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Revisiting r- and K-Selection:
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Why this classic theory no longer fits modern ecology

-Shivam Shrotriya

Few would dispute the influence Eric R. Pianka
(1939-2022) left on evolutionary and theoreti-
cal ecology. He was a renowned American bi-
ologist known for his seminal work on lizards.
His most significant works include niche mea-
surement, niche overlap and competition, and
r- and K-selection in life-history evolution. On
Pianka’s death (12 September 2022), we held
a Friday Forum discussion at the Wildlife Insti-
tute of India hostel, commemorating his great
work developing these now-ubiquitous eco-
logical concepts. The r- and K-selection model
(Pianka 1970) was one of the fopics discussed,
and it was astonishing to see how most of the
participants knew the theory and understood
its core ideas well but didnt quite grasp why
the theory is considered an outdated concept
in modern literature on life-history research.

| reckon that most of us do not delve info lit-
erature beyond our core research field and ac-
cept the concepts learnt in our ecology classes
as foundational without raising questions. Pi-
anka himself introduced the concept of r- and
K-selection in the ecology curriculum through
his book Evolutionary Ecology, first published
in 1974, which is considered a classic. Many of
the ecology textbooks to date not only include
a section on the r- and K-selection but also give
a sense that it is a time-tested and well-accept-
ed theoretical concept. Years back, during my
general readings, | read an excellent blog post
by Dr Jeremy Fox on how r- and K-selection
is a zombie idea in ecology (Fox, 2011), which
sparked more reading into this fopic. In this ar-
ticle, I'm giving a short overview of what the r/K
selection theory entails and why it makes little
sense to interpret life histories in light of the
modern understanding of evolutionary ecology.

The r- and K-selection explains why some ani-
mals have lots of babies while others have only
a few.

The basic idea revolves around the selection of
life histories as strategies towards either maxi-
mising breeding productivity or maximising
breeding efficiency by increasing the surviv-
al potential of the offspring. The species that
are thought to follow r-selection, or maximise
reproduction, produce a large number of off-
spring during breeding. Most of these offspring
die young, but the breeding numbers ensure
that enough individuals survive to keep the spe-
cies going and fransfer the parental genes to
the next generation. The young ones grow fast
and start reproducing early in life. Such species
are supposed to have evolved in unpredictable
climates or where environmental conditions
fluctuate a lot, and population size is far from
reaching the carrying capacity of their environ-
ment. Examples of r-selected species could be
insects, frogs, fishes and invasive plants. On the
other hand, the species that are thought to fol-
low K-selection reproduce less frequently, have
fewer babies, and invest their time and energy in
raising and protecting their young ones. The in-
dividuals in these species grow slowly and take
longer to mature and reproduce. These species
are supposed to have evolved in stable environ-
ments where food and space limited the pop-
ulation size, or in other words, the population
dynamics is operating at the carrying capacity.
Although there is a higher competition for re-
sources in these populations, the individual sur-
vival probability is higher, particularly at a young
age. Some of the examples of K-selected spe-
cies could be elephants, wolves, whales and us,
the humans.

On the surface, the theory of r- and K-selec-
tion appears to make perfect sense, classifying
all the species into r- or K-selected based on
their reproduction strategy. It even logically fol-
lows further, seemingly predicting the popula-
tion growth stage and physiology of the species
based on the reproduction rates
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. A species showing semelparity (single massive
reproductive phase) must have a short life span,
occur at densities far lower than carrying capac-
ity and have plentiful resources. And a species
showing iteroparity (repeated slow reproduction)
must have a larger body, delayed reproduction,
and evolved under a stable environment. When
the idea is floated that this is not a good picture
of the reality, most ecology students are quick
to point out that species may not be pure r- and
K-selected but fall on a continuum from r- to
K-selection, evolving in a fluctuating environ-
ment that exerted different r- and K-selection
pressure at various stages of their evolution (an
explanation from Pianka himself).

Why it is then that the r- and K-selec-
fion is considered an outdated and zom-
bie idea? Reznick et al., (2002), reviewing
r- and K-selection theory, quoted Stearns (1992)
in the opening: “This explanation was suggestive
and influential but incorrect.”

The purpose of a scientific theory is not only to
explain the existing patterns but also to predict
about the subject based on knowledge of con-
nected information. As the interest in life history
research gained momentum following Pianka’s
work, researchers soon realised that the theory
was failing to meet its predictions. Empirical and
experimental studies repeatedly found that the
populations of the same species evolving under
different densities still showed selection for sim-
ilar life history. On the other hand, at times, pop-
ulations of different species with similar densi-
ties and resource availability grew apart in their
life history strategies (see examples in Reznick et
al., 2002; Mallet 2012).

What were the main reasons behind this monu-
mental failure? To start with, the model offers an
overly simplistic model of life history evolution as
the outcome of a single selective pressure- den-
sity dependence. But the world is not so simple.
For example, the model does not involve pre-
dation, a real parameter that can affect the life
histories. In addition to density-dependent se-
lection, populations may face other types of se-
lection pressures, such as frequency-dependent
selection.
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A frequency-dependent selection is when the
success of a life history ftrait, as being a prolific
breeder or having a few young ones, depends
on how common or rare it is in the population.
For example, in a fish species where most indi-
viduals spawn many eggs, predators might be
feasting on these eggs, leaving only a few sur-
vivors. A few individuals in this population may
increase their reproductive fitness by investing
in spawning fewer eggs and hiding them better.

Simplicity and failure to account for additional
parameters are not the only reasons. There lies
a conceptual flaw in the model itself. To under-
stand this, we need to learn a bit of history of
how Pianka came up with the r- and K-selec-
tion ideas. Everyone who studies basic popula-
tion ecology knows the logistic growth model of
population.

The original logistic model was developed by
Verhulst (1938) as a contrast to exponential
growth, explaining self-limiting growth in bio-
logical populations. And almost all the textbooks
represent this model mathematically as:

dN_ N(l N)
T K

Where, r represents the intrinsic rate of popu-
lation increase when the population density is
very low, N is the initial population size, and K is
the population size at equilibrium where addition
and subtraction rates in the population are equal.
The model is a mathematical statement say-
ing that the population growth at an ear-
ly stage, when density is low and resources
are practically unlimited, would be as close to
the intrinsic growth rate. As individuals start
adding, the competition for resources ris-
es and begins to play its role in limiting pop-
ulation growth, and the graph of growth takes
an S-shape.Later works by Pearl, attempting
to estimate the cap on the human population
(Pearl 1930), Gause, conducting experimental
studies on the growth of microorganism pop-
ulations (Gause 1934), and Odum’s 1953 book
Fundamentals of Ecology steered to the K - the
upper asymptote of S-shape curve - being gen-
erally perceived as carrying capacity or saturation
level of the population growth (in Mallet 2012).
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The concept of r and K selection has its origin in
the famous island biogeography theory (MacAr-
thur and Wilson 1967). In their envisioned island
under the first colonisation and having unlimited
resources, MacArthur and Wilson thought that in
the absence of competition during early coloni-
sation, the selection would favour the individuals
that could breed more and utilise the resources.
When the population grows close to the carry-
ing capacity and intensifies competition, selec-
tion would favour the individuals that remain in
the population for longer over multiple repro-
ductive cycles. MacArthur and Wilson termed
these density-dependent pressures and r- and
K-selection processes, standing for higher re-
production and carrying capacity. Pianka ex-
tended this concept to the evolution of life
histories, stating that species evolving under
r-selection end up having r-selected strategy
and vice versa. The life history evolution was
seen as a trade-off between r and K (Figure
1); as the population grows larger and clos-
es on K, growth can no longer be sustained.
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A major problem piece here is K, a parameter
that looks real but is near to impossible to mea-
sure for real-world populations. The resources
fluctuate, the environments change, and the
populations could evolve more complex mech-
anisms to deal with the rising densities. For ex-
ample, the carrying capacity of a lake with a fish
species could come down immediately if waters
are exposed to toxins. Such a stochastic event
might also reduce r along with K, making pre-
dictions even more complicated. This linear rela-
tionship between r and K hides another param-
etfer in plain sight, the slope of line-a, measuring
per-capita strength of intraspecific competition,
or density-dependence. It is a parameter often
ignored in the classes on r- and K-selection. The
line in Figure 1 can be drawn if we know any
two parameters, r and K or «. Suppose we hap-
pen to pick the second way of representation,
are species no longer K-selected and instead
become «-selected where selection for steeper
slope would mean a higher density dependence

o

Per-capita growth rate

Population size \/

Figure 1.

The density-dependent population growth can be represented as a linear
relationship between r — the growth rate — and K — the carrying capacity
(Modified from Fox, 201]).
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(or higher intra-specific competition effect)
and would bring down the population equi-
librium at lower density? Experimental studies
show that populations evolving under low and
high densities show differences in competi-
tive ability but not in life-history strategies (see
Reznick et al., 2002). Measuring « in empirical
studies is more accessible than K, and it makes
better predictions about the resource limita-
tions remaining within the density-dependent
growth model and density-dependent regula-
tions on growth via intra-specific competition.
You may also notice that in the r and « model,
no trade-off is required between r and K.

The use of the logistic model with r and K as
estimation parameters also falls prey to infer-
esting mathematical paradoxes, for example,
Levin’s paradox (Kuno 1991; see more in Mallot
2012). It is quite possible in real world scenar-
io where the initial population size N is higher
than the carrying capacity K. Let’s take exam-
ple where a deer population now has to live
within only half of the area previously avail-
able to them due fo submergence of part of
the landscape, making N at this stage already
crossing new K. The intrinsic growth rate may
also turn negative; reproductive capacity
could decline following a change in favour-
able climatic conditions. An intuitive predic-
tion would be that this population is depleting
and heading towards a possible extinction.
But if you put a negative r and an N larger
than the K into the logistic growth equation,
what you get is population growing to infinity.
Try it out yourself!

A model of r- and «-selection might overcome
many of the problems caused by r- and K-se-
lection for population growth studies. How-
ever, it is still insufficient when studying the
evolution of life history strategies. The r- and
a-selection model remains a different version
of the logistic equation:

dN

=rN — aN°?
dt r a
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where, « is connected with K via «= r/K. The lo-
gistic equation might hold better for some pop-
ulations near equilibrium, but it is unrealistic for
most cases beyond lab-grown populations of
microorganisms. It ignores the effects of sepa-
rate sexes having different life histories, popula-
tions with discrete generations, or time delays
in the response to density, effects of dominance
and heterosis on mating systems, or group-living
advantages. In rare instances, density-depen-
dence could take a counter-intuitive shape; for
example, populations at very low densities tend
to decline further due fo a failure in enough mat-
ing opportunities, also known as the Allee effect
(Asmussen 1979).

Reznick et al.,(2002) concluded that “by fo-
cusing on a continuum of density dependence
and dichotomizing suites of life-history traits,
the r—K paradigm brought a lot of excitement
to the empirical study of life histories. As em-
pirical studies progressed, it became clear that
the predictions of r- and K-selection were not
always upheld and that the underlying assump-
tions (density regulation) were not easily evalu-
ated. This dose of reality helped the field devel-
op a more rigorous theory.” The main alternative
to study life histories is demographic theory or
age-structured mortality models (Stearns 1992).
Different age groups in a population may ex-
press mortality under density-dependent or
independent selection pressures. Resource lim-
itation might affect juvenile survival more, and
predation might be pressuring the adult popula-
tion. The increased adult mortality would favour
early maturing and higher reproductive effort,
while increased juvenile mortality would favour
delayed maturity and decreased reproductive
effort.

The purpose of this article is to educate the stu-
dents and draw the attention of educators that r-
and K-selection theory, as developed by MacAr-
thur and Wilson and later expanded by Pianka,
was a wonderful theory with no real application
in actual populations. The textbooks and class-
es still keep teaching it as one of the core ideas
in ecology, and that must be changed. The r-
and K-selection could be faught for its historical
relevance, yet the students must learn the cur-
rent and more appropriate theories.
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