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Table A1. D. montana strains from four clines (Finland, Alaska, the Rocky Mountains and the 648 
western coast of North America) and one Asian population. Year refers to the establishment year of 649 
the strains. * = strain collected in 2009. 650 
 651 

Population Cline Coordinates 
(latitude; longitude /altitude) 

Year Strain 

Pelkosenniemi 

Fi
nl

an
d 

67°00′N; 27°08′E / 224 m 2008 5PTF 
18PTF 

21PT09* 
Oulanka 66°40′N; 29°20′E / 341 m 2008 226OJ8 

243OJ8 
36OJ8 

Kemi 65°44'N; 24°34′E / 9 m 2002 K15 
K26 
K29 
K50 

Pudasjärvi 65°40′N; 27°00′E / 140 m 2008 
 

11PJF 
1PJ109 

29PJ209* 
Paltamo 64°30′N; 27°90′E / 127 m 2008 1KJF 

2KJF 
44KJF 

Jyväskylä 62°13′N; 25°43′E / 82 m 2008 5SOF 
7SOF 
10SOF 

Lahti 60°59′N; 25°40′E / 100 m 2009 L4 
L6 
L9 

Kamchatka A
s ia
 

56°12'N, 161°59'E / 21 m 2013 KR1309 
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KR1314 
KR1323 

Fairbanks 

A
la

sk
a 

64°55’N; 147°59’W / 180 m 2013 FA13F2 
FA13F3 
FA13F9 

Honolulu 
Creek 

63°3’N; 149°32’W / 495 m 2013 HO13F3 
HO13F4 
HO13F11 

Seward 60°9’N; 149°27’W / 35 m 2013 SE13F14 
SE13F16 
SE13F37 

McBride 
R

oc
ky

 M
ou

nt
ai

ns
 

53°7’; 120°18’W / 720 m 2014 
 

MB14F1 
MB14F2 
MB14F3 

Cranbrook 49°36'N; 115°46'W / 940 m 2014 
 

CRAN14F16 
CRAN14F20 

Jackson 43°26’N; 110°50’W / 1 857 m 2014 JX13F3 
JX13F41 
JX13F48 

Afton 42°43’N; 110°55’W / 2 000 m 2014 AF14F12 
AF14F19 
AF14F28 

Crested Butte 38°54'N; 106°57'W / 2 900 m 2009 7CC4 
18CC4 
29CC4 

Terrace 

W
es

te
rn

 C
oa

st
 

54°27'N; 128°34'W / 217 m 2014 TER14F4 
TER14F11 
TER14F13 

Port Hardy 50°40'N; 127°21'W / 22 m 2014 PH14F1 
PH14F2 
PH14F3 

Clear Lake 48°29’N; 122°09’W / 16 m 2010 3CLE 
4CLE 
6CLE 

Ashford 46°45’N; 121°57’W / 573 m 2010 1ASH 
4ASH 
9ASH 

Carson 45°56’N; 121°56’W / 442 m 2010 CARSON5 
CARSON6 
CARSON8 

Fall Creek 43°58’N; 122°45’W / 225 m 2010 4FALL 
6FALL 
8FALL 

Azalea 42°48’N; 123°13’W / 498 m 2010 AZA1 
AZA2 
AZA3 
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Table A2. Latitude, altitude, growing season length, critical day length (CDL) in 16-17°C and its corresponding calendar date, day length around the 
year and the day length and the mean day / night temperature during fly emergence (first and/or second summer generation).  

Cline Site Latitude 
in decimals 
(oN) 

Altitude 
(m) 

Growing 
season 
length 
(days)* 

CDL in 
decimals 
(h) 

Calendar 
date of 
CDL 

Day length 
around the 
year (h) 

Day length (h) 
during fly 
emergence** 

Mean day / 
night temp. 
(oC)*** during  
fly emergence** 

Frost 

Finland     1 generation  Jun15-Sep30  
Pelkosenniemi  67.00 224 117 18.8 July 29 0.0 – 24.0 24.0-11.0                 18.5 / 7.0  Oct 
Oulanka 66.67 341 122 19.4 July 28 0.0 – 24.0 24.0-11.0                 17.5 / 9.0  Oct 
     Partial 2nd generation  Jun15- Sep30  
Kemi 65.7 10 137 19.7 July 29 2.2 - 21.8 21.8-11.1                    17.0 / 6.5  Oct 
Pudasjärvi 65.67 140 NA 18.9 July 29 2.2 - 21.8 21.8-11.1                    18.5 / 10.0 Oct 
Paltamo 64.50 127 142 18.6 July 24 3.3 - 20.7 20.7-11.1  20.5 / 9.0  Oct 
    2 generations Jun1-Sep30  
Jyväskylä 62.33 82 158 18.7 July 14 4.6 - 19.4 19.4-11.2  20.5 / 11.0 Nov 
Lahti 60.98 100 170 17.6 July 23 5.1 - 18.9 19.0-11.3                   20.5 / 10.5  Nov 

Asia      1 generation July1-Aug31?  
Kamchatka 56.2 21 120 17.7**** June15  6.5 - 17.5 17.3-13.7 15.4 / 9.5  Nov 

Alaska     1 generation Jun15-Sep15  
Fairbanks  64.9 180 140 18.9 July 11 3.0 -21.0 21.0-12.8                20.0 / 10.4  Oct 
Honolulu Creek 64.05 495 141 18.1 July 16 3.6 - 20.4 20.4-12.8                   18.0 / 6.0  Oct 
Seward  60.15 35 169 18.1 Jun 29 5.4 - 18.6 18.6-12.7                   15.5 / 9.0 Nov 

Western 
Coast 

    2 generations Jun15-Sep30  
Terrace  54.45 217 200 15.3 Aug 2 7.0 - 17.0 17.0-11.4  21.0 / 11.5  Nov 
       May15-Sep 30   
Port Hardy  50.67 22 258 14.5 Aug 2 7.7 - 16.2 16.2-11.5  17.7 / 10.3  - 
Clear Lake  48.48 16 286 14.4 Aug 8 8.1 - 15.9 15.9-11.5  17.7 / 10.3  Dec 
       Jun15-Sep30  
Ashford  46.75 573 227 14.1 Aug 5 8.3 - 15.7 15.7-11.6  23.0 / 7.7  Dec 
Carson  45.93 442 224 14.4 Aug 3 8.5 - 15.5 15.5-11.6  27.0 / 8.0  - 
       May15-Oct15  
Fall Creek  43.97 225 345 13.5 Aug 11 8.7 - 15.3 15.3-10.9  26.9 / 11.8  -  
Azalea  42.80 498 228 13.2 Aug 20 8.8 - 15.2 15.2-10.9  24.0 / 11.4  Jan 

Rocky 
Mountains 

    2 generations (at least partial) Jun1-Sep30  
McBride  53.12 720 184 15.8 July 31 7.2 - 16.8 16.7-11.5   22.0 / 7.7  Nov 
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Cranbrook  49.60 940 188 15.0 July 31 7.9 - 16.1 16.1-11.5 25.9 / 10.0  Nov 
Jackson  43.43 1 857 173 14.3 July 29 8.8 - 15.2 15.2-11.6  26.7 / 5.4  Oct 
Afton  42.72 2 000 176 14.3 July 26 8.9 - 15.1 15.1-11.6  27.3 / 5.4  Oct 
     1 generation July15-Sep30  
Crested Butte  38.90 2 900 152 14.5 Aug 1 9.3 - 14.7 14.5-11.7             23.6 / 3.3 Sept 

* Growing season is defined as the average number of days a year with a 24-hour average temperature of at least 5 °C. Weather data were derived 
mainly from www.weatherbase.com 
** Flies can be expected to emerge within two months after CDL.  
***Mean of two months, if CDL is at the end/beginning of month (at most 5 days from the change of month). 
**** Highest day length in this region is 17.5., which corresponds June 19. 
Calendar time of CDL and day length around the year at different latitudes: 
http://astro.unl.edu/classaction/animations/coordsmotion/daylighthoursexplorer.html 
 
 
 
 
 
Table A3. Temperature and photoperiod conditions used in experiments. Lab: Oulu = University of Oulu, JYU = University of Jyväskylä. Chamber: 
Box = Light-insulated boxes in a temperature-controlled room. Climate chambers (CC): Sanyo, HiPoint and Binder.  † = Raw data from Lankinen et al. 
(2013). 
 
Cline  13°C 16°C 17°C 19°C 22°C 
 Lab Box / 

Chamber 
Lab Box / 

Chamber 
Lab Box / 

Chamber 
Lab Box / 

Chamber 
Lab Box / 

Chamber 
Finland Oulu Box Oulu† Box† - - Oulu Box Oulu Box 
Kamchatka Oulu Box Oulu Box - - Oulu Box Oulu Box 
Alaska Oulu Box - - JYU Box JYU CC JYU CC 
Rocky Mountains Oulu Box - - JYU Box JYU CC JYU CC 
Western coast Oulu Box - - JYU Box JYU CC JYU CC 
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Figure A1. Latitudinal location and elevation of the studied populations. 
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Appendix 2. Estimation of CDL and the effects of the latitude, altitude and temperature on this trait. 

 
Table A4. Estimated CDL for D. montana strains from four clines (Finland, Alaska, the Rocky Mountains and the western coast of North America) and 
one Asian population. † = raw data from Lankinen et al. (2013). 

Population 
(latitude in decimals) 

Cline Strain CDL 
13°C / strain 13°C / pop 16°C / strain 16°C / pop 17°C / strain 17°C / pop 19°C / strain 19°C / pop 

Pelkosenniemi 
(67.00) 

Fi
nl

an
d 

5PTF 20 h 41 min 19 h 49 min 19 h 21 min† 18 h 48 min   19 h 25 min 18 h 59 min 
18PTF 18 h 51 min 18 h 20 min†  18 h 33 min 
21PT09 19 h 50 min 18 h 34 min†  19 h 18 min 

Oulanka 
(66.67) 

226OJ8 20 h 21 min 20 h 3 min 20 h 54 min† 19 h 23 min   19 h 27 min 18 h 53 min 
243OJ8 19 h 51 min 19 h 23 min†  19 h 43 min 
36OJ8 20 h 50 min 18 h 52 min†  18 h 7 min 

Kemi 
(65.7) 

K15 17 h 42 min 20 h 11 min 17 h 21 min 19 h 44 min   16 h 52 min 18 h 40 min 
K26 - -  19 h 17 min 
K29 20 h 16 min -  19 h 28 min 
K50 18 h 57 min 18 h 15 min  18 h 27 min 

Pudasjärvi 
(65.67) 

11PJF 19 h 8 min 19 h 51 min 18 h 16 min† 18 h 55 min   19 h 31 min 18 h 41 min 
1PJ109 18 h 46 min 17 h 51 min†  17 h 49 min 
29PJ209 20 h 53 min 20 h 31 min†  19 h 7 min 

Paltamo 
(64.50) 

1KJF 20 h 31 min 19 h 17 min 18 h 11 min† 18 h 36 min   17 h 24 min 18 h 1 min 
2KJF 19 h 11 min 18 h 28 min†  18 h 28 min 
44KJF 18 h 35 min 19 h 1 min†  17 h 51 min 

Jyväskylä 
(62.33) 

5SOF 17 h 55 min 18 h 14 min 17 h 10 min† 18 h 39 min   17 h 7 min 17 h 31 min 
7SOF 18 h 14 min 18 h 22 min†  17 h 19 min 
10SOF 19 h 7 min 19 h 34 min†  17 h 54 min 

Lahti 
(60.99) 

L4 18 h 21 min 18 h 7 min 18 h 15 min† 17 h 37 min   16 h 59 min 17 h 5 min 
L6 18 h 19 min 17 h 8 min†  17 h 11 min 
L9 17 h 43 min 17 h 19 min†  16 h 36 min 

Kamchatka 
(56.2) A

si
a KR1309 - - -  17 h 40 min   17 h 38 min 17 h 23 min 
KR1314 16 h 57 min 16 h 49 min  16 h 16 min 
KR1323 17 h 52 min 17 h 45 min  17 h 56 min 

Fairbanks 
(64.9) 

A
la

sk
a 

FA13F2 19 h 57 min 19 h 59 min   18 h 48 min 18 h 53 min 17 h 19 min 17 h 13 min 
FA13F3 20 h 29 min  19 h 16 min 17 h 18 min 
FA13F9 19 h 29 min  18 h 15 min 16 h 57 min 

Honolulu Creek 
(64.05) 

HO13F3 18 h 24 min 18 h 29 min   17 h 49 min 18 h 8 min 16 h 36 min 16 h 58 min 
HO13F4 18 h 19 min  17 h 50 min 16 h 42 min 
HO13F11 18 h 32 min  18 h 21 min 17 h 6 min 
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Seward 
(60.15) 

SE13F14 17 h 34 min 18 h 14 min   17 h 49 min 18 h 4 min 16 h 57 min 17 h 20 min 
SE13F16 18 h 42 min  18 h 34 min 17 h 42 min 
SE13F37 18 h 25 min  18 h 17 h 15 min 

McBride 
(53.12) 

R
oc

ky
 M

ou
nt

ai
ns

 

MB14F1 16 h 12 min 16 h 35 min   15 h 19 min 15 h 48 min 14 h 54 min 14 h 50 min 
MB14F2 16 h 37 min  16 h 30 min 14 h 40 min 
MB14F3 16 h 31 min  15 h 34 min 14 h 57 min 

Cranbrook 
(49.60) 

CRAN14F16 15 h 51 min 15 h 56 min   15 h 3 min 14 h 58 min 14 h 31 min 14 h 16 min 
CRAN14F20 16 h  14 h 33 min 14 h 5 min 

Jackson 
(43.43) 

JX13F3 15 h 29 min 15 h 20 min   14 h 22 min 14 h 15 min 13 h 3 min 13 h 10 min 
JX13F41 15 h 47 min  14 h 32 min 14 h 16 min 
JX13F48 14 h 52 min  13 h 28 min - 

Afton 
(42.72) 

AF14F12 15 h 26 min 15 h 21 min   14 h 19 min 14 h 18 min 14 h 13 min 14 h 2 min 
AF14F19 14 h 58 min  13 h 58 min - 
AF14F28 15 h 41 min  14 h 36 min 14 h 7 min 

Crested Butte 
(38.90) 

7CC4 15 h 2 min 15 h 16 min   13 h 57 min 14 h 32 min - 12 h 36 min 
18CC4 14 h 48 min  14 h 01 min 12 h 38 min 
29CC4 -  - - 

Terrace 
(54.45) 

W
es

te
rn

 C
oa

st
 

TER14F4 16 h 31 min 16 h 42 min   15 h 26 min 15 h 16 min 14 h 9 min 14 h 35 min 
TER14F11 16 h 26 min  15 h 18 min 14 h 56 min 
TER14F13 -  15 h 3 min 14 h 40 min 

Port Hardy 
(50.67) 

PH14F1 - 15 h 56 min   14 h 25 min 14 h 27 min 14 h 26 min 13 h 58 min 
PH14F2 15 h 23 min  14 h 40 min 13 h 59 min 
PH14F3 -  14 h 8 min 13 h 10 min 

Clear Lake 
(48.48) 

3CLE 15 h 17 min 15 h 12 min   15 h 10 min 14 h 24 min - 13 h 5 min 
4CLE 15 h 11 min  13 h 38 min  
6CLE 15 h 9 min  14 h 53 min 13 h 17 min 

Ashford 
(46.75) 

1ASH 14 h 15 min 14 h 44 min   13 h 4 min 14 h 8 min - - 
4ASH 15 h 3 min  14 h 54 min - 
9ASH 14 h 36 min  14 h 50 min 12 h 22 min 

Carson 
(45.93) 

CARSON5 14 h 48 min 14 h 52 min   14 h 16 min 14 h 26 min 12 h 37 min - 
CARSON6 15 h 12 min  14 h 45 min - 
CARSON8 14 h 38 min  14 h 9 min - 

Fall Creek 
(43.97) 

4FALL 14 h 34 min 14 h 22 min   13 h 30 min 13 h 32 min 12 h 33 min - 
6FALL 14 h 12 min  14 h 2 min - 
8FALL 14 h 19 min  13 h 6 min - 

Azalea 
(42.80) 

AZA1 14 h 30 min 14 h 23 min   - 13 h 14 min - - 
AZA2 14 h 04 min  12 h 43 min - 
AZA3 14 h 27 min  13 h 23 min 11 h 7 min 
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Figure A2. Example code for PPRC and CDL estimation. 

#Fitting dose-response model  

#for one isofemale strain at a given temperature regime 
model <- drm(diapause_propensity ~ light_regime, data=DataForOneStrainTemp, fct=LL.4()) 

#for one population at a given temperature regime 
model <- drm(diapause_propensity ~ light_regime, data=DataForOnePopTemp, fct=LL.4()) 
 
#Select the best fitting model (and run model again if needed) 
mselect(model, list(LL.2(), LL.3(), LL.4(), LL.5()) 

#Summary of the model 
summary(model) 

#Plot the model 
plot(model, main="Dose-Response model", xlab= "hours of light", ylab="proportion of 
diapausing females", ylim=c(0,1), col=TRUE) 

#Estimate 50% -dose response from PPRC curve, i.e. CDL 
predict(model, se.fit = FALSE, interval = c("none", "confidence", "prediction"), level = 
0.95, na.action = na.pass, od = FALSE) 
f <- function(x, y) y - predict(model, data.frame(conc = x))[1]  
uniroot(f, c(16,22), y = 0.5) # in c(-,-) specify the interval of light regime where 
estimate CDL (here from 16h to 22h) 
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Figure A3. PPRCs for D. montana strains from Finland (Pelkosenniemi, Oulanka, Kemi, Pudasjärvi, Paltamo, 
Jyväskylä, Lahti) measured in different LD cycles and temperatures. Each line represents GLM estimate for a 
population at a given temperature. Gray area indicates LDs that the flies do not experience at their home site during 
their emergence. 
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Figure A4. PPRCs of Alaska D. montana (Fairbanks, Honolulu Creek and Seward) measured in different LD 
cycles and temperatures. Each line represents GLM estimate for a population at a given temperature. Gray area 
indicates LDs that the flies do not experience at their home site during their emergence. 
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Figure A5. PPRC of D. montana from Rocky Mountains populations (McBride, Cranbrook, Jackson, Afton and 
Crested Butte) measured in different LD cycles and temperatures. Each line represents GLM estimate for a 
population at a given temperature. Gray area indicates LDs that the flies do not experience at their home site during 
their emergence.  
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Figure A6. PPRC of D. montana from the western coast cline (Terrace, Port Hardy, Clear Lake, Ashford, Carson, 
Fall Creek and Azalea) measured in different LD cycles and temperatures. Each line represents GLM estimate for a 
population at a given temperature. Gray area indicates LDs that the flies do not experience at their home site during 
their emergence. 
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Figure A7. PPRCs for D. montana from Kamchatka peninsula measured in different LD cycles and temperatures. 
Each line represents GLM estimate for a population at a given temperature. Gray area indicates LDs that flies do 
not experience at their home site during their emergence. 
 

 
 
 
 
 
 
Figure A8. Difference in CDL between 13oC and 19oC at different latitudes. 
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Appendix 3. Effects of geographic and bioclimatic variables on CDL. 
 
 

Table A5. List of bioclimatic variables used in PCA (for information see http://worldclim.org/bioclim). 
BIO1 Annual Mean Temperature 
BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp)) 
BIO3 Isothermality (BIO2/BIO7) (* 100) 
BIO4 Temperature Seasonality (standard deviation *100) 
BIO5 Max Temperature of Warmest Month 
BIO6 Min Temperature of Coldest Month 
BIO7 Temperature Annual Range (BIO5-BIO6) 
BIO8 Mean Temperature of Wettest Quarter 
BIO9 Mean Temperature of Driest Quarter 
BIO10 Mean Temperature of Warmest Quarter 
BIO11 Mean Temperature of Coldest Quarter 
BIO12 Annual Precipitation 
BIO13 Precipitation of Wettest Month 
BIO14 Precipitation of Driest Month 
BIO15 Precipitation Seasonality (Coefficient of Variation) 
BIO16 Precipitation of Wettest Quarter 
BIO17 Precipitation of Driest Quarter 
BIO18 Precipitation of Warmest Quarter 
BIO19 Precipitation of Coldest Quarter 
 
 
Table A6. Principal components with their explained variance, cumulative variance and eigenvalues. 
PC eigenvalue variance (%) cumulative variance (%) 
PC1 9.93E+00 5.23 52.25173 
PC2 4.43E+00 2.33 75.54447 
PC3 2.18E+00 1.15 87.01727 
PC4 1.23E+00 6.45 93.46793 
PC5 5.16E-01 2.71 96.18181 
PC6 3.50E-01 1.84 98.02283 
PC7 1.85E-01 0.975 98.99814 
PC8 1.18E-01 0.621 99.61931 
PC9 3.89E-02 0.204 99.82381 
PC10 2.15E-02 0.113 99.93677 
PC11 5.59E-03 0.03 99.96618 
PC12 3.80E-03 0.02 99.9862 
PC13 1.24E-03 6.55e-03 99.99275 
PC14 7.61E-04 4.00e-03 99.99676 
PC15 4.14E-04 2.18e-03 99.99893 
PC16 1.37E-04 7.21e-04 99.99966 
PC17 4.96E-05 2.61e-04 99.99992 
PC18 1.60E-05 8.40e-05 100 
PC19 7.43E-31 3.91e-30 100 
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Figure A9. Contribution of bioclimatic variables to PC1 and PC2. The red dashed line on the graph above 
indicates the expected average contribution (a variable with a contribution larger than the cutoff could be 
considered as important in contributing to the components). 
 

 
 

 


