diverse ground and herbaceous layers

• Leave coarse woody debris 



Next Steps

• More data to allow for better interpretation of trends 

• Methods could be applied to any species

• Engage the public and conservation partners to report 
sightings 

• Stratified survey of PEI forest could be an opportunity to 
engage woodlot owners
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