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Appendix E. An illustration of the correlation between populations.

1

●
●

●

●
●

●

●●
●

●

●

●
●

●

●

●

●

●●
●

●●

●

●
●
●

●●

●●

●

●

●●

●

●

●

●

●
●

●

●

●

●
●

●●

●
●

●

● ●
●●

●
●

●
●

●

●

●

●●

●

●

●●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

2

●
●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

●●
●

●●

●

●
●

●

●●

●●

●

●

● ●

●

●

●

●

●
●

●

●

●

●
●

●●

●
●

●

●●
●●

●
●

●
●

●

●

●

● ●

●

●

● ●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

3 ● ●

●

●●
●

● ●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●

● ●

●

● ●● ●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
● ●

●
● ●

●●●
● ●●

●
●●

●●

●
●

●
●

●
●

●
●

●

●

●
●●

●

●
●

●●
●●

●

●

●

●

●

●

●
●

●

●
●

●

●●
●

●

●

●
●

●

●

●

●

● ●
●

● ●

●

●
●

●

●●

●●

●

●

●●

●

●

●

●

●
●

●

●

●

●
●

●●

●
●

●

●●
●●

●
●

●
●

●

●

●

● ●

●

●

●●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

4 ● ●

●

● ●
●

●●
●

●

●

●

●

●

●

● ●
●

●

●
●

●

●

●

●●

●

●●● ●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
● ●

●
● ●

●●●
● ●●

●
●●

● ●

●
●

●
●

●
●
●

●

●

●

●
●●
●

●
●

●●
●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●
●

●

●●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●
● ●

●

●●

● ● ●

● ●●

●

●

●

●

●

●

●
●

●
●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

● ●
●

●●

●

●
●

●

●●

●●

●

●

● ●

●

●

●

●

●
●

●

●

●

●
●

●●

●
●

●

●● ●●

●
●

●
●

●

●

●

● ●

●

●

● ●

●

●
●

● ●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

● ●

●

5 ● ●

●

● ●
●

● ●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●

● ●

●

● ●● ●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●●

●
● ●

●●●
● ●●

●
● ●

●●

●
●

●
●

●
●

●
●

●

●

●
● ●

●

●
●

●●
●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●
●

●

●●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●
●●

●

● ●

●● ●

●●●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

● ●

● ●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
● ●

●

●
●

●

●
●

●

●

●

●

●
●

● ●

●
●

●

●

●

●

●

●

●
●

●

●

● ●

●
●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●●
●

●

●

●
●

●

●

●

●

●●
●

● ●

●

●
●

●

●●

●●

●

●

● ●

●

●

●

●

●
●

●

●

●

●
●

● ●

●
●

●

●● ●●

●
●

●
●

●

●

●

● ●

●

●

● ●

●

●
●

● ●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

6 ●●

●

●●
●

●●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●

● ●

●

● ●●●

●

●

●

●

●

●

●

●●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●
● ●

●●●
●●●

●
● ●

●●

●
●

●
●

●
●

●
●

●

●

●
●●

●

●
●

● ●
●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●
●

●

●●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●
●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●
● ●

●

●●

● ●●

●● ●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

● ●

● ●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
● ●

●

●
●

●

●
●

●

●

●

●

●
●
● ●

●
●

●

●

●

●

●

●

●
●

●

●

● ●

●
●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●●●

●

●
●

● ●●

●

●

●

● ●

●
●
●

●
●

●

●●

●

●

●
●

●

●

●

●

●●
●

●

●

●

●
●

●
●●

●

●●

●
●

●

●
●

●

●
●●

●

●

●
●
●

●

●

●

●

●

● ●

●●
●●

●

●
●

●
●

●

●
●

●

● ●

●

●
●

●

●

●
●

●

●

●

●
●

●
●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

●●
●

●●

●

●
●

●

●●

●●

●

●

● ●

●

●

●

●

●
●

●

●

●

●
●

● ●

●
●

●

●●● ●

●
●

●
●

●

●

●

● ●

●

●

●●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

7 ●●

●

●●
●

● ●
●

●

●

●

●

●

●

● ●
●

●

●
●

●

●

●

●●

●

● ●●●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●
● ●

●● ●
● ●●

●
●●

● ●

●
●

●
●

●
●

●
●

●

●

●
●●

●

●
●
● ●

●●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●
●

●

●●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●
● ●

●

● ●

● ● ●

●● ●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●
●

●

●

●

●

● ●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●
●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●
●

●

●

● ●

●
●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●

●

●

●

●

●
●

● ●
●

●

●●●

●

●
●

●● ●

●

●

●

●●

●
●

●
●

●

●

●●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

●
●

●
● ●

●

●●

●
●

●

●
●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●●

●● ●●

●

●
●

●
●

●

●
●

●

● ●

●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●
● ●

●

●

●
●

●
●

●

●
●

●
●

●
●

●
●

●

●
● ●

●

●

●

●●

●
●

●

●●

●

●
●

●

●

●

●

●

●

●●
●

● ●
●●●

●

●

●

●

●

●

●

●●●

● ●

● ●

●

●

●

●

●

●

●

●●

●
●

●

●●

●

●

●

●

● ●

●

● ●

●
●

●
●

●

●

●
●
●●

●

●
●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

● ●
●

● ●

●

●
●
●

●●

● ●

●

●

● ●

●

●

●

●

●
●

●

●

●

●
●

● ●

●
●

●

● ●
●●

●
●

●
●

●

●

●

● ●

●

●

●●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

8 ●●

●

● ●
●

● ●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●

●●

●

● ● ●●

●

●

●

●

●

●

●

●●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●
● ●

●●●
● ●●

●
●●

● ●

●
●

●
●

●
●

●
●

●

●

●
● ●

●

●
●

● ●
●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●
●

●

● ●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●
●●

●

●●

●●●

●● ●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

● ●

● ●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●
●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●
●

●

●

● ●

●
●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●●●

●

●
●

● ●●

●

●

●

● ●

●
●

●
●
●

●

● ●

●

●

●
●

●

●

●

●

●●
●

●

●

●

●
●

●
●●

●

● ●

●
●

●

●
●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●●

●● ●●

●

●
●

●
●

●

●
●

●

●●

●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●
●●

●

●

●
●

●
●

●

●
●

●
●

●
●

●
●

●

●
● ●

●

●

●

● ●

●
●

●

●●

●

●
●

●

●

●

●

●

●

● ●
●

●●
● ● ●

●

●

●

●

●

●

●

●●●

● ●

●●

●

●

●

●

●

●

●

●●

●
●

●

●●

●

●

●

●

●●

●

●●

●
●

●
●

●

●

●
●

●●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●●
●

●

●

●

●●
●●

●

● ●

●

●

●

●

● ●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●
●

●

●
●

●

●

●

●
●

●
●

●

●●

● ●
●
●

●
● ●

●●

●
●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

● ●
●

● ●

●

●
●

●

●●

● ●

●

●

●●

●

●

●

●

●
●

●

●

●

●
●

● ●

●
●

●

● ●
●●

●
●

●
●

●

●

●

● ●

●

●

●●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

● ●

●

9 ●●

●

● ●
●

● ●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●

●●

●

● ● ●●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●
● ●

● ●●
●●●

●
●●

●●

●
●

●
●

●
●

●
●

●

●

●
●●

●

●
●

● ●
●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●
●

●

● ●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●
● ●

●

●

●
●

●

●

●
●
●

●

●

●
●

●●

●
●●

●

●●

●● ●

●● ●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

●●

● ●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●
●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●
●

●

●

● ●

●
●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●●●

●

●
●

● ●●

●

●

●

● ●

●
●

●
●

●

●

● ●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

●
●

●
●●

●

● ●

●
●

●

●
●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●●

●●●●

●

●
●

●
●

●

●
●

●

●●

●

●
●

●

●

●
●

●

●

●

●
●

●

●
●
●

●●

●

●

●
●

●
●

●

●
●

●
●

●
●

●
●

●

●
● ●

●

●

●

● ●

●
●

●

●●

●

●
●

●

●

●

●

●

●

●●
●

●●
●● ●

●

●

●

●

●

●

●

●●●

●●

●●

●

●

●

●

●

●

●

●●

●
●

●

●●

●

●

●

●

●●

●

● ●

●
●

●
●

●

●

●
●

● ●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●●
●

●

●

●

●●
●●

●

●●

●

●

●

●

● ●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●
●

●

●
●

●

●

●

●
●

●
●

●

●●

● ●
●

●

●
●●

● ●

●

●
●

●

●

●

●

●
●

●

●●

●

●

●

●
●

●

●

●

●
●

●

●

●●
●

●

●

●●
●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●●
●

●

●

●●

●

●

●
●

●

●
●

●

●
●

●

●●
●

●

●

●
●

●

●

●

●

●●
●

●●

●

●
●

●

●●

●●

●

●

●●

●

●

●

●

●
●

●

●

●

●
●

● ●

●
●

●

● ●
● ●

●
●

●
●

●

●

●

● ●

●

●

●●

●

●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

● ●

●

1

10 ● ●

●

● ●
●

●●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●

●●

●

● ●● ●

●

●

●

●

●

●

●

●●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●
● ●

●●●
● ●●

●
●●

● ●

●
●

●
●

●
●

●
●

●

●

●
● ●
●

●
●

●●
●●

●

●

●

●

●

●

2

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●
●

●

●●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●
● ●

●

●●

●● ●

●●●

●

●

●

●

●

●

●
●

3

●

● ●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

●●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●
●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●
●

●

●

● ●

●
●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

4

●

●

●
●

●●
●
●

●● ●

●

●
●

● ●●

●

●

●

●●

●
●

●
●
●

●

●●

●

●

●
●

●

●

●

●

●●
●

●

●

●

●
●

●
● ●

●

● ●

●
●

●

●
●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●●

●●
●●

●

●
●

●
●

●

●
●

●

●●

●

●
●
●

●

●
●

●

●

●

●
●

5

●

●
●

●
●●

●

●

●
●

●
●

●

●
●

●
●

●
●

●
●

●

●
●●

●

●

●

●●

●
●

●

● ●

●

●
●

●

●

●

●

●

●

●●
●

● ●
●● ●

●

●

●

●

●

●

●

●●●

● ●

●●

●

●

●

●

●

●

●

●●

●
●

●

●●

●

●

●

●

●●

●

● ●

●
●

●
●

●

●

●
●

● ●

●

6

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

● ●

●

● ●
●

●

●

●

●●
●●

●

●●

●

●

●

●

● ●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●
●

●

●
●

●

●

●

●
●

●
●

●

●●

● ●
●

●

●
● ●

●●

7

●

●
●

●

●

●

●

●
●

●

●●

●

●

●

●
●

●

●

●

●
●

●

●

●●
●

●

●

● ●
●

●

● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●●
●

●

●

● ●

●

●

●
●

●

8

● ● ●●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●●● ●

●

●
●

●

●

●
●

●
●

●

●

●

● ●

●
●

●●

●●

●

●

●

●

●●●

● ●

●

●
●

●
●

●

●
●

● ●
● ●●

●

●

●

● ●
●

●

●
● ●
●

●

●

●

●

●

● ●
●

●

●

●

●

9 10
log of return abundance by population

lo
g 

of
 r

et
ur

n 
ab

un
da

nc
e 

by
 p

op
ul

at
io

n

Fig. E1. A comparison of the log(returns) between populations. The sub-
population IDs are colored from warm tolerant (warm colors) to cool tolerant
(cool colors). Note how populations 1 and 10 have asynchronous returns
whereas populations with more similar thermal-tolerance curves (say
populations 9 and 10) have more synchronous dynamics. Populations with
thermal tolerance curves in the middle (e.g. population 6) are less correlated
with other populations. Their population dynamics end up primarily driven
by demographic stochasticity and less so by temperature-induced systematic
changes in productivity.
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