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(Editor's Note: because of the
stimulating conceptual questions it
raises concerning our “commdknowl-
edge,” the following discussion is

being published as an exception to cal interpretation. Application dhese

the Bulletin policy declining contri-
butions that are too technical or spe-
cialized to be published without sci-
entific review.)

On the Origins of the
Lotka-Volterra Equations

Although the Lotka-Volterra equa-
tions were derived quite indepen-
dently by Lotka and Volterra, they

share an identical mathematical struc-
ture. However, the assumptions un-

derlying the two respective deriva-
tions are importantly different, with
the consequence that important dif-

routinely used to study the sensitiv-  The right-hand side is expanded
ity of equilibrium stability to various (as a Taylor series) in the vicinity of a
parameter modifications, on which nontrivial equilibrium pointi" 0, for
may be placed some form of ecologi- all i). If terms of second and higher
orders are ignored, the following lin-
structural sensitivity analyses to GLV earized equations are obtained:
equations has proved to be a rich

seam of hypothesis generation ir F(N,N,,...,N,)=F(N{,N;,...N,)
theoretical ecology since the intro-
duction of these equations by Lotka + OF;
(1925) and Volterra (1926). Hawer, = ON;
as pointed out by Real and Levin
(1991), Lotka and Volterra formu-
lated their equations using two funda-
mentally different sets of assump-
tions. These different formulations p, = —
are only very occasionally recognized

(e.g., Pimm 1982: 15), yet have im-

; OF;
portant consequences for the appllca-al.]. el
tion and interpretation of ecological =~ ON;
models using these equations.

Lotka's (1925) formulation of

(N;=Np).

N o= Nt

)

Expanding (2), writing

.\ 5F,

v N and
j=1 J

N o= N

®)

N o= N

ferences in the interpretation of the the Lotka-Volterra equations implic-
parameters exist between the two for-itly recognizes the improbability
mulations. Here we make these dif- (and for many applications the non-
ferences fully explicit to further dis- necessity) of completely specifying
seminate the nontrivial implications the full functional forms of the equa-
for the application, interpretation, and tions governing an ecological system.
scope of legitimate criticism of these Instead, it is assumed that within a lo-
equations, which may not be widely cal neighborhood of an equilibrium
appreciated by practicing ecologists. point, the full equations are well ap-
Generalized Lotka-Volterra (GLV) proximated by the first-order terms of
equations have a long historyude as a Taylor series. Let the per capita
ecological models. They are com- growth rate of species(N,) be repre-
monly used to investigate the qualita- sented by the unspecified function:
tive nature of ecological dynamics, 1 dN.
whether they be point equilibria, peri- — — = Fi{(N, N,,..., N,).
odic, or chaotic behavior, and are ‘Y

1)

and noting that at a nontrivial equilib-
rium point F (N, N, ... N ), must
equal zero, we see that the dynamics
of the model around the equilibrium
point may be approximated by the fa-
miliar GLV equations:

"

dn;

=t

(4)

Derivatives defining the coeffi-
cients (Eq. 3) are evaluated at the
equilibrium and will likely be defined
in terms of the equilibrium popula-
tion sizes.
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This derivation, which we refer to predator ofj), a, terms may be de-
as the local formulation, has consid- fined as negative or zero. The non-
erable appeal, as it possesses greafivial internal equilibrium point is
generality. Assuming that the popula- found by setting Eq. 4 equal to zero.
tions stay in the neighborhood of the It is given by the product of the vec-
equilibrium point around which the tor b (whoseith element isb, ) and
full equations were expanded, this the inverse of the interaction matrix
formulation is immune to criticisms A (whoseijth element iSi,j ), assum-
that the equations are “unrealistic”; ing thatA is invertible
any system of equations, no matter
how complex or how poorly defined,
may be locally approximated by a
model of the form of Eq. 4. This um- This equilibrium may or may not
brella of generality has provided be feasible N > O for alli). Bound-
much needed shelter to theoreticalary equilibria may be calculated by
ecology over the years (see for ex- setting someN’ equal to zero and
ample MacArthur 1970, May 1974). solving a reduced form of Eq. 5.
However, the local nature of the for- This method of formulation,
mulation leads to a number of draw- which we will call the global formu-
backs, most importantly that ques- lation, has nontrivial implications for
tions concerning the behavior of the the use and interpretation of these
system far from the equilibrium point equations. The global formulation has

N* = -Ab. ()

cannot be addressed. The parameterseveral advantages. The parameters

and functions are only defined “close in the equations are globally defined
to” and in terms of the equilibrium; constants having definite ecological
there is no easy way of determining interpretations. With one set of pa-
precisely what “close” really means. rameters the behavior of the system
The position (and indeed the exist- in all regions of state space can be
ence) of the equilibrium point must studied. Periodic and chaotic behav-
be assumed if the full equations areior can be studied with relative ease.
unknown; it cannot be deduced from The equilibrium positions can be cal-
the parameters that appear in theculated in terms of the parameters in
GLV equations. Furthermore, be- the equations. However, this formula-
cause the parameters (tlaxue’s and tion is likely to represent a gross sim-
b’s) are functions of derivatives plification of the biological reality; it

evaluated at a particular equilibrium, rests on the assertion that these equa-

they are not system-wide (global) tions governing the population dy-
constants; they will take on different namics are globally pervasive. The
values when the full equations (Eq. 1) simplicity of the functional forms of
are expanded around some otherthese globally formulated equations
equilibrium. may be legitimately questioned.
Volterra's (1926) derivation was These different derivations should
more direct; he assumed that Egs. 4be of more than pedagogical or his-
are the fully specified equations gov- toric interest. Two important points
erning the global dynamics of the arise from recognizing these different
system. Definite ecological interpre- formulations. The first is that since
tations can then be placed upon theonly the local formulation is repre-
coefficients appearing in Eq. #;is  sentative of a broader class of mod-
the per capita rate of change in theels, only conclusions from this for-
absence of all other specids ¢ften  mulation may lay claim to any greater
assumed to be positive for autotrophsunderlying generality. The second is
and negative for heterotropha)l,de- that different interpretations apaced
scribes the per capita effect of specieson the parameters within the two for-
i on specieg (for example, negative mulations. We cannot have our cake
if j is a predator of, positive ifi isa  and eat it too, claiming the generality

of the local formulation while using
the clear interpretation of parameters
provided by the global formulation.
Popular recognition ofhese alternate
formulations would, on occasions,
save theoreticians from the charge of
fanciful modelling, and epiricists
from measuring therrong parameters.
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Ecological Sustainability is As the national forests and grass- uses. Rather, it means that planning
Fundamental to Managing lands began a second round of NFMA for the multiple use and sustained
land- and resource-management plansyield of the resources of national for-
a number of phenomena occurred thatests and grasslands should ensure the
Grasslands were not foreseen either by Congresssustainability of ecological systems
when it passed NFMA or by the first and native species. Without ecologi-
The four ecologists who are mem- Committee of Scientists wherhielped  cally sustainable systems, other uses
bers of the 13-person Committee develop regulations to implement the of the land and its resources may be
of Scientists of thHational Forest act. Ecosystem management, with itsimpaired.
Management Actiscuss the piv- emphasis on broad landscapes that of-
otal role of ecological sciences in ten span political boundaries, is the Ecological sustainability: a
developing the committee’s rec- paradigm for stewardship. Protection necessary foundation for
ommendations. and restoration of fish and wildlife stewardship
populations are critical under both the  Setting ecological sustainability
The nearly 80 million hectares of Endangered Species Act and NFMA. as a key goal acknowledges that eco-
national forests and grasslands in theThe public is now interested in shar- logical systems provide many outputs
United States are a treasure. This vasing stewardship responsibilities for that humans require. That is, human
estate is a legacy of visionary conser-the national forests and grasslands.health and the integrity of ecological
vation leaders and 100 years of dedi-Increasingly, federal, state, and local systems are inseparable objectives.
cated efforts by USDA Forest Service agencies collide as they implement While the scientific community can
stewards. Given the diverse values andvarious statutes related to the protec-help estimate the impacts associated
expectations of the American people, tion and use of the environment. The with management strategies, deci-
it is not surprising that management of Forest Service and Congress continuesions about an acceptable level of ef-
the national forests and grasslands hato budget monies by specific giams, fects are value-based, not science-
been controversial from the @i@- thus undermining the ability of for- based, decisions. Furthermore, the
ning. In response to heated comtrsy  ests to implement balanced plabsep  human values, needs, uses, and eco-
surrounding management direction, in divisions remain over the managent logical condition of each locality will
1976 Congress passed the Nationalof the national forests and grasslands.change with time. Policy and man-
Forest Management Act (NFMA). In December 1997, Secretary of agement must evolve according to
This act assumed that conflict resolu- Agriculture Dan Glickman convened natural dynamics and disturbances as
tion required the development of inte- a second Committee of Scientists towell as social events, economic
grated land- and resource-marmagat review and evaluate the Forest change, and political values. None-
plans for each national forest. Rein- Service’s planning process for land theless, it is clear that ecological
forcing the National Environmental and resource management and tosustainability provides a necessary
Policy Act (NEPA), NFMA called for identify changes that might be neededfoundation for national forests and
public participation in the creation of in the planning regulations. This in- grasslands to contribute to economic
those plans. The act also mandatedterdisciplinary committee met in cit- and social well-being—supporting
the creation of a Committee of Scien- ies around the country, where it heard dynamic economies and creating op-
tists to provide advice to the Secre- from Forest Service employees, rep- portunities for enduring human com-
tary of Agriculture and to the Chief of resentatives of tribes, state and localmunities. Therefore, planning must
the Forest Service on how best to governments, related federal natural- acknowledge the following features
implement the act’s broad mandate. resource agencies, and members ofof ecological systems:
The first Committee of Scientists the public.
met under the leadership of Art The committee includes four ESA » The significance of natural pro-

the National Forests and

Cooper, past president of the Eugi- members from landscape ecolofjye =~ cesses

cal Society of America. The 1982gu-  ecology, silviculture, and wildlif®iol- » The dynamic nature of ecologi-
lations resulting from thatommittee’s  ogy, as well as representativesegb-  cal systems

efforts called for provision of ad- nomics, sociology, collaboratiy@an- * The uncertainty and inherent
equate habitat to maintain vialepu-  ning, environmental law, range man- variability of ecological systems
lations of existing native vertebrate agement, and fisheries. Theirpcet » The importance of cumulative

species as well as desired nonnativeconcludes that ecologicaustainability — effects.

vertebrate species; protection of soils, is the fundamental Is&s for economic

streams and watersheds; and manyand sociakustainability. This finding These features of ecological sys-
other conservation measures. Thesedoes not mean that the Forest Servicetems led to the need to preserve op-
requirements were intended to pro- should maximize the protection of tions in developing management
vide a policy framework for sustain- plant and animal species or provide plans. Preserving options presumes
ing ecological systems within which environmental protection to the ex- that a range of acceptable choices
decisions could be made. clusion of other human values and will be available to address the envi-
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ronmental problems confronting Second, the concentration should ment in designing monitoring proto-
people in future generations. Preserv-be on the viability of native species cols and adaptive management; and
ing options is also a way of explicitly themselves. Because monitoring the(4) a national scientific committee to
acknowledging our incomplete un- status of all species and assessingadvise the Chief of the Forest Service
derstanding of complex ecological their viability is impossible from a on scientific issues in assessment and
systems. Therefore, this philosophy is practical standpoint, it is necessary to planning.
an expedient touchstone for manag-pay most attention to a subset of spe- Assessments are a critical compo-
ing the national forests and grass-cies called “focal species.” The key nent of the framework proposed by
lands. characteristic of focal species is that the committee; assessments provide
The concept of ecological collectively their abundance, distribu- the foundation of independent infor-
sustainability requires that national- tion, health, and activity over time mation upon which to build conserva-
forest planning and management con-and space indicate the functioning of tion strategies and management deci-
sider the context of the landscape,the ecological system. Through moni- sions and against which alternative
which often includes lands and com- toring, the habitat needs of the focal approaches can be evaluated and
munities beyond the boundaries of species can be analyzed, and projecmodified. These assessments should
the national forests and grasslands.tions can be made to determine thebe conducted at both the bioregional
National forests and grasslands aretype and amount of habitat needed forscale and a smaller scale, such as a
open systems that are affected by thethe species to have self-sustainingwatershed. Assessments over large
land uses outside their boundaries.populations well distributed through- areas (“bioregions”), such as the Si-
Thus, the characteristics of the land, out its range. Self-sustaining popula- erra Nevada or the Northern Spotted
the ways that people interact with it, tions, in turn, are those that have suf- Owl region, will generally be needed
and what they expect from it must be ficient abundance and diversity to to provide the context for landscape-
assessed in terms of ecologicaldisplay the array of life history strate- level strategic planning. Assessments
sustainability. gies and forms that provide for their at the more local level, such as water-
The committee concluded that persistence and adaptability in the sheds, are needed to translate strate-
conserving habitat for native species planning area over time. The habitat gic plans for large landscapes into
and the productivity of ecological created or maintained under any man-site-specific management actions. In
systems remains the surest path toagement scenario may be comparedsome cases where the bioregional as-
maintaining ecological sustainability. with the habitat needed for the viabil- sessment is at a very large scale (e.g.,
The committee suggests using two ity of each selected focal species. Thethe Columbia River Basin assess-
approaches in tandem to conserveless adequate the habitat for each fo-ment), an intermediate scale of analy-
these key elements of sustainability. cal species, the greater the risk tosis may be needed. Nearly half of the
First, a scientific assessment of the other native species and ecological National Forest System lands have
characteristic composition, structure, productivity. Therefore, the commit- had a recent bioregional assessment
and processes of the ecosystems igee suggests a three-pronged strategyof some form.
needed. This assessment should pro{1) concentrate on a set of selected Decisions should occur at the
vide an understanding of the “eco- focal species and their habitat needs,scale of the issue or problem. For ex-
logical integrity” of the planning (2) maintain conditions necessary for ample, policies regarding conserva-
area. Ecosystems with integrity main- ecological integrity, and (3) monitor tion strategies for wide-ranging spe-
tain their characteristic species diver- the effectiveness of this approach in cies need to be developed at the
sity and ecological processes, such agonserving native species and eco-bioregional level to encompass the

productivity, soil fertility, and rates logical productivity. entire range of the species. Similarly,
of biogeochemical cycling. Because strategic planning is generally needed
ecosystems are dynamic and variable,Implementing science-based at a large-landscape level that follows
the concept of the “historic range of stewardship ecological and political or social

variability” is used to characterize the To ensure the development of a boundaries. Naturally, implementa-

variation and distribution of ecologi- scientifically credible stewardship tion planning occurs at a small-land-
cal conditions occurring in the past. strategy for the national forests and scape level where actions, cumulative
This concept allows us to compare grasslands, the committee recom-effects, and performance can be
the ecological conditions that will be mends a process that includes (1) sci-monitored.

created under proposed managemenence-based selection of focal species Collaborative planning would pro-
scenarios with past conditions. The for the development of measures of vide a means of reaching agreement
more that prospective conditions dif- species viability and ecological integ- about a common vision regarding the
fer from conditions during recent mil- rity and for definition of key elements future conditions of the national for-
lennia, the greater the expected risk toof conservation strategies; (2) inde- ests and grasslands and regarding
native species, their habitats, and pendent scientific review of proposed their unique contributions to different
their long-term ecological productiv- conservation strategies before plansregions of the country. Because of
ity. are published; (3) scientific involve- this commitment to a common vision
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and a shared goal of sustainability, 1) Develop a strategy for conserv- change). Thus, the Committee of Sci-
collaborative planning efforts bring ing and restoring watersheds. entists report illustrates how science
people together at different geo- 2) Recognize the role of timber applications influence research and
graphic scales, across political and harvest in achieving sustainability. how research can drive applications.
administrative boundaries, and from  3) Develop flexible restocking re-

different parts of society to craft strat- quirements that allow for natural re- Acknowledgments

egies and actions that make a differ- generation. Robert Luxmoore and Warren
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|dentify Tardy Reviewers? beyond the journal’s editorial staff “really” have the time to review a
knows who the slackers are. manuscript might be more inclined
Without delving into the short- In the issue where editors ac- to decline the editor’'s request for a
comings of anonymous peer review, knowledge reviewers for the year, review.
| would like to propose one small | would suggest the editors also  The reviewers for ESA are, per-
change that could speed turnaroundinclude the mean response time for haps, less guilty of sluggish re-
by manuscript reviewers. Everyone, those reviewers. | do not believe sponse time than some other jour-
it seems, has had one or morethis would encompass much addi- nals. Thus, the ESA could be a
publications significantly delayed tional work for the managing edi- leader in implementing such a
because reviewers have failed totor. Reviewers who consistently policy. If other journals follow the
return their comments to the editor return reviews promptly will be lead, we all might benefit.
in a timely fashion. Although we evident, as will those who consis-

all are busy, if we agree to under- tently procrastinate. Knowing that Cheers,
take areview it should be done such a statistic will beublished

promptly. However, anonymous might motivate some reviewers to Andrew L. Mack
reviewers have little to lose by get onwith it more promptly. Like- Senior Ecologist
being slow on a review. No one wise, others who realize they don’t Conservation International
Reply significant risk that the policy Mack the perennial problem of tardy re-

proposes could compromise re- viewers.
This is an interesting idea, but viewer anonymity.
we suspect that the threat of posting We certainly do not want to risk
mean response times with our ac- alienating members of our reviewer J. David BaldwinManaging Editor
knowledgment of reviewers would pool. The high quality of our publi-

not help speed up the review pro- cations depends in large part on Robert K. Peet:ditor-in-Chief,
cess. In fact, it could make the their volunteer efforts. EcologyandEcological Monographs
problem worse if some individuals We appreciate the suggestion,

became reluctant to review for our however, and we welcome further Louis F. Pitelkakditor-in-Chief,
journals. There is also a small but ideas about how we might attack Ecological Applications
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