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<supp> Appendix 1: Information from 85 Tier 1 studies that met two of the three criteria (see text) and the direction of the
expected change is known. The values include location of the study, taxa of the species examined, year in the 20"
century when the study began and the length of the study, total number of species examined in each article, number of
those species showing a statistically significant change (in bold) and those that show both significant and non-significant
change, number of those species changing in the direction expected with temperature change for significantly changing
(in bold) and the combination of significantly and non-significantly changing species, type of change, and the citation.

<tblrow> Number of Species
<tblrow> Starting Sign./not sign
Location Taxa yr/Total Type of Change Citation
<tblrow> yrs Total Change Expecte
d
<tolrow> AMACUC ers 7522 2 200 2/0 Density 1
Ocean
<tblrow> Antarctica  Bird 42/46 1 1/0 1/0 Density
<tblrow> Antarctica  Bird 52/48 1 1/0 1/0  Density
<tblrow> Antarctica Birds 77/19 2 2/0 2/0 Density 456
<tblrow> Antarctica V2SCU@r g5 2 2/0  2/0 Density 7
Plants
_ Autumn 8
<tblrow> Asia Plants 59/35 Many Many Many Phenology
<tblrow> Australia Bird 68/22 1 1/0 1/0  Spring Phenology 9
<tblrow> Ace”t'fa' Reptiles 8313 3 200  2/0 Density 10
merica
<tblrow> Ace”t'fa' Birds 82/16 35 150 15/0 Range Shift 10
merica
<tblrow> Europe Invert 40/38 1 1/0 1/0 Range Shift 112

<tblrow>  Europe Invert 52/49 Many Many Many Spring Phenology
<tblrow> Europe Inverts 64/25 5 5/0 5/0 Spring Phenology 14
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Intertidal

<tblrow> gaC'f'C Zooplankt 51/43 Many Many Many Density 84
cean on
<tolrow>  ~2%MC  Zo00lankt 70127 1 10 /0 SPring Phenology 85
Ocean on & Density

<supp> Appendix 2: Information from 58 Tier 2 studies that meet one of the criteria (see text) but the trends or
associations are not statistically significant. The entries include location of the study, taxa of the species examined, year
in the 20" century when the study started and the length (in years) of the study, total number of species examined,
number of those species that showed a change, number of changing species changing in the direction expected with
temperature change, type of change, and the citation. When a value is unknown, a *?” is used.

<tblrow> Number of Species Type of Change Citation
<tblrow> Location Taxa Starting yr
/Total yrs Total Chan Expected
ge

<tblrow> Antarctica  Birds  44/31 6 3 ? Density 86
<tblrow> Antarctica  Birds  46/50 2 2 2 Range Shift 87
<tblrow>  Antarctica Bird 79/12 1 1 1 Density 88
<tblrow> Arctic Bird 55/36 1 1 1 Density 89
<tblrow> Asia Dicots 53/38 10 8 8 Spring Phenology %
<tblrow> Asia Tree 53/37 1 1 1 Spring Phenology o1
<tblrow> Asia Trees  53/38 2 2 2 Fall Phenology %
<tblrow>  Europe Inverts  37/57 12 12 ? Spring Phenology 92

93

<tblrow> Europe Invert 61/37 1 1 1 Density

<tblrow>  Europe Inverts  61/36  Many Many Many Density 94
<tblrow> Europe Invert 66/30 1 1 1 Spring Phenology %
<tblrow>  Europe Inverts  74/19 18 9 9 Range Shift %
<tblrow> Europe Inverts  80/20 Many Many Many Range Shift o7

<tblrow>  Europe Inverts Variable 4 4 4 Range Shift 9
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<supp> Appendix 3: Information from 61 studies addressing changes in spring phenology since 1950. Only species or
populations with a change of at least 1 day per decade or 1°C are listed here. Included are the taxa of the species
examined, location and latitude of the study, scientific name of the species, number of years spanned by the data,
correlation coefficients (when provided or information available to calculate the coefficient in the citation), P value of the
correlation coefficients (when provided in the citation), sign of the relationship between species trait and year, the number
of days of change either in 10 years or per 1°C warming, type of change observed and citation(s). An unknown value is
indicated by “?.”

Latitude

Corr. Amount of

Species # P Type of

<tolrow> Taxa - Location Years Coef. Sign Change Change Citation
<tblrow> Invert Europe 54.0  Vanessa 23 -0.63 <0.001 - '1.5'8 days Emergence 22
atalanta in 10 yr Date
<torow> Invert Europe °+0 Folvgoma o3 50 <901 - -13:2days Emergence 22
c-album in 10 yr Date
<tblrow> Invert Europe 54.0 Inachisio 23 -0.60 <0.01 - '1.2'8 days Emergence 22
in 10 yr Date
52.5 -11.6 days Peak 18
<tblrow> Inverts Europe Many 20 -0.58 0.000 - in10yr  Abundance
<torow> Invert Europe °+0 Lysandra o3 39 <905 - 11-2days Emergence 22
bellargus in 10 yr Date
<tolrow> Invert Europe °+0  Cynthia o3 g5 5005 - -8:3dayin Emergence 22
cardui 10 yr Date
<tblrow> Invert Europe 54.0 Anthochar/s 23 071 <0.001 - -7.6 days in Emergence 22
cardamines 10 yr Date
<tblrow> Invert Europe 54.0 Clossiana 23 052 <001 - -6.7 days in Emergence 22
euphrosyne 10 yr Date
<tblrow> Invert Europe 54.0 Pieris napi 23 -0.57 <0.01 - -6.6 days in Emergence 22
10 yr Date
<torow> Invert Europe °+0  PYOUS 53 53 <901 - 6:0daysin Emergence 22
malvae 10 yr Date
<tblrow> Invert Europe 54.0 Gonepteryx 23 -0.49 <0.05 - -5.3daysin Emergence 22
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North
America
North
America
North
America

Europe

North
America

Europe
Europe

Europe

North
American

Europe

50.9

50.9

34.7

50.9

71.2

38.9

57.9

64.0

51.8

52.6

52.0

31.9

69.0

Ptychoramp
hus
aleuticus
Cerorhinca
monocerata
Fratercula
cirrhata
Picoides
borealis

Uria aalge

Cepphus
grylle
Turdus
migratorius
Tringa
nebularia
Xema
sabini
Parus
major
Riparia
riparia
Parus
major

Aphelocom
a
ultramarina
Ficedula
hypoleuca

25

25

19

25

21

26

19

20

27

54

23

28

22

-0.15

-0.39

0.003

<0.05

0.33

0.05

0.07

10 yr

-7.5 days in
10 yr
-8.8 days in
10 yr
-2.0 days in
10 yr
-24 days in
10 yr
-5 days in
10 yr
-8.4 days in
10 yr
-6 days in
10 yr
-5 days in
10 yr
-4.4 days in
10 yr
-4.2 days in
10 yr
-3.9 days in
10 yr

-3.7 days in
10 yr

-3.6 days in
10 yr

Date

Hatching
Date
Hatching
Date

Laying Date

Hatching
Date

Laying Date

Spring
Arrival

Laying Date

Breeding
Date
Breeding
Date
Spring
Arrival
Breeding
Date

Breeding

Breeding
Date

76
76
77
76
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129
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132
38
28 29
)

16 17
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33 34
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North
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Europe
Europe
Europe

Europe

Europe

Europe
Europe

Europe

Europe

Europe

Europe

52.2

49.0

59.0

59.0

51.7

52.2

52.2

47.7

52.2

48.6

41.6

50.8

52.6

50.8
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hypoleuca

Tachycinet
a bicolor
Alauda
arvensis
Motacilla
alba
Sitta
europaea
Parus
caeruleus
Parus
major

Acrocephal
us
scirpaceus
Ficedula
hypoleuca
Hirundo
rustica

Many

Phylloscop
us trochilus

Unspecified

Unspecified

33

45

45

26

26

37

26

37

49

31

54
31

-0.58

-0.64

-0.56

-0.46

-0.49

-0.53

<0.01 -

0.001 -

<0.01 -

<0.06 -

0.01 -

<0.01 -

<0.06 -

<0.05 21 -
<0.05 28 -

-3.1 days in
10 yr

-3.0 days in
10 yr

-3.4 days in
10 yr
-2.8 days in
10 yr
-2.7 days in
10 yr
-2.4 days in
10 yr
-2.4 days in
10 yr

-2.2 days in
10 yr

-2.0 days in
10 yr
1.8 days in
10 yr
3.1 days in
10 yr

-1.8 days
per °C
?

?

Breeding
Date

Breeding

Spring
Arrival
Spring
Arrival
Hatching
Date
Hatching
Date
Hatching
Date

Spring
Arrival

Hatching
Date
Spring
Arrival
Spring
Arrival

Spring
Arrival

Spring
Arrival
Spring

43
73
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100
36
36

36

31

37
30

13
28 29

28 29

28 29
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Europe
Europe
Europe
Europe
Europe
Russia
Russia

Russia

North
America
North
America
Europe
Europe
Europe
Europe

North
America
Europe

Europe

52.6
50.8
50.8
52.6
50.8
55.0
55.0
55.0
42.0
42.0
54.0
54.0
54.0
54.0
38.9
52.3

41.6

Unspecified
Unspecified
Unspecified
Unspecified

Unspecified

Cuculus
canorus
Sturnus
vulgarius
Alauda
arvensis
Seiurus
motacilla
Vireo
solitarius
30 species
20 species
14 species
1 species

Marmota
flaviventris
Many
Many

20

20

20

42

42

25
25
25
25

24

31
49

? >0.05
? >0.05
? <0.05
? >0.05
? >0.05
? ?

? ?

? ?

? >0.05
? >0.05
? >0.05
? <0.05
? >0.05
? <0.05

-0.48 0.03

2 2

2 2

32 -

39 -

4+

18 +
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20—
14+
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Spring
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Date
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54.0
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officinale
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nemorosa

60 Species
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Species
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Anemone
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Aesculus
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num, Larix
decidua,
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sp.,
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nigra, Tilia
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Many
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47

47

47

47

48
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? ?

? ?
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?  <0.05
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-0.66 0.009

10 yr
-2.4 days in
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?
?
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38
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