
Ecology: A Primer for Christian Ethics 

Holmes Rolston, III 

"Ecology" is, etymologically, the logic of living creatures' homes. 
Christian ethicists find the word suggestively related to "ecumenical," 
with common roots in the Greek "oikos," the inhabited world. Biology 
has developed at two main levels: (1) organismic, which is popularly put 
as "skin-in" biology, and (2) evolutionary-ecosystemic, the latter is 
"skin-out" biology. Organismic biology, especially at cellular and mo­
lecular levels, has been on a fifty-year high, with spectacular successes / 

in medicine, unraveling the genetic code, biotechnology, and so on. Evo­
lutionary biology has profoundly redescribed the world and relocated 
humans within it; the last century was Darwin's century, his ideas 
reshaping everything we think in biology. 

By comparison, ecology is often thought to be a less mature science, 
for all its importance. Ecosystems are complicated and messy, hard to 
do experiments on; they are open systems that resist analysis. Still, in 
the last thre.e decades, ecology has been thrust into the public arena. 
With the advent of the ecological crisis, then-Secretary of Interior 
Stewart Udall testified to Congress: "We must begin to work with, not 
against, the laws of the planet on which we live.... This requires that 
we begin to obey the dictates of ecology, giving this master science a 
new and central position in the federal scientific establishment."l Con­
gress in The National Environmental Policy Act expects that the eco­
logical sciences can help the nation "to create and maintain conditions 
under which man and nature can exist in productive harmony.,,2 
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1 Quoted in House Committee on Science and Astronautics, 90th U.S. Congress, 2nd 
session, Colloquium to Discuss a National Policy for the Environment, p. 12, p. 14. 
Committee Print, 1968. 
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An ecological ethics mixes how the natural world is with how humans 
ought to behave in it, mixing science and conscience, often with this 
suggestion that humans ought to find a lifestyle more respectful of, or 
harmonious with, nature. Ample numbers of Christian theologians and 
ethicists have felt that religion too needs to pay more attention to ecol­
ogy, and perhaps also vice versa. Examples are John B. Cobb, Jr, Is It 
Too Late: A Theology ofEcology,3 Sallie McFague, The Body ofGod: An 
Ecological Theology,4 and Rosemary Radford Reuther, God and Gaia.5 

There are both problems and opportunities when Christian ethicists 
look toward ecological science and wonder what (use) to make of it. An 
environmental ethic is foolish not to be informed by the best such sci­
ence available. The success of an environmental policy does not depend 
merely on the cultural values, the policy preferences, or the social in­
stitutions that drive th.e human actors. Success depends on coupling 
such prescriptive values with an environmental science that is descrip­
tively accurate and operationally competent. On the other hand, there 
are many pitfalls and one has to proceed cautiously. We offer here only 
a primer.6 

1. Ecology and evolution 

The British Ecological Society asked their members for the most im­
portant ideas in ecology.7 The results, from nearly 650 ecologists, con­
vey a sense of basic concepts, as well as a diversity of ideas, even to 
those unfamiliar with the detail. See Figure 1. 

Any account of ecology has to locate itself within a general picture of 
natural history, tracing the origin of life and its subsequent speciation 
on Earth over some 3.5 billion years. Although natural selection for 
survival of the best adapted, is, in Darwinism, the chief determinant of 
evolutionary processes, biologists are increasingly convinced that other 
considerations include genetic drift (which natural selection can't 
"see"), founder effects (atypical gene frequencies in initial colonizing 
populations), environmental constraints (such as changing climates), or 

3 Beverly Hills, CA: Bruce, 1972. 
4 Minneapolis: Augsburg Fortress Publishers, 1993. 
5 San Francisco: HarperSanFrancisco, 1992. 
6 These questions are further explored in Holmes Rolston, III, Conserving Natural 

Value (New York: Columbia University Press, 1994) and Environmental Ethics (Phila­
delphia: Temple University Press, 1988). 

7 J. M. Cherrett, "Key Concepts: The Results of a Survey of Our Members' Opinions," 
pages 1-16 in J. M. Cherrett, ed., Ecological Concepts (Oxford: Blackwell Scientific 
Publications, 1989). 
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Most Important Ideas in Ecology
 
The British Ecological Society (1988)
 

1. The ecosystem 26. Natural disturbance 
2. Succession 27. Habitat restoration 
3. Energy flow 28. The managed nature reserve 
4. Conservation of resources 29. Indicator organisms 
5. Competition 30. Species exclusion (Gause) 
6. Niche 31. Trophic level 
7. Materials recycling 32. Community patterns 
8. The community 33. rand K selection (1) 
9. Life history-strategies 34. Plant animal coevolution 

10. Ecosystem fragility 35. Diversity-stability hypothesis 
11. Food webs 36. Socioecology 
12. Ecological adaption 37. Optimal foraging 
13. Environmental heterogeneity 38. Parasite-host interactions 
14. Species diversity 39. Species-area relationships 
15. Density dependent-regulation 40. The ecotype 
16. Limiting factors 41. Climax 
17. Carrying capacity 42. Territoriality 
18. Maximum sustainable yield 43. Allocation theory 
19. Population cycles 44. Intrinsic regulation 
20. Predator-prey interactions 45. Pyramid of numbers 
21. Plant-herbivore interactions 46. Keystone species 
22. Island biogeography theory 47. The biome 
23. Bioaccumulation in food chains 48. Species packing 
24. Coevolution 49. The 3/2 thinning law (2) 
25. Stochastic processes 50. The guild 

(1) Deals with differing reproductive strategies, with disturbed environments favoring 
r-selected species, climax environments favoring K-selected species. 

(2) Deals with the patterns of natural thinning when a regenerating forest, first 
crowded with young trees, matures. 

Figure 1. 

catastrophic extinctions (caused by collisions with asteroids). Many 
think that natural selection does not explain the increasing complexity, 
or even the diversity, over evolutionary time, that is, the macroevolu­
tion (trilobites becoming dinosaurs) contrasted with the microevolution 
(hair becoming white in cold climates). A current fashion is to empha­
size the role of contingency or even chaos. 

Meanwhile, other biologists incline to see the evolutionary nature as 
a self-organizing system. A word lately coined by Humberto R. Matu­
rana and Francisco J. Varela is "autopoiesis" (autos, self, andpoiein, to 
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produce).8 Stuart Kauffman concludes a long study of the origin of 
order: "We may have begun to understand evolution as the marriage of 
selection and self-organization."g Though now put forward in secular 
form, the idea, as those versed in the Bible will realize, is an old one: 
"The earth produces of itself (Greek: automatically)" (Mark 4.28). At a 
deeper level, of course, Bible writers held that this is because of the 
divine fiat: "Let the earth bring forth living creatures according to their 
kinds" (Genesis 1.24). The "auto" posits an innate principle of the origi­
nation of order, or genesis, similar to that present etymologically in 
"nature." 

The incorporation of chaotic elements across evolutionary history has 
taken an interesting turn. Allalyzing computer, mathematical, and bio­
logical models, Kauffman finds that natural selection can drive ordered 
systems to the edge of chaos because that is where the greatest possi­
bility for self-organization, and survival in changing environments, oc­
curs. "Evolution has tuned adaptive gene regulatory systems to the 
ordered region and perhaps to near the boundary between order and 
chaos." "Networks on the boundary between order and chaos may have 
the flexibility to adapt rapidly and successfully.,,10 In these "poised 
systems" creativity is entwined with chance and chaos. The construc­
tion of order is most probable at the edge of disorder. "Such order has 
beauty and elegance, casting an image of permanence and underlying 
law over biology. Evolution is not just 'chance caught on the wing.' It is 
not just a tinkering of the ad hoc, of bricolage, of contraption. It is 
emergent order honored and honed by selection."11 Geneticists and evo­
lutionary biologists have come to speak of "natural genetic engineer­
ing." "Thus, just as the genome has come to be seen as a highly sophis­
ticated information storage system, its evolution has become a matter 
of highly sophisticated information processing.,,12 

Systematists in biology do not know how many species have been 
generated by such processes on Earth, with species estimates recently 

8 Humberto R. Maturana and Francisco J. Varela, Autopoiesis and Cognition: The 
Realization of the Living (Dordrecht/Boston: D. Reidel Publishing Co., 1980). 

9 Stuart A. Kauffman, "Antichaos and Adaptation," Scientific American 265(no. 2, 
August, 1991):78-84, summarizing his The Origins of Order: Self-Organization and 
Selection in Evolution (New York: Oxford University Press, 1993). 

10 Kauffman~ "Antichaos." 
11 Kauffman, Origins of Order, p. 644. 
12 James A. Shapiro, "Genome System Architecture and Natural Genetic Engineer­

ing," pages 1-14 in Laura F. Landweber and Erik Winfree, eds., Evolution as Compu­
tation (New York: Springer-Verlag, 1998), citation on p. 10. See also James A. Shapiro, 
"A 21st Century View of Evolution: Genome System Architecture, Repetitive DNA, and 
Natural Genetic Engineering," Gene 345(2005):91-100. 
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revised upwards from some 5 to 30 or even 100 million, with orily some 
1.5 million actually described by taxonomists. I3 Also it has proved im­
portant to realize that a species count is not the only, and, in many 
cases, not the best indicator of biodiversity. In general, without ceasing 
to think that species are important, analysis and debate has tended in 
recent years to focus on biodiversity at all levels (different kinds of 
ecosystems, or alleles within populations).14 

2. Ecosystem dynamics 

The mixture of order and disorder in ecosystems has been much dis­
cussed, and revised, partially in view of the changing views on order 
and disorder. Early ecologists, at least within the time frames of their 
analysis, usually a few years or decades, favored ideas such as stability, 
homeostasis, equilibrium. Ecosystems had various feedback and feed­
forward loops, checks and balances, that tended to be self-regulating; 
population densities were controlled by rainfall, or parasites, or preda­
tors, or prey, and these were statistically analyzable. These were su­
perimposed on succession. Later ecologists, perhaps because of longer 
time frames, have interpreted ecosystems as much more open, un­
stable, even chaotic. 

Perhaps this can be ecosystem-specific. Some ecosystems can be con­
st~nt, that is, little changing in some dimensions. Temperatures change 
rather little in some tropical forests; species richness or evenness may 
remain about the same. Some ecosystems may be persistent, that is, last 
long periods of time with little changes in species and their interrela­
tionships. Ecosystems may have inertia, that is, resist external pertur­
bations; this will probably be because of negative feedback loops that 
dampen changes, such as density dependent reproduction regulated by 
food supply or competition or parasites and diseases. 

Ecosystems may be elastic; if so, they return rapidly to their former 
state after perturbation. This may depend on the amplitude of the per­
turbation, both the area disturbed and the degree of displacement. Eco­
systems sometimes have cyclic stability, that is, oscillate periodically 
about some central mean, or they may have trajectory stability, that is, 
move steadily along routes of succession or, more vector-like, have his­

13 Robert M. May, "How Many Species Are There on Earth?" Science 241(1988):1441­
1449. 

14 Edward O. Wilson, The Diversity of Life (Cambridge, MA: Harvard University 
Press, 1992). 
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torical tendencies. 15 Ecosystems may be cycles on cycles at close hand 
but, over longer times, spirals that stretch out directionally, or search 
systems that select for organisms that can explore new niches. The 
stability of ecosystems is a dynamic stability, not a frozen sameness, 
though there are some perennial givens-wind and rain, soil and pho­
tosynthesis, competition, predation, symbiosis, trophic pyramids and 
networks. 

Ecosystems can undergo successions, and be periodically rejuvenated. 
Ecosystemic succession-disturbance, early succession, mid-succes­
sion, late succession, and climax-is a widely embraced theory; but, 
depending on how frequent and extensive these interruptions are, suc­
cession can be more ideal than real. Ecosystems have their tendencies 
of development, after disturbance; but, if often enough interrupted, 
they wander though contingencies as much as do they steadily develop. 
Such ecosystems may wander within bounds. Or, they may be stable 
within bounds, but, when unusual disturbances come, with enough am­
plitude to knock them out ofbounds, they are displaced beyond recovery 
of their former patterns. Then they wander until they settle into some 
new equilibrium. There is no one and only stable state that an eco­
system should always have. Ecosystems are always on historical 
trajectory. 

Some interpreters have used this to conclude that human environ­
mental policy cannot be drawn from nature; we humans will have to 
step in with our management objectives and re-shape the ecosystems 
we inhabit accordingly, bringing them into some new equilibrium con­
sonant with our cultural goals. But of course that assumes that ecosys­
tems have enough regularity and predictability to be managed. Even 
Daniel Botkin, quite insistent that ecosystems have no stability, finds 
that he can make good computer models of ecosystems, useful for pre­
diction and management.16 

Lately, with the popularity of chaos theory, some ecologists insist that 
ecosystem histories are more random walk than they are stable dyna­
misms. Against the sheer random walk hypothesis, there is no doubt 
that ecosystems are full of cybernetic subsystems, for example, the 

15 Gordon H. Orians, "Diversity, Stability and Maturity in Natural Ecosystems." 
Pages 139-150 in W. H. van Dobben and R. H. Lowe-McConnell, eds., Unifying Concepts 
in Ecology (The Hague: Dr. W. Junk B. V. Publishers, 1975). 

16 Daniel B. Botkin, Discordant Harmonies (New York: Oxford University Press, 
1990). 




