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Phenology




Bird Phenology and Climate Change

Interest among ecologists and general public
Birds often “first responders”

Provide ecosystem services
— Biological pest control
— Pollination

Inform decision makers of climate change impacts



Past Work

Birds arriving earlier in most places since 1960s
Temperature, precipitation, North Atlantic Oscillation

Variation by species- some earlier, some later, some
unchanged

Most work at narrow spatial scales
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Objectives

 Compare arrival dates for Ruby-throated
Hummingbirds in the Eastern United States
between (1880-1969) and (1997-2010)

e Possible reasons for differences

* Challenges and benefits of using Citizen
Science data to assess phenology



Ruby-throated Hummingbird

Ruby-throated Hummingbird
Archilochus colubris

LEGEMD
B Year Round

B Summer (breeding)

Bl Winter (non-breading)
Migration

bap by Comnell Lab of Omnethobogy
Ramge data by NalweServe
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First Arrival Data (1880-1969)
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First Arrival Data (1997-2010)

* N=38,804

A Global Study of Wildlife Migr.
and Seasonal Change



http://www.hummingbirds.net/index.html

Study Region

e N=16,670 first arrival points
 Added latitude, longitude, altitude, Julian arrival date, day of week




Climate Data

* Assigned climate variables by year and climate division (1895-2010)
— Winter and spring temperature in breeding grounds
— Precipitation in breeding grounds
— Winter temperature in non-breeding grounds prior to departure

NCDC Climate Divisions (TIME BIAS CORRECTED DIVISIONAL
TEMPERATURE-PRECIPITATION DROUGHT INDEX)



Questions

Are birds arriving earlier across North America?

Is change correlated with environmental
variables?

Which variables describe differences?

T-tests and stepwise linear regression (JMP 9)



Changes in Arrival Dates

Mean First Arrival

Latitude N (1880-1969)!
32 60 95.02
33 82 105.04
34 75 111.22
35 169 111.86
36 119 117.57
37 128 122.02
38 193 125.60
39 310 128.96
40 579 135.08
41 933 135.67
42 1043 136.40
43 589 138.00
44 515 139.46

S.E.

1.38
1.10
1.01
0.69
0.87
0.80
0.73
0.58
0.42
0.30
0.26
0.32
0.30

N
357
495
593
781
671
674
848
823
783
1004
1214
782
618

Mean First Arrival

(1997-2010)1
79.74
87.04
90.90
96.17
99.13
103.24
108.46
112.73
115.23
119.43
122.78
124.81
126.93

S.E

0.40
0.38
0.32
0.28
0.31
0.30
0.29
0.32
0.33
0.27
0.23
0.27
0.26

Days Earlier S.E.

15.28
17.99
20.32
15.69
18.44
vy
17.14
16.23
19.86
16.24
13.62
13.20
12.53

1.43
1.16
1.06
0.74
0.93
0.86
0.79
0.66
0.53
0.41
0.35
0.42
0.40

P-Value
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

1Arrival dates are expressed in Julian calendar dates and corrected for leap years; for example, ‘95’ is equivalent to April 5.



Difference in First Arrival Dates
(1880-1969) vs. (1997-2010) by Latitude
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Hummingbird First Arrivals Reported
N=16,670
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Hummingbird First Arrival Dates

1880-1969 1997-2010
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Environmental Correlates

Winter Temperature Spring Temperature Spring Precipitation
Latitude P-Value Description P-Value Description P-Value Description
32 0.96 0.08 0.08
33 0.27 0.30 0.01 Dryer Springs
34 0.03 Colder Winters  0.26 0.15
35 <.0001 Warmer Winters <.0001 Warmer Springs 0.00 Dryer Springs
36 <.0001 Warmer Winters <.0001 Warmer Springs 0.16
37 0.27 0.01 Warmer Springs 0.61
38 <.0001 Warmer Winters <.0001 Warmer Springs 0.03 Wetter Springs
39 <.0001 Warmer Winters <.0001 Warmer Springs 0.02 Wetter Springs
40 <.0001 Warmer Winters <.0001 Warmer Springs <.0001 Wetter Springs
41 <.0001 Warmer Winters <.0001 Warmer Springs <.0001 Wetter Springs
42 <.0001 Warmer Winters <.0001 Warmer Springs <.0001 Wetter Springs
43 <.0001 Warmer Winters <.0001 Warmer Springs <.0001 Wetter Springs

44 <.0001 Warmer Winters <.0001 Warmer Springs <.0001 Wetter Springs




Latitude
32
33
34
35
36

37
38
39
40
41
42

43
44

Regression-based Predictors

Winter Temperature Spring Temperature Spring Precipitation Wintering Grounds Temperature
1997-2010 1880-1969 1997-2010 1880-1969 1997-2010 1880-1969 1997-2010 1880-1969
Memp, earlier NMemp, earlier
Memp, later Memp, earlier
Memp, earlier Memp, earlier
Memp, earlier Memp, earlier

Memp, earlier

Dormancy; Mechanism?

“Mprecip, later Memp, earlier
Memp, later Mprecip, later precip, earlier M temp, earlier
Memp, later Ttemp, later Memp, earlier
Memp, later “Mprecip, later M precip, earlier Mtemp, earlier
Memp, later M temp, earlier

Memp, earlier

Memp, earlier Mtemp, earlier

M temp, earlier
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32
33
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35
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37
38
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41
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44

Regression-based Predictors

Winter Temperature Spring Temperature Spring Precipitation Wintering Grounds Temperature
1997-2010 1880-1969 1997-2010 1880-1969 1997-2010 1880-1969 1997-2010 1880-1969
Memp, earlier Memp, earlier
Memp, later Mtemp, earlier
Memp, earlier Memp, earlier
Memp, earlier Memp, earlier

Memp, earlier

“Mprecip, later Memp, earlier
Memp, later Mprecip, later T precip, earlier Mtemp, earlier
Memp, later Ptemp, later Memp, earlier
Memp, later “MNprecip, later M precip, earlier Mtemp, earlier
Memp, later M temp, earlier

Memp, earlier

M temp, earlier M temp, earlier

M temp, earlier



Migratory Changes- Why?

* Climate change

— Some effects predictable,
others not

— Emerging cues?
— Effects vary spatially- 40°N?

e Other factors?

— Increased backyard bird
feeding

— Bird population changes



Summary

* Climate influences hummingbird migratory
patterns

* Climate change likely one of several factors

* Broad networks of citizen volunteers can
contribute to meaningful ecological research
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