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WebPanel 1. Why historical–hybrid–novel?

Novel ecosystems have been described in a variety of ways, and
have also been referred to as “emerging” and “no-analog”. There
is debate over the utility of the term “novel ecosystem” and
whether it adds anything beyond existing constructs in restora-
tion ecology (Moreno Mateos 2013; Van Andel 2013), and this
remains an ongoing dialogue. Most recently, Hobbs et al. (2013)
discussed the difficulties involved in settling on a definition and
provided the following working definition: “A novel ecosystem is
a system of abiotic, biotic, and social components (and their
interactions) that, by virtue of human influence, differ from those
that prevailed historically, having a tendency to self-organize and
manifest novel qualities without intensive human management.
Novel ecosystems are distinguished from hybrid ecosystems by
practical limitations (a combination of ecological, environmental,
and social thresholds) on the recovery of historical qualities”
(Figure 2).

The question of whether there is a categorical difference
between historical, hybrid, and novel systems remains con-
tentious (Moreno Mateos 2013), and centers on both the degree
of departure from a system’s historical range of variation and the
likelihood that intervention could reverse a current trajectory.
Historical ecosystems retain historical continuity, and their cur-
rent state lies within their known or assumed historical range of
variation. Hybrid systems have moved out of this range, often
because of the arrival of novel elements, such as non-native
species that interact and form assemblages not previously pre-
sent; they therefore constitute a mixture of historical and novel
elements. However, it is thought that these systems could be
returned to their historical state and trajectory with appropriate
intervention, although some may have social and ecological values
that warrant managing them as hybrid ecosystems. Novel systems
have moved so far away from their historical range, through on-
site and off-site biotic, abiotic, and functional changes, that they
retain very few of their historical characteristics. They are likely
to be relatively resistant to intervention that attempts to return
them to their historical state and trajectory. 

The ability to identify clear breakpoints or boundaries between
categories – particularly between novel and hybrid systems –
depends on the recognition of ecological or management thresh-
olds. This is frequently a challenge in practice and also raises the
question of reversibility. The characterization of novel ecosystems
above suggests there should be clear breakpoints or thresholds
that differentiate between novel and hybrid ecosystems in terms
of their potential for restoration. Theoretically, novel ecosystems
have little potential for restoration to the historical state. This
hypothesis remains to be tested empirically. While the idea of
threshold dynamics has proven very useful in considering ecosys-
tem management choices and techniques (eg Suding and Hobbs
2009), the presence of ecological thresholds has remained diffi-
cult to demonstrate in all but a few terrestrial systems (Andersen
et al. 2008; Samhouri et al. 2010; Bestelmeyer et al. 2011).
Although there is clear utility in differentiating systems that may
have crossed a threshold of one type or another that then pre-
sents a barrier preventing the return of the system to a historical
state and trajectory, for some purposes it may be better to con-
sider novelty as a continuum, thus avoiding the need to differenti-
ate categories.  As in physics, where light is simultaneously viewed
as waves and particles, it is useful to retain a dual view of novelty

as continuous or discrete. 
Is the characterization of different ecosystem states as histori-

cal, hybrid, or novel a valid and useful way to proceed? A legiti-
mate question is whether “novel” is just another word for
“degraded”, given that this term is usually applied to systems that
have lost particular structural or functional characteristics.Yet we
believe that the distinction lies in the recognition that altered sys-
tems, although changed, may still retain important values and
therefore cannot necessarily be characterized as degraded rela-
tive to those particular values, even though they may be degraded
relative to other values. The problems with blanket assumptions
about altered systems being degraded have recently been
explored in the context of secondary and human-inhabited forest
systems (Hecht et al. 2014). Because all ecosystems are dynamic
and are therefore changing, a further question is whether calling
some systems novel is actually useful (Moreno Mateos 2013). This
characterization provides a framework for considering a wider
range of management approaches given an unprecedented rate of
ecosystem change. Indeed, the term “novel” raises the public and
policy profiles of the consequences of rapid anthropogenic
changes. Certainly, several important questions arise. For
instance, should historical conditions continue to be used as the
baseline or reference state for assessing novelty (ie a departure
from baseline or reference state)? The role of historical knowl-
edge in informing decisions around novel ecosystems, as with
decisions on ecosystem management, is increasingly being dis-
missed as irrelevant as rapid environmental change pushes sys-
tems into new configurations that have diminishing connection
with past conditions. The term “historical” is often used in a
vague and unreferenced way and can refer to anything in the past,
contributing to confusion and a sense that history is no longer
relevant. On the other hand, some argue that historical configura-
tions still yield the best information on how systems work and
provide guidance and limits to management endeavors. At this
juncture, both perspectives are relevant and an important task is
to try to find a resolution to this apparent contradiction (Jackson
and Hobbs 2009). 

If novelty is measured against some reference, how should that
reference be determined? When are historical references valid or
possible, and are modern analogues or current reference states
more appropriate? These alternatives have advantages and limita-
tions, and are complicated by questions of temporal and spatial
uncertainty. While new approaches may be needed, current best
practices that are based on years of successes and failures have
much to offer and should be considered first, especially in the
face of uncertainty over the current state and trajectory of the
system. In all cases, reference ecosystems, however determined,
are not meant to be a rigid template toward which the system
should be managed or restored: rather, they act as a guide and
need to be considered in tandem with current and projected
conditions and dynamics. In addition, phrases such as “historical
condition” or “reference state” should be viewed as shorthand
encompassing dynamics; past, present, and future states should be
considered more as trajectories of change. It is perhaps most
important to consider when novelty actually matters: what
degree of difference from a past or present condition either trig-
gers the need for management intervention or dictates the type
of intervention that might be appropriate? 



Supplemental information RJ Hobbs et al.

www.frontiersinecology.org © The Ecological Society of America

WebPanel 2. The landscape context: necessary but challenging

A landscape perspective provides the opportunity to ensure
that patch-based interventions are planned and designed to be
effective, and to identify where and what type of broader-scale
interventions are necessary. A key challenge in implementing the
approaches outlined here is the identification of critical patches
and critical scales for interventions, particularly in landscapes
characterized by multiple uses and ownerships (Figure 1).
Landscapes vary in terms of what these critical scales might be,
from relatively fine grained (as in Figure 1) to much coarser
grained for extensively managed systems such as rangelands.
Management units often equate to patches used in different ways
(Figure 1), and goals for individual patches often differ substan-
tially. Broader landscape goals frequently relate to the “bundles”
of ecosystem services expected from the area, and this com-
monly involves an examination of potential trade-offs and syner-
gies among different services. Local intervention may be appro-
priate in some instances but ineffective in others, particularly
where broader landscape processes such as regional hydrology
have been drastically altered (Cramer and Hobbs 2002).
Determining the appropriate locations and scale of intervention
is often difficult because of incomplete information on past and
present patch characteristics, and lack of ability to identify or
monitor interactions and flows among patches. In addition, the
scale of restoration interventions is frequently determined more
by budgets, interests, and jurisdictions than by ecological consid-
erations alone.

There are, nevertheless, promising recent approaches to
addressing management challenges arising from novel ecosystems
at both local and landscape scales. For instance, Zedler et al.
(2012) highlighted the need to accommodate irreversible land-
scape alterations by relating management approaches to the
extent and nature of these changes. The authors suggested, for

example, that the potential for wetland restoration depends on
the position of the wetland in the broader landscape. Wetlands
lower in the watershed are more likely to have been affected by
inflows of sediment and nutrients, and are therefore unlikely to
be easily restored to a historical state. Conversely, upstream wet-
lands, which are likely to be less substantially altered, could still be
considered legitimate targets for restoration of historical assem-
blages. Zedler et al. (2012) also advocated an experimental and
adaptive approach to managing individual wetlands so that a
clearer picture emerges of which management/restoration tar-
gets are achievable and which are not. 

Recent work on the altered ecosystems of the humid high-
lands in Galapagos National Park has also illustrated how a con-
sideration of landscape context can assist with prioritizing inter-
ventions (Trueman et al. 2014). This study examined transitions
from the original vegetation to a series of altered vegetation
states, measured the degree of novelty of these states, and con-
sidered the ecological and practical limitations to restoration,
using the decision tree in Figure 2 (modified from Hulvey et al.
2013). Invasions by a variety of plant species were primarily
responsible for the development of altered states, and the major
practical barriers to restoration were identified for most of
these states, being largely due to the difficulties involved in ade-
quately controlling invasive species over large areas. It was, how-
ever, possible to identify potential priorities for action: for
instance, two states (grassland and avocado-dominated forest)
that occupied relatively small isolated patches but were actively
spreading could be targeted for intervention (WebFigure 1).
Direct intervention to control the invasive species and reinstate
native species in those patches could be an appropriate priority.
In other cases, creating buffers to limit further outward spread
could also be appropriate.

WebFigure 1. Grassland dominated by the non-native grass Pennisetum purpureum in humid highland areas within the
Galapagos National Park on Santa Cruz Island, Galapagos. Patches of this altered vegetation type are relatively small but are
increasing in size. Unlike more widespread plant invasions, it may be possible to control and/or isolate the invasive species and
restore the patch to a less novel configuration.
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