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ABSTRACT 
 
There is growing evidence in Europe and in North America that climate patterns affect the 
occurrence and migration of forest-dependent birds.  In British Columbia, climate change effects 
will likely have profound implications for sustainable forest management.   This project seeks to 
identify climate-change impacts on birds in British Columbia that will be critical to sustainable 
management strategies under a changing climate.  Our specific objectives are to identify how 
climate has historically affected bird abundance, breeding, and distribution, and then project 
future abundance and distribution under likely climate change scenarios.  We detected significant 
trends in the relative abundance of many avian species throughout British Columbia between the 
early 1970s and 2003, which may reflect changes in climate as well as changes in non-climatic 
factors, such as habitat quality and habitat availability.  However, significant trends in the arrival 
and departure dates, as well as in the first date of egg laying and fledging, support the contention 
that at least some of the historical trends in population densities may be attributed to climate 
change.  Our analyses to date have generated many significant relationships between climatic 
factors and the phenology and abundance of avian species.  We found, for example, that several 
species increased in abundance (e.g., Winter Wren, Common Yellowthroat) or bred earlier (e.g., 
Common Loon) in warm or mild years.  However, other species (e.g., Western Wood Pewee) 
declined in abundance with increasing temperatures.  We also found that the effects of climate 
change were not consistent across the province.  For example, unlike elsewhere in the province, 
many species in the Georgia Depression declined in abundance during warm years.  This may be 
because warm years in most parts of the province were typically associated with wetter weather, 
but warm years in the Georgia Depression were often associated with lower precipitation.  
Although we found significant relationships between climate and abundance for many bird 
species, we were not able to detect any significant climate effects for the majority of cases.  Our 
research is continuing to evaluate why this is the case. 
 
 
 
INTRODUCTION 
 
There is growing evidence in Europe and in North America that climate patterns affect the 
occurrence and migration of forest-dependent birds (e.g., Jonzen et al. 2002; Nott et al. 2002, 
Butler 2003).  In British Columbia, climate change effects will likely have profound implications 
for sustainable forest management because: 1) Many avian species are dependent on both the 
forest structures altered by forest practices as well as the water resources (Eriksson 1982; Imbeau 
et al. 2001) that will be profoundly affected by climate change.  Potentially negative climate-
change impacts will confound forestry effects, and must be separated out; 2)  Cost-reductions 
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and value enhancements can be achieved in integrated resource management if harvesting 
constraints in riparian areas reflected regional long-term values as wildlife production areas 
under expected climate-change scenarios; 3) Bird species are widely being considered as 
sustainability indicators in forest monitoring programs (Bunnell et al. 2003) but the value of 
certain indicators may collapse if interspecific interactions are altered by a changing climate 
(Davis et al. 1998); and 4) Sustainable management strategies for integrating timber and non-
timber objectives cannot succeed if climate change impacts, with long-term implications for 
forest vertebrates, are ignored. 
 
The need to study climate change impacts on birds is especially pressing for northern British 
Columbia because global warming effects are expected to be more severe in the northwest corner 
of North America than elsewhere in the continent (Nicholls et al. 1995; Zhang et al. 2000).  
Additionally, current knowledge on climate change effects provide few insights on implications 
to sustainable forest management in B.C., because: 

1) Avian climate-change studies, due to their pioneering status, have generally been very 
broad in geographic scope, with analyses often being conducted at the level of biomes of 
continents (e.g., Peterson 2003; Butler 2003; Sorenson et al. 1998).  The conclusions, 
having been derived from broadly-averaged climate and avian data, have little or no 
direct relevance to management applications.  Avian climate-change studies for BC are 
rare, with only recent research being attempted on single species in localized areas (e.g., 
Wilson 2003) 

2) Many of the studies have not used actual climate data but have employed indices that 
reflect weather conditions, such as the North Atlantic Oscillation (NAO) or the El Nino 
Southern Oscillation (ENSO) (e.g., Nott et al. 2002; Forchhammer et al. 2002; Huppop 
and Huppop 2002; Moller et al. 2002; Sorenson et al. 1998).  These indices have the 
advantage of simplicity, and are ideal for pioneering studies exploring potential 
occurrences of climate-change effects.  However, the use of weather indices precludes 
analyses of avian distributional responses, since the indices do not vary with location.  
The effects of climate change on distribution have critical implications, and are 
especially relevant because the effects of climate change on species distribution have in 
some cases been counter-intuitive (Peterson 2001). 

3) Avian climate-change studies have generally focused on individual bird species.  
However, analyses of groups of species or entire communities provide more convincing 
evidence of significant climate change effects, since some populations will shift 
northward or show declining trends even in the absence of climate change (McCarty 
2001).  Furthermore, research on species assemblages and the co-occurrence of species 
with overlapping niches is crucial to avoiding making misleading predictions of species 
shifts using the flawed ‘climate envelope’ approach (Davis et al. 1998).  In this 
approach, the distribution of the species is predicted to shift according to the shift in 
climate-space.  This approach is not tenable, however, if the interactions between species 
are altered by climate change.  Furthermore, existing species distributions may also be 
reflecting source and sink dynamics, rather than prevailing conditions (Davis et al. 
1998).  Research assessing the long-term stability of species assemblages and the co-
occurrences is also needed to determine if potential avian indicators would be 
appropriate under climate-change scenarios.  
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The overall objective of our proposed research is to identify climate-change impacts on birds 
in northern BC that will be critical to sustainable management strategies under a changing 
climate, and that will address some of the data gaps and knowledge limitations.  Our specific 
objectives are to: 
i) Identify how climate has historically affected bird abundance, reproduction, and 

distribution in BC; 
ii) Identify how climate has historically affected avian assemblages and co-occurrences, 

and  implications for the long-term appropriateness of avian sustainable indicators; 
iii) Project bird abundance and distribution for likely climate change scenarios, and identify 

implications for sustainable forest management;  
iv)   Provide recommendations that would guide sustainable management legislation and 

strategies. 
 
METHODS 
 
We compiled historical bird data from 2 sources: (1) the Canadian Wildlife Service (CWS) and 
the US Fish and Wildlife (USFW) breeding bird surveys and waterfowl breeding population 
surveys; and (2) historical records from the Wildlife Data Centre.  We created a database of the 
relevant CWS-USFW bird data for BC and prepared it for analyses.  The database comprised of 
11 survey routes for 166 avian species.  We entered data for historic bird records from the 
Wildlife Data Centre for the Common Loon and Yellow Warbler. 
 
We compiled and prepared various types of historical climate data, including ENSO indices 
(ENSO El Nino South Oscillation Index, averaged for Dec-Feb for “winter”; Mar-May for 
“spring”; May-June for “breeding”), total annual precipitation (mm, snow converted to water 
equivalents), mean annual temperature ( oC), first flowering date (full bloom for MacIntosh 
apples when 80% of all flowers are open), and HYDAT water levels. 
 
We generated data summaries that include maps and figures of survey route locations, numbers 
of years of data for each survey route and species, and the total bird count for each survey route 
and species.  These summaries were conducted to prioritize species that should be analysed first: 
those with sufficiently large sample sizes and long historical records for individual sites would 
be most promising in terms of revealing climate change effects.   
 
We assessed the best scale for downscaling abiotic data, by correlating abundance data for each 
species across all permutations of survey routes, to see whether adjacent routes showed parallel 
responses to the climate signal, and to provide a means of assessing how far apart sites had to be 
before parallel responses were lost.  In addition, we also assessed downscaling scale at the 
ecoprovince level.  This was done by classifying all bird occurrences to ecoprovince, then 
matching these ecoprovincial bird occurrences to ecoprovincial climatic data, to create the 
integrated database for avian and abiotic data.   
 
We used regression analyses to assess for significant relationships between avian characteristics 
(arrival and deparature dates, first dates of eggs and fledge) and historical climatic variables 
(including winter ENSO index, spring ENSO index, ENSO during breeding season, total annual 
precipitation, mean annual temperature, first date of flowering).   
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RESULTS 
 
Avian Historical Trends 
 
Arrival and Departure Dates 
 
The earliest and latest observation dates of Common Loon from the Central and Northern 
Interior Ecoprovinces (n = 25 141) suggested that the arrival period of this species has started 7.6 
days earlier per decade since 1930 (Figure 1a).  When the analyses were restricted to the period 
when results are less likely to be influenced by sampling effort (1960-2004), we found a 
significant regression of 4.90 days earlier per decade (r2 = 0.24, n = 45, Sy.x = 9.71, p < 0.0001).  
In contrast, Common Loons have been departing the central and north interior of the province 
about 6.8 days later per year since 1913 (Figure 1b).   
 
 
 

a) b)  

 
 
Figure 1.  Earliest (a) and latest (b) observation dates of Common Loons in the central and 
northern interior of British Columbia (earliest: b = -0.76 days/year, r2 = 0.57,  Sy.x = 11.3, p < 
0.001; n = 64; latest: b = 0.68 days/year, r2 = 0.46,  Sy.x = 27.8, p < 0.001; n = 40).    
 
 
 
Our results further indicated that there has been a more pronounced tendency for Common Loons 
to arrive early in the Central Interior than in the Northern Interior, although both tendencies were 
significant.  The historical trend for departure dates was more erratic.  Central Interior birds 
appeared to be staying later, but there was no apparent trend for birds in the Northern Interior.  
 
Common Loons are arriving significantly earlier around Williams Lake but not in the Chilcotin 
area.  The patterns of departure differed dramatically and significantly between the two regions.  
Birds appeared to be leaving the Chilcotin increasingly early and presently are leaving shortly 
after they have finished breeding.  Birds in the area of Williams Lake appeared to be departing 
later.   
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Figure 2.  Earliest observation dates of Common Loon in the Cariboo and Chilcotin regions of 
British Columbia 1930-2004.  Cariboo: b = -0.47 days/year, r2 = 0.22,  Sy.x = 15.5, p < 0.001. n = 
45; Chilcotin: b = 0.25 days/year, r2 = 0.06,  Sy.x = 8.67, p = 0.03, n = 41.  
 
 
 
There has been a pronounced tendency for Yellow Warblers to arrive earlier in British Columbia 
and to stay longer than they did formerly (Figure 3).  Recent over-wintering observations are 
apparent in Figure 3. 
 
Stratification of the arrivals data by latitude revealed that the Yellow Warbler has been arriving 
earlier throughout the province since 1887, and that the trend for earlier arrival generally has 
been more pronounced at more southern latitudes.  The exceptions are the northernmost birds, 
which also showed a significant tendency (p < 0.05) to arrive earlier with time.  Many of these 
birds may be following a different migration route and entering the province from the east.  
Conversely, the Yellow Warbler has been departing breeding areas later at southern latitudes, but 
not in the northern regions of the province.  Populations from 48 to 50 oN all showed significant 
tendencies to depart later, but this tendency is not significant for the most northerly populations. 
The tendency for later departures and for an increased incidence of over-wintering was apparent 
only in the south. 
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with one exception, more species showed declining trends than increasing trends.  Only Route 
11207 in the South Interior Mountains had more species with significantly increasing trends (n = 
12) than significantly decreasing trends (n = 1).   
 
Historical abundance trends for individual bird species were not always consistent across survey 
routes; in many cases, a given species increased significantly in one survey route but declined or 
did not show any significant trends in another survey route over the same period.  Species that 
showed inconsistent trends included the American Crow (Figure 4), Warbling Vireo, and Lazuli 
Bunting.  There was, however, a tendency for some forest-dependent species to decline in most if 
not all routes (e.g., Swainson’s Thrush, Hammond’s Flycatcher, Red-eyed Vireo) (Figure 5).  
Species that significantly declined over time were not restricted to forested species, but included 
open or early seral species (e.g. Western Meadowlark) and parasitic species often associated with 
disturbance (e.g., Brown-headed Cowbird).   Species with a tendency to increase or remain stable 
over time included the White-crowned Sparrow and the House Finch (Figure 6). 
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Figure 4.  Historical trends of some species such as the American Crow were not consistent 
across survey routes, in some cases increasing over time and in other cases declining over time. 
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Figure 5.  Examples of avian species that generally exhibited declining or stable trends in survey 
routes in BC. 
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Figure 6.  Examples of avian species that generally exhibited increasing or stable trends in 
survey routes in BC. 
 
 
 
Downscaling Environmental Data 
 
Historical avian abundance by species were correlated between different survey routes within the 
Southern Interior and the Southern Interior Mountains Ecoprovinces for i) all species with at 
least 30 years data and 200 detections; and ii) all species with at least 30 years data and 100 

 8



detections.  This resulted in 94 attempted correlations with at least 200 detections, and 117 
attempted correlations with at least 300 detections.  In both cases, 22.2% of survey routes (n=21 
and n=26, respectively) significantly correlated to each other.   Correlations of species 
abundance between routes of other Ecoprovinces could not be done because only the Southern 
Interior and the Southern Interior Mountains had multiple survey routes with at least 100 
detections each. 
 
The natural history requirements of the bird species did not appear to be a major factor in 
whether historical abundances correlated between different routes.  Significant correlations of 
historical abundances between routes were observed for a wide spectrum of species, including 
Black-capped Chickadee, Chipping Sparrow, Hammond’s Flycatcher, Oregon Junco, Pine 
Siskin, Red-eyed Vireo, Swainson’s Thrush, Vesper Sparrow, Warbling Vireo, Western 
Meadowlark, Western Wood Pewee, Willow Flycatcher, Yellow Warbler, and Yellow-rumped 
Warbler. 
 
 
 
 

10
20

30
40

50
re

vi
_1

10
07

0 10 20 30 40 50
revi_11005

rsq = .344   p-value = 0.0010

Red-eyed Vireo revi_11007 vs revi_11005
SOUTHERN_INTERIOR_MOUNTAINS

10
20

30
40

50
60

re
vi

_1
10

29

0 10 20 30 40 50
revi_11005

rsq = .3858   p-value = 0.0005

Red-eyed Vireo revi_11029 vs revi_11005
SOUTHERN_INTERIOR_MOUNTAINS

10
20

30
40

50
60

re
vi

_1
10

29

10 20 30 40 50
revi_11007

rsq = .4258   p-value = 0.0001

Red-eyed Vireo revi_11029 vs revi_11007
SOUTHERN_INTERIOR_MOUNTAINS

  
 
Figure 7.  Correlation of historical abundances of red-eyed vireo observed in different survey 
routes in the Southern Interior Mountains Ecoprovince. 
 
 
 
Effects of Climate on Birds 
 
Breeding 
 
We did not find significant correlations between the date of first egg and the winter ENSO index, 
the spring ENSO index, mean annual temperature, mean annual precipitation, or flowering date 
for either Common Loon or Yellow Warbler.  The only significant correlations were between the 
date of first egg and the spring ENSO index.  This correlation was negative for Common Loon in 
the Georgia Depression (p = 0.0192) and for Yellow Warbler in the Southern Interior Mountains 
(p = 0.0393) (i.e. date of first eggs were earlier during mild El Nino springs than during cold La 
Nina springs).  However, date of first eggs for Yellow Warbler negatively correlated with the 
spring ENSO index in the South Interior (p = 0.0458) Ecoprovince. 
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Figure 8.  Correlations of historical abundances of Yellow Warbler, Chipping Sparrow, and Pine 
Siskin between different survey routes in the Southern Interior Mountains and Southern Interior 
Ecoprovinces. 
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We found significant correlations between the dates of first fledge and two climate variables: 
mean annual temperature and total annual precipitation.  Date of first fledge for Common Loons 
occurred earlier in warmer years in the Georgia Depression (p = 0.0821), but occurred later in 
warmer years in the Sub-boreal Interior (p = 0.0130).  Date of first fledge for Common Loons in 
the South Interior Mountains occurred earlier in years with relatively dry years (p = 0.0363). 
 
 
Relative Abundance 
 
ENSO:  Among the 3 ENSO indices, the spring ENSO index was the most appropriate for 
explaining historical abundances of bird species.  Even then, the spring ENSO generated 
significant relationships in only approximately 10% of the correlations (10/247) conducted on 
individual bird species in each ecoprovince.  The other 2 ENSO indices generated even fewer 
significant correlations: only 17 cases for the breeding ENSO index and 13 cases for the winter 
ENSO index, out of a total of 247 attempts each. 
 
Most of the significant correlations between ENSO indices and species abundances were 
positive, with bird densities decreasing with increasing values of ENSO (i.e. decreasing 
temperatures) (Table 1).  Positive correlations equaled 30.8%, 29.2% and 41.2% of all significant 
relationships found for the winter ENSO, the spring ENSO, and the breeding ENSO, respectively 
(Table 1). 
 
Geography was not an obvious factor in whether species abundance increased or decreased with 
increasing ENSO values, as positive and negative correlations occurred in all ecoprovinces tested 
(Table 1).   
 
Individual bird species were consistent in their numerical response to changing ENSO values, 
although there did not seem to be a clear pattern for whether any particular species would 
respond positively or negatively to increasing ENSO values.   Western Wood Pewee, for 
example, positively correlated to all ENSO indices in all ecoprovinces where data were available 
(i.e. winter ENSO index in the South Interior Mountains, spring ENSO index in the South 
Interior, spring ENSO in the South Interior Mountains) (Table 1).  Similarly, Western Tanager, 
Brown-Headed Cowbird, and Yellow Warbler consistently and positively correlated with ENSO 
indices in multiple situations.  Other species positively correlated with ENSO indices in a single 
incidence, either because data were lacking for these species in other ecoprovinces or because no 
other significant correlations were found for these species. 
 
Avian species that were consistently negative in their correlations with ENSO indices (i.e. 
becoming more abundant under warmer milder El Nino conditions) included Winter Wren, 
Common Yellowthroat, and American Crow (Table 1).  Winter wren, for example, negatively 
correlated with winter ENSO in the Southern Interior Mountains, spring ENSO in the Coast and 
Mountains, spring ENSO in the Southern Interior Mountains. 
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Table 1.  Significant correlations between ENSO indices and individual bird species abundance. 
 
 Ecoprovince Species Correlation P-Value 
     
Winter ENSO 
 Coast and Mountains Winter Wren Negative 0.0151 
 Georgia Depression Common Yellowthroat Negative 0.0339 
  European Starling Negative 0.0059 
 Southern Interior Pine Siskin Negative 0.0110 
  Red-naped Sapsucker Negative 0.0101 
  Western Meadowlark Negative 0.0088 
  Willow Flycatcher Negative 0.0125 
  Yellow Warbler Positive 0.0437 
 Southern Interior Mountains Common Loon Positive 0.0404 
  Osprey Positive 0.0487 
  Song Sparrow Negative 0.0094 
  Western Wood Pewee Positive 0.0316 
  Winter Wren Negative 0.0036 
     
Spring ENSO    
 Central Interior Red-breasted Nuthatch Negative 0.0277 
  Western Meadowlark Negative 0.0218 
 Coast and Mountains Bald Eagle Negative 0.0455 
  Steller’s Jay Negative 0.0194 
  Winter Wren Negative 0.0112 
 Georgia Depression Common Yellowthroat Negative 0.0517 
  Red-winged Blackbird Positive 0.0203 
  White-crowned Sparrow Negative 0.0255 
 South Interior American Crow  Negative 0.0278 
  European Starling Negative 0.0338 
  Pine Siskin Negative 0.0068 
  Western Wood Pewee Positive 0.0169 
 Southern Interior Mountains American Crow Negative 0.0045 
  Brown-headed Cowbird Positive 0.0495 
  Cliff Swallow Negative o.0257 
  Common Yellowthroat Negative 0.0159 
  Orange-crowned Warbler Negative 0.0217 
  Song Sparrow Negative 0.0455 
  Western Tanager (Route 

11007) 
Positive 0.0428 

  Western Tanager (Route 
11029) 

Positive 0.0209 

  Western Wood Pewee Positive 0.0228 
  Willow Flycatcher Negative 0.0183 
  Winter Wren Negative 0.0334 
  Yellow Warbler Positive 0.0386 
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Breeding ENSO    
 Coast and Mountains Blue Grouse Positive 0.0392 
 Georgia Depression Great Blue Heron Positive 0.0217 
  White-crowned Sparrow Negative 0.0019 
 Southern Interior American Crow Negative 0.0003 
  Cassin’s Vireo Negative 0.0522 
  Swainson’s Thrush Positive 0.0366 
  Yellow-Rumped Warbler Negative 0.0219 
 Southern Interior Mountains American Robin Positive 0.0036 
  Brown-Headed Cowbird Positive 0.0258 
  Cliff Swallow Negative 0.0238 
  Orange-crowned Warbler Negative 0.0043 
  Red Shafted Flicker Positive 0.0354 
  Tree Swallow Negative 0.0464 
  Western Tanager Positive 0.0281 
  Willow Flycatcher Negative 0.0056 
  Wilson’s Snipe Negative 0.0205 
 
 
TEMPERATURE:  
 
Mean annual temperature correlated significantly with relative abundance in 26 of 247 cases 
when correlations were conducted by avian species and by ecoprovince (Table 2).  Positive 
correlations accounted for 65.4% (17/26) of the significant relationships, while negative 
correlations accounted for the remaining 34.6% (9/26).  The positive response of most bird 
species to warmer temperatures concur with the positive response of most bird species to milder 
El Nino conditions indicated by negative ENSO values. 
 
Avian species were consistent in their numerical response to changing mean annual temperature.  
Bird species that consistently increased in density with increasing temperatures on more than one 
occasion included the American Robin (Figure 9), Winter Wren, Common Yellowthroat, and 
Red-breasted Nuthatch (Table 2).  In contrast, the Western Wood Pewee declined in abundance 
with increasing temperatures, both in the Southern Interior and in the Southern Interior 
Mountains (Figure 10; Table 2).  Other bird species that declined with increasing temperatures, 
but on only one instance, included the Ring-necked Pheasant, American Goldfinch, Black-
headed Grosbeak, Song Sparrow, and Wilson’s Warbler.  Either data were lacking for these 
species in other ecoprovinces or no other significant correlations were found for these species. 
 
There was an apparent geographic variation in the response of avian species to changing 
temperature.  Few or no negative correlations between bird abundance and temperature were 
observed in the Central Interior, the Coast and Mountains, the Southern Interior, and the 
Southern Interior Mountains Ecoprovinces.  In contrast, 75% (6/8) of significant relationships 
between temperature and bird abundance in the Georgia Depression were negative, with bird 
species densities decreasing with increasing temperatures. 
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Table 2.  Avian species for which relative abundances were significantly correlated with mean 
annual temperature, by ecoprovince.  
 
 Ecoprovince Species Correlation P-Value 
     
Mean Annual Temperature    
 Central Interior American Robin Positive 0.0290 
  Red-breasted Nuthatch Positive 0.0106 
  Western Meadowlark Positive 0.0224 
 Coast and Mountains American Robin Positive 0.0433 
  MacGillivray’s Warbler Positive 0.0132 
  Winter Wren Positive 0.0015 
 Georgia Depression American Goldfinch Negative 0.0238 
  Black-headed Grosbeak Negative 0.0030 
  Common Yellowthroat Positive 0.0018 
  Great Blue Heron Negative 0.0212 
  Ring-necked Pheasant Negative 0.0003 
  Song Sparrow Negative 0.0039 
  White-crowned Sparrow Positive 0.0301 
  Wilson’s Warbler Negative 0.0266 
 South Interior American Robin Positive 0.0032 
  Brewer’s Blackbird Positive 0.0436 
  Cedar Waxwing Positive 0.0075 
  House Finch Positive 0.0427 
  Oregon Junco Positive 0.0079 
  Pine Siskin Positive 0.0069 
  Western Wood Pewee Negative 0.0014 
 Southern Interior Mountains Cedar Waxwing Positive 0.0428 
  Common Yellowthroat Positive 0.0065 
  Mallard Negative 0.0116 
  Red-breasted Nuthatch Positive 0.0149 
  Western-Wood Pewee Negative 0.0040 
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Figure 9.  Examples of positive correlations between bird abundance and mean annual 
temperature, by species and by ecoprovince.   
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Figure 10.  Examples of negative correlations between bird abundance and mean annual 
temperature, by species and by ecoprovince. 
 
 
 
 
 
 
 
PRECIPITATION:   
 
Total annual precipitation correlated significantly with relative abundance in 24 of 247 cases 
(Table 3).  Positive correlations, with bird densities increasing with increasing precipitation, 
accounted for 54.2% (11/24) of the significant relationships.  Negative correlations, with bird 
densities decreasing with increasing precipitation, accounted for the remaining 45.8% (13/24).  
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FLOWERING:  We found only 3 significant relationships between flowering dates and bird 
abundance.  The Red-breasted Nuthatch (p = 0272) and the American Robin (p = 0.0008) 
increased in density with earlier flowering dates in the Southern Interior Ecoprovince.  In 
contrast, the Western Wood Pewee (p = 0.0449) increased in density with later flowering dates. 
 
 
 
Table 3.  Avian species for which relative abundances were significantly correlated with total 
annual precipitation, by ecoprovince.  
 
 Ecoprovince Species Correlation P-Value 
     
Total Annual Precipitation    
 Georgia Depression Willow Flycatcher Positive 0.0384 
 Southern Interior Red-breasted Nuthatch Positive 0.0107 
  Ruby-crowned Kinglet Negative 0.0406 
  Red-eyed Vireo Negative 0.0436 
  Warbling Vireo Positive 0.0161 
  Bank Swallow Negative 0.0158 
  Black-billed Magpie Negative 0.0033 
  N. Rough-winged Swallow Negative 0.0299 
  Killdeer Positive 0.0468 
  Mourning Dove Negative 0.0308 
  Violet-green Swallow Positive 0.0499 
  Western Kingbird Negative 0.0349 
 Southern Interior Mountains Yellow Warbler Negative 0.0309 
  American Redstart Negative 0.0229 
  Cedar Waxwing Positive 0.0509 
  Common Yellowthroat Positive 0.0417 
  Golden-crowned Kinglet Positive 0.0505 
  Lazuli Bunting Positive 0.0238 
  Song Sparrow Positive 0.0270 
  Brown-headed Cowbird Negative 0.0053 
  Cedar Waxwing Positive 0.0156 
  Red-eyed Vireo Negative 0.0327 
  Tree Swallow Positive 0.0075 
  Western Kingbird Positive 0.0367 
     
 
 
 
DISCUSSION 
 
We detected significant trends in the relative abundance of many avian species throughout 
British Columbia between the early 1970s and 2003.  These trends may reflect changes in 
climate as well as changes in non-climatic factors, such as habitat quality and habitat availability.  
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Our observation that all survey routes had both increasing and declining species did not allow us 
to discriminate between the following possibilities: 1) climate change effects are negligible in 
BC as all avian species have a common response to a climate signal; 2) climate change has an 
impact on avian abundance but these effects are confounded and obscured by habitat effects that 
act differentially on different species with opposing habitat requirements; and 3) different species 
are responding differently to the same climate signal.  If the latter is true, then community 
assemblages as known today may collapse under climate changes scenarios, and the concept of 
indicator species may be jeopardized. 
 
Significant trends in the arrival and departure dates, as well as in the first date of egg laying and 
fledging, support the contention that at least some of the historical trends in population densities 
may be attributed to climate change.  This is because these factors are less likely influenced by 
habitat perturbations caused by human activities and more influenced by climate.  On the other 
hand, the possibility that historical trends in population densities are related to habitat 
degradation is supported by the fact that species generally on the decline are those with specific 
needs for mature forest (Swainson’s Thrush, Hammond’s Flycatcher, Red-eyed Vireo) or 
threatened grassland (Western Meadowlark) ecosystems.  In contrast, species that tend to be 
increasing are common in urban or rural areas (e.g., White-crowned Sparrow, House Finch). 
 
In the Common Loon, earlier arrival dates were consistent with earlier first dates of egg laying 
and fledging.  The degree to which Common Loons have been arriving earlier, laying earlier, and 
fledging earlier, have been similar in magnitude, advancing by approximately one week per 
decade.  Likewise, the more pronounced advancement in arrival dates at southern latitudes are 
consistent with earlier egg laying dates in the South Interior Mountains, but not in the Central 
Interior. 
 
In our analyses, we adopted the ecoprovince as the spatial scale that would generate a common 
avian response to a regional climatic profile.  The ecoprovince was seemingly an appropriate unit 
as it is defined as having consistent climatic or oceanographic features, relief and regional 
landforms.  However, when we evaluated the appropriateness of using the ecoprovince as a 
downscaling unit, we found that only 22% of survey routes within an ecoprovince exhibited 
parallel fluctuations in historical avian species abundance.  Lack of parallel avian responses 
between routes may reflect differences in habitat perturbations between sites, but may also 
reflect the lack of a common climate signal.  These results suggest that further evaluation of 
whether a smaller spatial scale is more appropriate is justified.  The ecoregion may be an 
appropriate candidate because it further subdivides the ecoprovince into areas with consistent 
major physiographic and minor macroclimatic or oceanographic variations.   
 
Our preliminary analyses generated limited relationships between climatic factors and the 
phenology and abundance of avian species.  We found, for example, that Winter Wren and 
Common Yellowthroat increased in abundance in years when temperatures were higher than 
normal.  We also found that the effects of climate change were not consistent across the 
province.  For example, unlike elsewhere in the province, many species in the Georgia 
Depression declined in abundance during warm years.  This may be because warm years in most 
parts of the province were typically associated with wetter weather, but warm years in the 
Georgia Depression were often associated with lower precipitation. 
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Although we found significant relationships between climate and abundance for many bird 
species, we were not able to detect any significant climate effects for the majority of cases.  Our 
inability to detect significant relationships between climate factors and species abundance have 
many possible causes.  One possible explanation is that climate effects may be weaker than 
expected because the endogenous control of migration limits the ability of birds to respond to 
changes in climate, especially in long-distance migrants.  A second possibility is that non-
climatic factors such as habitat degradation are confounding and obscuring potential climate 
change effects.  A third possible explanation is that there are limitations with our analytical 
approach.  For example, our evaluation indicated that the ecoprovince, currently used as the 
spatial scale in our analyes, may be too big to produce a common climate signal to all areas in 
the unit.  Additionally, we may not be using the most appropriate climate variables.  Although 
we have already evaluated 3 ENSO indices, we have not evaluated an ENSO index based on 
values from the preceding summer.  This may be appropriate as there is often a 4-month time lag 
between oceanic-atmospheric characteristics in the tropics and weather conditions in the Pacific 
Northwest.  As a result, summer ENSO values often correlate well with conditions in the Pacific 
Northwest during the following winter.  Further evaluation is also needed on the most 
appropriate dimensions to use for temperature and precipitation variables.  To date, we have only 
evaluated mean annual temperature and total annual precipitation, but temperature and 
precipitation units more finely tuned to specific life history traits of individual avian species 
(e.g., timing of migration) may be more appropriate. 
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