
Introduction

Community ecology has been defined as “the study of
patterns in the diversity, abundance, and composition of spe-
cies in communities, and of the processes underlying these
patterns” (Vellend 2010). Community ecology has been con-
sidered a topic for which future development can contribute
to the progress not only of general and theoretical ecology
but also of the philosophy of science and of political and ethi-
cal issues of relevance for environmental management
(Colyvan et al. 2009, Loreau 2010). However, the fundamen-
tal entity of community ecology, the ecological community,
defined as “a group of organisms representing multiple spe-
cies living in a specified place and time” (Vellend 2010), has
been an elusive concept, whose reality and ecological nature
are still debated.

Earlier scholars working on plants considered a commu-
nity as a “super-organism” with well defined properties and
successional dynamics ending with a stable state in equilib-
rium with the environment, called “climax” (Clements
1916). This idea was questioned by proposing that species
performed individually with respect to the environment and
its variations; the definition of communities or vegetation
units as more or less permanent units did not make sense
(Gleason 1926). This was later supported by the spatial “con-
tinuum” model of Whittaker (1951), who argued that plant

occurrence and abundance change gradually along complex
environmental gradients such that no distinct associations of
species or communities can be identified. The idea of multi-
ple stable equilibrium communities or “attraction domains”
was theoretically considered in the context of environmental
change. It was used to introduce the concept of “resilience,”
or the capacity of ecosystems, to absorb disturbances and re-
organise them to retain the same function, structure, identity,
and feedbacks, which involves shifts in community compo-
sition among different possible stable states (Holling 1973,
Gilpin and Case 1976). In animals, the evolution of the com-
munity concept followed parallel trends (McIntosh 1995).
Under the individualistic perspective, communities and, by
extension, community ecology, were viewed as “somewhat
arbitrarily set by ecologists to study operationally this level
of ecological organization” (Palmer and White 1994) or, in
other words, “an arbitrary human construct” (Scheiner and
Willig 2008). This led to a frustrating point that characterised
the crisis of the end of the 20th century (Stott 1998), as re-
flected in expressions such as: “community ecology is a
mess” or “all this begs to the question of why ecologists con-
tinue to devote so much time and effort to traditional studies
on community ecology” (Lawton 1999). 

According to Simberloff (2004), in spite of the highly
contingent, complex and mostly local nature of community
ecology research and its laws and models as well as the philo-
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sophical problems regarding its definition (Jax 2006), the ef-
fort is worth pursuing because community ecology has been
important for understanding relevant ecological patterns and
processes and would be crucial for understanding and ad-
dressing future environmental problems. This contributed to
a revitalisation of the discipline and the view of an ecological
community as a definite functional unit created by the local
coalescence of regional species pools (Holt 2005, Harrison
and Connell 2008). In this context, it has been proposed that
community ecology should be rebuilt around two main ques-
tions: namely, how the fundamental niche is governed by
functional traits along environmental gradients and how the
interaction between traits and fundamental niches shape the
realised niche (McGill et al. 2006). At present, the debate on
community integrity is focused on local versus regional fea-
tures. According to Ricklefs (2008, 2009), the primary enti-
ties of community ecology are not species but populations,
and we need to understand the regional drivers of species dis-
tributions to understand the local coexistence of species.
Brooker et al. (2009) argue that an understanding of local-
scale processes is as strong an element as an understanding
of regional or global-scale processes and that the interde-
pendence between regional and local scales seems to be one
of the most productive avenues for future research. In a trial
to untangle the “mess”, Vellend (2010) summarises the proc-
esses involved in the composition and diversity of communities
into four main drives: selection, drift, speciation and dispersal.
According to Vellend (2010), evidence for the relevance of all
of these processes exists in community structure and composi-
tion, and all theoretical and conceptual models in community
ecology can be understood with respect to their emphasis on
these four processes (Vellend 2010).

In summary, the debate on community ecology has been
focused primarily on issues of spatial scale. The purpose of
this review is to emphasise the relevance of also considering
different time scales. Some ecologists already recognise the
importance of temporal factors for studies on species abun-
dance distributions (Magurran 2007), but they largely rely on
theoretical assumptions and arguments and rarely consider
the past as a source of empirical data for hypothesis testing
or modelling (Willis 1993). In ecology, it is common to dif-
ferentiate between ecological (i.e., immediate biotic and abi-
otic interactions of species) and historical factors to explain
the present state of ecosystems. However, present-day eco-
logical patterns and their possible future development can
only be understood within a broader concept of ecology em-
bracing palaeoecology (past), neoecology (present) and pre-
dictive ecology (future), in which time is also viewed as a
continuum (Rull 2010). It is often said that many ecological
patterns and processes cannot be understood without consid-
eration of larger than usual time scales (Mitchell 2010). Here,
relevant examples are provided, with emphasis on palaeoe-
cological records from plant communities, which have been
the major providers of past empirical evidence on commu-
nity dynamics (Prentice 1988). When past ecological trends
are viewed as essential elements of the ecological play, the
origins and features of present-day communities and ecosys-

tems become clearer (Rull and Vegas-Vilarrúbia 2011). The
underlying assumption is that processes occurring in all time
frames are important for community ecology and, though
they imply different mechanisms and ecological conse-
quences, all are needed for a full ecological understanding of
the biosphere (Willis 1993, Rull 2010). Emphasis is placed
on aspects such as the latitudinal diversity gradient; commu-
nity assembly, composition and diversity; community-envi-
ronment equilibrium relationships; and community stability
through time, mainly under the action of directional and un-
predictable environmental change. The implications of this
approach and the resulting inferences for nature conserva-
tion, in the face of direct and indirect consequences of human
activities, are also addressed.

The approach is essentially empirical for showing the po-
tential significance of largely ignored data sources for hy-
potheses testing, model calibration and validation (Crisp et
al. 2011). The potential significance of palaeoecological
study for general and theoretical ecology has been recog-
nised for several decades (Godwin 1956, West 1964, Birks
and Birks 1980, Foster et al. 1990, Delcourt and Delcourt
1991, Schoonmaker and Foster 1991, Huntley 1996, Bennett
1997). In a first step, ecological palaeoecologists (i.e., those
who study palaeoecology as an ecological discipline) sought
to demonstrate that palaeoecology was valuable for ecology;
they then realised that it would probably be more effective to
demonstrate that palaeoecology was necessary for under-
standing the present ecological state of the biosphere (Birks
1993, Jackson et al. 1988, Bennett and Willis 2000). At pre-
sent, this idea has adopted a more practical form, and many
palaeoecologists are emphasising the significance of pa-
laeoecological knowledge for nature conservation in the face
of future problems (e.g., Willis et al. 2007, 2010, Willis and
Bhagwat, 2009, 2010, Vegas-Vilarrúbia et al. 2011). The
idea behind this review is not the vindication of an ecological
status for palaeoecology or for palaeoecologists, as this is
considered a matter of fact, but to show how palaeoecologi-
cal knowledge may change ecological thought in some as-
pects and to help build a broader notion of ecology in which
time is a continuum and the present is a transient snapshot
(Rull 2010).

Time scales in ecology

Neoecology, usually known simply as ecology, works on
a “real-time” scale, which involves weeks to decades, and
rarely centuries (Jackson 2001). Within the broad ecological
framework mentioned above, this time domain would be
considered almost instantaneous, as is the human concept of
“present” in terms of time (Rull 2010). The comparatively
high importance given to the ecological results obtained
within this time frame is likely because it falls within the do-
main of human experience and therefore of direct human ob-
servations and measures. It is thus not surprising that most
generalisations, principles and models of community ecol-
ogy come from this temporal domain. Typical real-time phe-
nomena are population dynamics, invasion/colonisation, or
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local extinction (Jackson 2001). Rapid ecological succes-
sions involving organisms with short life cycles (e.g., plank-
ton communities) also fall within this range; however, other
communities, with successional processes that span centuries
or even millennia (e.g., forests), require larger observation
times to be properly understood (Rull and Vegas-Vilarrúbia
2011). Researchers working with real-time observations are
commonly called ecologists (rarely neoecologists) and pub-
lish in the usual journals devoted to general, applied and
theoretical ecology.

The ecological study of the past, or palaeoecology (Birks
and Birks 1980), has two well differentiated time scales,
whose main difference in ecological terms is whether signifi-
cant evolutionary change occurs. Indeed, in the “Q-time do-
main”, the ecological actors are the same extant species we
know today, with or without minor microevolutionary vari-
ations, whereas the “deep-time” domain involves mostly ex-
tinct species and lineages, whose ecological traits and re-
quirements are either less well-known or completely
unknown (Conway 1995). According to Jackson (2001), the
Q-time domain considers time scales of centuries to millen-
nia during the Quaternary period, now defined as the last gla-
cial epoch, embracing the last ~2.6 million years (Ma) (Gib-
bard et al. 2010). Phenomena typically occurring on this time
scale include ecological succession, community assembly,
generation of biodiversity patterns and broad-scale migra-
tions as well as global and regional extinctions, among oth-
ers. However, deep-time, which corresponds to the more
usual term “geological-time”, concerns phenomena occur-
ring on 105-yr time scales and includes major biosphere re-
organisations (e.g., continental drift and macro-evolution)
(Rull 2010). Ecologists working in the Q-time scale are usu-
ally called palaeoecologists, while those dealing with deep-
time are known as palaeontologists or palaebiologists (some-
times also palaeoecologists), all of whom have
(unfortunately) well-differentiated associations, meetings
and journals (Jackson 2001).

A former ecological classification also considered three
time scales relevant to ecological study: “sampling time”, or
the period over which data are collected; “ecological time”,
during which the composition and possibly the shape of spe-
cies abundance distribution changes as a result of succession,
immigration and other dynamic processes; and “evolutionary
time”, when new forms arise through speciation or are re-
moved by extinction (Preston 1960, Magurran 2007). These
definitions would be roughly equivalent to the real-time, Q-
time and deep-time designations of Jackson (2001). The dif-
ference, however, is that the latter terms have explicit quan-
titative definitions, while those of Preston (1960) are
dependent on the particular features of the organisms and
communities under study. In ecology, the more common dis-
tinction is between ecological and evolutionary times, which
correspond to real-time and deep-time, respectively; Q-time
is often ignored. This paper is mainly concerned with Q-time,
or the “missing dimension” in many aspects of ecology
(Birks et al. 2010). This framework is more appropriate for
addressing the shaping of present-day Earth’s biological pat-

terns, as it is the time domain in which extant species and
their corresponding communities have emerged, assembled,
and changed under the actions of biotic and abiotic interac-
tions. However, considering the time-continuum ecological
concept (Rull 2010), the deep-time domain should not be ne-
glected, and reference to it will be made when necessary, es-
pecially regarding relevant information from fossil commu-
nities and macro-evolutionary processes. Some authors
working on landscape ecology differentiate between the
meso-scale (500 to 104 years before present, or yr BP) and
the macro-scale (104 to 106 yr BP) (Delcourt and Delcourt
1988, 1991); however, such distinction is not considered here
in the scope of this discussion, which is focused on commu-
nity ecology rather than on landscape processes.

Long-term ecological research

Neoecological community studies have been useful for
elucidating a number of ecological processes over short-term
(i.e., decadal and multi-decadal) time scales and for building
hypotheses on potential general mechanisms of community
structure and dynamics using modelling. A longer time per-
spective is needed to test these hypotheses and to propose
new ones (Crisp et al. 2011), especially in communities in
which dynamics transcend the multi-decadal domain. The
understanding of community diversity and stability at both
local and regional scales and the ecological and evolutionary
processes leading to the assembly of extant communities re-
quire a longer time perspective (Jackson and Erwin 2006,
Mitchell 2010, Rull 2010). Recently, research programs have
started to monitor ecological processes with a “long-term”
perspective, mainly in relation to the future predicted global
change and the potential biotic responses (Silvertown et al.
2010). These programmes are usually organised in world-
wide networks to obtain results of global scope (e.g., Inter-
national Long-Term Ecological Research, or ILTER,
http://www.ilternet.edu/). Hopefully, these programs will
provide data relevant to community ecology, but their tem-
poral scope (i.e., several decades) (Clutton-Brock and Shel-
don 2010) is still too short to be considered long-term ecol-
ogy. To account for ecological processes in a broad
ecological sense, such as community assembly, biodiversity,
stability, succession, migration, niche conservatism or biotic
responses to environmental changes, among others, molecu-
lar phylogenetic and palaeoecological data are needed (Rull
and Vegas-Vilarrúbia 2011). 

The influx of molecular phylogenetic studies based on
extant species and their potential use in testing ecological
proposals is very promising for community ecology, from
both theoretical and applied points of view. Cavender-Bares
et al. (2009) reviewed this topic and emphasised the signifi-
cance of phylogenetic studies in aspects such as the role of
evolution versus dispersal in community assembly and diver-
sity as well as the influence of functional traits and interac-
tions among species in community dynamics. These studies
are also able to provide relevant information regarding eco-
system function and potential responses to global change to
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feed predictive models. This view undoubtedly adds an im-
portant temporal component to community ecology, mainly
in relation to micro- and macro-evolutionary aspects. Mo-
lecular phylogenetics, however, is a discipline in which tem-
poral aspects are a logical consequence rather than direct evi-
dence of how long-term records illuminate ecological
processes at the community level. Direct observations of
long-term processes relevant to community ecology are
mainly provided by palaeoecology, though its usefulness to
unravel evolutionary processes is limited compared to mo-
lecular phylogenetics. The combination of both would be
able to provide a clearer picture of community ecology over
time, as is discussed in the following sections.

The latitudinal diversity gradient and the
richness-stability paradigm

The Earth’s latitudinal diversity gradient (LDG) has been
an object of intensive neoecological study and modelling
(Hillebrand 2004). Likely conditioned by the prevalence of
the ecological study of temperate regions, the more common
question has been why tropics are so diverse, but it would be
equally valid to ask why extra-tropical regions are so impov-
erished (Blackburn and Gaston 1996, McGlone 1996). Ear-
lier explanations were based on a larger area and an assumed
environmental stability of tropical regions through time,
which would have favoured niche partitioning and reduced
extinction, thus enhancing diversification (Fischer 1960,
Rosenzweig 1995). However, the diversity-stability ecologi-
cal paradigm has been further questioned by particular em-
pirical observations and is still a debated issue (Ives 2005,
Deng 2010). When considering the Earth’s diversity gradient
as a whole, three main categories of theoretical proposals ap-
peared: 1) the “tropics as a cradle” model, in which species
origination is higher in tropical areas and extinction rates do
not vary latitudinally; 2) the “tropics as a museum” model, in
which origination rates are constant but extinction rates are
lower in the tropics; and 3) the “out of the tropics” model,
which proposes that origination is higher and extinction is
lower in the tropics than in extra-tropical areas (Mittelbach
et al. 2007, Arita and Vázquez-Domínguez 2008). In addi-
tion to the speciation-extinction balance, other hypotheses
consider that higher levels of energy (mainly temperature)
and water availability in the tropics would enhance richness
by affecting the metabolic rates of organisms or by increas-
ing the rate of interactions among them (Moya-Laraño 2010,
and literature therein). Some modelling approaches support
this group of hypotheses, particularly regarding the metabo-
lic theory (Deng 2010).

A relatively old and paramount contribution of palaeoe-
cology to general ecology, which has not been sufficiently
valued because it has often been taken for granted, is the im-
portance of environmental, mainly climatic, changes in the
shaping of present-day communities and ecosystems (Erwin
2009). One of the best examples is the rebuttal of the idea of
tropical stability. This theoretical hypothesis was seriously
questioned by the first findings of biotic changes driven by

Quaternary climatic shifts in the previously assumed stable
tropical regions (Bush et al. 2007, Vonhof and Kaandorp
2010). At present, it is widely recognised that the tropical re-
gions have experienced environmental changes similar to the
rest of the planet. As a consequence, hypotheses on the LDG
have been updated. In this framework, the tropical-temperate di-
versity gradient has been explained in terms of deep-time and
Q-time environmental change. Indeed, it has been proposed that
environmental heterogeneity in both space and time have pro-
moted diversification in the tropics, whereas enhanced climate-
driven extinction has been more characteristic of extra-tropical
regions (McGlone 1996, Mittelbach et al. 2007).

Palaeoecological studies developed in the neotropical re-
gion have been especially illustrative in this respect. The first
proposal for tropical diversification under Quaternary cli-
matic changes was derived from the first palaeoclimatic find-
ings, which suggested an assumed regional aridity over
northern South America during the glacial periods followed
by humid climates during the interglacial periods (Ab’Saber
1982). This led researchers to propose that during the glacial
periods, most of the region was occupied by deserts and/or
savannas; the tropical rainforests survived within localised
humid refugia and expanded and re-colonised the whole area
during the interglacial periods (Haffer 1969). This would
have caused an alternation between vicariance and gene flow
among refugia, thus stimulating diversification. Under this
assumption, the hypothetical refugia should be recognisable
nowadays by patches of higher biodiversity and endemism
levels (Prance 1982, Whitmore and Prance 1987). However,
further palaeoecological records showed the persistence of
extensive tropical rainforests, though with different compo-
sitions than today, during the last glaciation and began to un-
dermine the refuge hypothesis (Colinvaux and De Oliveira
2001, Colinvaux et al. 2000, Bush and De Oliveira 2006). As
a consequence, a different scenario for glaciations emerged
characterised by lower temperatures and depleted CO2 at-
mospheric concentration, which would have favoured neo-
tropical diversification by vicariance in a heterogeneous for-
ested landscape and up-and-down biotic migrational exchanges
between the mountains and the lowlands (Bush 1994, Colinvaux
1998, Rull 2005, Noonan and Gaucher 2005).

The refuge hypothesis was also unsupported by molecu-
lar phylogenetic studies favouring an older diversification
primarily triggered by pre-Quaternary (deep-time) tectonic
and palaeogeographic reorganisations (e.g., the emergence
of the Panama Isthmus or the Andean uplift) (Moritz et al.
2000, Bush and Hooghiemstra 2005). At present, some
authors defend that neotropical biodiversity was generated
almost exclusively before the Quaternary (Hoorn et al. 2010,
Wesselingh et al. 2010), which implies that extant species
have been present during the whole Quaternary. Others be-
lieve that both pre-Quaternary spatial reorganisations and
Quaternary climatic changes contributed to shape present-
day neotropical biodiversity patterns (Rull 2011b,c). Recent
molecular phylogenetic studies revealed that about half of
the neotropical species dated so far are of Quaternary origin;
the other half emerged prior to the Quaternary, thus support-
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ing the second option (Rull 2008). A similar situation has
been reported for tropical Africa on the basis of molecular
phylogenetics (Plana 2004). In temperate areas, recent spe-
ciation events within the Q-time domain are also frequent
(Zink et al. 2004, Weir and Schluter 2007, Janssens et al.
2009, Valente et al. 2010, Mullen et al. 2011). In general,
however, molecular data seem to support higher speciation
rates and faster speciation in the tropics than in extra-tropical
areas (Mittelbach et al. 2007).

Some authors have proposed that neotropical biodiver-
sity would have been even greater in deep-time than recently.
For example, Jaramillo et al. (2006) report a maximum of
plant diversity in the Neotropics during the early-middle Eo-
cene (45-50 Ma) following the Eocene Thermal Maximum
(50-55 Ma) and a further decline that led to present values,
coinciding with a general cooling trend. The coincidence of
the Cenozoic (the last 65 Ma) plant diversity and climatic
trends, particularly temperature (Zachos et al. 2001), sug-
gested a remarkable influence of climate on neotropical di-
versity, either directly or indirectly, as a control on the avail-
able area for plant growth (Jaramillo et al. 2006). As a result,
it has been proposed that there are more species in the tropics
because basal clades that were adapted to warm palaeocli-
mates have been lost in regions now experiencing cool cli-
mates, a hypothesis with some support in the case of birds
(Hawkins et al. 2007). Another element acting at the deep-
time level that can be important for tropical richness is long-
distance dispersal (Pennington et al. 2004). For example,
Pennington and Dick (2004), using molecular phylogenetic
data, estimated that approximately 20% of both plant species
and individuals from an Amazonian forest community in
Ecuador derive from North American and African immigrant
lineages that arrived between about 100 and 3 Ma. 

Concerning extinction, this phenomenon is more typical
of deep-time. The best available Q-time record corresponds
to the mega-faunal extinction that occurred worldwide be-
tween 50 and 10 ka ago. Indeed, approximately 90 large-
bodied (40 kg) mammalian genera vanished, likely due to en-
vironmental changes, human pressure, or the synergy
between them (Barnosky et al. 2004). In spite of the opinion
of some ecologists that these extinctions were ‘‘...sealed so
long ago that it might be regarded as an episode of pre-history
with little contemporary relevance...’’ (Silvertown et al.
2010), it seems reasonable to admit that the involved extant
communities would be radically different if these animals
were still alive. In Africa, for example, only 7 of the 45 gen-
era became extinct, and most large mammals are still present
(Koch and Barnosky 2006). Extinction percentages do not
show a clear latitudinal pattern; the continents of North
America (73%), South America (83%) and Australia (88%)
have higher extinction percentages, and Africa (21%) and
Northern Eurasia (35%) have lower extinction percentages
(Koch and Barnosky 2006). The situation is different for
plants, for which Q-time extinctions are very rare. In fact,
there is evidence for the global extinction of one single plant
species (a spruce) in North America during the Quaternary
(Jackson and Weng 1999). On other continents, the few

documented plant extinctions have been of local or regional
character (e.g., Postigo-Mijarra et al. 2010). However, a
word of caution seems pertinent in the case of extinction
events, as most of the evidence comes from the fossil record,
which constitutes a conservative approach due to the lack of
taxonomic resolution. It is possible that further analyses on
fossil DNA will enhance extinction rates at specific and sub-
specific taxonomic levels.

In summary, the following insights have emerged from
palaeoecological and molecular phylogenetic empirical stud-
ies regarding the latitudinal gradient and its possible causes:
1) extant species (including both plants and animals) have
originated in a more or less continuous fashion on deep-time
and Q-time scales in both tropical and temperate areas; 2)
speciation rates would have been higher in the tropics than in
extra-tropical regions; 3) with the available evidence, there is
no apparent latitudinal dependence for extinction, but data
are still too scarce for a sound assessment; 4) tropical com-
munities have suffered significant environmental distur-
bances, with consequent reorganisations in composition and
spatial arrangement, which do not support the diversity-sta-
bility paradigm; and 5) climatic factors, mainly temperature,
would have been important for higher tropical diversification
rates in support of the energy hypothesis.

Individual vs. community responses and equilibrium
with the environment

One of the first contributions of palaeoecology to com-
munity ecology was the realisation that species respond indi-
vidually to changing environments, which determines
changes in community composition through time (West
1964, Davis 1981). This was realised following a compila-
tion of pollen records accounting for the spatial and temporal
re-colonisation patterns of North America after the Last Gla-
cial Maximum (LGM), which occurred between approxi-
mately 25 and 20 ka BP (Clark et al. 2009, Shakun and
Carlson 2010). The classical reconstruction by Davis (1981)
showed that trees from temperate North American forests
survived in southern areas during the maximum ice expan-
sion from the north. During the deglaciation, these trees re-
colonised the continent by northward migration in an indi-
vidual fashion, showing conspicuous specific differences in
source area, response lags, migration speed and thus spatial
patterns of colonisation. Consequently, the composition of
temperate forests was not constant over time and was deter-
mined by the particular species combination present in a
given location for each time interval. This was clearly dem-
onstrated by Jacobson and Grimm (1986), who recorded con-
tinual composition changes of the vegetation in a North-
American site over the last 10,000 years, thus extending the
spatial continuum concept of Whittaker (1951) to time. The
same situation was further confirmed for other organisms, in-
cluding plants and animals, in both North America and
Europe (Huntley and Birks 1983, Webb 1987, Hewitt 1999,
Brewer et al. 2002, Magri 2008, Sommer and Zachos 2009).
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In the Southern Hemisphere, the general situation was
different due to the minor amplitude of Quaternary climatic
changes and the absence of large ice sheets during the LGM.
Full glacial climates were remarkably more arid than today,
and forest elements remained in sheltered sites or along the
coasts, intermingled with open steppe-like vegetation (Hope
1994, Markgraf et al. 1995). However, there is no clear evi-
dence for regional north-south postglacial migrations as a re-
sponse to warming; the more likely scenario was a multi-cy-
cle adjustment to the severity of the glacial maxima
(Markgraf and McGlone 2005). The genetic structures of ex-
tant species and their populations do not show significant
spatial heterogeneities and are compatible with a mosaic
landscape in which the distances among the different forest
refugia were not restricting gene flow (Markgraf and
McGlone 2005).

In the tropics, the discussion between the defenders and
the opponents of the refuge hypothesis is still on-going, and
partial palaeoecological and molecular phylogenetic evi-
dence are used to either vindicate or reject this proposal. The
main data in this sense come from northern South America
and northernmost Australia, whereas tropical Africa is less
well studied (Anthony et al. 2007). If tropical rainforests
were restricted and isolated to refugial patches surrounded by
savannahs and/or deserts, postglacial colonisation would
have progressed centrifugally from these spots; this would be
recognisable in the genetic structure of extant species’ popu-
lations, as is the case for northern temperate areas (MacLach-
lan et al. 2005). In the tropics, however, the evidence is not
sufficiently clear for a generalisation, as different groups of
organisms exhibit different diversities, endemisms, and ge-
netic patterns in space (e.g., Aleixo 2004). As an alternative,
it has been proposed that lowland tropical rainforests were
not interrupted by unfavourable climates; instead, a continu-
ous forest cover of different composition than today domi-
nated the landscape. This was supported by the discovery of
pollen mixtures in LGM sediments, including lowland spe-
cies and others from montane habitats that today live up to a
thousand metres above the Amazon lowlands. These pollen
assemblages were interpreted as the result of downward mi-
gration of sensitive species from the adjacent mountains.
These sensitive species, and likely others from the lowlands,
would have migrated upwards again during postglacial
times, determining present-day community patterns (Bush
1994, Colinvaux et al. 2000, Bush et al. 2001, Colinvaux and
De Oliveira 2001, Rull 2005). Other, less sensitive species,
would have remained in the lowlands and midlands thanks to
their phenotypic plasticity or, eventually, rapid evolution due
to pre-adaptive features (Davis and Shaw 2001, Kelly et al.
2003). It should be also considered that populations from dif-
ferent parts of the distribution range of a species may react in a
different way to environmental changes likely due to the exist-
ence of intra-specific genetic variability (Hampe and Petit 2005,
Dalén et al. 2007). For example, leading-edge populations
seems to be more prone to extinction, whereas rear-edge popu-
lations would be less threatened (Hofreiter et al. 2012).

From a short-term perspective based on the present state
of the biosphere, a glaciation would be viewed as an anoma-
lous disturbance for organisms and their communities, but it
should be considered that a typical Quaternary glaciation
lasted up to 100,000 yr, while interglacials were compara-
tively short periods of around 10-ka duration (Lisiecki and
Raymo 2005). Therefore, glacial conditions have been the
norm during the last 2.6 Ma, and interglacial periods can be
viewed as disturbing warming periods for the Quaternary
cold-adapted species (Bush et al. 2001). In addition, a glacia-
tion (e.g., the LGM) is not a monotonous cooling reversal but
a phase of average cooling, spiked by short and minor warm-
ings (interstadials) of a few thousand years’ duration, as for
example the Dansgaard-Oeschger cycles, of relatively rapid
temperature transitions (Hinnov et al. 2002). Therefore, the
climatic factors driving biotic reorganisations have been, and
are, extremely dynamic and work on a multi-scale level; their
biotic consequences, in terms of biodiversity and community
composition, are highly complex. Another corollary is that
the present-day configuration of communities is a transient
state determined by both directional evolutionary trends and
cyclic environmental drivers acting in a Q-time domain (in
particular, the glacial-interglacial recurrence and related phe-
nomena forced by the Milankovitch cyclicity) (Bennett 1990,
1997). This is a consequence of the sensitivities of different
species to environmental shifts, as constrained by their re-
spective environmental tolerances, response lags and life cy-
cle durations, and may be derived in the assembly of future
species with no modern analogues as a consequence of on-
going global change (Davis 1989, 1991, Jackson and Wil-
liams 2004, Williams and Jackson 2007).

These inferences, based on palaeoecological and mo-
lecular phylogenetic studies, clearly question the idea of
equilibrium between communities and climate. Since the
times of G. E. Hutchinson, it has been realised that the equi-
librium hypothesis can only be derived from very short ob-
servation periods. The Clementsian concept of climax is
rarely used in ecology at present and is restricted to several
relict phytosociological schools (Carrión and Fernández
2009). According to Hutchinson (1965), the environment
changes in a slow and continuous fashion, thus preventing
communities from reaching a stable equilibrium and fuelling
biotic diversification. Under this “non-equilibrium dynam-
ics” hypothesis, communities would be constantly adjusting
to environmental oscillations, which determine continued
changes in composition due to the individual particularities
of their component species (Jackson and Sax 2009). Exam-
ples of this situation have been provided by studies in aquatic
ecology, dealing with organisms with short life cycles in
which inter-annual variability seems to be the dominant en-
vironmental driver of community change (Arkle et al. 2010).
The generalisation of the dynamic equilibrium hypothesis to
other organisms (e.g., plants) has been addressed by bottom-
up modelling using analogues from physics, particularly
thermodynamics (Schmidt and Schröder 2011). However,
direct observations on the dynamics of animal and plant com-
munities under the action of environmental shifts available
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from past records provide the required evidence, as has been
discussed in this section.

A classical example of non-equilibrium dynamics be-
tween communities and the environment is the interglacial
forest succession in the British Isles. During the last four
glaciations, these islands were entirely covered by ice and
tundra vegetation and were devoid of trees, which took ref-
uge in southern and central Europe, from where recolonisa-
tion proceeded at the onset of the subsequent interglacial
warmings (West 1977, Huntley and Birks 1983). Under an
equilibrium hypothesis, the same colonisation sequence and
forest composition would be expected, but pollen analysis
has shown that each interglacial period was different from
the preceding ones, including the Holocene. Neither the in-
itial sequence, nor the species composition, nor the timing of
the arrival and expansion of each species was the same in
each interglacial period, and this cannot be totally explained
by climatic differences among them. The differences were
interpreted in terms of individualistic species responses, de-
pending on factors such as seed dispersal, location and dis-
tance of the corresponding refugia, competition as well as
rates of the rise of sea level as barriers for dispersal from the
mainland (Turner and West 1968, Davis 1976, Wright 1977,
West 1980, Birks 1989). Tzedakis and Bennett (1995) also
emphasise the influence of initial conditions in the develop-
ment of interglacial vegetation successions, a point that
seems to be also true in the case of assembly of plankton
communities submitted to recurrent changes at centennial
scales, in tropical fluctuating lakes (Mergeay et al. 2011).
Once more, the transient characteristics of present-day com-
munities and their unpredictable futures emerge as the more
likely possibilities. The hypothesis that biotic communities
are tightly coevolved associations that are capable of migrat-
ing intact in the face of environmental change is incompat-
ible with the existing palaeoecological evidence (Delcourt
and Delcourt 1991). In addition, these changes appear to be
unpredictable.

Community assembly and succession

Another milestone in community ecology is community
assembly (i.e., how, when and under which conditions extant
communities have attained their present composition and di-
versity). According to the classical niche hypothesis, simi-
larities and differences among species in their resource and
habitat requirements and their impacts on the environment
were considered important in determining community com-
position and function (Chase and Leibold 2003). Since the
appearance of Hubbell’s (2001) unified neutral theory of bio-
diversity and biogeography, the field has been dominated by
a debate between the defenders and the critics of this pro-
posal. According to this theory and based on top down mod-
elling, differential niche characteristics are not relevant for
understanding community assembly, as species are function-
ally equivalent and simply fluctuate randomly over time.
Neutrality assumes that mortality, speciation and reproduc-
tion probabilities are the same at a metacommunity level as

opposed to a local level, where speciation is not expected to
occur; additionally, community dynamics are maintained by
births, deaths and migration from the metacommunity (Hub-
bell 2001). The core of the neutral model does not depend on
whether specific differences really occur, which is the more
controversial point, but whether they are relevant for com-
munity structure and dynamics (Hubbell 2005). The main
empirical support for this theory is that it has been able to
predict relative species abundance in rich communities
(McGill 2003, Tilman 2004), while opponents argue that the
theory is based on unrealistic assumptions and is not falsifi-
able (Nee and Stone 2003, Adler et al. 2007). Attempts to
bridge the gap between neutral and niche-based theories of
community assembly have also been made (O’Dwyer and
Green 2010, Ter Steege 2010).

Besides functional equivalence, an aspect that is usually
forgotten in the debate is the age of origin and the duration
of species. Indeed, species living in a given community did
not reach it simultaneously, as the neutral theory seems to
implicitly assume. A number of these species would have
been present for long time, while others have appeared by
recent speciation, immigration or long-distance dispersal.
Local or regional extinction and emigration should also be
considered, as community diversity at any given time is the
balance between inputs and outputs (Rull 2011c). Recent
molecular phylogenetic studies have shown that today’s co-
existing species have highly variable ages of origin, ranging
from 25 million to few hundred thousand years (Rull 2008,
and literature therein). Therefore, community composition
and diversity are not matters of a static ecological play start-
ing at some definite point, but more a game of continuous
change under ecological and evolutionary forces. Moreover,
as it has been previously noted, individualistic responses
driven by particular niche characteristics of each species
have been crucial for community assemblage in temperate
and tropical forests on the Q-time scale. The same message
would be pertinent for modelling studies trying to decipher
the complexity of intra-community interactions, a field that
is now very active (Bascompte 2009). Concerning model-
ling, it is well known that for models to properly work and to
produce realistic outputs, they should first be tested against
actual observations. Models are mechanistic tools, and their
ecological substance largely depends on the underlying eco-
logical assumptions and the training sets used for parameter-
isation, calibration and subsequent output evaluation. If only
real-time data are used, model outputs will be useful for de-
scribing short-time phenomena (which are mostly under the
action of predictable, cyclic environmental change) but will
be inadequate to deal with trends involving longer processes
(e.g., succession, community stability, biotic responses to di-
rectional and unpredictable environmental changes). Fur-
thermore, to be realistic, model assumptions should be based
on all of the available ecological knowledge, for which long-
time records are a necessary component.

Some of the examples provided above are also useful in
this context. The individual behaviours of species depend on
their respective environmental requirements and response
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particularities, thus emphasising the significance of niche
features in community assembly. The examples of North
American and British interglacial forests (Wright 1977,
Davis 1981) provide clear illustrations in this sense. In addi-
tion to the characteristics of present-day species, the potential
importance of immigration and long-distance dispersal of an-
cestor lineages has also been considered in this context. Pen-
nington et al. (2006) emphasise the significance of phyloge-
netic studies for testing proposals of the neutral theory,
especially regarding migration, one of the central tenets of
neutrality (Hubbell 2001). As a first approach, the same
authors suggest several ways of testing the neutral prediction
that seasonally dry neotropical forests are more dispersal-
limited than rainforests, as they are more fragmented and oc-
cupy a smaller area (Pennington et al. 2006). They hypothe-
sise that the molecular phylogenetic structure should be high
within rain forest plots because they would be more likely to
have coexisting members of the same niche-conservative
clade that would have arrived from disparate locations. In
comparison, in the more dispersal-limited seasonally dry
tropical forests, fewer coexisting, closely related species
should be found within plots; therefore, a low community
phylogenetic structure is predicted (Pennington et al. 2006).
The combination of this approach with previously mentioned
palaeoecological findings should be able to unravel the main
trends in the structuring of present-day communities via neu-
tral and non-neutral model testing.

Succession is a crucial process in community structuring.
So far, most ecological principles and theories on succession
have been based on observations from short-term secondary
successions and on the assumption that certain spatial com-
munity patterns, also called chronosequences, in fact repre-
sent successional stages. Common examples of such spatial
patterns are zonal communities (e.g., those living along ac-
tive river meanders or prograding coasts) (Snedaker 1982,
Salo et al. 1986). For a long time, palaeoecologists have been
trying to show that the space-for-time substitution cannot be
uncritically accepted (Jackson et al. 1988); some ecologists
still vindicate its use when “…successional trajectories ex-
ceed the life span of investigators and the experimental and
observational studies…” (Walker et al. 2010). This explicitly
ignores palaeoecological data or implicitly considers that
they are not ecological observations, which is exactly the op-
posite of the main belief underlying this review. Other neoe-
cologists, however, began to be aware of the futility of using
undemonstrated assumptions if palaeoecological data are
available to properly reconstruct actual successions in time
(Johnson and Miyanishi 2008). Explicitly or not, the use of
chronosequences as proxies for ecological succession is
grounded on a Clementsian concept of community and com-
munity succession. From a conceptual point of view, the sole
fact that no community has developed under a constant or
predictable environment in the medium- to long-term, which
is one of the main lessons of palaeoecology (Foster et al.
1990), already questions the possibility of generalisation.
However, the individualistic paradigm and the differences
observed in interglacial forest successions challenges the

view that a single successional process for a given commu-
nity can be inferred from present-day spatial patterns.

There are many (old and new) palaeoecological exam-
ples of successions transgressing the assumed ecological
rules based on spatial chronosequences (Birks 1980, Birks
and Birks 1980, Delcourt and Delcourt 1991). Here, a recent
contribution published in a journal devoted to neoecological
studies has been selected. Johnson and Miyanishi (2008) an-
alysed examples provided by classical ecology books on suc-
cession based on inferences from present-day spatial zona-
tion and compared them with the results of palaeoecological
data on the development of the same communities, which in-
clude lake infilling and the colonisation of newly deglaciated
terrains and abandoned crop fields. In none of these cases, the
sequence inferred from present-day spatial patterns, which
has been traditionally considered the successional norm for
these communities, coincided with the actual temporal vege-
tation changes that have occurred in the corresponding sites.
The authors concluded that the chronosequence method is
not generally useful in the study of vegetation dynamics, as
the assumption of environmental stability over the time span
of any successional sequence is highly unlikely (Johnson and
Miyanishi 2008). It could be added that, in addition to envi-
ronmental instability, individual behaviours and the unpre-
dictability of biotic and abiotic interactions are additional
factors for disagreement. Succession is still a core concept in
community ecology, and its study can assist greatly in ad-
dressing future environmental problems (Prach and Walker
2011).

Beyond palaeoecological methods, the review by Caven-
der-Bares et al. (2009) on the contribution on molecular phy-
logenetics to the issue of community assembly, concludes
that niche-based processes seem to be more important than
predicted by the neutral theory, and that the evolution of spe-
cies’ functional traits would be more significant than pre-
viously considered for community assembly.

Biodiversity conservation

The contribution of palaeoecology to biodiversity con-
servation has been exhaustively reviewed by Willis et al.
(2007) and Vegas-Vilarrúbia et al. (2011), who emphasise
several tasks in which palaeoecology can be of utility: 1) the
identification of species at risk from extinction, 2) the setting
of realistic goals and targets for conservation, 3) the identifi-
cation of management tools for the maintenance or restora-
tion of a given biological state, 4) the determination of baseli-
nes and natural ecosystem variability, 5) the understanding
of ecological thresholds and resilience, 6) the assessment of
climate change and conservation strategies, 7) the documen-
tation of biological invasions, 8) the determination of rates
and the nature of biotic response to climate change, 9) the
management of novel ecosystems, and 10) the improvement
of red lists and similar conservation tools. Here, a brief ac-
count of some potential contributions relevant to community
ecology will be presented.
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Despite the accepted general lack of equilibrium between
communities and the environment, this notion is still subja-
cent in many proposals and programmes (Hagerman et al.
2010). The International Union for Conservation of Nature
(IUCN) red lists are based on individual species as conserva-
tion targets (IUCN 2001); however, a recent initiative has be-
gun including ecosystems as a whole, in addition to single
species, in the IUCN red lists (Rodríguez et al. 2010). Al-
though not explicitly, the subjacent idea is that present com-
munities are stable in time and in equilibrium with environ-
mental conditions; thus, they should be preserved in their
present states. This re-vitalises the debate between the indi-
vidualistic versus the community approach in ecological dy-
namics. Neoecology has addressed the problem using models
to project future species distributions under climate change
scenarios, considering both individualistic and community
modelling. The resulting outputs were affected by individual
species traits, such as range size and geographical location,
thus showing sensitivity to different degrees of equilibrium
between species and climate. Individualistic and community-
based projections showed differences that require further
scrutiny, but a general conclusion is that uncritical use of
community-based models is not supported (Baselga and
Araújo 2009). Others focus on the conservation of commu-
nity function, with an emphasis on trophic structure, inde-
pendent of species composition and diversity (Palmer et al.
1997). Rather than analysing all of the possible options from
a theoretical point of view, modelling would be much more
effective for identifying what is the real problem in each case
and addressing it more specifically. Palaeoecological evi-
dence on individualistic responses to past climate changes is
overwhelming; this should be used to develop better-ad-
justed response models for the future. Given their likely tran-
sient character, efforts to preserve present-day communities
seem to be futile and incompatible with palaeoecological
knowledge (Hunter et al. 1988). The selection of present-day
species combinations as conservation targets would be a bi-
ased choice based on our own short-term experience and ex-
pectations rather than on objective ecological knowledge
(Rull 2011a). From a palaeoecological perspective, conser-
vation strategies focused on species, rather than on commu-
nities, seem more appropriate (Bush 1996, 2002).

Palaeoecological records contain many examples show-
ing non-linear community responses, called surprises (Over-
peck 1996), to climate changes (Bradley et al. 2003, Wil-
liams et al. 2011). Concerning conservation, the more
important surprises seem to be those linked to abrupt thresh-
old-crossing changes, manifested as jumps in the palaeoe-
cological records, which are mainly caused by the magnify-
ing action of positive feedbacks (Broecker 1987, Overpeck
1996). For example, the upper and lower bounds within
which atmospheric CO2 concentrations have varied over the
past four glacial cycles seem to be thresholds for the global
carbon cycle, which influences photosynthetic efficiency.
The glacial/interglacial cycles are thought to be threshold re-
sponses to gradual insolation changes. Another threshold is
the potential migration rate of organisms, which may deter-

mine their extinction if environmental change proceeds faster
(Bradley et al. 2003). Given the complexity and non-linearity
of nature, these jumps should be expected to occur in the fu-
ture in a stochastic fashion, much as they have occurred in
the past. Palaeoecology may be useful for predicting their oc-
currence, understanding their causes, and preventing their bi-
otic consequences (Willis and Bhagwat 2010).

Another contribution of palaeoecology to this field is the
possibility that extinction rates predicted as a consequence of
future global warming may be overestimated. However, the
rapid development of DNA molecular phylogenetic tech-
niques can contribute once more to balance the expectations.
Molecular evidence on past living beings is still to be ex-
ploited in its full potential and eventual surprises regarding
unnoticed extinct species and subspecific clades may not be
disregarded (Hofreiter et al. 2012). With the evidence avail-
able so far (mostly palaeoecological), spatial reorganisations
driven by individual migrations and no extinctions have been
the norm during the Q-time, as a response to glacial-inter-
glacial cycles and other minor climatic changes. This has led
some palaeoecologists to consider that the more likely re-
sponses of future ecosystems to climatic change will be rapid
community turnovers, broad-scale migrations, threshold
events and the formation of novel ecosystems, as in the past,
rather than extinction (Willis and Bhagwat 2009). However,
palaeoecological studies have suggested the existence of
small refugial sites, or microrefugia, in addition to the main
refugial areas, or macrorefugia, during both glacial and inter-
glacial periods (Birks and Willis, 2008, Rull 2009). The mi-
crorefugia were likely scattered throughout inhospitable ter-
rains and would have been important to explain, for example,
the rapid recolonisation of temperate continents after the last
glaciation. Molecular phylogenetics also supports the occur-
rence of glacial microrefugia, as deduced from the present-
day genetic structure of species and their populations (Willis
and van Andel 2004, Provan and Bennett 2008). The occur-
rence of microrefugia in the future could help to mitigate the
extent of the projected biotic extinction resulting from cli-
mate change by providing suitable microhabitat conditions
for threatened species (Pearson 2006, Rull 2009). This is es-
pecially true in the case of mountain habitats, where topog-
raphy favours the occurrence of mosaics of microclimatic
conditions thus facilitating survival (Scherrer and Körner
2011). To consider this possibility, forecasting models
should use lower grid sizes to account for local topographical
and microclimatic features (Willis and Bhagwat 2009,
Sublette et al. 2011). So far, microrefugia seem to be more a
theoretical necessity than a reality (Rull 2009) but the first
attempts to locate small areas with singular microenviron-
ments for future biodiversity conservation are beginning to
emerge (Ashcroft et al. 2012).

An interesting issue is the possibility of finding past ana-
logues for future environmental trends that are able to pro-
vide records of the response of biotic communities to them.
In the case of the on-going global warming, the warming
rates are analogous (although the baselines are different) to
the transition between the Younger Dryas cooling and the be-
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ginning of the Holocene (between about 12.0 and 11.5 ka
BP), when both the magnitude and rates of warming (ap-
proximately 4oC per century, on average) were very similar
to those predicted for the 21st century (Cole 2009, Vegas-
Vilarrúbia et al. 2011). The responses of plants and animals
to this warming contrast with each other. While large mam-
mals suffered significant worldwide extinctions, there is no
evidence of the same situation for plants. However, animal
extinction alone has not been considered a consequence of
climate change, but rather the synergy between it and human
practices (Barnosky et al. 2004, Koch and Barnosky 2006).
Plant communities responded with rapid expansions of local
populations, large-scale species range shifts, community
turnover, and the formation of novel community assem-
blages (Willis et al. 2010). Additional information provided
by past records includes the possibility of estimating the re-
sponse lags and rates of different organisms to environmental
change. In a high-resolution study developed in northern
Europe, these parameters were estimated for several plant
and animal taxa; the differences were attributed to different
spatial scales, life-history temporal scales, sensitivities and
ecological requirements (Birks and Birks 2008). Such infor-
mation is crucial for predicting and anticipating possible fu-
ture community trends.

Palaeogenetics

Most of the studies involving DNA phylogenies quoted
so far are based on living species but, during the last years,
the study of the so called ancient DNA, preserved in bones,
seeds, pollen, and other protective structures from extinct
species (Pääbo et al. 2004), as well as in sediments as free
molecules or part of them (Anderson-Carpenter et al. 2011),
has experienced a remarkable progress. The potential for

identification of species and lower categories using ancient
DNA largely exceeds that of fossil morphology methods,
which are usually restricted to the genus or family level. In
this way, studies on population dynamics would be extended
far deeper back in time than usual. According to Hofreiter et
al. (2012) one of the main contributions of ancient DNA
analysis to Quaternary palaeoecology would be the under-
standing of the response of organisms to environmental
change in terms of accommodation, distributional shifts,
evolution and, especially, extinction. Indeed, extinction rates
due to the Quaternary environmental changes have been con-
sidered either low or high by different authors but the lack of
enough support from fossils in this sense (except in the case
of mammals) is still a handicap. Identification of DNA at spe-
cies level would be of much help in this controversy (Hofre-
iter et al. 2012).

Ancient DNA is especially well preserved in perma-
nently frozen areas (permafrost), where it can be found in an
intact form (Lewis et al. 2008), and has already been used to
reconstruct palaeoecological trends at Q-time scales (e.g.,
Jørgensen et al. 2011a, b). The preservation of genetic mate-
rial in such environments is good enough to make possible
the regeneration of entire fertile plants from 30,000 years old
germoplasm from frozen fruits (Yashina et al. 2012).

The study of ancient DNA is a highly promising palaeoe-
cological field that would allow the study of ecological and
environmental dynamics “throughout a substantial part, and
perhaps even the entire Quaternary” (Hofreiter et al. 2012).

Final remarks

From a general perspective, palaeoecology combined
with molecular phylogenetics provide a suitable temporal

Figure 1. Summary diagram showing the temporal domains of ecology discussed in the text and the patterns and processes charac-
teristic of each of them, as referred to present-day species and communities. Note that most processes involving individual species
need deep-time and Q-time scales, while community processes are typically within the Q-time domain. Anyway, Q-time is always
present in the processes considered.
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framework to consider relevant issues of community ecol-
ogy. In particular, they have the capacity for the following:
1) providing actual data on long-term community dynamics,
thus minimising the need for a priori (often unrealistic) as-
sumptions; 2) furnishing evidence for testing current hy-
potheses on community ecology; 3) parameterising, calibrat-
ing, and validating community ecology models for more
realistic outputs involving long-term processes; and 4) pro-
viding new insights leading to the proposal of new hypothe-
ses and models in the appropriate time perspective. Until re-
cently, community ecology principles and theories have
relied on short-term neoecological observations within the
temporal domain of human life or the real-time scale. As a
consequence, many assumptions on longer-term processes
were needed to set a background for ecological inferences
using models. During the last decades, however, palaeoecol-
ogy, palaeogenetics and molecular phylogenetics have gath-
ered a body of Q-time and deep-time ecological observations
that would relax the need for such unwarranted presupposi-
tions. In this sense, recent initiatives, such as the so-called
“model-data fusion”, which combines process-based ecologi-
cal modelling with neoecological and palaeoecological data
(Peng et al. 2011), are encouraging. This review has shown
the potential application of palaeoecological and phylogenetic
evidence to subjects such as the latitudinal diversity gradient,
the richness-stability paradigm, the individual vs. collective
responses of communities to environmental changes, the dif-
ferent community-environment equilibrium proposals, and
the ecological and evolutionary processes involved in com-
munity assembly and succession. It has also demonstrated the
application of the lessons from these topics for conservation
in the face of ongoing and future global change.

Perhaps these observations may help in consolidating
some theoretical aspects of community ecology not only for
understanding ecological processes in time but also for deci-
phering the clues of present-day communities and ecosys-
tems. Once more, the need for a broader ecological founda-
tion embracing past, present and future, considering time as
a continuum, should be emphasised (Rull 2010). Ecology has
recently attained a proper spatial scope since the birth of
macroecology, which has provided a broader biogeographi-
cal perspective. Now, it is time to incorporate the time-con-
tinuum approach. Palaeoecology is the ecological discipline
that should bridge the gap between the neoecological real-
time and the evolutionary deep-time by showing how impor-
tant ecological and evolutionary processes occurring in the
Q-time domain may be for understanding the present eco-
logical states of living communities (Fig. 1). To attain such a
broad ecological framework, neoecologists should be more
aware of past records as ecological observations, whereas pa-
laeoecologists should be more interested in ecology rather
than in merely environmental reconstruction.
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