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Introduction

Many species respond to environmental changes, in-

cluding climate, by shifting their geographic ranges (War-

ren et al. 2001, Walther et al. 2002, Root et al. 2003, Bunnell

et al. 2008). Climate envelopes are composites of prevail-

ing meteorological conditions within an area. A growing

literature uses climate envelopes of current ranges to pre-

dict how geographic ranges of birds will change in re-

sponse to projected changes in climate (e.g. Doswald et

al. 2009, Marini et al. 2009, Willis et al. 2009, Jiménez-

Valverde et al. 2011). Conservation efforts attempt to an-

ticipate changes in distribution (e.g. Bunnell et al. 2011b),

but there has been relatively little empirical testing of such

projections. Green et al. (2008) used retrodiction to evalu-

ate model accuracy.

We examined changes in 10 climate variables meas-

ured within the geographic ranges of 32 bird species in

British Columbia between two decades: the 1960s and the

1990s. That permitted estimates of empirical shifts of range

in response to documented changes in climate and pro-

vided a test of the accuracy of climate in predicting range

shifts. Our objectives were to: 1) describe the degree to

which species’ ranges shifted between the 1960s and

1990s, 2) compare climate variables, especially mean spring

temperature, measured within species’ ranges in the 1960s

and 1990s, 3) test predictions of the general model of avian

response to climate proposed by Bunnell et al. (2005, 2008)

and 4) illustrate limitations of climate in predicting changes

in the geographic distribution of species.

Data and methods

Bird distribution

Data on bird distributions were obtained from the

Biodiversity Centre for Wildlife Studies (BCWS), Victoria,

British Columbia. British Columbia spans about 12° latitude

(48° 30´ to 60° N) and 20° longitude (120° to 140° W). Each 1°

of latitude and 2° of longitude represents a 1:250,000 NTS

(National Topographic Survey) cell that can be further di-

vided into 16 1:50,000 NTS cells (0.25° latitude by 0.5° longi-

tude); there are 1,171 such cells in British Columbia, of which

16 are primarily ocean. Sample units used in our analyses

were the 1:50,000 NTS cells sampled during the breeding

seasons of both decades (1960s and 1990s) for a given spe-

cies. Numbers of cells meeting that criterion ranged from 236

for Lewis’s Woodpecker (Melanerpes lewis) to 441 for Pa-

cific Loon (Gavia pacifica) and Brown-headed Cowbird

(Molothrus ater) (Appendix I).

The digital database includes data from journal and gov-

ernment publications, theses and consultants’ reports, but

many were reported opportunistically by volunteer natural-
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ists. BCWS assesses the accuracy of all records submitted

and discards suspect observations. We reduced potential

influences of variable opportunity and effort on reporting

rates among cells and between decades by restricting the

data base to a single record for any location on any date.

That is, one record was considered sufficient to confirm the

presence of a species in a given area on a given date even

when multiple records existed. This restriction avoided bias

and pseudo-replication resulting from intensive or long-term

study in any particular area.

Tests of spatial occupancy (range) examined changes

between the two decades in numbers and distribution of

occupied 1:50,000 NTS cells (e.g. Figure 1). All sampled cells

are shown in Figure 1; only cells sampled in both decades

for a particular species were included in analyses. Our pri-

mary interest was northward expansion, but statistical tests

were two-tailed to account for possible southward shifts.

Shifts in distribution were evaluated at 0.25° latitudinal in-

crements using the non-parametric Kolmogorov-Smirnov test

to accommodate a variety of possible distributions. For each

species, we constrained testing of distribution to the north-

ernmost observation of either decade, and used counts of

occupied cells in each increment of 0.25° latitude for each

decade. The northernmost latitude at which species were

recorded as present occurred during the 1990s for all species

except Red-throated Loon (Gavia stellata). An example of a

significant northward shift is shown for American Wigeon

(Anas americana) in Figure 1; two species showed a south-

ward shift.

Bird distribution and climate variables

ClimateWNA software (http://www.genetics.forestry.ubc.ca/

cfcg/ClimateWNA/ClimateWNA.html) was used to estimate

values for 10 climate variables. ClimateWNA extracts and

downscales historical monthly and seasonal data for user-

identified locations using PRISM (parameter-elevation re-

gressions on independent slopes modeling; Daly et al. 2002).

We extracted climate for the lowest elevation of each occu-

pied NTS cell.

Ten climate variables were examined: mean spring tem-

perature, minimum spring temperature, maximum spring tem-

perature, average summer temperature, minimum summer tem-

perature, maximum summer temperature, total spring precipi-

tation, total summer precipitation, degree days >5 °C and a

summer heat-moisture index (SHM). Spring was defined as

March through May and summer as June through August.

The SHM index is generated by ClimateWNA using the equa-

tion: SHM = MWMT / (MSP/1000), where MWMT is the

Mean Warmest Month Temperature (°C) and MSP is Mean

Summer Precipitation (mm). SHM is a derived variable, used

as a proxy for direct measures of humidity or evaporation

and transpiration that often are unavailable (Tuhkanen 1980).

We evaluated climate variables within NTS cells occu-

pied and unoccupied during the 1960s and 1990s for 32 spe-

cies. For any species, only cells sampled in both decades

were included in the analyses, so total cells sampled were

the same for each decade for that species. Cells analyzed for

a given species differed as a function of the distribution of

that species. In four species, all or most of the population

occurred south of 51° N in both decades. We evaluated range

expansion over two latitudinal ranges for all species: 48° 30´

to 60° N and 51° to 60° N. For a few restricted species, expan-

sion over the latitudes 48° 30´ to their northernmost occu-

pied latitude was tested.

We examined which climate variables exhibited the great-

est statistical differences between occupied and unoccu-

pied cells and correlations among climate variables (using

decadal means extracted from ClimateWNA for each of the

1155 terrestrial cells). Based on those analyses (see Results),

we emphasized responses to mean spring temperature (MST).

We tested expectations derived from the assumption that

MST was a dominating influence on range expansion. Sta-

Figure 1. National

Topographic Survey

cells of British Colum-

bia occupied by the

American Wigeon: a)

in the 1960s, b) in the

1990s. Gray cells

were occupied; hollow

cells were sampled

but found no Ameri-

can Wigeon; areas

without cells were not

sampled.

a) b)
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tistical analyses of differences in MST and other climate vari-

ables were restricted to simple, paired t-tests (unequal vari-

ance) of values in occupied and unoccupied cells and be-

tween decades.

Southward movement of two waterbird species prompted

us to include winter variables (average annual snowfall and

mean winter temperature during December through Febru-

ary) to index ice conditions on lakes or wetlands.

Tests of predictions

The general model of avian response to climate of Bunnell

et al. (2005, 2008) offered a priori predictions of probable

responses based on migratory pattern, food habits, habitat

and body size. Five classes of migratory pattern were recog-

nized: resident, partial (e.g. winter at sea and move inland to

breed), short distance (<1000 km), long distance (1000 to

4500 km) and very long distance (>4500 km). Body size was

expected to influence primarily reproductive measures. The

four broad factors are nested within each other, so a sample

of only 32 species limits testing. Three of the predictions

offered by Bunnell et al. (2005, 2008) could be addressed:

• Resident, partial and short distance migrants

should show greater range expansion northward than

long and very long distance migrants. The former three

migratory classes have greater familiarity with regional

climate so can respond more readily.

• Species foraging in water should show greater

range expansion northward than those foraging on

terrestrial insects. Earlier timing of ‘ice-off’ and greater

drying of more southern wetlands (e.g. Bunnell et al.

2011b) should encourage northward expansion of the

former group. Terrestrial insects also are expected to

be available earlier with warming, but we expected

more rapid response to ‘ice off’. Late winter and early

spring observations of waterbirds inland suggest

frequent monitoring of the timing of ‘ice off’.

• Species breeding in lakes and wetlands should

show greater range expansion northward than those

breeding in upland areas (rationale as for the

preceding prediction).

None of these predictions is tidily discrete. Many partial

migrants both forage in water and breed in aquatic habitats.

A sample size of 32 species does not permit estimation of

dominating factors, nor should dominance be expected given

the natural covariance. The sample does permit extraction of

broad patterns and was sufficient to reject one prediction.

Projected distributions

Mean spring temperature was projected by ECHAM-5

(see Roeckner et al. 2003), under the A2 scenario of the Inter-

governmental Panel on Climate Change (IPCC). ECHAM has

proven to provide good fits to empirical data in northern

regions (Kattsov and Walsh 2000, Wohlfahrt 2010). We found

it accurately predicted the trends in measured water depths

of wetlands in British Columbia (Bunnell et al. 2011a). No

IPCC scenario includes concerted efforts at reducing emis-

sions. The IPCC treats all scenarios as plausible. Climate

variables for an individual NTS cell were downscaled, yield-

ing approximate empirical climate for that cell. Temperature

thresholds for potential occupancy were the lowest mean

value of all occupied cells, whether this occurred in the 1960s

or the 1990s. These values were commonly similar; for exam-

ple, 6.11 and 6.13 °C for Yellow Warbler (Dendroica petechia)

in the 1960s and 1990s, respectively.

Results

Climate data

Among the 10 climate variables, mean spring tempera-

ture (MST) showed the greatest significant difference (paired

t-tests) between means of cells occupied in the 1960s and

1990s, followed by degree days >5 °C. The latter is corre-

lated with minimum, maximum and average spring or summer

temperatures, but most strongly with mean spring tempera-

ture (Table 1). Precipitation variables showed little distinc-

tion between occupied and unoccupied cells.

tav_sp1 tmx_sp tmn_sp tav_sm tmx_sm tmn_sm ppt_sp ppt_sm ddgt5

tav_sp1 1
tmx_sp 0.937 1
tmn_sp 0.963 0.809 1
tav_sm 0.768 0.872 0.622 1
tmx_sm 0.534 0.771 0.306 0.894 1
tmn_sm 0.826 0.733 0.827 0.829 0.490 1
ppt_sp 0.488 0.262 0.620 0.075 -0.218 0.418 1
ppt_sm 0.044 -0.118 0.165 -0.210 -0.379 0.065 0.778 1
ddgt5 0.923 0.919 0.847 0.924 0.704 0.917 0.354 -0.054 1
shm 0.163 0.376 -0.014 0.480 0.647 0.126 -0.554 -0.712 0.312
1 tav_sp = mean spring temperature, tmx_sp = maximum spring temperature, tmn_sp = minimum spring temperature, tav_sm = average summer 
temperature, tmx_sm = maximum summer temperature, tmn_sm = minimum summer temperature, ppt_sp = total spring precipitation, ppt_sm = total 
summer precipitation, ddgt5 = degree days >5 oC, shm = summer heat-moisture index.

Table 1. Correlation coefficients during the 1990s among the 10 climate variables evaluated. Variables as downscaled

from 1155 1:50,000 NTS cells by Climate WNA. Critical values for n = 1155 are about 0.06 for p < 0.05, and 0.08 for p < 0.01.

Birds and climate change - Bunnell et al.
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Because the sample size is large (n = 1155 NTS cells),

correlations among climate variables were generally signifi-

cant (Table 1). During the 1990s, correlations among tem-

perature variables were particularly strong and >0.75 for all

but maximum summer temperature, which is unlikely to influ-

ence breeding range occupancy. The strong inter-correla-

tion among variables and their relative ability to discriminate

between occupied and unoccupied cells encouraged us to

rely primarily on mean spring temperature for further testing.

Changes in species’ distribution between the 1960s and 1990s

Focus on northward expansion encouraged us to focus

on cells north of 51° N. The number of cells north of 51° N

newly occupied in the 1990s ranged from five for Band-tailed

Pigeon (Patagioenas fasciata) to 74 for Common Loon

(Gavia immer)  (Table 2). The number of newly occupied

cells north of 51° N was not a revealing index of range expan-

sion northward because widely distributed species often

showed new occupancy in cells both north and south of 51°

N. Total cells newly occupied at any latitude ranged from 30

for Band-tailed Pigeon to 132 for Song Sparrow (Melospiza

melodica). Of the 32 species tested, 20 showed expansion

north when tested from 51° to 60° N, but expansion was

significant for only seven (p < 0.05; Table 2).

Table 2 reports tests over 51°  to 60° N. When tested over

the entire range of latitude (48° 30´ to 60° N) only four of the

32 species showed different patterns of response; Spotted

Towhee (Pipilo maculatus) p <0.009,  Wood Duck (Aix

sponsa) p < 0.067, Least Flycatcher (Empidonax minimus) p

< 0.03 and Red-throated Loon (Gavia stellata) p < 0.011

showed southward movement.

For species largely restricted to areas south of 51° N in

the 1960s, we also tested over the latitudinal range extend-

ing from 48° 30´ N to the northernmost extent of their range

in the 1960s. None of the four species (Band-tailed Pigeon,

Spotted Towhee, Swainson’s Hawk [Buteo swainsoni], Wood

Table 2. Kolmogorov-Smirnov tests of range expansion by 32 bird species in British Columbia between the

1960s and 1990s. N indicates apparent shift northward;       indicates no change in distribution (p > 0.40). nd =

the species was not reported north of 51° N in the 1960s.

Birds and climate change - Bunnell et al.
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Duck) showed significant (p < 0.05) northward expansion

within the restricted latitudes.

Temperatures of areas occupied in the 1960s and 1990s

Table 3 summarizes downscaled temperature values as

means for occupied and unoccupied NTS cells in the 1960s

and 1990s. We expected 1990s MSTs to be higher than 1960s

MSTs for all cells. Cells unoccupied in the 1990s were con-

sistently warmer in the 1990s than in the 1960s (p < 0.01).

Cells newly occupied in the 1990s were significantly warmer

in the 1990s than the 1960s for all but one species, Northern

Shoveler (Anas clypeata). Cells occupied in the 1960s showed

consistently higher mean MSTs in the 1990s than the 1960s,

significantly so in 26 of 32 species (Table 3). Generally, the

difference in MST between cells occupied and unoccupied

in the 1960s declined with increasing proportion of occupied

cells north of 51° in the 1960s (r2 = 0.61, p < 0.01). Across all

species the difference in estimated MST between cells occu-

pied and unoccupied in the 1960s was a poor predictor of

either the proportion or number of cells newly occupied in

the 1990s (r2 < 0.03).

Specific patterns are expected if MST is a dominant fac-

tor in changes in geographic range. The 1960s MST of cells

newly occupied in the 1990s should be lower than 1960s

MSTs in cells occupied in the 1960s. In 28 of 32 species the

expectation was met, significantly so for 20 (Table 4). That

is, the large majority of species tested entered cells during

the 1990s that in the 1960s were on average cooler than

cells occupied in the 1960s. For two species (Least Fly-

catcher, Lincoln’s Sparrow [Melospiza lincolnii]) the 1960s

MSTs of cells newly occupied in the 1990s were higher

than in cells occupied in the 1960s. These two species had

the highest proportions of occupied cells north of 51° N in

the 1960s, 93% and 73%, respectively. Red-throated Loon

and Red-necked Grebe showed a tendency to move south

between decades and there was no difference in 1960s

MSTs between cells newly occupied in the 1990s and those

occupied in the 1960s.

Newly occupied in Unoccupied in
Occupied in 1960s 1990s 1990s

Species 1960s oC 1990s oC 1960s oC 1990s oC 1960s oC 1990s oC

Resident
Band-tailed Pigeon 7.60 8.62 b 7.16 8.20 b 5.30 6.41 b

Fox Sparrow 5.84 6.86 5.04 6.22 b 4.80 6.04 b

Mourning Dove 7.04 8.14 b 5.36 6.57 b 5.09 6.23 b

Red-throated Loon 7.40 8.44 b 7.39 8.42 b 5.42 6.52 b

Song Sparrow 6.20 7.30 b 5.31 6.46 b 3.67 5.03 b

Spotted Towhee 8.10 9.14 b 7.03 8.10 b 5.69 6.77 b

Varied Thrush 5.95 7.06 a 5.69 6.84 b 4.45 5.71 b

Partial migrants
American Wigeon 6.64 7.76 b 5.26 6.44 b 4.59 5.81 b

Brewer’s Blackbird 6.37 7.49 b 5.43 6.64 b 4.70 5.91 b

Common Loon 5.43 6.59 b 4.87 6.09 b 3.89 5.22 b

Gadwall 7.33 8.40 b 6.17 7.30 b 5.20 6.33 b

Horned Grebe 7.03 8.12 b 5.50 6.66 b 4.63 5.84 b

Lesser Scaup 7.47 8.55 b 5.65 6.83 b 4.81 6.00 b

Northern Pintail 6.92 8.02 b 5.51 6.68 b 4.64 5.85 b

Northern Shoveler 6.49 7.62 5.53 6.78 5.17 6.33 b

Pacific Loon 6.56 7.67 a 6.26 7.36 b 4.48 5.73 b

Red-necked Grebe 5.52 6.76 5.51 6.67 b 4.96 6.15 b

Surf Scoter 5.33 6.51 5.12 6.35 b 4.32 5.58 b

Western Grebe 7.16 8.24 b 5.46 6.62 b 5.05 6.18 b

White-winged Scoter 6.66 7.73 b 5.42 6.59 b 4.69 5.90 b

Wood Duck 7.07 8.14 a 5.95 7.09 b 4.75 5.96 b

Short-distance migrants
Lincoln’s Sparrow 4.26 5.58 a 4.67 5.89 b 5.03 6.24 b

Lewis’s Woodpecker 7.47 8.58 b 6.09 7.21 b 5.41 6.51 b

Western Meadowlark 6.96 8.05 b 5.52 6.71 b 4.99 6.15  b

Long-distance migrants
Brown-headed Cowbird 6.15 7.29 b 5.37 6.55 b 4.25 5.51 b

Cinnamon Teal 6.86 7.96 a 5.90 7.06 b 4.65 5.87 b

Swainson’s Thrush 5.74 6.90 b 5.01 6.23 b 3.85 5.15 b

Yellow Warbler 6.11 7.24 b 4.88 6.13 b 4.33 5.61 b

Very-long distance migrants
Common Nighthawk 6.30 7.45 b 5.15 6.35 b 4.23 5.48 b

Least Flycatcher 3.83 5.11 a 4.44 5.78 b 5.36 6.51 b 
Swainson’s Hawk 7.09 8.24 6.25 7.41 a 4.88 6.09 b

Wilson’s Phalarope 7.00 8.13 5.49 6.70 b 5.01 6.16 b
a, b Indicate significant differences between time periods within paired columns (p < 0.05) a (p < 0.01) b 

Table 3. Average of mean spring temperature in NTS cells occupied by selected bird species in British Colum-

bia in the 1960s, newly occupied in the 1990s and unoccupied in the 1990s.

Birds and climate change - Bunnell et al.
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Similarly, if MST is the dominant factor in changes in

geographic range, we expect the 1990s MSTs of newly occu-

pied cells in the 1990s to be at least as high as 1960s MSTs in

cells occupied in the 1960s. The trend was not pronounced

(Table 4). The general trend was to be warmer than 1960s

MSTs of occupied cells (17 of 32 species), but was signifi-

cant for only seven species. For five species there were no

discernable differences in MST, and for 10 species the 1990s

MSTs of newly occupied cells were lower than 1960s MSTs

in cells occupied in the 1960s (never significantly). Cells cooler

than those occupied in the 1960s were frequently occupied

in the 1990s (15 of 32 species).

For cells unoccupied in the 1990s, we expected 1960s

and 1990s MSTs to be lower than 1960s values of MSTs in

occupied cells. That was true for 30 of 32 species for 1960s

MSTs and 27 of 32 species for 1990s MSTs (Table 4). For

some species (shaded in Table 4), cells that apparently met

the mean MST for occupancy were not occupied.

The tendency to abandon cells by the 1990s that experi-

enced greater snowfall and lower temperatures was general

and significant for all partial migrants feeding in water (e.g.

145.5 versus 97.4 mm of snow, p < 0.05; Table 5). Only Red-

throated Loon showed significant southward movement.

Cells occupied by Red-throated Loon in the 1960s and aban-

doned by the 1990s were those with significantly more snow-

fall and colder temperatures in the 1990s (p < 0.01). Red-

Select cells New cells MSTs of cells

with formerly > MSTs unoccupied in 1990s

Species cooler MSTsa of 1960s cellsb relative to 1960s cellsc

Resident

Band-tailed Pigeon � � * � **  /  � **
Fox Sparrow � � �      /  �
Mourning Dove � ** � � **  /  � *
Red-throated Loon ↔ � ** � **  /  � **
Song Sparrow � ** � � **  /  � **
Spotted Towhee � ** ↔ � **  /  � **
Varied Thrush � � * � **  /  �
Partial migrants
American Wigeon � ** � � **  /  � *
Brewer’s Blackbird � * � � **  /  �
Common Loon � �* � **  /  �
Gadwall � ** ↔ � **  /  � **
Horned Grebe � ** � � **  /  � **
Lesser Scaup � ** � � **  /  � **
Northern Pintail � ** � � **  /  � **
Northern Shoveler � � � *    /  �
Red-necked Grebe ↔ � * �      /  �
Surf Scoter � � �*    /  �
Pacific Loon � � � **  /  �
Western Grebe � ** � � **  /  � **
White-winged Scoter � ** � � **  /  � *
Wood Duck � ** ↔ � **  /  � **
Short-distance migrants
Lincoln’s Sparrow � � ** �      /  � **
Lewis’s Woodpecker � ** � � **  /  � **
Western Meadowlark � ** � � **  /  � *
Long-distance migrants
Brown-headed Cowbird � * � � **  /  � *
Cinnamon Teal � * � � **  /  � **
Swainson’s Thrush � * � � **  /  �
Yellow Warbler �** ↔ � **  /  �
Very-long distance migrants
Common Nighthawk � ** ↔ � **  /  � *
Least Flycatcher � � ** � **  /  � **
Swainson’s Hawk � � � **  /  �
Wilson’s Phalarope � * � � **  /  �

a Compares 1960s MST values of cells newly occupied in 1990s with 1960s MSTs of cells occupied in 1960s. � indicates lower 1960s 

MSTs in newly occupied cells; � indicates higher values in the 1960s.
b Compares 1990s MSTs of newly occupied cells to 1960s MSTs of cells occupied in the 1960s. � indicates higher MSTs in 1990s; � 
indicates lower MSTs in 1990s.

c Compares 1960s (first arrow) and 1990s (second arrow) MSTs of unoccupied cells in 1990s with 1960s MSTs of cells occupied in 

1960s. � indicates higher MSTs in 1990s; � indicates lower MSTs in 1990s.

Table 4. Apparent role of MST in creating changes in geographical distribution.       indicates difference

in mean MST of < 0.05 °C. Average values of MST tested are from Table 2. * = p < 0.05; ** = p < 0.01.

Shaded cells indicate species that, on average, did not enter cells in the 1990s that were warm enough

to host them based on the 1960s range.

Birds and climate change - Bunnell et al.
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necked Grebe (Podiceps grisegena) showed a non-signifi-

cant tendency to move south.  In the 1960s, the grebe occu-

pied cells that were significantly colder than other partial

migrants (p < 0.01). Cells occupied in the 1960s and aban-

doned by the 1990s were those with greater snowfall (134.0

mm versus 107.2 mm, p < 0.10; Table 5), but warmer mean

winter temperatures (not significant).

Testing a priori predictions

Bunnell et al. (2005, 2008) predicted greater likelihood of

range expansion among resident species, partial migrants

and short-distance migrants simply because those species

are more intimately exposed to changing temperatures on

the breeding range. The prediction was wrong; generally,

partial and longer distance migrants showed a greater ten-

dency to range expansion (19 of 22) than did resident or

short-distance migrants (two of 10) (Table 2).

The general model invoked food habits as a predictor of

reproductive success because success may be influenced

by asynchrony of arrival dates and food availability. We

also expected that piscivores and species foraging on aquatic

invertebrates would frequently show range expansions north-

ward, because arrival so soon after the ice leaves implies

frequent monitoring of inland waterbodies. Among the par-

tial migrants, 12 of the 14 species winter at sea, then move to

inland lakes and wetlands to breed. Of the 13 species forag-

ing on fish or aquatic invertebrates, 11 expanded their range

northward. The two species that did not (Red-necked Grebe,

Red-throated Loon) tended to shift their ranges south. Red-

throated Loon was classified as resident because it breeds

on lakes close to the ocean and may forage at sea in both

winter and summer. We evaluated whether the shift south-

ward was in response to climate variables that determine ice

cover on lakes and wetlands.

Both snowfall and winter temperature contribute to the

timing of ‘ice off’. In cells occupied in the 1960s, significant

declines (p < 0.001) in snowfall were evident between the

1960s and 1990s for all species foraging in water. There is

strong evidence that cells abandoned by the 1990s were

those with greater snowfall (Table 5). There is no evidence

that the effect was stronger in the two species moving south

over the period. The pattern differs for mean winter tempera-

ture. Across ‘other species’, the general warming is evident

between the 1960s and 1990s for cells occupied in the 1960s

(p < 0.001). Temperatures of cells occupied in the 1960s and

abandoned by the 1990s were insignificantly warmer than

cells in which occupancy persisted (1990s values for ‘other

species’ of  -1.12 versus -1.03 °C; Table 5). For species forag-

ing in water, 1990s snowfall was a better predictor of cell

occupancy than was mean winter temperature. Generally,

winter climate variables of the 1960s were inadequate to pre-

dict future occupancy of species foraging in water.

The sample of 32 bird species was not large enough to

evaluate the broad classes nested within each other, but

differences among primary breeding habitats were apparent.

Aquatic food habits and aquatic breeding are conflated, but

reveal a strong influence of aquatic versus upland habitats.

The 16 species breeding on lakes and wetlands showed much

greater likelihood of range expansion (13 showed a tendency

to move north, seven significantly so, p < 0.05) than did the

16 upland breeding species (four showed a tendency to move

north, none significantly) (Table 2). Among species breed-

ing primarily in shorter vegetation (natural grasslands,

shrublands, agricultural areas) two of five expanded their

ranges northward, five of 11 forest-dwelling species expanded

northward and 13 of 16 species nesting on lakes or wetlands

expanded their ranges northward.

Projecting further range expansion

We illustrate four patterns of response to MST illustrated

by groups of species (Figure 2) and the potentially mislead-

ing consequences of projecting simple climate envelopes

(Figures 3 and 4). Horned Grebe (Podiceps auritus) shows

the pattern typical of partial migrants that frequently showed

range expansion northward (Figure 2a). Cells show a gradual

increase in MST from unoccupied in the 1990s to occupied

in the 1990s to occupied in the 1960s, with 1990s tempera-

tures consistently higher. Cells occupied in the 1990s showed

lower MSTs than cells occupied in the 1960s. Cells not occu-

pied in the 1990s showed markedly lower temperatures than

Occupied in Occupied in
Occupied in 1960s 1960s & not in 1990s 1960s & 1990s

Species 1960s 1990s 1960s 1990s 1960s 1990s

Snowfall (mm)
Other species a 142.7 114.8 181.0 145.5 113.5 97.4
RNGR 155.0 123.8 170.7 134.0 129.4 107.2
RTLO 145.2 106.5 183.7 129.5 77.8 66.3
Winter Temperature ( oC)
Other species a -1.84 -1.06 -2.58 -1.12 -1.54 -1.03
RNGR -4.77 -3.81 -4.22 -3.26 -5.67 -4.70
RTLO 2.67 3.35 1.92 2.72 3.99 4.46
a Other partial migrants are Anas Americana, Gavia immer, Anas strepera, Podiceps auritus, Aythya affinis, 

Anas acuta, Anas clypeata, Gavia pacifica, Melanitta perspicillata, Aechmophorus occidentalis, and Aix 
sponsa.

Table 5. Snowfall and mean winter temperature for two periods (1960s and 1990s) in

cells occupied by partial migrants foraging in aquatic habitats during breeding.
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cells occupied in the 1960s. Other examples of this response

are American Wigeon, Common Loon, Gadwall (Anas

strepera) and Northern Pintail (Anas acuta).

Lewis’s Woodpecker illustrates the pattern for a species

whose northward expansion is somehow constrained (Fig-

ure 2b). The central 50% of the range of MST values in occu-

pied cells is compressed and there is very little difference in

1990s MSTs of cells occupied in the 1960s and the 1990s.

Species showing a similar pattern include Band-tailed Pi-

geon, Spotted Towhee, Swainson’s Hawk and, to a lesser

extent, Western Meadowlark (Sturnella neglecta). None of

these species expanded their ranges northward.

Two species shifted their distribution somewhat south-

ward (Red-throated Loon, Red-necked Grebe) or strongly

augmented their representation south of 51° N (Northern

Shoveler, Yellow Warbler). MSTs for cells occupied in the

1990s differ little from those occupied in the 1960s, but the

range in the 1990s is greater than in the 1960s (Figure 2c).

Like other groups, estimated MST is an inadequate predic-

tor of the area occupied in the 1990s for these species. The

fourth group illustrated includes species for which there was

a marked increase in temperature of cells occupied in the

1990s above that of cells occupied in the 1960s. Least Fly-

catcher is illustrated (Figure 2d); only one other species

showed this pattern (Lincoln’s Sparrow). The pattern is simi-

lar to Figure 2c, but appears to result for different reasons.

These two species showed the largest proportion of occu-

pied cells north of 51° N in the 1960s where warming is greater.

Not illustrated in Figure 2 are species such as Fox

Sparrow (Passerella iliaca) and Yellow Warbler, for which

MSTs of cells occupied in the 1990s spanned 10 °C or

more and were significantly wider than envelopes of

ranges in the 1960s.

Figure 3 illustrates potential forms of projection for

Lewis’s Woodpecker, a constrained species. All projections

employ the ECHAM-5 global circulation model under the A2

scenario. Between the 1960s and 1990s, the spatial extent of

Lewis’s Woodpecker range extended northward, but not sig-

nificantly so (Table 2). The effort-corrected relative density

within that range increased significantly northward (Bunnell

et al. 2008). Mean spring temperature of the 36 cells occu-

pied in the 1960’s was 7.47 °C. That temperature does not

predict occupied range well in the 1960s (Figure 3a) or the

1990s (Figure 3b). Instead, the woodpecker’s range approxi-
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Figure 2. Box charts

of mean spring tem-

peratures (MST) for

occupied and unoc-

cupied cells for se-

lected bird species in

British Columbia. The

box encompasses

the range in which

50% of the observa-

tions fell; edges of the

box are at the first and

third quartiles. The

circle within the box

represents the mean;

the vertical line the

median. X = outliers

(values outside 1.5

times the inter-quar-

tile range). For each

pair of bars, the upper

bar is the 1960s MST

and the lower bar the

1990s MST.

Birds and climate change - Bunnell et al.



British Columbia Birds

10

Volume 23, 2013

mates the distribution of ponderosa pine (Pinus ponderosa) and

western larch (Larix occidentalis) in the province (Figure 3c).

We illustrate Yellow Warbler as an example of species al-

ready well-distributed through the province in the 1960s (Fig-

ure 4). Between the 1960s and 1990s, the spatial extent of the

species’ range had extended northward (p < 0.065; Table 2), and

effort-corrected relative density had shifted significantly north-

ward (Bunnell et al. 2008). Mean MST of the 97 cells occupied

in the 1960’s was 6.11 °C. In the 1960s, Yellow Warbler fre-

quently occupied cells below the mean MST of occupied cells

(Figure 4a). Yellow Warbler currently arrives on the northern

part of its range in British Columbia in May and June. Minimum

May and June temperatures of cells occupied during the 1960s

or 1990s did no better at predicting range occupancy in the

1990s than did the 1960s mean MST (the May minimum for the

1990s is illustrated in Figure 4b).

Discussion

Climate variables

We focused on mean spring temperature because it

was most discriminatory and climate variables generally

were highly inter-correlated. The relative discrimination

between occupied and unoccupied cells by the 10 climate

variables was as expected from natural history features.

Spring temperature is most likely to determine forage avail-

ability through timing of insect emergence for insectivores

or ice melt for waterbirds. Heavy spring precipitation can

increase mortality of young birds, but only after the com-

mitment to breeding. The strong correlations among cli-

mate variables (Table 1) imply little insight is gained from

combining them in projections.

Figure 3. Cells deemed favourable and cells occupied by the Lewis’s Woodpecker in British Columbia. a) 1960s: cells

occupied (black) and unoccupied cells meeting the average MST of cells occupied in the 1960s (gray). b) 1990s: cells

occupied (black) and unoccupied cells meeting the average MST of occupied cells in the 1960s (gray). c) 1990s: cells

occupied relative to the boundaries of the Ponderosa Pine and Interior Douglas-fir Biogeoclimatic zones sensu Meidinger

and Pojar 1991(gray).

Figure 4. Cells deemed

favourable and cells oc-

cupied by the Yellow

Warbler in British Co-

lumbia. a) 1960s: cells

occupied (black) and

unoccupied cells meet-

ing the average MST of

cells occupied in the

1960s (gray). b) 1990s:

cells occupied (black)

and unoccupied cells

meeting the minimum

mean May temperature

of cells occupied in the

1990s (gray).
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a) b) 

Birds and climate change - Bunnell et al.



British Columbia Birds

11

Volume 23, 2013

Changes in distribution

Potential confounding was reduced by restricting obser-

vations for a cell to a simple binary state: occupied or unoc-

cupied. By restricting analyses to cells sampled in both the

1960s and 1990s, much of the potential confounding due to

greater sampling effort in the north during the 1990s was

eliminated. We cannot, however, correct for the likelihood

that more effort in a given cell is more likely to document a

particular species in that cell. Nor can we distinguish be-

tween increases in bird density increasing the likelihood of

detection from range expansion. Land use practices, particu-

larly forestry and agriculture, created disproportionately more

early-seral and grassland habitat in northern regions in the

1990s as compared to the 1960s. Few of the species analyzed

exploit such habitat, and those that do (e.g. Common

Nighthawk [Chordeiles minor], Mourning Dove [Zenaida

macroura]) showed no significant expansion northward.

The migratory groups least likely to show northward

range extension were resident species and short-distance

migrants; only two of 10 species showed northward expan-

sion; none significantly so (Table 2). Four of these species

occupy ranges largely constrained to southern portions of

the province (Band-tailed Pigeon, Spotted Towhee, Lewis’s

Woodpecker, Western Meadowlark). Southern British Co-

lumbia represents the northern extent of their range (the

meadowlark extends farther north in Alberta), but there is

little commonality in habitat. Whatever the constraint, it does

not appear to be directly influenced by climate. For some of

these species, increased availability of supplemental food in

the south, as from bird feeders and ornamental fruiting trees,

may be slowing potential northward range expansion. Of the

resident and short-distance migrants we analyzed, seven of

10 are known to regularly visit feeders and ornamental fruit-

ing trees, compared to two of 22 species in the other three

migratory groups.

Partial migrants do not necessarily migrate short dis-

tances. Some winter along the coast of southern British Co-

lumbia and then move well north into Alaska and Canadian

Territories. At least some partial migrants using aquatic habi-

tats are reported inland during late winter and early spring

before many lakes and wetlands have thawed, so must make

periodic forays inland, apparently assessing conditions there.

Among partial migrants and other species typically migrat-

ing over 1000 km, 19 of 22 species showed northward shifts

in distribution. One of those not extending northward,

Swainson’s Hawk, was largely constrained south of 51° N in

British Columbia. For several of these species, the range

already extended north of 60° N in the 1960s (e.g. Brown-

headed Cowbird, Common Loon, Lesser Scaup [Aythya

affinis], White-winged Scoter [Melanitta fusca]).

We did not anticipate the southward shift in distribution

of Red-throated Loon (significant) or Red-necked Grebe (non-

significant). The two waterbirds showing a tendency to shift

their range southward between the two decades may have

been evading factors that delay ‘ice off’ – deeper snowfalls,

colder temperatures or both. The significant southward shift

in range by Red-throated Loon would have yielded earlier

‘ice off’ and a longer ice-free period. The non-significant

shift by Red-necked Grebe may have yielded the same, pro-

vided reduced snow depth permitted radiation onto lake ice

earlier. Other waterbirds, however, expanded their range north-

ward and achieved the same end (Table 5).

Our inability to effectively account for differences in ef-

fort between decades is unlikely to be a major cause for our

failure to detect strong shifts in distribution. Working with a

far more amenable data set, 92 tree species in more than

43,000 inventory plots across 31 states, Zhu et al. (2012:1042)

found “…no consistent evidence that population spread is

greatest in areas where climate has changed most”. Their

results showed highly variable responses: about 59% of the

tree species showed range contraction at both northern and

southern boundaries, about 21% showed a northward shift

and 16% a southern shift. Only 4% showed expansion at

both range limits. There are compelling reasons why we ex-

pect trees of a forest to migrate more like a herd of cats than

a herd of buffalo (Bunnell and Kremsater 2012). We expect

some of those reasons to be equally well expressed among

birds. Too many things happen at once during climate change

for a unidirectional response to be likely.

Temperatures between decades

Because occupied cells entered analysis only if they were

surveyed in both the 1960s and 1990s, the same cells are

compared in both decades for any species or group of spe-

cies. Across all cells, average MST increased 1.25 °C be-

tween the 1960s and 1990s. Findings of Table 3 affirm the

general warming trend; MSTs of cells occupied in the 1960s

were significantly warmer in the 1990s than in the 1960s in 26

of 32 tests. Non-significant differences occurred among spe-

cies whose range in British Columbia already spanned con-

siderable distance north in the 1960s, so had greater area to

select across, thus yielding higher variability. For example,

Fox Sparrow (Passerella iliaca) extended north of 58°, North-

ern Shoveler north of 56°, Red-necked Grebe to 59°, Wil-

son’s Phalarope (Phalaropus tricolor) to 57°
 
and Surf Scoter

(Melanitta perspicillata) to 60°. The exception was

Swainson’s Hawk, whose known range was south of 51° N

in the 1960s. Findings suggest that in the 1960s, some spe-

cies already had selected cells within their range with higher

MSTs. For only one species, Northern Shoveler, were cells

newly occupied in the 1990s not significantly warmer in the

1990s than in the 1960s. Of the 24 cells newly occupied by

the Northern Shoveler in the 1990s, 13 were south of 51° N

and 11 were north of 51° N.

The tendency to occupy cells in the 1990s with MSTs at

least as high as those of cells occupied in the 1960s was

general but not strongly expressed (Table 4), indicating that

mean temperatures of occupied cells in the 1960s did not

consistently reflect the mean temperature for future cell oc-

cupancy. For four species (Least Flycatcher, Lincoln’s Spar-
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row, Red-necked Grebe, Red-throated Loon; Tables 3 and 4),

mean 1960s MSTs of cells newly occupied in the 1990s were

as warm, or warmer, than MSTs of cells occupied in the 1960s.

These cells may have been occupied in the 1970s or 1980s.

All four species showed expansion of their range in the south

that would encompass cells already warm in the 1960s. Least

Flycatcher showed a strong tendency to expand its range

northward (Table 2) but an equally strong expansion of its

range in the south; it was reported from two cells south of

51° N in the 1960s, but occupied 25 cells south of 51° N in the

1990s. A southward shift in range was significant only for

Red-throated Loon when tested over 48° 30´ to 60° N (Table

2). Generally, the selection of newly occupied cells was not

strongly driven by MST or, presumably, by any of the other

highly correlated variables of Table 1.

The only apparent commonality in the natural history of

the five species that did not enter cells warm enough to host

them based on the 1960s range (Table 4) is that ranges of all

of them extend well north of 60° N and three often seek

subalpine or montane habitat (Fox Sparrow, Red-necked

Grebe, Lincoln’s Sparrow). These five species did not oc-

cupy many of the cells warm enough to host them, implying

other factors were acting. One factor could be that climate

variables were derived for the lowest elevation of each cell,

exposing the difficulties in projecting range occupancy in

rugged terrain.

Combined, the results indicate that: 1) during the 1990s

some species did not occupy cells warm enough to host

them based on the 1960s’ range, 2) other species occupied

cells cooler than the 1960s’ range, 3) the reliability of the

temperature envelope decreased with the latitudinal extent

of the range in the 1960s, indicating that degree of range

expansion was a function of existing range (differences in

MST between cells occupied and unoccupied in the 1960s

declined significantly with increasing proportion of occu-

pied cells north of 51°) and 4) differences in MST between

cells occupied and unoccupied in the 1960s was a poor

predictor of range expansion (r2 < 0.03). In short, knowl-

edge of climate of the 1960s’ range was insufficient to pre-

dict future distribution.

There is an important caveat. Where long-term weather

stations are sparsely distributed and terrain is rugged,

downscaling climate variables accurately becomes increas-

ingly error prone. The problem has been exposed in northern

British Columbia (Flanagan et al. 2005, Mbogga et al. 2010,

Wotton et al. 2010), and likely holds in any region with few

long-term weather stations and rugged terrain. Unexpected

patterns appeared more frequently where the northern por-

tion of the province that has experienced more rapid warm-

ing comprised a larger portion of cells used in analyses.

Tests of predictions

Contrary to predictions of the general model, partial and

longer distance migrants showed a greater tendency to range

expansion (19 of 22), than did resident or short-distance

migrants (two of 10). Combining resident and short-dis-

tance migrants is appropriate. Short-distance migrants were

defined as species migrating no more than 1000 km in the

1960s. By the 1990s, some of these species showed an in-

creasing tendency to overwinter within British Columbia

(Bunnell et al. 2008). Apparently, proximity to local climate

did not encourage range expansion northward; the Red-

throated Loon (a resident) shifted its range southward. A

higher portion of resident and short-distance migrants ap-

pears constrained by features other than climate than was

true of other migratory classes (four of the five species

largely constrained to southern portions of the province in

the 1990s are resident or short-distance migrants). It is pos-

sible that long-distance migrants are more likely to show

range expansion northward because they have traits (e.g.

dietary requirements) that are particularly sensitive to tem-

perature—hence they migrate.

Predictions based on foraging habits were upheld: 11

of 13 species foraging on fish or aquatic invertebrates ex-

panded their range, while only six of 13 species foraging on

terrestrial insects expanded theirs. Lack of selection for

warmer cells during spring was most strongly expressed

among partial migrants, particularly those breeding in

wetlands and lakes (Table 3). That occurred despite the

fact that six of seven statistically significant expansions of

ranges northward were among these same partial migrants

(Table 2). The response may represent ashkui, the Innu

name for sites of open water in river and lake systems within

frozen spring landscapes (e.g. Baillie et al. 2004). Red-

throated Loon shifted its range southward. It is largely resi-

dent inland, so could assess localized conditions, such as

ashkui, relatively easily.

There are at least two competing hypotheses for why

waterbirds show a greater tendency for range expansion: 1)

inherently amenable to ‘wandering’ thus expansion or 2) more

scattered distribution permitting more opportunities for ex-

pansion. We expect that both are acting. About 70% of the

province is forested and only 7% is covered by lakes and

wetlands. The greater response of aquatic foragers may re-

flect newly available, formerly limited, habitat provided by

earlier ice-off and longer ice-free periods, whereas forests

are accessible year round. Table 5 indicates that among

aquatic foragers, portions of range occupied in the 1960s,

but not in the 1990s, generally experienced greater snowfall

and lower temperatures. The difference between forest and

aquatic foragers illustrates the inconsistent applicability of

simple temperature envelopes across species. The point is

affirmed by differences across breeding habitats. Fifteen of

18 species breeding in lakes and wetlands expanded their

range while only four of 14 breeding on land expanded theirs.

The simple predictions of the general model were rejected

in one instance and affirmed in two, but presence of domi-

nating influences could not be exposed with a sample of

only 32 species. Results indicate that species and groups of

species respond differently to changing climate.
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Projecting distributions

Among species apparently constrained by features other

than climate, the nature of the constraint is apparent for

Lewis’s Woodpecker. The species is fire-adapted. Important

aspects of breeding habitat include an open canopy, a brushy

understory, dead or downed woody material, available

perches and abundant insects – all of which are encouraged

by fire. The three principal habitats are open ponderosa pine

forest, open riparian woodland dominated by cottonwood

and logged or burned pine (Tobalske 1997). Historically, the

species has been restricted to the more fire-prone ecosys-

tems of the province, specifically the Coastal Douglas-fir,

Interior Douglas-fir zone and Ponderosa Pine zone sensu

Meidinger and Pojar (1991). Its range in British Columbia

approximates that of ponderosa pine and western larch, both

of which are fire-adapated. Habitat in the Coastal Douglas-

fir zone in the southwest of the province is no longer favour-

able for breeding, likely as a consequence of fire suppres-

sion. The species shows no significant spatial expansion of

its range northward (Table 2), but the effort-corrected rela-

tive density has shifted northward within its range (Bunnell

et al. 2008). The Lewis’s Woodpecker appears largely re-

stricted in its northward extension by northern boundaries

of the Ponderosa Pine and Interior Douglas-fir zones (Figure

3c). Ponderosa pine in these zones is predicted to extend

northward (Hamman and Wang 2006) but that is not evident

to date, nor likely unless mountain pine beetle numbers abate

(Bunnell and Kremsater 2012).

Swainson’s Hawk and Western Meadowlark are now

known from northeastern British Columbia and may have

been present but unreported in the 1990s.  It is not clear what

constrains Band-tailed Pigeon, Spotted Towhee or Wood

Duck to southern regions of the province.

Projection for species expanding or augmenting south-

ern portions of their range is similarly hindered. Breeding

season climate variables representing temperature were non-

predictive. Nor was there any apparent pattern with precipi-

tation variables; mean spring precipitation was positively

correlated with mean spring temperature (Table 1).

The pattern for Yellow Warbler (Figure 4) was not unique.

Our tests of habitat affinity in the northeast, southeast and

coastal areas of the province found it was a habitat generalist

with statistical associations at the variant level of the

Biogeoclimatic Ecological Classification system (Meidinger

and Pojar 1991) and specific forest types varying across re-

gions (Bunnell 2010). That is borne out more generally (re-

view of Lowther et al. 1999). In any forest type it shows

preference for moist hardwood thickets, particularly those

dominated by Salix sp., but these are occupied in both up-

land and riparian areas. We found little relation between pat-

terns of range occupancy for any of the 10 individual climate

variables tested and additional ones reflecting lower tem-

perature thresholds (e.g. Figure 4). We did not test combina-

tions of climate variables because these were highly inter-

correlated (Table 1).

Conclusions

Most data analyzed were opportunistically collected by

naturalists and illustrate the value of field ornithology. Analy-

ses expose two major challenges to projecting distributions

of species using climate envelopes. The first results from

unreliable downscaling of climate variables where long-term

weather stations are sparse and/or the terrain is rugged. The

second is that natural history features (e.g. migratory pat-

tern, foraging preferences) appear to influence the nature of

response to climate change. Tests of 32 species are insuffi-

cient to reveal all patterns, but are sufficient to indicate that

aggregating species’ responses is likely to be misleading.

We conclude that the climate variable showing the greatest

discrimination between ranges occupied in the 1960s and

1990s (mean spring temperature) was an inconsistent index

of future range occupancy. The strong inter-correlation

among climate variables suggests that combinations of cli-

mate variables are unlikely to be more predictive. There may

be little general ability to accurately predict future ranges

based solely on climate, but it is probable that once these

kinds of analyses become more commonplace and more spe-

cies are treated, clearer patterns will appear. That would be

beneficial, because correctly anticipating range shifts will

aid our efforts at conservation.
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Appendix I. Patterns of occupancy of 1:50 000 NTS cells in British Columbia by selected bird species during the 1960s

and 1990s. Total cells for a species is the number of sampled cells at a latitude equal to or south of the northernmost

occupied cell for that species; only cells sampled in both decades are included.

During the 1960s During the 1990s

    Guild Total Not Not Newly

Species Ma Fb Bc Cellsd Occupied Occupied Occupied Occupied Occupiedc

Patagioenas fasciata 1 5 1 371 35 336 48 323 30
Passerella iliaca 1 3 1 440 25 415 92 348 80
Zenaida macroura 1 5 1 407 46 361 64 343 41
Podiceps grisegena 1 2 3 354 33 321 42 312 30
Melospiza melodia 1 3 1 439 127 312 218 221 132
Pipilo maculatus 1 3 1 253 36 217 86 167 58
Ixoreus naevius 1 3 1 440 53 387 121 319 96
Anas americana 2 5 3 429 66 363 139 290 96
Euphagus
    cyanocephalus 2 3 2 428 60 368 110 318 73
Gavia immer 2 2 3 364 78 286 184 180 126
Anas strepera 2 5 3 394 30 364 75 319 53
Podiceps auritus 2 4 3 424 57 367 122 302 87
Aythya affinis 2 4 3 424 24 400 108 316 88
Anas acuta 2 4 3 424 66 358 108 316 67
Anas clypeata 2 4 3 414 19 395 33 381 24
Gavia pacifica 2 2 3 441 41 400 73 368 55
Podiceps grisegena 2 2 3 428 29 399 61 367 50
Melanitta perspicillata 2 4 3 337 30 307 76 261 61
Aechmophorus
    occidentalis 2 2 3 395 69 326 104 291 62
Melanitta fusca 2 4 3 424 75 349 93 331 55
Aix sponsa 2 5 3 423 38 385 90 333 62
Melospiza lincolnii 3 3 1 440 43 397 91 349 68
Melanerpes lewis 3 3 1 236 36 200 58 178 53
Sturnella neglecta 3 3 2 414 43 371 68 346 47
Molothrus ater 4 3 2 441 88 353 164 277 107
Anas cyanoptera 4 4 3 434 36 398 83 351 55
Catharus ustulatus 4 3 1 362 105 257 186 176 117
Dendroica petechia 4 3 1 345 97 248 182 163 109
Chordeiles minor 5 3 2 438 108 330 138 300 72
Empidonax minimus 5 3 1 423 27 396 67 356 58
Buteo swainsoni 5 1 2 434 8 426 26 408 22
Phalaropus tricolor 5 4 3 321 20 301 54 267 31

a Migratory guild: 1= resident, 2 = partial (winter at sea, move inland to breed), 3 = short distance (<1000 km), 4 = long distance (1000-4500 km), 5 = very 
long distance (>4500 km). 

b Forage guild: 1 = predator, 2 = piscivore, 3 = terrestrial invertebrates, 4 = aquatic invertebrates, 5 = herbivores, frugivores and granivores.
c Broad breeding habitat: 1 = forest including riparian, 2 = short vegetation (agriculture, grassland, shrubland), 3 = lakes and wetlands.
d Number of cells may be greater than in Table 2, because cells of Table 2 are restricted to cells 51-60 oN.
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