
Table S1 Long-term studies on the relationships between breeding dates of amphibians and climate factors  
Species Location Elevation 

(m) 

Phenology Period Predictors (p) Thermal 

changes (°C) 

References 

Rana temporaria 48º06'6''N, 1º47'47''E1 — 26.6 d earlier in SS  

(r = 62, P < 0.01) 

1984−2007 T* over the preceding 40 days of spawning 1.02 spring Neveu 2009 

Hynobius tokyoensis 35º44'N, 139º14'E2 200 19 d earlier in SS  

(r = −0.47, P < 0.05) 

1976−2007 MMAT* in Feb, P before B 0.08/yr Feb, 

0.05/yr Apr 

Kusano and Inoue 2008  

Hynobius tokyoensis 35º37'N, 139º23'E2 120 50.2 d earlier in SS  

(r = −0.792, P = 0.001) 

1992−2007   Kusano and Inoue 2008 

Rana ornativentris 35º37'N, 139º23'E2 120 19.5 d earlier in SS  

(r = −0.51, P < 0.05) 

1992−2007   Kusano and Inoue 2008 

Rhacophorus arboreus 35º37'N, 139º23'E2 120 58.7 d earlier in SS  

(r = −0.774, P = 0.001) 

1992−2007 MMAT in Apr, P* and its interaction* with 

MMATpre-B 

0.08/yr Feb, 

0.05/yr Apr 

Kusano and Inoue 2008 

Bufo bufo 50º39'N, 2º7'E3 — NS in FAD 1980−1998 Daily T* over the 40 days preceding main arrival — Reading 1998 

Eurycea quadridigitata 33º15.6'N, 81º37.9'W4 85 76.4 d later in MAD  

(r = 0.762, P = 0.001) 

1979−2008 MOT and R in pre-B and B season 1.2 Sep−Feb Todd et al. 2011 

Ambystoma opacum 33º15.6'N, 81º37.9'W4 85 15.3 d later in MAD  

(r = 0.48, P = 0.01) 

1979−2008 MOT* and R in pre-B season, MOT and R in B 

season 

1.2 Sep−Feb Todd et al. 2011 

Ambystoma tigrinum 33º15.6'N, 81º37.9'W4 85 56.4 d earlier in MAD 

(r = −0.608, P < 0.05) 

1979−2008 MOT and R* in pre-B season, MOT* and R* in B 

season 

1.2 Sep−Feb Todd et al. 2011 

Pseudacris ornata 33º15.6'N, 81º37.9'W4 85 59.5 d earlier in MAD 

(r = −0.640, P = 0.005) 

1979−2008 MOT and R* in pre-B season, MOT* and R in B 

season 

1.2 Sep−Feb Todd et al. 2011 

Ambystoma talpoideum 33º15.6'N, 81º37.9'W4 85 NS in MAD 1979−2008 MOT and R* in pre-B season, MOT and R in B 

season 

1.2 Sep−Feb Todd et al. 2011 

Bufo terrestris 33º15.6'N, 81º37.9'W4 85 NS in MAD 1979−2008 MOT and R in pre-B season, MOT* and R in B 

season 

1.2 Sep−Feb Todd et al. 2011 



Gastrophryne carolinensis 33º15.6'N, 81º37.9'W4 85 NS in MAD 1979−2008 MOT and R in pre-B season, MOT and R* in B 

season 

1.2 Sep−Feb Todd et al. 2011 

Pseudacris crucifer 33º15.6'N, 81º37.9'W4 85 NS in MAD 1979−2008 MOT and R in pre-B season, MOT and R in B season 1.2 Sep-Feb Todd et al. 2011 

Rana sphenocephala 33º15.6'N, 81º37.9'W4 85 NS in MAD 1979−2008 MOT and R in pre-B season, MOT and R in B season 1.2 Sep−Feb Todd et al. 2011 

Scaphiopus holbrookii 33º15.6'N, 81º37.9'W4 85 NS in MAD 1979−2008 MOT and R in pre-B season, MOT and R in B season 1.2 Sep−Feb Todd et al. 2011 

Bufo boreas 44º25.8'N, 

121º54.7'WLL,4 

1215 NS in ADB 1982−1999 MDAT before B — Blaustein et al. 2001 

 44º6.1'N, 121º38.6'WTC,4 2040 NS in ADB 1982−1999 MDAT* before B — Blaustein et al. 2001 

 44º1.8'N, 121º44.1'WTL,4 1870 NS in ADB 1982−1999 MDAT* before B — Blaustein et al. 2001 

Rana cascadae —SO,4 — NS in ADB 1982−1999 MDAT before B — Blaustein et al. 2001 

 44º1.8'N, 121º44.1W'TL,4 1870 NS in ADB 1982−1999 MDAT* before B — Blaustein et al. 2001 

Bufo fowleri —LP,5 — NS in ADB 1980−1981 vs 1988−1998 MDAT before B — Blaustein et al. 2001 

Pseudacris crucifer —GF,4 — NS in ADB 1967−1994 (miss 1988) MDAT* before B — Blaustein et al. 2001 

Pseudacris crucifer —4 — 13.6 d earlier in AFCD 1900−1912 vs 1990−1999 — 0.94 annual Gibbs and Breisch 2001 

Rana sylvatica —4 — 13 d earlier in AFCD 1900−1912 vs 1990−1999 — 0.94 annual Gibbs and Breisch 2001 

Rana catesbeiana —4 — 11.4 d earlier in AFCD 1900-1912 vs 1990−1999 — 0.94 annual Gibbs and Breisch 2001 

Rana clamitans —4 — NS in AFCD 1900−1912 vs 1990−1999 — 0.94 annual Gibbs and Breisch 2001 

Hyla versicolor —4 — 10.5 d earlier in AFCD 1900−1912 vs 1990−1999 — 0.94 annual Gibbs and Breisch 2001 

Bufo americanus —4 — NS in AFCD 1900−1912 vs 1990−1999 — 0.94 annual Gibbs and Breisch 2001 

Bufo boreas 44º25.8'N, 

121º54.7'WLL,4 

1215 16 d later in FBD 1982−1999 MEMAT in Mar and Apr before B, SWE on 1 Apr or 

1 May 

— Corn 2003 

 44º6.1'N, 121º38.6W'TC,4 2040 earlier in FBD 1982−1999 MEMAT in Mar and Apr before B, SWE on 1 Apr or 

1 May 

— Corn 2003 

 44º1.8'N, 121º44.1W'TL,4 1870 earlier in FBD 1982−1999 MEMAT in Mar and Apr before B, SWE on 1 Apr or 

1 May 

— Corn 2003 

Bufo calamita —HS,3 — 2 weeks earlier in SS  1978−1994 AMIT* in Mar and Apr, AMAT* in Mar, R 1.76 Beebee 1995 



(r = −0.706, P < 0.001) Mar−Apr 

Rana kl. seculenta —SU,3 — 3 weeks earlier in SS  

(r = −0.608, P < 0.05) 

1978−1994 AMIT* in Mar and Apr, AMAT* in Mar, R 3.84 

Mar−Apr 

Beebee 1995 

Rana temporaria —SU,3 — NS in SS 1978−1994 AMIT* in Mar and Apr, AMAT* in Mar, R 3.84 

Mar−Apr 

Beebee 1995 

Triturus vulgaris —SU,3 — 6−8 weeks earlier in 

FAD (r = −0.623,  

P < 0.001) 

1978−1994 AMAT* in the month before arrival 3.84 

Mar−Apr 

Beebee 1995 

Triturus cristatus —SU,3 — 6−8 weeks earlier in 

FAD (r = −0.592,  

P = 0.02) 

1978−1994 No checking 3.84 

Mar−Apr 

Beebee 1995 

Triturus helveticus —SU,3 — 6−8 weeks earlier in 

FAD 

(r = −0.604, P = 0.02) 

1978−1994 No checking 3.84 

Mar−Apr 

Beebee 1995 

Triturus helveticus 53º12'59''N, 3º27'3''W',3 200 17.7 d earlier in MAD 1981−1987 vs 1997−2005 — 2.9 Feb Chadwick et al. 2006 

Triturus vulgaris 53º12'59''N, 3º27'3''W',3 200 13.2 d earlier in MAD 1981−1987 vs 1997−2005 — 2.9 Feb Chadwick et al. 2006 

Rana temporaria —6 — 2−13 d earlier among 5 

areas in MDS 

1846−1986 Mean temperatures* — Terhivuo 1988 

Rana temporaria 52º04'N, 16º48'E'7 — 9 d earlier in SS  

(r = −0.430, P = 0.07) 

1978−2002 MMAT* and P in Dec, Jan, Feb and Mar  — Tryjanowski et al. 2003 

Bufo bufo 52º04'N, 16º48'E',7 — 8 d earlier in SS  

(r = −0.550, P = 0.02) 

1978−2002 MMAT* and P in Mar  — Tryjanowski et al. 2003 

Rana temporaria —3 — 5.1 d earlier in SS 1998−2007 T* 1.0 annual Carroll et al. 2009 

Rana temporaria —3 — 0.8 d earlier per year in 

SS (r = −0.933,  

P < 0.0001) 

1994−2005 T, soil tempertature, surface moisture — Scott et al. 2008 



Triturus alpestris       Beebee 1995b 

Warming was observed in all sites over the time span of the studies. Time period does not necessarily reflect number of years of observations, although the majority of years contained observations in all studies. Note: Corn (2003) is 

a re-analysis of Blaustein et al. (2001) data. 1 = France; 2 = Japan; 3 = UK; 4 = USA; 5 = Canada; 6 = Finland; 7 = Poland. LL = Lost Lake, Oregon; TC = Three Creeks, Oregon; TL = Todd Lake, Oregon; SO = Site One, Oregon; 

LP = Long Point, Ontario; GF = Germfask, Michigan; HS = Hampshire; SU = Sussex. SS = start of spawning; FAD = first arrival dates; MAD = median arrival date; ADB = average dates of breeding; AFCD = average first-calling 

date; FBD = first breeding dates; MDS = mean date of spawning; T = temperature; B = breeding; MMAT = monthly mean air temperature; P = precipitation; MOT = minimum overnight temperature; R = rainfall; MDAT = 

maximum daily air temperature; MEMAT = mean maximum air temperatures; SWE = snow water equivalent; AMIT = average minimum temperature; AMAT = average maximum temperature. * = significant predictor; NS = no 

significant difference.  
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