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This report addresses objectives 1 and 2 of the project, specifically: 
 

1) Develop predictive associations of presence and absence among bird species for several 
regions of the province. 

2) Describe tests of generality delineating how well predictive relations are expressed. 
 
We found that the sizes of data bases available to us were sufficiently large that statistically 
significant relations were possible for spurious reasons.  We chose to focus much of the 
analysis on the coastal data base while refining methodologies.  We briefly review the nature of 
the coastal data base, address findings to date for Objectives 1 and 2, and summarize proposed 
next steps. 
 
Coastal database: 
Results reported here are only for Vancouver Island.  All data were gathered from conventional 
Breeding Bird Survey routes.  The extent of the data base is: 

• 23 routes sampled from 2000 to 2006 (50 stations per route) 
• 5 routes sampled from 2001 to 2006 (50 stations per route) 

 
• 1,400 independent survey stations yielding 9,523 point count surveys (27 point count 

surveys could not be conducted for various reasons) 
 

• 47,079 bird records representing 109 species were recorded from all surveys 
 
The routes are distributed across BEC variants in approximate relation to the intensity of 
harvest, with variants receiving greater harvest being sampled more intensively (Table 1). 
 

Table 1. Summary of sample effort by BEC variant on Vancouver Island. 

BEC Variant # of Stations # of Samples # of Bird Records Use in Analysis 
CWH vm 1 613 4,192 21,138 included
CWH xm 2 406 2,742 12,731 included
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CWH xm 1 141 979 5,686 included
CWH vh 1 111 733 3,605 included
CWH mm 1 97 653 2,639 included
CDF mm 24 168 1,029 excluded
CWH vm 2 7 49 233 excluded
CWH mm 2  1  7 18 excluded

Totals  1,400  9,523 47,079  
 
 
Additional coastal data not included in these analyses include: 
 

• 14 routes sampled from the south mainland coast (2001 – 2004 & 2006) 
• 350 independent survey stations representing 1,750 point count surveys (some may 

have been excluded for various reasons) 
• 12,264 bird records representing 98 species were recorded from all surveys 

 
Queen Charlotte Islands: 
 

• 5 routes sampled from the Queen Charlotte Island (2001-2006); 1 route (2001-2004), 1 
route (2005-2006) 

• 350 independent survey stations representing 1,800 point count surveys (some may 
have been excluded for various reasons) 

• 11,384 bird records representing 61 species were recorded from all surveys 
 
Predictive associations – Coastal British Columbia 
We used Indicator Species Analysis (Dufrene and Legendre 1997) to identify species indicative 
of specific BEC subzones or stand types (e.g., age, composition).  Species were considered 
significant at p <0.05 based on 1000 Monte Carlo simulations.  Analyses of association were 
then limited to the list of species significantly associated with each grouping (i.e., BEC variant or 
stand type), we created cross-correlation tables to tabulate total species richness and 
abundance accounted for by each of the indicator species for each BEC unit or stand type 
grouping.  We used chi-square tests to evaluate the proportion of species richness and 
abundance accounted for in relation to total species richness and abundance in each BEC 
subzone or stand type. 
 
Figure 1 illustrates typical patterns within a large data base comprising many species.  Because 
communities typically follow a inverse J-shape (with few common and many relatively rare 
species), patterns of community abundance are dominated by a few common species. 
 
Error bars in Figure 1 indicate variation across years and survey routes.  Only the 10 most 
common species are shown.  For the CWH mm1 variant, Figure 1a indicates that when the 
species most commonly reported from that variant (American Robin) is present its presence 
statistically reflects about 56% of the abundance of all bird species significantly associated with 
that variant.  Swainson’s Thrush is the most commonly recorded species from the CWH vh1 
variant.  Its presence within a count reflects about 67% of the total bird species abundance 
statistically associated with and recorded from that variant.  Figure 1 suggests that the most 
common species are unlikely to be predictive of rare species on a simple statistical basis – they 
are so common that they are about equally associated with all species.  That suggestion is 
affirmed by examining species richness rather than abundance. 
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a)            b) 

 
Figure 1.  Percentage of total bird abundance accounted for when select bird species are 
present within a variant.  a)  CWH mm1   b)  CWH vh1. 
 
 
 
a)       b) 

 
Figure 2.  Proportion of total species richness accounted for when select species are present in 
a count by variant.  a) CWH mm1   b)  CWH vh1. 
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Figure 1 suggests that the most common species are unlikely to be predictive of rare species on 
a simple statistical basis – they are so common that they are about equally associated with all 
species.  That suggestion is affirmed by examining species richness rather than abundance.   
Figure 2 illustrates similar relations as those in Figure 1, but for species richness.  Only the 10 
most common species are shown.  
 
Error bars in Figure 2 also indicate variation across years and survey routes.  For the CWH 
mm1 variant, Figure 2a indicates that when the species most commonly reported from that 
variant (American Robin) is present its presence statistically reflects about 86% of recorded bird 
species richness  associated with the variant.  Swainson’s Thrush is the most commonly 
recorded species from the CWH vh1 variant.  Its presence within a count reflects about 85% of 
the total bird species richness statistically associated with the variant.   Patterns are similar for 
other variants in that a few common species are associated with the large majority of species 
richness.   The pattern both affirms the lack of utility of the most common species suggested by 
Figure 1 and reveals ways of refining the analyses. 
 
The first point apparent from Figure 2 is that we should not expect generality among predictive 
relations.  While the 10 most common species are the same for the two variants illustrated, their 
relative contribution to community structure differs dramatically.  The CWH mm1 would show 
higher values of most common diversity indices because most dominant species are relatively 
evenly distributed.  That is less true of CHW vh1 which exhibits the more common community 
structure.  Species illustrating low values in Figure 2 could be assumed to inhabit relatively rare 
habitats.  These species also differ between variants, indicating lack of generality.  In Figure 2 
the lowest ranked species are Red Crossbill for the CWH mm1 and Hammond’s Flycatcher for 
CWH vh1.  Red Crossbill also ranks low in CWH vm1, CWH xm1 and CHW xm2.  Crossbill’s 
are generally indicative of mountainous coniferous forests but are unlikely to be a useful 
indicator of much beyond abundant conifer seed crops because they are generally nomadic in 
response to food resources. 
 
The example of the crossbill, however, does suggest more effective ways of addressing the 
major question: can more common species be used to assess the likelihood of presence of less 
common species?  The approach we have initiated is to first address species of social concern 
within broad regions where we have data (Table 2). 
 

Table 2. Species listings* for each study region included in this report. Species are ordered 
taxonomically within each region. ss = subspecies specific to the region is listed. 

Vancouver Island & 
Sunshine Coast 

Queen Charlotte 
Islands 

Invermere and 
Cranbrook TSAs Fort St. John TSA and TFL 48 

Species recorded within the datasets available for analysis 

Great Blue Heron Great Blue Heron Great Blue Heron Broad-winged Hawk 

Northern Goshawk ss Sandhill Crane Common Nighthawk Olive-sided Flycatcher 

Marbled Murrelet Marbled Murrelet Olive-sided Flycatcher Barn Swallow 

Band-tailed Pigeon Band-tailed Pigeon  Cape May Warbler 

Western-Screech Owl Hairy Woodpecker ss  Black-throated Green Warbler 

Northern Pygmy-Owl Steller's Jay ss  Bay-breasted Warbler 

Common Nighthawk Barn Swallow  Connecticut Warbler 

Olive-sided Flycatcher Pine Grosbeak ss  Canada Warbler 
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Barn Swallow   Le Conte's Sparrow 

    

Species not recorded within the datasets available for analysis 

Sandhill Crane Common Nighthawk Sharp-tailed Grouse Surf Scoter 
 Northern Goshawk ss American Bittern American Bittern 

 Northern Pygmy-Owl Great Blue Heron ss Swainson's Hawk 

 Western Screech-Owl Broad-winged Hawk Peregrine Falcon ss

  Peregrine Falcon Yellow Rail 

  Sandhill Crane Sandhill Crane 

  Long-billed Curlew Upland Sandpiper 

  Band-tailed Pigeon Short-eared Owl 

  Flammulated Owl Nelson's Sharp-tailed Sparrow 

  Western Screech-Owl ss  

  Burrowing Owl  

  Short-eared Owl  

  Lewis's Woodpecker  

  Williamson's Sapsucker  

  Brewer's Sparrow  

  Le Conte's Sparrow  

  Bobolink  
* COSEWIC (2007; endangered, threatened, and at risk species) and BC Conservation Data Centre (2007; red- and blue-listed). 
 
 
The upper half of Table 2 indicates species of concern for which analysis is possible (i.e., the 
species was actually observed during surveys).  The refined analysis exploits map-based data 
and simple data collected during the BBS (Breeding Bird Surveys) counts.  Reliance only on 
map-based data has the advantage of relying primarily on data that are readily available through 
VRI (e.g., Vernier and Bunnell 2007).  Exploiting habitat data collected in association with the 
BBS routes represents a modest increase in cost of data collection, but the potential to explore 
species responses to habitat attributes that are not currently available in the map-based data 
(e.g., shrub cover).  The nature of these data is summarized in Table 3. 
 

Table 3. Classification scheme used to describe broad habitat attributes at BBS stations* in the 
Fort St. John TSA. 

Forest Attribute Attribute Description 
Forest Class 
 FC1) trees ≤ 1.3 m in height 

 FC2) trees range from 1.4 – 3.0 m in height 

 FC3) trees range from 7.5 – 12.5 dbh 

 FC4) trees range from 13 – 40 dbh 

 FC5) trees are > 40 dbh 

Forest Type 

 Hardwood (recorded to nearest 5%; ≥ 75 % = hardwood stand) 

 Mixedwood (recorded to nearest 5 %; ≥ 25% hardwoods and ≥ 25 % = softwood stand) 
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 Softwood (recorded to nearest 5 %; ≥ 75 % softwood stand) 

Tree Species (percentage composition of each tree species, for species having ≥ 5% representation) 

Canopy Cover (percentage cover of the forest canopy for trees > 1.3m); not recorded for FC1 

Shrubs (percentage cover and height) 
 Low (0.5 – 1.5 m in height) 

 Medium (1.5 – 2.5 m in height) 

 High (> 2.5 m in height) 

Road Edge 
 Width (approximate distance in m from gravel edge to forest edge) 

 Type (grasses, shrubs, saplings, no edge) 
* attributes were described for uniform stations only. For example, we scored left and right sides of the road 
independently, using a 100-m radius semi-circle buffer comprised of a single forest class. We did not score BBS 
stations comprised of more than one forest class per side. 
 
An example of the analysis is provided for the Black-throated Green Warbler (BTNW) from data 
within the Fort St. John TSA.  Two sets of filters can be employed.  The first relies solely on 
map-based data associated with breeding bird surveys; the second approach incorporates 
additional data collected while conducting BBS routes (e.g., Table 3).  The first approach filters 
by BEC unit (BWBS mw subzone) and broad forest type (in this case late-seral hardwood 
leading, late-seral mixed wood and late-seral conifer). Using only BBS routes this approach 
yields 113  sites of which 11 were occupied by the warbler. 
 
The second approach employs three filters; two derived from variables within Table 3: 
 BEC unit: BWBS mw subzone 
 Forest Class: 4 (trees range from 13 to 40 cm dbh) 
 % Hardwoods: 5 – 95 % 
 
This approach includes 4 BBS routes (routes where BTNW was found), 36 forest interior plots, 
and 13 incidental observations (acquired off survey routes).  Applying the three filters to the 
sampled sites yielded 134 candidate sites.  Among those sites the warbler was present at 40, 
and 94 additional sites with matching criteria had no BTNW.  That is the example illustrated 
here.  A total of 54 other species were recorded from the candidate sites, but only 15 species 
co-occurred with the warbler when it was present on > 5 sites.  We established a lower limit of 5 
sites (both observed and expected to permit chi-squared evaluation.  Table 4 summarizes the 
analysis. 

Table 4. Results of species associations with Black-throated Green Warbler in the Fort St. John 
TSA. The data for these analysis are restricted to the BWBSmw biogeoclimatic subzone, and 
forest class 4 with 5 – 95% hardwoods. 

Species 2
1χ  P Yates χ  Yates P 

American Robin 4.83 0.028 6.04 0.014 
Chipping Sparrow 0.00 1.00 0.07 0.791 

Golden-crowned Kinglet 0.66 0.412 1.16 0.282 

Ovenbird 0.03 0.863 0.00 1.00 

Pine Siskin 1.58 0.209 2.22 0.136 

Rose-breasted Grosbeak 2.34 0.126 3.24 0.072 

Red-breasted Nuthatch 0.01 0.920 0.13 0.718 

Red Squirrel 3.56 0.059 4.36 0.037 
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Swainson's Thrush 3.15 0.076 3.86 0.049 

Tennessee Warbler 0.64 0.424 1.00 0.317 

Warbling Vireo 0.09 0.764 0.25 0.617 

White-throated Sparrow 3.03 0.082 3.80 0.051 

White-winged Crossbill 0.01 0.610 0.14 0.708 

Yellow-bellied Sapsucker 0.01 0.920 0.02 0.888 

Yellow-rumped Warbler 0.01 0.920 0.10 0.752 
* Yates correction is used when degrees of freedom = 1, and sample sizes are generally small. The result is generally more 
accurate than a standard chi‐square result. 
 
 
Shaded values in Table 4 represent significant associations at about p = 0.05.  The robin is 
likely spurious in terms of predictability, reflecting its common occurrence at many sites.  We 
evaluated relative predictability in terms of combinations of associated species.  Those results 
are summarized in Table 5.  
 
Table 5.  Relative predicative capacity of species and species groups associated with the Black-
throated Green Warbler in the Fort St John TSA. 
 

Proportion (%) Potential ‘predictor’ species or 
Species group1

Species 
present 

BTNW 
present Correct False 

AMRO 21 11 52.4 47.6 
RESQ 43 18 41.9 58.1 
SWTH 63 24 53.9 46.1 
WTSP 38 16 42.1 57.9 
AMRO+RESQ 57 25 43.9 56.1 
AMRO+SWTH 75 29 38.7 61.3 
AMRO+WTSP 50 19 38.0 62.0 
RESQ+SWTH 88 32 36.4 63.6 
RESQ+WTSP 73 29 39.7 60.3 
SWTH+WTSP 78 30 38.5 61.5 
AMRO+RESQ+SWTH 96 35 36.4 63.6 
AMRO+RESQ+WTSP 81 31 38.2 61.8 
RESQ+SWTH+WTSP 101 36 35.6 64.4 
AMRO+RESQ+SWTH+WTSP 106 37 34.6 65.4 
1 Species code:  AMRO = American Robin, BNTW = Black-throated Green Warbler, RESQ = Red squirrel, SWTH = 
Swainson’s Thrush, STSP = White-throated Sparrow. 
 
Groups of associates of the Black-throated Green Warbler predict the warbler’s presence no 
better than do single species of the statistically defined associates.  Of the single species, 
Swainson’s Thrush predicts correctly most often, and is correct about 54% of the time (Table 5). 
 
 
Generality 
Figures 1 and 2 indicate that we should not expect generality at the subzone level.  The 
simplest test of generality beyond those broad patterns is the relative abundance of common 
species across zones.  We examined a few species known to be indicative of specific forest 
conditions on east-central Vancouver Island (Preston 2006).  Those illustrated in Figure 3 and 
the forest conditions they typically represent include: 
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Winter Wren – older forests with downed wood, riparian zones; harvested areas with retention 
Swainson’s Thrush – multi-layered stands with a well developed layer of tall shrubs 
Townsend’s Warbler – old coniferous forest 
Golden-crowned Kinglet – older coniferous forest, may avoid edge 
 
 
 
 

BEC variant.  Error bars represent two standard e
variation and among-route variation.  
 
Because of lack of homogeneity of variance acro
differences using Kruskal-Wallis tests.  For all 

 

               
Figure 3.  Mean abundance per BBS station of selected bird species on Vancouver Island by 

rrors around the mean and reflect inter-annual 
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species illustrated differences in abundance 

CWH vm 1 CWH xm 2 CWH xm 1 CWH vh 1 CWH mm 1
BEC Variant

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

M
ea

n 
A

bu
nd

an
ce

 p
er

 S
ta

tio
n

CWH vm 1 CWH xm 2 CWH xm 1 CWH vh 1 CWH mm 1
BEC Variant

Winter Wren      Swainson’s Thrush 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

M
ea

n 
A

bu
nd

an
ce

 p
er

 S
ta

tio
n

  Townsend’s Warbler       Golden‐crowned Kinglet 

CWH vm 1 CWH xm 2 CWH xm 1 CWH vh 1 CWH mm 1
BEC Variant

0.0

1.0

0.2

0.4

0.6

0.8

M
ea

n 
A

bu
nd

an
ce

 p
er

 

1.2

1.4

St
at

io
n

CWH vm 1 CWH xm 2 CWH xm 1 CWH vh 1 CWH mm 1
BEC Variant

0.0

0.2

0.4

0.6

0.8

M
ea

n 
A

bu
nd

an
ce

 p

1.0

er
 S

ta
t

1.2

1.4

io
n

8 
 



across BEC variants were highly significant (p < 0.001).  Moreover, it is apparent from Figure 3 

1, Townsend’s 
arbler is least common there (Figure 3).  Likewise, Swainson’s Thrush is most abundant in the  
WH vh1 where Townsend’s Warbler is much less common (Figure 3). 

itat solely 
.  

 subzone on the coast, but do not 
now whether there is stronger discrimination among BEC zones.  In the northeastern example 

tion where opportunity exists. 

EC 
ferences 

eally we would include some random ground-truthing; selecting sites (at least 15) for which we 
g data (road-based) but that meet the broad selection criteria (e.g., 

accomm
 

B.C. Conservation Data Centre. 2007. BC species and ecosystems explorer. B.C. Ministry of 

COSEWIC, 2007. Canadian Species at Risk. Committee on the Status of Endangered Wildlife in 

Dufren 7. Species assemblages and indicator species: the need for a 
flexible asymmetrical approach. Ecological Monographs 67(3):345-366.  

Preston, M.I. 2006. Responses by birds to group retention in coastal temperate forests on 

that within species, the relative abundance across BEC variants does not follow a common 
pattern.  For example, whereas Winter Wren is most common in the CWH vm
W
C
 
Current analyses indicate that we should not expect generality among predictive associations 
for particular species simply because community structure differs so greatly. 
 
 
Next steps 
Development of predictive associations will focus on species of social concern listed in Table 2.  
We will continue to evaluate the relative predictive power of estimating favourable hab
on the basis of map-based data as compared to incorporating additional habitat data
 
We have documented the lack of generality at the level of BEC
k
illustrated ( Black-throated Green Warbler), the species occurred only in the Page: 9 
 BWBSmw and BWBSmk (1 detection) and was limited to a single zone.    If strong 
discrimination is common  among BEC zones, knowing that would aid planning.  We will 
evaluate the relative discrimina
 
To guide planning and practice there is utility in knowing whether well-defined guilds of species 
exist within forest type x age classes or within forest type x age classes nested within B
units.  Current analyses suggest this may be true and we will evaluate potential dif
between the two approaches. 
 
Id
have no pre-existin
BWBSmw, Forest Class 4, Hardwoods 5-95%).  It is unclear whether that can be  

odated in the current budget given the corporate partner’s current financial straits. 
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