
Topic

Changing environmental pressures: adaptive responses versus evolutionary constraints?

Conference title

Life history strategies to cope with human-induced rapid environmental changes

Author

Daniel Sol.
CREAF (Centre for Ecological Research and Applied Forestries)
CSIC (Spanish National Research Council)
Bellaterra, Catalonia E-08193, Spain
TEL: +34 93-5814678 / FAX: +34 93-5814151
E-MAIL: d.sol@creaf.uab.es
Webpage: http://dsolrueda.wix.com/sol-group

Abstract

Although  human-induced  rapid  environmental  changes  (HIREC)  are  causing  one  of  the
greatest  biodiversity  loss  ever  observed  in  Earth's  history,  some  organisms  are
paradoxically  doing  better  than  ever  (Sih  et  al.  2011).  Why  some  organisms  can
successfully cope with HIREC whereas most cannot remains obscure. Given that the life
history of organisms greatly influences population vulnerability to environmental changes,
life  history  theory  provides  the  basis  to  resolving  this  central  problem.  However,
confidence in theoretical arguments has been undermined by a perceived lack of empirical
support. As a result, there has been a notorious discrepancy between the rates of species
extinction  predicted  by  models  and  the  extinction  rates  actually  recorded,  which  has
fuelled  controversies  regarding  the  real  impact  of  HIREC  (He  &  Hubbell  2011).
Understanding  the  varying  tolerance  of  organisms  to  HIREC  is  nonetheless  crucial  to
forecast  how present  and future environmental  changes will  impact Earth’s  biota.  The
decline  of  species  with  particular  traits  will  reduce  the  functional  and  phylogenetic
diversity of biological communities, impairing the functioning of ecosystems and making
them more homogenous and less resilient to environmental changes (Hooper et al. 2012).

The dissociation between theoretical  and empirical work reflects the lack of a general
theory that integrates the variety of mechanisms through which life history influences the
different routes toward extinction (Sol et al. 2012). Life history theory proposes a variety
of synergic or antagonistic mechanisms of response to environmental alterations, such as
to facilitate a rapid population recovery (Lewontin & Cohen 1969), mitigate stochastic



fluctuations  (life  history  buffer)  (Lande  et  al.  2003),  reduce  the  costs  of  delaying
reproduction under unfavourable conditions (storage effect [Williams 1966]), and spread
the risk of reproductive failure (bet-hedging [Starrfelt & Kokko 2012]). The importance of
these mechanisms depends on three main factors. First, the evolved combination of life
history traits of the species. Second, the nature of the HIREC, which determines the route
toward extinction (i.e. stochastic accidents vs. negative population growth (Saether and
Engen 2003)). Finally, the response to environmental changes also depends on behaviour.
The role of cognition as a nexus between life history and response to changes has largely
been neglected despite that behavioural adjustments are at the forefront of the responses
of animals to stressful situations (e.g. Sol et al. 2005), a theory known as the cognitive
buffer hypothesis (Sol 2009).

When these key elements of the theory are taken into account, some consistent patterns
start emerging. Recent studies indicate, for example, that when the population is small and
when the  ecological  pressures  posed  by  the  HIREC are  moderate,  then  a  life  history
strategy based on a  rapid population growth can be advantageous (Sol  et  al.  2012).
Nevertheless, when the organisms confront environmental pressures that are unfamiliar
and  different  to  which  they  are  adapted  to,  then  a  future-returns  strategy  is  more
advantageous  because  it  not  only  reduces  the  costs  of  reproductive  failure  but  also
increases  the  opportunities  for  acquiring  environmental  information  and,  through
behavioral  adjustments,  improve  performance  on  dealing  with  the  new  environmental
pressures. Further developing a more predictive theory regarding how life history affects
the response of animals to environmental changes will contribute to fill the current gap
between theoretical and empirical work, shedding new light into fundamental ecological
and evolutionary problems and contributing to the debate over the extent to which HIREC
cause biodiversity loss. The theory will also inform in assigning conservation priorities,
contributing  to  preserve  the  fundamental  ecosystem  services  upon  which  human
civilization depends.
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