


poikilotherms because the reasoning behind the "law" applies
only to animals that warm their bodies to elevated regulated
temperatures using metabolic heat production. The consistency
of the metabolism-size relation across manv animal groups sug
gests a single mechanistic explanation. Because Rubner's "law"
is irrelevant for most types of animals (most are poikilotherems)
it cannot be that explanation.

Since the time in the mid-twentieth century when the surface
"law" started to be rejected by most physiologists, several alternative
hypotheses have been put forward to explain allometric metabolism-
size relations. Physiologists, however, have not reached a consensus
in supporting any of the hypotheses. Until recently, debate tended to
center on whether the true value of b is 2/3 or 3/4. Physiologists as
sumed that a single universal exponent existed and that, if it could be
nailed down, the underlying mechanistic basis for allometry would be
revealed. Why did difficulty exist in nailing down the exponent' For
a long time, the amount of relevant data was not great, and everyone
could assume, therefore, that when abundant data became available
the correct value for b would become obvious. What has actually
happened is quite different. Now that great quantities of carefully
scrutinized data are available, many specialists have concluded that
in tact there is no universal exponent. With lots of high-quality data
available, if researchers calculate two different values of b for two
different animal groups, the difference cannot readilv be dismissed
as being merely a product of inadequate information.

Several research reports published in the past decade have
concluded that although the exponent b generally tends to be similar
in many animal groups, it is not identical. The exponent b is not a
constant, according to these reports. Among placental mammals
for example, several meticulous efforts have concluded that b is dif
ferent in some mammalian orders than in others. Also, as already
noted, b is greater when mammals are exercising than when they
are at rest. Moreover, b is higher when only large-bodied species
are analyzed than when only small-bodied species are.16

As physiologists have searched for the mechanistic basis of
metabolism-size relations, a key question has been, what at
tributes of animals are so common and so fundamental that they

^Accordingly the log-log plot of metabolism-size data exhibits a bit of curvatureand requires a more complex equation than Equation 7.3 to be described in detail.

FIGURE 7.13 As the circulatory system is scaled up and down in
size and extent, constraints predicated on fractal geometry mav
help give rise to allometric metabolic scaling A mammal's me-
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could explain the way in which metabolism varies with si/e?
One attribute in particular has attracted a great deal of attention'
interna transport. For metabolism to occur, internal transport of
metabolic resources-notably O, and metabolic fuels-is critical
in mammals and many other types of animals, this transport is
carried out by the circulatory system. Physiologists therefore real
ized that they had to understand how the circulatory system-first
accurately described by Andreas Vesalius (1514-1564) in 1543
(Figure 7.13a)—changes in its inherent capabilities for transport

(a) Vesalius 1543: One of the first anatomically accurate
images of the human circulatory system

(b) Mandelbrot 1983: A fractal model of a branching
system such as the circulatory system

Fractal mathematics is being
used to try to understand how
the circulatory system changes
in its inherent capabilities for
transport as animals evolve to
be bigger or smaller.




