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relevant to the present (Millar  &  Woolfenden  1999a ). 
In North America, the period of  relevant history is 
often considered to be the two to three centuries before 
the arrival of  European colonists, when disturbance 
dynamics are assumed to have been  “ natural, ”  and the 
beginnings of  the transformation of  the continent 
(Whitney  1994 ) (although this excludes the previous 
effects of  indigenous Native Americans on the land-
scape; Denevan  1992 ; but see Barrett et al.  2005 ). The 
comparable demarcation points for history are quite 
different in Europe or, for that matter, Australia or 
parts of  Africa or South America. Paleoecologists think 
of  timescales in yet different ways (e.g. Schoonmaker 
 1998 ; Jackson, Chapter  7 , this book). 

 There are two points to be made. First, the scales 
used to defi ne time periods over which historical 
variation is considered cover a broad range, in part 
refl ecting different purposes, objectives, constraints, 
perceptions, and attributes of  interest. Second, no 
matter which scale is used, the patterns and magnitude 
of  variation observed will be dictated and circum-
scribed by that scale, and any management or conser-
vation practices that are guided by historical variation 
will be similarly constrained. 

 Our objective in this chapter is to delve more deeply 
into some of  the issues related to scale and historical 
variation and the implications for incorporating 
historical ecology into resource management and con-
servation. These issues complicate applications of  his-
torical ecology, and the specter of  rapid changes in 
ecological systems wrought by climate change and 
land - use change only adds to the diffi culty. Our perspec-
tive is that, despite these diffi culties, historical ecology 
is fundamental to understanding the current and likely 
future status of  the ecosystems we manage and value, 
because it provides insight into the temporal and 
spatial mechanisms by which ecosystems respond to 
global change. At the very least, historical information 
can inform resource managers about the level of  
departure of  current from past conditions, which can 
assist in articulating goals and desired conditions and 
identifying appropriate management options. Regard-
less of  how the future plays out, planning for it requires 
knowing where we are today, and knowing where we 
are today requires knowing how we got here.  

   5.2    SCALE IN ECOLOGY 

 First, some background on what scale means and how 
it has been used in ecology. Although ecologists use 

    5.1    INTRODUCTION 

 Understanding and applying concepts such as  histori-
cal range of  variation  ( HRV ) in management and con-
servation requires a specifi cation of  what is  “ history ”  
and what is  “ variation. ”  Both are matters of  scale. 
Depending on one ’ s perspective, history is what hap-
pened yesterday, last week, a month ago, or years, 
decades, centuries, millennia, or even longer in the 
past. Variation in any factor of  interest depends on the 
timescale as well. Because variation is often expressed 
as a departure from some average condition, whether 
that condition remains stable or itself  varies depends on 
the time frame adopted. Spatial scale is also important: 
both history and variation are likely to differ between a 
small, local area and a larger, regional area. Whether 
historical variation is used to guide management (e.g. 
Landres et al.  1999 ), assess recovery from environmen-
tal disturbances (e.g. Wiens  1995 ), or set targets for 
restoration actions (e.g. White  &  Walker  1997 ), deter-
mining appropriate scales should be a central concern. 

 More often than not, however, the scales of  investi-
gation or management are determined arbitrarily, on 
the basis of  factors related more to logistics, the time 
frame of  human perception, or the availability of  data 
than to the dynamics of  the system of  interest. Con-
sider just temporal scale. Much of  the information used 
to test the ecological theories on which management 
and conservation are based, for example, comes from 
1 -  to 3 - year studies constrained by academic degree 
requirements or grant - funding cycles. Such studies 
can provide only a snapshot of  variation, so in order to 
generalize the results, one must assume that system 
dynamics are in equilibrium. Long - term studies (10 –
 40 years or more) can document variation within the 
specifi ed time window, but such studies have been con-
ducted for only a handful of  species or ecosystems and 
are likewise limited by the duration of  funding support 
or the interest or persistence of  the investigator (Likens 
 1989 ; Irland et al.  2006 ). In the management arena, 
US National Forest Land Management Plans generally 
consider a 10 -  to 15 - year planning horizon (as estab-
lished by the National Forest Management Act), and 
strategic plans of  agencies such as the US Geological 
Survey or US Fish and Wildlife Service are cast in terms 
of  5 - year periods covering a decade or two. 

 More to the point of  this book, the timescales used 
to defi ne HRV differ depending on the attributes used 
to characterize variation, the availability of  data, the 
particular management directives or policies, and an 
often - unstated perception of  what past time period is 
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which a system is viewed will determine how or 
whether these dynamics and variations are revealed. A 
single - year study with monthly observations will not 
capture variations associated with multiyear droughts 
or  El Ni ñ o Southern Oscillation  ( ENSO ) oceanographic 
cycles.  
   •      Different system attributes, such as weather, climate, 
fi re, or the life - history strategies of  different species, 
vary in their characteristic scale domains in space and 
time (Fig.  5.2 ). The appropriate scale(s) for assessing 
variation in these attributes will therefore differ. There 
is no  “ one size fi ts all ”  scale.    
   •      The appropriate scale will also differ depending on 
the question asked and the focus of  the question. A 
study of  the physiology of  an individual tree, for 
example, will require a different scale in space and time 
to capture critical cause – effect relationships than one 
focused on the controls of  nitrogen cycling in forest 
ecosystems (Fig.  5.2 ).  
   •      Policies that govern the protection or management 
of  natural resources are frequently implemented 
opportunistically, often at the scales of  administrative 
units (e.g. individual Wildlife Refuges, US Forest Service 
Regions) or budget cycles. The implicit nature of  scale 
in these instances often makes it diffi cult to learn why 
some policies succeed and others fail. Permeating all of  

 “ scale ”  or  “ scaling ”  in a variety of  ways (Peterson  &  
Parker  1998 ; Wu  2007 ), scale generally refers to the 
dimensions in space or time in which a study is con-
ducted or a concept or theory is intended to apply. 
Saying that a study area is 10   ha or was conducted over 
2 years specifi es the spatial or temporal scale of  the 
study. 

 There are two components of  scale:  grain  and  extent  
(Wiens et al.  1993 ; Fortin  &  Dale  2005 ). In a spatial 
context, grain refers to the resolution of  a study or 
analysis or the fi nest unit of  observation (e.g. the 
smallest grid - cell size), while extent defi nes the overall 
area in which a study or analysis is conducted. For 
example, an investigator might study the distribution 
and survival of  oak ( Quercus  spp.) seedlings in a 100 -
 ha woodlot (the extent) by sampling several dozen 
quadrats of  1   m 2  (the grain). The temporal analog 
might be conducting the study over 3 years (the extent) 
by sampling every month (the grain). Considerations 
of  grain and extent, as components of  scale, relate 
closely to the defi nition of  both history and variation 
in determination of  the HRV. Extent defi nes the span of  
history considered, and grain determines what one 
sees of  the variation that actually occurs. 

 Grain and extent are selected by an investigator or 
manager as part of  a study design or management 
application. Beyond this, however, natural phenomena 
often vary nonlinearly in relation to scale. Scale 
domains (Wiens  1989 ) defi ne ranges of  scale within 
which the linkages between ecological processes 
(causes) and patterns (effects) remain relatively stable 
before shifting to some different process – pattern rela-
tionship as the scale is changed and a  “ scaling thresh-
old ”  is passed (Fig.  5.1 ). Such scale - dependent domains 
and thresholds are well - known in population dynam-
ics (May  1974 ) and chaos theory (Gleick  1987 ), where 
they represent transitions to a different state space 
(Gunderson  &  Holling  2002 ).   

 In addition to drawing attention to the importance 
of  grain and extent and threshold dynamics, the last 
two decades of  research and thinking about scaling in 
ecology have led to several insights about the factors 
that infl uence the choice of  appropriate scales. These 
are not new or novel insights, but they bear on how 
history can inform management and conservation 
practice.
    •      The inherent dynamics of  the ecological system 
determine in part the appropriate scale of  investigation 
or management. These dynamics (e.g. population fl uc-
tuations, frequency of  disturbances) are what produce 
the ecologically relevant variations. The scale(s) on 

     Fig. 5.1     Domains of  scale defi ne regions of  the scale 
spectrum within which ecological attributes (e.g. organisms, 
processes, spatial patterns) and pattern – process 
relationships remain relatively consistent. Adjacent domains 
are separated by transitional zones or thresholds in which 
system dynamics may be unpredictable. If  the focus is on 
phenomena within a given scale domain, studies conducted 
at fi ner scales may fail to include critical components, 
whereas studies conducted at broader scales may fail to 
reveal the pattern or causal relationships because such 
linkages are averaged out or are characteristic only of  the 
given domain.  
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are usually functionally intermeshed: through either 
short - term or evolutionary adaptation, ecological 
systems tend to adjust to the scales of  relevant variation 
in environmental factors. The third scaling fi lter, 
however, involves human scalings that are often 
detached from those of  the environment and the 
natural systems. As a result, the scales of  both aca-
demic studies of  these systems and the actions taken to 
manage or conserve them may be mismatched to the 
natural scaling of  the systems. Management may go 
astray when there is a lack of  congruence between the 
scale of  management actions and the scales of  varia-
tion in the environment and in the dynamics of  the 
natural system. For example, treatments to protect 

this are the scales of  human perception. Most people 
view the things that affect their lives (and over which 
they have some control) at local spatial scales or short -
 term temporal scales. They tend to be more detached 
from international (or even national) affairs or things 
that may affect them a decade or two hence. There is 
an important asymmetry here, in that most people 
have a short - term view of  the future but a much 
longer, even nostalgic, view of  the past. This is one 
reason why it is so diffi cult to generate public concern 
over the potential impacts that climate change may 
have in 2050. Like it or not, our perceptual scaling is 
often imposed on the natural systems we study or 
attempt to manage or conserve.    

 The upshot of  these multiple layers of  scaling is that 
what one perceives about natural systems  –  their 
dynamics, history, and variations  –  is fi ltered by scale. 
Roughly speaking, there are three dimensions of  scale 
fi ltering that must be considered: the scales at which 
the environment varies, the scales at which the system 
operates and responds to environmental variations, 
and the scales at which we observe and manipulate 
these dynamics (Fig.  5.3 ). The fi rst two scaling fi lters 

     Fig. 5.2     Generalized space - timescale domains of  features 
of  forests, disturbances associated with fi re or beetle 
outbreaks, and atmospheric factors (after Holling et al. 
 2002 ). The scale domains for different forest - management 
approaches are also shown (1    =    forest thinning or prescribed 
burning; 2    =    regional forest plan; 3    =    National Forest 
policy).   (From  Panarchy  edited by Lance H. Gunderson and 
C.S. Holling. Copyright  ©  2002 Island Press. Reproduced by 
permission of  Island Press, Washington, DC, USA.)  
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     Fig. 5.3     Venn diagram of  the relationships between the 
scales (areas of  the circles) of  variation in the environment, 
in the responses of  ecological systems to the environment, 
and in the application of  human actions (e.g. management, 
conservation, resource extraction, policy). The scales only 
partially overlap because some variations in the 
environment occur at scales to which ecological systems do 
not respond or some attributes of  ecological systems occur 
at scales too fi ne or too broad for management or 
conservation actions. The areas of  overlap indicate 
matching of  scales. The large overlap between the scales of  
environmental variation and responses of  ecological systems 
refl ect the general tendency of  organisms or biological 
processes to be adjusted to environmental variations, either 
through short - term responses or evolutionary adaptation. 
The lesser overlap between these scales and that of  human 
actions refl ects the general practice of  determining the scale 
of  these actions on the basis of  the size of  management 
units, the prevue of  policy, duration of  funding, and so on, 
rather than the inherent scaling of  environmental variation 
and ecological responses.  
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western conifer forests from losses to bark beetles ( Scot-
ylus, Dendroctonus,  and  Ips  spp., among others) typi-
cally are conducted at the scale of  individual trees 
(applying insecticides) or stands (thinning to reduce 
tree - to - tree competition and stress), and important 
research has been conducted to support management 
at this spatial scale (e.g. Amman  &  Logan  1998 ; Schmid 
 &  Mata  2005 ). However, the bark beetle outbreaks now 
occurring across much of  western North America are 
being driven primarily by changing climatic conditions 
(warmer temperatures) occurring at a continental or 
global scale (Raffa et al.  2008 ), which are overwhelm-
ing the effects of  stand - level forest treatments.    

   5.3    SOME IMPLICATIONS OF SCALE 
IN HISTORICAL ECOLOGY 

  The  p erception of  s ystem  d ynamics 

 What one sees of  the dynamics of  an ecological system 
is a function of  the scale on which the system is viewed. 
Consider, for example, the three hypothetical scenarios 
of  system dynamics depicted in Fig.  5.4 . These scenarios 
represent distinctly different forms of  system dynamics. 
In  “ A ”  the system is in a dynamic equilibrium in which 
variation occurs within limits about an average condi-
tion that does not change over a long time period. This 
is what is envisioned in the concept of  stationarity (Milly 
et al.  2008 ). In  “ B ”  the system is undergoing a long -
 term, continuous change; variation occurs about an 
average condition that shows a trend over time. In  “ C ”  
the system exhibits sudden, discontinuous changes as 
the dynamics pass thresholds or tipping points. Thresh-
old dynamics are well known in many ecological systems 
(Beisner et al.  2003 ; Bestelmeyer  2006 ; Groffman et al. 
 2006 ), and they have spawned an array of  state - and -
 transition models (Westoby et al.  1989 ; Bestelmeyer et 
al.  2009 ) that deal with the nonlinear dynamics of  
complex systems. If  these systems were to be viewed 
only over a short timescale (a in Fig.  5.4 ), their dynamics 
and variations would appear to be much the same. 
Expanding the temporal scale (b in Fig.  5.4 ) might 
enable one to distinguish between the long - term stabil-
ity of  scenario A and the trend of  scenario B, but the 
dynamics of  scenario C would be indistinguishable from 
those of  scenario A. Only over a long temporal scale 
(relative to the dynamics of  the system; c in Fig.  5.4 ) 
would one detect the abrupt shifts in system state that 
accompany thresholds.   

     Fig. 5.4     Three hypothetical examples of  the temporal 
variation in a system property. A    =    dynamic equilibrium; 
B    =    continuous trend over time; C    =    system dynamics 
characterized by thresholds and shifts in system state. The 
dashed line indicates the long - term mean; the dotted lines 
envelope the range of  variation. Bars a, b, and c illustrate 
different scales on which the system dynamics might be 
observed. Although the magnitude of  variation is shown as 
unchanging over time in these examples, it is more likely to 
change, perhaps especially as a system approaches a 
threshold in system dynamics (see text).  
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 As the recognition of  nonequilibrium dynamics has 
become more widespread in ecology (Wiens  1984 ; 
Rohde  2005 ), it has become evident that the equilib-
rium envisioned in scenario A of  Fig.  5.4  may be 
unlikely except over short time spans in ecosystems 
that recover rapidly from disturbances or that are 
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is there, but rather because it affects properties of  inter-
est. The art of  dealing with scale involves  “ getting it 
just right. ”  If  the grain is too fi ne, we may be over-
whelmed by a deluge of  extraneous detail and fail to 
see the important factors, but if  the scale is too coarse, 
we may average away critical dynamics and likewise 
fail to see the important factors. If  the extent is too 
brief  or small, we may fail to capture the true historical 
or spatial dynamics of  the system, but if  it is too broad, 
we may confound our understanding of  the system 
(and thus management effectiveness) by including the 
effects of  factors that no longer operate or that are not 
amenable to management. It is perhaps trite, but also 
necessary, to emphasize the importance of  a deep 
understanding of  the system  –  Barbara McClintock ’ s 
 “ feeling for the organism ”  (Keller  1983 )  –  if  one is to 
use a scale (grain and extent) that will capture the 
relevant variations over a relevant span of  history.  

  Nonlinearities in  h istory 

 Some years ago, Harold Blum  (1951)  published a book 
entitled  Time ’ s Arrow and Evolution  in which, drawing 
from arguments in physics and cosmology, he addressed 
the irreversibility of  temporally chronological proc-
esses such as evolution. Although history may some-
times appear to repeat itself, in reality, there is no going 
back  –  time ’ s arrow points only forward. But this does 
not mean that history follows linear pathways. Father 
Time does not shoot straight. History follows a convo-
luted pathway, in which particular events at particular 
time may have decisive impacts on the future trajecto-
ries of  history. This is the  “ butterfl y effect ”  of  chaos 
theory and quantum physics, in which the temporal 
trajectory of  complex systems is sensitive to initial con-
ditions (Gleick  1987 ). In fact, any historical trajectory 
represents a series of  possible branch points stemming 
from critical events (or even seemingly benign events) 
at particular points in time (Fig.  5.5 ). The characteris-
tics of  an ecological system are affected by what has 
come before. Knowing what has come before is perhaps 
the most compelling reason for paying attention to his-
torical variation when we attempt to manage or con-
serve a system.   

 Sudden shifts or tipping points in the wandering tra-
jectory of  history may defi ne the boundaries of  domains 
of  scale (Wiens  1989 ). Patterns and variations within 
scale domains may be governed by a common set of  
processes. This consistency in process – pattern rela-

intensively managed to maintain the dynamics within 
a restricted envelope of  variation. Scenario B may 
typify ecosystems undergoing recovery, restoration, or 
succession after disturbances such as forest fi res 
(Turner et al.  2003 ; Hobbs  &  Suding  2009 ), but it is 
often coupled with the presumption that, absent recur-
rent disturbance, system dynamics will eventually sta-
bilize and thereafter resemble scenario A. If  the 
disturbances are large and frequent (relative to recov-
ery times), however, the system may resemble scenario 
C, changing suddenly to a different confi guration and 
different dynamics when a threshold is passed. Such 
changes have been documented where severe grazing 
and/or changes in fi re frequency fostered the establish-
ment of  invasive plants, resulting in the replacement 
of  a shrub - dominated community by grassland or vice 
versa (Bestelmeyer et al.  2004 ; Chambers et al.  2007 ). 
Systems with dynamics such as in scenarios A, B, or C 
are likely to require different management, even if  the 
management objectives are the same. Use of  an inap-
propriate scale can lead to a misinterpretation of  
system dynamics, resulting in management that is 
ineffective or worse (Cumming et al.  2006 ). 

 Scales a, b, and c in Fig.  5.4  indicate the temporal 
scale extent. This is the span of   “ history ”  included in 
assessments of  HRV. But the grain of  temporal observa-
tion may also be important, since this is what deter-
mines the variation component. By defi nition, 
variations that occur at a scale fi ner than the observa-
tion grain cannot be detected. As the grain becomes 
coarser, more of  the inherent variation in a system 
may be fi ltered out. Use of  a 10 - year running mean to 
portray annual precipitation, for example, smoothes 
out the peaks and troughs of  wet and dry years. Such 
extreme events can have disproportionate effects on 
ecological systems, particularly if  the physiological tol-
erances of  organisms are exceeded. For example, bark 
beetle outbreaks may be terminated by a short period 
(a week or so) of  extreme cold (below ca.  − 20 ° C), 
which kills the beetle larvae within the trees, especially 
if  the cold spell occurs in early or late winter (Logan  &  
Powell  2001 ; Logan et al.  2003 ). Daily or weekly tem-
perature data are required to detect this key ecological 
event; average monthly or annual temperature values 
would be unlikely to capture the critical short - duration 
cold period that terminated an outbreak. These points 
emphasize the importance of  assessing what scales are 
relevant to the ecological system of  interest and the 
conservation or management objectives. We are not 
interested in documenting variation simply because it 
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management are explicitly focusing on enhancing the 
resilience of  ecological systems, particularly in the 
context of  climate change (Millar et al.  2007 ). If  eco-
logical systems are more resilient to change within 
scaling domains, then aligning the scale used to defi ne 
historical variation for management with the scale of  
such domains may be particularly effective. 

 If  only we knew how to defi ne scaling domains  a 
priori ! Ah, there ’ s the rub. Although it has been sug-
gested that the magnitude and frequency of  variations 
in system properties may increase as an ecological 
system approaches a threshold (Wiens  1992 ; Carpen-
ter  &  Brock  2006 ; Scheffer et al.  2009 ), it is in the 
nature of  thresholds that there is often no warning 
that they are about to be crossed. Once a system is 
pushed over a threshold or beyond a tipping point, 
however, the composition and functioning of  the 
system may be so altered that it is fundamentally 
changed  –  it is a different system. Returning the system 
to its former condition may not be possible, even with 
massive management efforts. For example, cheatgrass 
( Bromus tectorum ), a nonnative annual, has invaded 
shrubsteppe vegetation in much of  the Great Basin of  
western North America, where it has profoundly 
altered the historical disturbance regime and caused 
widespread ecological degradation (Mack  1981 ; 
D ’ Antonio  &  Vitousek  1992 ). Widely spreading fi res 
formerly were infrequent in the shrubsteppe, largely 

tionships engenders similarity, which means that there 
is a reasonable likelihood that causes and effects that 
have operated in the past will continue to operate now 
and in the future. This is the premise of  using HRV to 
guide management and conservation actions. Chang-
ing scale, however, may increase the likelihood of  
encountering and crossing thresholds between differ-
ent sets of  factors that control ecological dynamics (e.g. 
Fig.  5.2 ). Thus, as we go farther back in time (or a 
greater distance in space), similarity diminishes  –  there 
is a distance - decay function to scale (Nekola  &  White 
 1999 ). Depending on the decay rate, the scale domains 
of  history that may encompass suffi ciently similar con-
ditions to inform present practices will differ (Fig.  5.6 ). 
In some instances, these scale domains may be lengthy. 
For example, Millar and Woolfenden  (1999b)  argue 
that the major ecosystem components and processes in 
the Sierra Nevada of  California have remained broadly 
similar over the last ca. 4000 years.   

 Within these domains, system dynamics may be 
inherently resilient to disturbance: the systems are able 
to absorb the potentially disruptive effects of  distur-
bances without being forced out of  the  “ comfort zone ”  
of  variation (Beisner et al.  2003 ). Resilience acts 
through feedback mechanisms to maintain the compo-
sition or functioning of  ecological systems within 
limits despite environmental stresses, disturbances, 
and disruptions (Peterson et al.  1998 ). Consequently, 
resilience is a much talked - about trait of  ecological 
systems, and some approaches to conservation and 

     Fig. 5.5     Alternative trajectories of  change in system state 
over time. Following a disturbance event (A), the system at 
subsequent points might follow any of  several trajectories; 
which trajectory is followed determines the subsequent 
system state. Over time, a series of  potential branching 
points may create the potential for the system to display a 
wandering trajectory. History is a sequence of  such branch 
points and alternative trajectories of  change.  
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     Fig. 5.6     The similarity of  a system to its condition at some 
initial point tends to decrease as the space or timescale over 
which similarity is calculated increases. Different systems 
(or different components of  the same system) may follow 
different similarity - decay functions (A and B). In this 
hypothetical example, the two systems exhibit the same level 
of  similarity to the initial point at quite different scales (a 
and b).  
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by dispersal and immigration, with the result that their 
dynamics are partially but not entirely independent of  
one another, as envisioned in metapopulation or 
source - sink theory (Hanski  &  Gaggiotti  2004 ; Liu et al. 
 2011 ). The similar concept of  shifting - mosaic steady -
 state dynamics (Bormann  &  Likens  1995 ) has been 
developed to explain the high variation in successional 
state among patches in a forested landscape while the 
landscape as a whole appears to be much more stable. 
If  the spatial scale on which these dynamics are viewed 
is fi ne, one will see the variation among the patches or 
subpopulations, whereas a broader scale perspective 
will reveal the relative stability of  the landscape or 
metapopulation (Turner et al.  1993 ). Whether one sees 
the forest or the trees is a matter of  scale, and it affects 
the variation component of  historical variation. 

 When one defi nes a time period in which to assess 
historical variation, there is also an implicit presump-
tion that the spatial scaling of  important factors or 
processes has remained much the same over that 
period. We know that this is not often the case. Over 
the past two centuries, for example, forest clearing and 
subsequent afforestation have reduced and then 
increased forest cover in the northeastern United States 
(Irland  1999 ), whereas in much of  the midwestern 
and western United States, land - use conversion has led 
to a progressive loss and isolation of  both forests and 
native grasslands (Curtis  1956 ; Sharpe et al.  1987 ; 
George  &  Dobkin  2002 ). These changes would have 
altered the size and frequency of  forest and grassland 
disturbance due to fi re even without the additional 
effects of  a century of  fi re suppression. As a result of  
these spatial changes, the temporal dynamics of  these 
systems have also changed. As the spatial extent of  
forested areas has shrunken over time, the scale of  the 
temporal domain over which variation is gauged for 
management application should also become smaller, 
at least if  our interest is in historical variations that are 
similar enough to contemporary conditions to be rel-
evant. Of  course, there continue to be valid reasons to 
understand ecosystem dynamics from before fragmen-
tation, but the contemporary applicability of  such 
knowledge may be limited. Either way, history is a func-
tion of  spatial as well as temporal scale. 

  The  l ingering  e ffects of  p ast  h istory 

 History, of  course, is not something that is nicely par-
titioned off  wherever we decide to place our scale 

because bare ground between individual shrubs and 
bunchgrasses created a discontinuous fuel bed. 
However, cheatgrass is a winter annual grass that 
senesces in early spring, creating a continuous fuel bed 
of  easily ignited fuel. Fires within cheatgrass - dominated 
areas can spread rapidly over large areas. A positive 
feedback becomes established, in which more frequent 
fi re promotes more abundant cheatgrass, which in 
turn promotes more frequent fi re. As a result, the his-
torical fi re - return interval (30 – 110 years) has been 
drastically shortened to 1 – 5 years. The fi re - intolerant 
native fl ora eventually may be extirpated, at which 
point the system is converted to annual grassland. 
Once established, cheatgrass is very diffi cult to eradi-
cate; as long as it is abundant, attempts to reestablish 
the native shrubs and bunchgrasses will not likely 
succeed because of  recurrent cheatgrass - fueled fi res 
(Whisenant  1990 ; Chambers et al.  2007 ). Peterson (in 
Holling  &  Gunderson  2002 ) gives several examples of  
other systems displaying such alternative stable states.   

   5.4    SCALES IN TIME AND 
SPACE INTERACT 

 So far we have emphasized temporal scaling because of  
its close relationship with historical variation. But a 
glance at Fig.  5.2  reveals that there are parallels in the 
characteristic temporal and spatial scale domains for 
many factors. Some, such as weather or individual 
reproduction, operate at  “ small - fast ”  scales where bio-
physical processes that control physiology or behavior 
dominate, while others, such as landscape or biome 
composition and structure, may be dictated largely by 
climatic, geomorphological, or biogeographical proc-
esses that operate at  “ large - slow ”  scales (Holling et al. 
 2002 ). Obviously, holding the temporal scale (i.e. 
history) constant while changing the spatial scale (or 
vice versa) will alter the factors controlling the dynam-
ics of  a system, confounding attempts to understand 
what produces the historical variation and compromis-
ing the applicability of  historical information to current 
or future management. 

  The magnitude and pattern of  temporal variation in 
a system may also be infl uenced by the form of  spatial 
variation, and this interaction may determine whether 
one sees high or low variance in system attributes (and 
manages accordingly). For example, many populations 
of  plants and animals have a patchy population struc-
ture. Local subpopulations may be loosely connected 
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habitat selection, trophic fl ows, nitrogen cycling, and 
so on. What one attempts to manage or conserve at a 
particular place and time is a compilation of  the mul-
tiple scales on which the components of  the system 
function and respond to the environment, with some 
broader scale elements (e.g. landscape effects, histori-
cal legacies) thrown in. And overriding all of  it are 
fi lters of  human perceptions and societal mandates, 
which are also scale dependent. There is great potential 
for mismatching the scales of  management with the 
scales most relevant to the biology and ecology of  the 
systems of  interest. 

 So what messages should a manager or conserva-
tionist take away from our musings about scale, par-
ticularly as they relate to the use of  historical variation 
to guide their actions? Here are some:
    •      Avoid arbitrary defi nitions of  the scale of  history. The 
appropriate scales depend on the targets of  manage-
ment and the biology and ecology of  those targets, the 
management objectives or questions asked, and the 
policy and societal imperatives and constraints.  
   •      Be open to management at multiple scales. Because the 
above factors all operate within different scale domains, 
there is no single best scale for management; managers 
and conservationists will need to adopt a much broader, 
multiscale perspective than they have in the past.  
   •      Consider the scales of  the dominant disturbance 
processes as a starting point for determining appropri-
ate scales for management. Ecological insight, based 
on an understanding of  natural history, can help to 
identify those ecological processes that most clearly 
determine the status of  the focal ecosystem features. 
These disturbance processes can be used to establish 
provisional scales for management or conservation.  
   •      Recognize that the size of  a management unit pro-
foundly infl uences our perception of  the inherent 
dynamics of  the system. A land unit may appear as a 
dynamic, steady - state system or as an unstable, non-
equilibrium system, depending on the spatial and tem-
poral scales at which the natural disturbance regime 
operates relative to the size of  the unit and the time 
frame over which the dynamics of  the system are 
observed. Thus, an extensive forested landscape in 
which the natural - disturbance regime is dominated by 
frequent small tree - fall gaps that fi ll in quickly will 
appear to be in a state of  equilibrium, whereas a small 
protected area within a landscape where the natural 
fi re regime is one of  infrequent but large stand -
 replacing fi res may be perceived as destroyed by the 
fi rst large fi re that occurs.  

boundaries. History also leaves its legacies, elements 
that refl ect conditions at some past time but which no 
longer hold. The oldest trees in an old - growth sequoia 
( Sequoiadendron giganteum ) forest, for example, germi-
nated as seedlings thousands of  years ago, when the 
climate was different and the imprint of  humans on 
the landscape was still light, and they grew and aged 
through periods in which fi re frequencies varied sub-
stantially from one century to another. Their domi-
nance in the overstory of  a contemporary forest may 
have little to do with current environmental conditions 
or disturbance regimes. Another example: Lost Forest 
is an isolated stand of  ponderosa pine ( Pinus ponderosa ) 
in central Oregon that is a relict of  a more extensive 
forest that contracted during a hot dry period thou-
sands of  years ago (Chadwick  &  Eglitis  2007 ). Although 
annual precipitation is now less than what is usually 
required to maintain a ponderosa pine forest, Lost 
Forest persists because of  unusual soil properties that 
retain suffi cient water (Moir et al.  1973 ). The biota of  
every region on earth is the result of  the complex inter-
mingling of  travelers who came at different times 
under different conditions. 

 Such legacies complicate attempts to understand 
why a particular set of  species occurs in a particular 
area. They also make it diffi cult to defi ne an appropriate 
scale for assessing historical variation. No matter how 
time is sliced, the period selected to represent variation 
that is relevant to current conditions will be tainted by 
interlopers from previous periods. Extending the times-
cale back four centuries would include the effects of  
the  “ Little Ice Age ” ; a millennium would include the 
Medieval Warm Period. Some of  the trees still present 
in Wytham Woods in England would have germinated 
and grown under those conditions (see Kirby, Chapter 
 20 , this book). The shorter the timescale considered, 
the more likely that legacies will be present. What is 
 “ short, ”  however, must be measured relative to the lon-
gevity of  the organisms: a short time to an oak may be 
an infi nity to a caterpillar feeding upon its leaves.   

   5.5    CONCLUSIONS: DEALING WITH 
SCALE 

 Everything about ecology is scale dependent at some 
level. Individuals, populations, communities, and eco-
systems of  different types operate on characteristic 
domains of  scale. These domains differ for different 
ecological processes such as feeding, reproduction, 
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the biological elements or disturbance processes of  eco-
systems will shift in their time - space scaling dimensions. 

 The challenge is exacerbated because future envi-
ronmental change will be driven by a combination of  
land - use change and climate change (Pielke et al. 
 2002 ; Jetz et al.  2007 ). These forces operate across 
multiple scales. Changes in land use are responsive to 
broadscale policies, such as farm policies that encour-
age uniformly intensive agricultural practices over 
large regions or the fi re - exclusion policies that were 
applied to almost all federal lands. Such policies are 
usually implemented, however, at a local scale of  tens 
of  hectares to a few hundred square kilometers. On the 
other hand, changes in climate are driven by broads-
cale continental or global atmospheric and oceano-
graphic dynamics, which percolate down to affect 
regional climate and local weather (or, in marine 
systems, sea level, salinity, and alkalinity). As land use 
continues to fragment landscapes, the spatial scale of  
management may shrink (to focus on the smaller 
remnant patches) or expand (to focus on entire land-
scape mosaics). The global drivers of  climate change 
may also necessitate a broadening of  scale, especially 
if  one is to consider the causes as well as the conse-
quences of  change. The fragmentation of  landscapes 
due to land use and the reshuffl ing of  biological com-
munities resulting from climate change may reduce 
the distance in time or space over which systems 
display similar composition or dynamics; the distance -
 decay functions in Fig.  5.6  will shift from A toward B. 

 As a result of  these environmental changes, there 
may be shrinkage in the size of  the scale domains over 
which one can assume some degree of  uniformity in 
ecological process – pattern relationships, and thus 
expect historical variation to be relevant. Moreover, the 
likelihood that more and more  “ no - analog ”  assem-
blages and ecosystems will emerge may suggest that 
past history is no longer suffi cient to adequately inform 
future conservation and management practices. Yet 
history is not dead. We may no longer be able to expect 
historical variation to prescribe the domain of  future 
variation, but there is still much to be learned from an 
examination of  how environments have varied in the 
past and how ecological systems have responded to 
these variations through adaptation, movements and 
reassembly of  communities, or, in some cases, extinc-
tion (see Chapter  7 , this book). These lessons can be 
learned from the many scales of  history discussed else-
where in this book. Paleoecology can indicate how 
large - magnitude environmental changes in the distant 

   •      Be diligent in consulting the historical record  –  as far 
back as information is available  –  before developing 
resource - management plans. There are many exam-
ples of  misguided management actions and restoration 
plans that did not properly account for the full range 
of  ecosystem variability or its connection to exogenous 
drivers like climate, raising questions about the current 
or future effectiveness of  the actions or plans.     

   5.6    CODA: SCALING CONSERVATION 
AND MANAGEMENT IN A CHANGING 
WORLD 

 Although the future is by defi nition uncertain, the one 
thing that does seem certain is that the future will be 
different from the past. The accelerating pace of  climate 
change and land - use change will see to that. There is 
more to it than changes occurring more rapidly than 
in the past, however. As species shift distributions, dis-
appear, or evolve in response to the changing environ-
ment, existing assemblages will be torn apart and 
reassembled into new, novel confi gurations that have 
not been seen before (Hobbs et al.  2006 ; Williams et al. 
 2007 ; Stralberg et al.  2009 ). 

 We have discussed above the multiple factors that 
make it diffi cult to defi ne appropriate scales of  time or 
space to inform contemporary conservation and man-
agement. How can we then hope to avoid compound-
ing mismatches of  scale in the future, when the 
dynamics of  populations, communities, and ecosys-
tems shift to different scales or pass thresholds into 
new, unexplored domains of  scale? 

 We can begin with some speculations about how 
future environmental changes might affect the scaling 
of  the elements of  Fig.  5.2 . Although the scales of  forest 
units from conifer needles to landscapes may remain 
much the same, the scales on which the  “ slow - broad ”  
weather and climate factors (e.g. long waves, El Ni ñ o 
Southern Oscillation, climate change) operate are 
likely to shift toward faster but even broader scales. For 
example, model projections suggest that episodes of  
extreme temperatures, rainfall, or droughts may become 
more frequent, longer lasting, and more widespread 
(Climate Change Science Program  2008 ). In response 
to changes in regional climates, outbreaks of  insects 
such as spruce budworm ( Choristoneura  spp.) may 
become more widespread and more persistent and 
forest fi res may become more frequent. To be effective, 
management and conservation must anticipate how 
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past affect biotas, although the temporal grain of  this 
perspective is limited by the available data. Historical 
ecology can use fi ne - grain information from the past 
decades or centuries to assess responses to environ-
mental variations in greater detail, although the range 
of  variation encompassed by these records tends to be 
inversely related to the time span of  the data. Despite 
such limitations, information on historical variation at 
multiple scales, combined with the projections of  
models of  climate change, fi re dynamics, species distri-
butions, and the like, may provide a foundation for 
scenario analyses of  possible future trajectories of  eco-
system change. Just as landscape ecology provided new 
insights into ecological processes at a range of  spatial 
scales, historical ecology provides a means for under-
standing the temporal dynamics of  systems more 
clearly and, through that understanding, obtaining 
sharper insights into the potential characteristics of  
ecosystems in the future.  
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