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Letter to the Editor

Abstract

Gabriel et al. proposed solutions to two paradoxes raised by Levins and Ginzburg in the logistic equation. The resolution of
these two paradoxes lies in the distinguishing of two concepts in ecological studies: carrying capacity and population equilibrium.
I focus on the contradiction raised by the first model of Ginzburg’s paradox and metapopulation framework with the traditional
concept of carrying capacity. By the clarification of these two concepts and defining the carrying capacity as the environment’s
maximal load, the paradox will not arise.
© 2005 Elsevier B.V. All rights reserved.
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Carrying capacity, population equilibrium, and
environment’s maximal load

Gabriel et al. (2005)illustrated two paradoxes in
the logistic equation, namely Levins’ paradox and

unfavorable the environment is.]Gabriel et al. (2005)
resolved this problem by a redefinition of the carry-
ing capacity and let the negative carrying capacity be
zero without changing the positive ones (Eq. (4) in their
paper). Here, the concept of carrying capacity adopted
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Ginzburg’s paradox, which I think arise from the con-
fusion in the concept of carrying capacity; therefore,
it could not be resolved only through mathematical
adjustment of the logistic equation. Moreover, Gabriel
et al. did not resolve the problem arisen from the first
model of Ginzburg’s paradox (Eq. (5) inGabriel et al.,
2005; Ginzburg, 1992), which can also be illustrated
by a clarification of carrying capacity in the following.

Levins’ paradox disappears in the original Verhulst
equation (Verhulst, 1838; Hutchinson, 1978) but incurs
a new problem on the meaning of negative carrying
capacity (K < 0) when population in sink environment
(Dias, 1996) or influenced by Allee effect (McCarthy,
1997; Hui and Li, 2003, 2004) and, as a result, has nega-
tive intrinsic increasing rate (r < 0). [Note: Phil Ganter,
Tennessee State University, suggested that the nega-
tive carrying capacity might be a measure of just how

by Gabriel et al. (2005)is the equilibrium of popula
tion and consists of the classical ecological conce
carrying capacity (Vandermeer, 1969).

To illustrate, let us consider a thought experimen
Fig. 1. There are three eggs in a nine-position egg
(Fig. 1A). If we eat one and then put a new one
it everyday, the size of the egg population will
maintained at three. Now what is the carrying capa
of this egg population, three or nine? This experim
is mechanically similar to Vandermeer’s protoz
Paramecium bursaria experiment (Vandermeer, 1969).
The size of the protozoan population could be a
3000 individuals in a 0.5 ml Petri dish if we stack
them like sardines. The 3001st individual would ca
all the animals to be squeezed to death (Vandermee
and Goldberg, 2003). Actually, Vandermeer (1969
found that the real population leveled off at aro
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Fig. 1. The carrying capacity of an egg population.

290 individuals and suggested that 290 individuals
per 0.5 ml should be the carrying capacity, not 3000
individuals (Vandermeer and Goldberg, 2003). So
according to Vandermeer’s concept the carrying
capacity in the egg-box analogy would not be nine
(Fig. 1B) but three (Fig. 1C).

Now, if we eat two eggs per day, the carrying capac-
ity will be K∞ = 0 as shown in Eq. (4) ofGabriel et
al. (2005). Obviously, this resolution contradicts our
intuition of carrying capacity, which should be the num-
ber of positions in the egg-box, i.e. nine. Moreover,
this confusion of carrying capacity directly leads to
the first model of Ginzburg’s paradox, which consid-
ers additional mortality in the logistic equation without
changing the environment,

dN

dt
= rN

(
1 − N

K

)
− µN. (1)

The new equilibrium isK(r − µ)/r. Ginzburg (1992)
rejected this approach because it “disagrees with our
intuition about unchanging equilibrium.” He rejected
Eq.(1) due to his confusion of population equilibrium
and carrying capacity.Gabriel et al. (2005)suggested
that “such a behaviour is ultimately dictated by the
model, and not the intuition.” Therefore, Gabriel just
concentrated on the second model of Ginzburg’s, which
in fact has a mechanistic problem (Ginzburg, 1992),
and uses a mathematical adjustment to avoid this prob-
l

However, according to our knowledge, Eq.(1) does
not have any mechanistic problem. On the contrary,
it has been widely used as a theoretical foundation in
spatial and metapopulation ecology (such asHanski
and Gilpin, 1997; Tilman and Kareiva, 1997; Hanski,
1998, 1999; Gaston and Blackburn, 2000; McGeoch
and Gaston, 2002; Hanski and Gaggiotti, 2004; Hui and
Yue, 2005; Hui et al., 2004). In fact, if we letP = N/K,
Eq. (1) will be transformed into the famous Levins’
patch occupant model (Levins, 1969),

dP

dt
= rP(1 − P) − µP. (2)

Berryman (1992)transformed this equation into a
logistic equation and obtained the equilibrium ofP,
(r − µ)/r. Hanski (1999)called this stable equilib-
rium the local “carrying capacity” of metapopulation,
whereas other scientists call this equilibrium local den-
sity (Matsuda et al., 1992; Iwasa, 2000; Sato and Iwasa,
2000). Once again, the concept of equilibrium was
confused with carrying capacity. The reason why they
called it local density or local carrying capacity is that
the average or realistic equilibrium is always smaller
than this equilibrium due to demographic stochasticity
(Iwasa, 2000; Hui and Li, 2004).

This confusion also appears in other textbook.
Begon et al. (1990)combined the carrying capacity
with maximal equilibrium and defined that carrying
capacity is the maximal population size supported
i ng
em (Gabriel et al., 2005).
 ndefinitely by a given environment [part of carryi
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capacity], at which intraspecific competition has
reduced thatper capita net rate of increase to zero
[part of equilibrium]. Fortunately, many other scien-
tists gave the correct concepts.Odum (1989)andRees
(1992)suggested that carrying capacity is the number
of individuals of a given species that a given habitat
can support without being permanently damaged. If
the population of a given species exceeds the carrying
capacity of a given habitat, then either the resources
required to meet the needs of that species will be
depleted, or the wastes produced by that species will
build to the point of poisoning members of the species,
or both, and the population will crash (Zhao et al.,
2005). An environment’s carrying capacity is its max-
imum persistently supportable load (Carton, 1986).

The carrying capacity of the egg population should
be the “environment’s maximal load”, i.e. the nine
position in egg-box, and the equilibrium of egg
population is three if we eat one and add one per day.
If we can clarify these two concepts: carrying capacity
and population equilibrium, there is no contradiction
between intuition and the first model of Ginzburg’s Eq.
(1). Moreover, because the mechanistic correctness
of Eq. (1) and Levins’ patch occupant model Eq.(2),
it is not necessary for Ginzburg to present a second
model and lead to Ginzburg’s paradox (Gabriel et
al., 2005). In sum, there should be no Ginzburg’s
paradox. It is important and helpful to distinguish
these two concepts (carrying capacity and population
equilibrium) in ecological modelling and research.
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