
were immigrants. This ‘artefact’ has previously been

observed in microcosm experiments and has been used

to point the existence of sink populations (i.e. populations

located in areas of extreme conditions, where self-

replenishment is low to none and populations are

maintained almost solely by immigration; e.g. Davies

et al. 1998). When populations were deprived of

immigration, population size at the quick heating rate

declined 1.4 times faster than populations facing slower

environmental warming (figure 2; table 2 in the electronic

supplementary material). Fast warming caused population

declines of K17.5% (G8 s.d.) per generation or a decline

11.8 times faster than control non-warmed populations.

(b) Pairwise effect of threats

The interaction between immigration and warming was

significant ( p!0.004; table 1 in the electronic supple-

mentary material). Although all populations showed

negative growths when facing warming (figure 2),

deprivation of immigration accelerated such declines up

to K50.8% (G20 s.d.) per generation under fast

warming. This decline was 36.2 times faster than the

change observed among control populations (figure 2;

table 2 in the electronic supplementary material).

Harvesting also showed a significant interaction with

warming ( p!0.05; table 1 in the electronic supple-

mentary material). Population declines were accelerated

up to K51.3% (G12.9 s.d.) per generation, when

populations experienced high levels of harvesting and

fast warming. This was a decline 36.6 times faster than

the change observed among control non-harvested

populations at constant temperatures (figure 2; table 2

in the electronic supplementary material). In general,

rapid warming synergized the negative effects of harvest-

ing and immigration deprivation (compare population

declines at slow and fast warming rates in figure 2).

Finally, the interaction between harvesting and immigra-

tion was non-significant ( pZ0.71). Populations that were

intensely harvested and also deprived from immigration,

in control conditions (i.e. no warming), declined

K25.7% (G7.5 s.d.) or 18.5 times faster than control

non-harvested and replenished populations (figure 2;

table 2 in the electronic supplementary material). This

net decline was about the same as adding the indepen-

dent effect of both threats.

(c) Effect of all threats combined

The interaction among harvesting, immigration and

warming was non-significant ( pZ0.19; table 1 in the

electronic supplementary material). Although this third-

order interaction did not cause accelerated declines in

population size, the net effect of all the three factors acting

together led to the largest declines in population size

observed in this experiment (figure 2). Populations that

were harvested and deprived from immigration and were

in fast-warming environments declined K71.7% per

generation (G11.7 s.d.) or a decline 51.6 times faster

than control non-harvested and replenished populations

at constant temperatures (figure 2).

4. DISCUSSION
Increases in the rate of harvesting of wild species,

destruction of their habitats and warming of their

environment poses a major threat on their persistence

(Myers 1995; Chapin et al. 2000; Sala et al. 2000;

Jackson et al. 2001; Novacek & Cleland 2001; Jenkins

2003; Parmesan & Yohe 2003). The simultaneous

occurrence of such threats has generated a major

challenge to unravel their independent and combined

effects through field experimentation, which, in turn,

has generated uncertainty and strong controversies, but
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Figure 2. Changes in population density, per generation, of populations exposed to harvesting and reductions in
immigration, when facing constant and warming temperatures. The contours in the graph were based on averages of four
replicated microcosms for each interaction of treatments. The raw data of this figure appear in table 2 in the electronic
supplementary material.
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