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Preface

Microbial ecology is a young discipline which
has recently gained prominence because of rec-
ognition of the important role that microbial
processes play in all ecosystems and ultimately
in maintaining the environment of our planet. In
the past decade, microbial ecology has emerged
into a discipline with a body of knowledge and
an identity of its own. Yet microbial ecology has
not and should never lose its cross-disciplinary
connections with other fields of microbiology as
well as those of oceanography, limnology, soil
science, atmospheric chemistry, and plant and
animal sciences. Since a major goal of microbial
ecology is to understand microbial activity in
natural habitats, knowledge of both the microor-
ganisms and the habitat is essential. During the
past decade this integration has been successful-
ly achieved by the practitioners of microbial
ecology. It is now time that there be a further
integration among microbial ecologists studying
different habitats, since common principles tran-
scend the habitat being studied. To illustrate the
latter, one rarely sees an interaction between
those who study microbial processes in oceans
and those studying microbial activities in soil,
and neither of these groups frequently interact
with those studying the microbiology of the
gastrointestinal tract. However, all these groups
have a common interest in the strategies and
processes that the inhabiting microbes utilize
irrespective of the habitat. Such multi-discipli-
nary exchange can also lead to new insights and
to the transfer of methods to new fields, and
hence can aid our progress in understanding
microbial processes in natural habitats, It is this
multi-disciplinary objective that served as a
guide for planning the invited paper sessions at
the Third International Symposium on Microbial
Ecology. .

A second objective of this meeting was to
emphasize certain directions in which we felt
microbial ecology would be moving in the future
and the ways in which microbial ecology affects
practical problems. For example, the benefits
from a relationship between microbial ecology
and modern genetics have just recently been
recognized. The role of and mechanisms associ-
ated with genetic exchange in the environment,
and the impact it has on evolution, survival of
microorganisms, and ecosystem stability, are all
basic questions for which little experimental
evidence has been obtained. On the practical
side, it is the microbial diversity in nature that
yields the genes of concern to commercial inter-
ests. This diversity has not been explored in a

xi

comprehensive manner, nor has it been studied
with an understanding of the ecological princi-
ples responsible.

Microbial ecology has been and will continue
to be useful in biotechnology and industrial
microbiology. Understanding the behavior of
microbial populations requires knowledge of the
growth, competition, and physiology of these
populations within natural microbial communi-
ties. These principles are central to an under-
standing of microbial function in natural habitats
as well as useful to the management of these
populations within an industrial fermentation
vat. Further examples of the important roles
microbes play in our environment include the
production and consumption of gases in our
atmosphere, which can have a long-term impact
upon our climate and quality of atmosphere; the
degradation of numerous xenobiotic pollutants;
and the bioconversion of natural and synthetic
polymers. Microbes in nature also transform,
corrode, and enhance the recovery of metals and
are becoming increasingly important in the bio-
logical control of plant and animal pests.

The future importance of microbial ecology,
at least in the commercial world, was recently
emphasized by Bernard Dixon in an editorial in
Biotechnology, in which he states that *"most of
the winners, I predict, would be those biotech-
nology teams which have had a microbial ecolo-
gist on board™" (1). The knowledge of the diverse
capacities of microorganisms in nature, under-
standing of how to recover those organisms, and
experience with the physiology and growth of
the more unusual organisms are all of use to a
team that includes microbial geneticists and
process engineers.

Invited papers for the Third Symposium on
Microbial Ecology were grouped into sections
representing four themes of microbial ecology:
microbial adaptations, microbial interactions,
microorganisms in ecosystems, and microbial
bioconversions. This volume contains papers
which represent highlights of oral presentations
by the invited speakers on a wide range of
subjects within the scope of the four themes of
the symposium. These papers present the cur-
rent status and projected future research direc-
tions of selected topics within these areas and
are not meant to be comprehensive reviews.
Subjects were selected on the basis of their
current and predicted future importance and
intentionally include different scales of investi-
gations ranging from molecular to ecosystem.
We hope this demonstrates how both reduction-
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istic and holistic approaches are utilized to un-
ravel the complexities of cellular, population,
and community interactions involved in process-
es within natural habitats. For example, infor-
mation at the subcellular level (e.g., genetics,
biochemistry) is necessary to understand many
mechanisms and processes in nature. Informa-
tion at the cellular and population level (e.g.,
growth, competition, and interaction with other
organisms or with the environmental matrix) is
important to understanding the success of a
process or the composition of a community.
Finally, information at the ecosystem level is
important” to understanding the impact of the
process or of environmental stresses on our
environment. Furthermore, it is this level which
is the ultimate test of whether knowledge from
the reductionist: approach can reliably predict
behavior at the ecosystem level.

" Because of these various approaches and sub-
ject matter the format and style of the papers
also vary, from those reporting original research
results to those of a review nature. It is hoped
that this combination provides a balance which
will increase the usefulness of this volume and
enhance multi-disciplinary communication, and
thus lead to a better understanding of microbial
ecology. The volume should be useful as a
textbook for an advanced or topics course in

Microbial Ecology, as well as a reference source .

to current literature in the multitude of present-
ed topics.
The local organizing committee thanks the

National Science Foundation for a major finan-
cial contribution to the meeting and recognizes
the additional contributions from the Agricultur-
al Experiment Station, Departments of Crop and
Soil Science, Microbiology, and Public Health,
and The W. K. Kellogg Biological Station, all of
Michigan State University. We also thank Unes-
co and UNEP for support of some participants
from developing nations.

We are indebted to Clayton Wells of The
Kellogg Conference Center Staff for his experi-
enced assistance in organizing the meeting. We
gratefully acknowledge the contributions of Al-
ice Gillespie, Jean Marek, Carolyn Hammar-
skjold, Charlotte Adams, and Ellie Tupper.
Their diligent handling of correspondence, infor-
mation retrieval, copy editing, and organization
have allowed this volume to meet an early
deadline.

Local Organizing Committee

John A. Breznak VS e
Frank B. Dazzo

Michael J. Kilug

John L. Lockwood

C. A. Reddy
James I}f Tiedje

East Lansing, December 1983
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Microbes and Ecological Theory

Relevance of r- and K-Theory to the Ecology of Plant
Pathogens

JOHN H. ANDREWS
Department of Plant Pathology, University of Wisconsin, Ma(_iison, Wisconsin 53706

Identifying the selection pressures responsible

for evolution of a group of interrelated charac-
teristics such as an organism'’s size, fecundity,
and generation time presents an important and
fascinating ecological challenge. One pressure
that might explain many life history differences
is the density of a species with respect to its
resource. This is the basis for the theory of r-
and K-selection.

My intent in this chapter is to discuss the
origin of the theory of r- and K-selection, its
current status, and its relevance to microbial
ecology, particularly to the ecology of plant
pathogens. The terminology and concepts are
drawn largely from macroecology, but this
seems appropriate since each organism, whether
a bird or a bacterium, has evolved coadapted
traits which promote its survival.

THE r- AND K-THEORY

It is intuitively logical that a species living
near the carrying capacity (given as K-selected
individuals) of its environment is subjected to a
different form of selection pressure than one
essentially in a rarefied habitat, exposed to
flushes of abundant resources which provide for
population expansion. The premium is on com-
petitiveness in the former case, whereas geno-
types with a high intrinsic rate of increase (r) are
favored in the latter. These hypothetical situa-
tions are grounded in Dobzhansky’s (5) observa-
tions that adaptation in the tropics is to a harsh
biological environment (e.g., competition, para-
sitism), whereas in temperate or cold climates,
characterized by fewer species, adaptation con-
sists primarily in coping with the physical envi-
ronment and securing food. He interpreted dif-
ferences between tropical and temperate
organisims as the outcome of different evolution-
ary patterns. Intricate interactions and density-
dependent (DD) controls were viewed as the
major factors influencing populations in the
tropics, whereas in severe environments densi-
ty-independent (DI) regulation selected for traits
such as cold resistance or accelerated develop-
ment. (DD controls cause proportionate changes
in mortality or fecundity as population density

changes; normally, mortality increases and per-
cent fecundity decreases with increasing popula-
tion size. DI controls operate essentially inde-
pendently of population density; i.e., the same
proportion of organisms is affected at any densi-
ty.)

MacArthur and Wilson (15, 16) focused and
formalized Dobzhansky’s abstract idea in their
theoretical analysis of island biogeography.
They emphasized that in uncrowded environ-
ments (r-selection), represented by initially un-
colonized islands, individuals harvesting the
most food, even if wastefully, will be the fittest.
Evolution here favors productivity, i.e., high r
values. However, in time as islands ‘‘saturate”’
with species and food becomes limiting (K-
selection), genotypes which can at least replace
themselves even with smaller families will be
superior. Evolution here favors efficiency of
converting food into offspring. Hence, coloniz-
ing or pioneering organisms will be subject to r-
selection, but as they establish, the pressure will
swing to K-selection. This trend wili be influ-
enced by changes in the local environment (16).

Given this elegant framework, one might pose
several questions, among them: (i) Which envi-
ronmental conditions favor r- or K-selection? (ii)
How can an organism alter its life history or
other factors to maximize r or K? (iii) Can the
attributes of an organism be correlated with life
in the anticipated environment (9)? Not suipris-
ingly, the apparent predictive and exy.lanatory
power of the r-K concept has been usea 1n many
contexts and has provoked much controversy.
For instance, Pianka (19) proposed an r-K con-
tinuum along which species could be placed on
the basis of their suites of characteristics (Table
1), and Southwood (23) related position of insect
pests along such a spectrum to implications for

- control tactics.

Current use of the theory has been criticized
as confusing and misleading. Wilbur et al. (26)
pointed out that aithough aspects of life history
strategy can be correlated with certain environ-
mental parameters, there may not be a cause-
and-effect relationship. For example, although
characters such as high fecundity and short
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TABLE 1. Some life history traits predicted to be associated with r- or K-selection”

Criterion r-selected species

K-selected species Plant pathogens

Oten catastrophic; densi-
ty-independent
Asexual mitosis to bipa-

Mortality

Reproductive meth-

More directed; density-

Predominantly biparental

Predominantly density-inde-
pendent
Predominantly asexual; sex-

dependent

od rental sexual sexual ual hermaphroditism com-
mon; biparental sexual
occasionally
Phenotypic plasticity Polymorphic to mono- Monomorphic Usually polymorphic

morphic
Monotypic to polytypic
Short; usually less than 1

Structure of species
Length of life

Usually monotypic
Longer; usually more

* Usually polytypic
Hours to years

yr than 1 yr
Migratory tendency  High Low High
Utilization of re- For productivity For efficiency Usually for productivity;
sources may or may not destroy
host

Variable; nonequilibrium;
usually below carrying
capacity; frequent re-
colonization necessary

Larger

Population size

Tolerance to niche
overlap

Constant; equilibrium; at

Smaller

Generally variable; nonequi-
librium; recolonization of-
ten necessary

Or near carrying capaci-
ty; no recolonization
necessary

Larger

“ Modified after Pianka (19) and Andrews and Rouse (2}.

generation time in an unlimited environment will
result in a high r, it is incorrect to reverse the
logic and conclude that relatively nonlimiting
environments are primarily responsible for evo-
lution of organisms with such features (26).
Furthermore, they argued that life history strate-
gies cannot be fully explained as resulting from
single selection pressures such as r- and K-
selection.

Use of the theory has also been criticized as
inexact and inappropriate. Parry (17) comment-
ed that use of the terms is now so broad that any
life history dichotomy is attributed to r- or K-
selection. His criticism needs to be reviewed
briefly so that this chapter can be placed clearly
in context.

Of the four meanings Parry discussed (Table
2), meanings III and IV are really predictions
rather than explanations and can be dispensed
with initially. Meaning III predicts where r- or
K-selected organisms would live, i.e., in

“‘ephemeral” or “‘permanent’’ habitats, respec-.

tively. Meaning IV suggests what they would be
doing, i.e., allocating large (r) or small (K)

percentages of their resources to reproduction.
Whatever else may detract from these latter two
definitions as accurate descriptors (see 17), they
imply merely a correlative and not necessarily a
causative relationship (cf. 26). Hence, although
r-selected species may occupy temporary habi-
tats, life history features of these species may
have arisen for reasons other than r-selection
pressure (e.g., seasonality).

Meanings I and II are the more substantive
and deal with the nature of - and K-selection.
Meaning I, stemming from MacArthur and Wil-
son (16), focuses on crowding. To the extent that
this implies competitive pressure only, it is more
restricted than meaning II, dealing with all DD
and DI effects. Meaning I is acceptable, if it is
understood that in nature K is set by the inter-
play of many factors and not by resources alone.
Resources (primarily food) remain the center of
attention in debates over r- and K-selection
because the pioneering work which led to the
formulation and early testing of the logistic
model involved closed-system laboratory cul-
tures of yeasts and protozoa. This emphasis

TABLE 2. Various meanings of r- and K-selection”

Conditions under

Meaning Central aspect -
r-selection K-selection
| Crowding Uncrowded; productivity Crowded; competitiveness
11 Density effects Density-independent component Density-dependent effects
i1 Habitat Relatively ephemeral Relatively permanent
v Resource allocation Large percent to reproduction Small percent to reproduction

¢ Summarized from Parry (17).



continued in island biogeographic theory which
implicitly or explicitly emphasized competition
for food or space (e.g., 16, 18), although subse-
quent papers by Wilson and his colleagues (e.g.,
21) discussed the role of predation and other
factors in species extinction. However, MacAr-
thur and Wilson’s model did not address the
factors that determine K, or fluctuations in K
over time. Crowding implies the density at
which adverse effects of individuals on one
another become limiting, and not all such effects
arise from competition (25). Other impacts in-
clude waste product accumulations, cannibal-
ism, emigration, and increased parasitism and
predation. In fact, to account for such metabolic
alterations and social interactions, as well as for
competition, modification of the logistic model
has been suggested (22).

Provided that the broader implications of
crowding are recognized, then in practice there
is little difference between meaning I and mean-
ing II, because DD controls will be more influen-
tial in crowded than uncrowded environments.
‘Although the various sources of DD mortality
(e.g., predation, metabolite accumulation) may
well affect life history strategies differently, the
common stimulus for this evolutionary response
is crowding. Such an enlarged perspective also
aligns current thinking on r- and K-theory more
closely with Dobzhansky's (5) original observa-
tions. Clearly, he viewed competition as only
one of many Mictors playing a role in complex
tropical communities. The challenge in experi-
mental design is, first, to assess the relative
influence of DD versus DI mortality and, sec-
ond, to identify the specific DD components
involved.

In overview, r- and K-selection should be
used with respect to a particular selection re-
gime, rather than basing meanings on the indi-
vidual traits predicted by the selection condi-
tions. A consequence of arguing backwards
from the traits to a definition is circular reason-
ing, and the theory reduces to a tautology.

TESTS OF THE THEORY

In general, there are two ways to test life
history theories: the comparative approach and
the predictive approach (24). The former in-
volves comparing representative species or gen-
era under present conditions, which are as-
sumed to be identical to those under which they
evolved, and testing hypotheses against field or
laboratory observations. This provides an inter-
esting inteilectual exercise, but as Stearns (24)
pointed out, the logic is weaker than that used
predictively. The methiod is also subject to many
pitfalls (12, 24). For example, differences in the
trait studied may be easier to interpret between
closely related species than between those that
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are distantly related. Despite their shortcom-
ings, comparisons are often used in macroecolo-
gy because many of the adaptations of interest
lie beyond the realm of experimentation. In the
predictive approach, selective differences be-
tween habitats are measured, and predictions
are made about how life history differences of
the ‘species of interest might alter if the popula-
tions were interchanged or otherwise manipulat-
ed (24). If the traits do not change as anticipated,
then either the experiment or the theory is
flawed. Regardless of the approach taken, there
are numerous ambiguities which ‘complicate
tests of r- and K-theory, and Stearns has out-
lined (24) a set of ‘‘reliability criteria’® which
could be used in the design or evaluation of
experiments.

Andrews and Rouse (2) proposed that r- and
K-theory is relevant to the analysis of plant
pathogen life histories and used the comparative
approach to rank representative pathogens along
a continuum relative to each other. Two criteria
were emphasized as determinants of strategy:
first, the proportionate allocation of resources to
maintenance, growth, and Teproduction; and
second, the nature of the parasitic association,
particularly with respect to derivation of nutri-
ents and impact on the host. A conceptual model
was devised to describe the theoretical relation-
ships between the population parameters bio-
mass, or numbers, and life history strategies. A
central idea was that r-selected organisms chan-
nel more resources to reproduction than K-
strategists (see 7; criticized in 17). With respect
to mode of nutrition, biotrophic parasites (which
obtain nutrients from living host cells) were
considered to be more K-selected than necro-
trophic parasites and were viewed as inducing
stress to host plants: by contrast, necrotrophic
parasites (derivation of nutrients from killed
cells), which cause *‘disturbance’ by actively
destroying plant biomass (2; cf. 10). were
viewed as r-strategists. The reasoning for this
distinction was th: t K-strategists clearly have an
investment in maintaining the vigor of their
hosts, with which they would tend toward coex-
istence. On the other hand, r-strategists can
aggressively invade and destroy their hosts (the
so-called ‘‘sweepstakes’ strategy) and then
adopt an expanding saprophytic phase (cf. in-
sects, 23). Within the biotrophic category one
might visualize a continuum ranging from para-
sites such as the apple scab pathogen (r-select-
ed) to the mistletoes (e.g., Phoradendron flaves-
cens), which are generally consistent with
Pianka's (19) correlates for a K-strategist. In
addition to being small and having a short gener-
ation time, the former channels much of its
resources to asexual reproduction during the
summer and can cause severe disturbance to the
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host. However, the mistletoes appear to empha-
size efficiency over productivity. As perennial,
semiparasitic evergreens, they produce carbo-
-hydrate photosynthetically and rely upon their
host for minerals and water. They rarely destroy
biomass, but act as low-grade stressors. DD
controls (e.g., competition for sunlight) likely
play an important role in population regulation
of mistletoes, whereas populations of apple scab
are markedly affected by DI factors such as
temperature and rainfall.

There is an aspect of ‘‘story-telling’’ to com-

. parisons or analogies such as the above, and
appealing stories can easily be concocted to fit
the facts. Comparisons fall short as explanations
because of the criticisms raised earlier—for one
reason, they do not separate correlation from
causation. (It is significant that Pianka [19] re-
ferred to the features of r- and K-selection as
correlates.) Convincing tests of r- and K-theory
can only be made by identifying key components
of its broad nature and then posing specific,
falsifiable hypotheses which have some predic-
tive value. Plant pathogens are used as examples
in the following experiments, but the same con-
cepts apply to free-living microbes.

A direct test of r- and K-theory is to crowd
populations and see what happens (Table 3).
According to the central idea, K-selection in-
volves DD regulation in environments where
populations approach the carrying capacity;
conversely, r-selection results when DI factors
maintain populations below equilibrium. Thus,
one would predict that various life history traits
such as fecundity and competitiveness should be
influenced differently in the two environments.
Microbial systems generally are much more
amenable to such experimental manipulations
than are plants or animals, and most of Stearns’
(24) other *‘reliability criteria’’ can also be satis-
fied with less difficulty. Thus, crowding or abiot-
ic factors can be varied while holding other
conditions constant, thereby avoiding the correl-
ative-type approach and inferential evidence.
The underlying premise of these tests is that
there are two opposing types of selection which
result in a trade-off; i.e., a K-strategist will be
less fit under conditions of r-selection and vice
versa. (Note that the terms K-strategist and r-
strategist are relative descriptors and are appro-
priately used to compare one organism with
another.)

Direct tests are feasible with plant pathogens
(especially procaryotes, fungi, and nematodes)
by adapting populations in vitro or in vivo to DD
and DI controls and then testing how these
adapted strains perform against each other and
the parental types in the two environments. DD
conditions could be achieved in vitro by allow-
ing populations to reach and remain at the

TABLE 3. Some possible tests of the theory of 7-
and K-selection?

Prediction under
Trait -
DI controls DD controls

Biomass allocation  Reproduction Growth and

! maintenance
Ontogeny Higher rate Lower rate
Fecundity Higher Lower
Reserves Lower Higher
Nutrient respon- Faster Slower

siveness )

“‘Competitiveness’’ Lower Higher

“ Hypothesis: certain life history traits result from
crowding. Experiment: subject populations to crowd-
ing; compare populations from, or introduce popula-
tions to, crowded and uncrowded environments.

carrying capacity over many generations in fed
batch or continuous culture; for DI regulation,
populations could be serially transferred or sub-
jected to abiotic controls (e.g., heat or coid
shock). This approach was used by Luckinbill
(14), who grew pairwise combinations of r- and
K-adapted strains and parental types of Esche-
richia coli in mixed culture. The proportion of
competitively neutral auxotrophic and proto-

trophic markers for histidine provided an indica-

tion of whether adaptation to culture conditions
had occurred. Experiments with plant pathogens
that produce unambiguous results in vivo would
be considerably more complicated to design,
partly because the carrying capacity of plants for
the organism of interest would need to be de-
fined operationally and could be expected to be
highly variable. Nevertheless, such tests are
needed for a realistic appraisal of the theory, and
some possibilities are outlined below.

Some of the life history traits that could be
expected to vary under DD or DI controls are
listed in Table 3. In theory these features are
measurable; in practice they could be quantified
more or less accurately depending on the trait,
the species characteristics, and the assay sys-
tem. For example, a measure of ontogeny could
be time to sporulation, to symptom develop-
ment, or to completion of life cycle. Reserves
could be quantified by monitoring storage prod-
ucts (e.g., lipids, poly-B-hydroxybutyrate) or
calorific values (11). “‘Competitiveness™ is a
more subjective criterion and involves several
possible features, among them tolerance of anti-
biotics, the production of secondary substances
such as inhibitory materials, siderophores, or
slime, the ability to store a wide variety of
materials, the ability to utilize many carben and
energy sources concurrently, and the ability to
efficiently convert limiting nutrients into bio-
mass. A common problem, as elaborated on
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elsewhere (1), seems to be the confusion of
colonizing ability with competitiveness per se.

There are two corollaries to the direct test.
The first is that populations isolated in nature
from crowded and uncrowded environments
should show traits consistent with predictions
(Table 3). This has been the indirect, observa-
tional approach traditionally used in macroecol-
ogy. The second corollary is that populations
adapted to r- and K-selection in vitro, when
reintroduced to nature, should become estab-
lished best in the environments that present the
corresponding selective pressure. An expecta-
tion might also be a shift in adaptive features
over time; i.e., a newly colonizing species will
be subjected to r-selection, but after establish-
ment it should shift under K-selection pressure
(see following comments on phenotypic and
genotypic changes). This latter corollary is con-
sistent with the biogeographic implications fore-
seen by MacArthur and Wilson (16). Both corol-
laries offer less rigorous tests of the theory than
does the original proposition. The problem of
correlation versus causation was noted earlier.
Additionally, the corollaries are weakened by
several assumptions, e.g., that - and K-selec-
tion will be the factor determining survival of
adapted populations reintroduced to nature.
There is also some circular logic in that if
experiments proceed according to expectations
all is well, but if evidence is produced against the
hypothesis one can always argue that the envi-
ronments did not really present r- or K-selection
pressure or, in any case, that there were too
many uncontrolled variables.

If one elects to test the corollaries, a possible
approach to the first would be to make inter- or
intraspecific comparisons, including competitive
tests, of plant pathogens based on the criteria
described above, from a host species subjected
to lax versus intense parasitism (e.g., early
versus late in the growing season). Such com-
parisons should also be made on organisms from
natural communities, where the artifacts of
agroecosystems do not pose problems to inter-
pretation of results. The expectations would be
that parasites colonizing early have characteris-
tics of r-strategists, whereas later, when DD
controls such as competition for infection sites
and resources intensify, the predominant spe-
cies or biotypes are relatively K-selected. In
addition to exhibiting life history traits typical of
r- or K-strategists (Table 3), the early colonizers
should outclass the later colonizers when tested
in vitro under controlled DI conditions and vice
versa (see 14). A complementary approach
would be to compare characteristics of para-
sites, at any given time, from newly emerging
roots or shoots and those attacking older por-
tions.
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The second corollary could be tested by
adapting populations in vitro to DI or DD con-
trols as described above (14) and releasing them
alone and in combination to relatively *‘unsatu-
rated’’ versus “‘saturated”’ environments. Simi-
lar studies with antagonists to the apple scab
pathogen are in progress (J. H. Andrews and D.
Cullen, unpublished data), but we have not
extended this work yet to specifically test r- and
K-concepts. If introduced populations are not
sufficiently morphologically distinct (e.g., color
mutants), they need to be marked (e.g., auxotro-
phy. antibiotic resistance) for recovery on test
media. An example is to adapt in culture a
physiologically marked color mutant of the scab
organism to DI and DD controls. Severely in-
fected (‘‘saturated’ environment) and slightly
infected (‘‘unsaturated’” environment) apple
trees in growth rooms and in an orchard could
then be inoculated with these adapted strains
alone and in combination. The introduced popu-
lations and their progeny could be monitored
over time, distinguished from the wild type by
color and from each other by nutritional require-
ments. The hypothesis would be that relative
establishment of the K-selected strain is greater
than the r-selected strain on severely infected
leaves; the reverse would be expected on slight-
ly infected leaves. Of course, the usual assump-
tions pertaining to marked populations, such as
stability and competitive neutrality of the mark-
er, apply and would have to be verified in
advance.

IMPLICATIONS OF THE THEORY

The extent to which r- and K-selection is
eventually found relevant to microbiology is
secondaty for the time being to the fact that
microbial systems seem to have excellent poten-
tial for critical appraisals of the theory. These
tests in themselves can provide for new perspec-
tives and interpretations. If the evidence is sup-
portive, there are numerous implications and
predictions stemming from the theory. If the
evidence overall is negative, then the obvious
question would be: If crowding does not play a
major role in shaping microbial strategies, what
does? Either way, the investigator will be forced
to identify the factors which control microbe
populations.

If r-K theory is upheld for microbial communi-
ties, a major benefit would be the strengthening
of bridges between microbial ecology and mac-
roecology. An elegant body of ecological the-
ory on life history tactics would be opened to
microbiologists and plant pathologists. Con-
versely, ecologists would become better in-
formed and appreciative of how microbes can be
used to test ecological theory. Microbial sys-
tems should provide the means in large part to
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quell a typical criticism, namely, that specula-
tion flourishes in the absence of fact.

For populations shown to be r- or K-selected,
the next step might be to identify the specific
conditions that increase r or K. Is the ability to
produce several spore crops from a given conid-
iophore going to increase r more than increasing
conidiophore numbers by a given increment?
What factors would promote either option?
Would K be increased more by a tolerant than
by a susceptible host? What influence has the
presence of a diverse epiphytic microbial com-
munity on carrying capacity for a given patho-
gen and is interspecific competition a more
significant DD control thun mtraspecnﬁc compe-
tition?

Luckinbill (14) has posed lhe questlon of the
specific genetic mechanisms involved in r- or K-
adaptations induced in culture: To move back a
step further, one might start by asking whether
the changes induced in vitro and in vivo are
phenotypic or genotypic adaptations. The ex-
pectation would be for the former to occur
initially, followed by quick deadaptation if selec-
tion were relaxed. If the r- or K-selection pres-
sure were severe or imposed for a long time
(typically hundreds of generations), genetic
change should occur. How will the persnstence
of strains reintroduced to nature vary in the
presence or absence of the corresponding selec-
tion pressure? The issue of the kind of change is
very important because of the largely genetic
origins of r- and K-theory in island biogeography
and because the concept deals with the evolution
of life history traits. Gadgil and Solbrig (7)
proposed that the crucial eyidence for r- and K-
selection is whether an orlanism maintained a
particular strategy (e.g., resource allocation) un-
der any and all DD and DI mortality conditions.

The idea that microorganisms with distinct
phases (biphasic or heteromorphic) may be
evolving simultaneously as r-strategists under
one set of environmental conditions and as K-
strategists under another has been developed
elsewhere (1), and there are analogies with other
systems, especially seaweeds (13). Presumably,
this phenomenon is one example of Dobz-
hansky’s (5) adaptive polymorphism whereby a
species consists of two or more types, each
having high fitness in a particular environment.
Bimodal r- and K-selection is one attractive
explanation for the life history features of many
parasites which use abundant host resources
during the summer to reproduce exponentially,
and then channel resources to vegetative growth
and maintenance in a competitive environment
during the winter. However, there are other
explanations, such as the constraints imposed
by seasonality. Definitive explanations cannot
be made until experiments are designed to test
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the various hypotheses.

From the perspective of a plant pathologist,
one of the more important implications relates to
prospective strategies for biological control. Re-
cently, there have been much attention and
debate about biological control of soil-borne and
foliar plant pathogens by microbial antagonists
(3, 4). The role of competition as a significant
organizing factor in epiphytic communities has
been questioned (4). This, in turn, throws into
question whether sustained biocontrol is realis-
tic and, if so, what the best tactics should be.
Can r- and K-theory provide guidelines for ad-
dressing these problems? Is an r-selected antag-
onist which can rapidly colonize emerging plant
tissue the preferred candidate, or should an
organism with a lower r, but which is highly
competitive, be chosen? Perhaps a mixed spe-
cies community with one or more members of
both groups is the preferred approach. It is too
early to resolve these questions, but r- and K-
theory does provide a stimulating framework as
a point of departure for experiments.

Finally, r- and K-selection provides a possible
interpretation for the various growth dynamics
of nonparasitic as well as parasitic microbes.
For instance, are life history traits such as
antibiotic production or slime secretion trig-
gered by DD controls related to crowding or by
other factors? Analogies between r- and K-
strategists and allochthonous (zymogenous) or
autochthonous soil microbes, respectively, have
been drawn (8, 20). The former group comprises
transients or invaders, microorganisms which do
not participate significantly in community activi-
ty. Microbes in the latter class are residents and
at some point in their life cycle are involved in
community metabolism. Some similarities with
the r-K descriptors are readily apparent, but as
with other analogies (2, 6), these are merely
correlations. The causative mechanism for cach
set of traits remains to be established. The major
challenge for the immediate future is the design
of appropriate experiments to test whether spe-
cific parameters have actually been responsible
for evolution of life history traits attributed to r-
and K-selection.
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