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Summary — Where research on one species is justified on the grounds that it will provide benefits to
another, the strength of the ethical case depends critically on whether findings can be extrapolated mean-
ingfully. Valid extrapolation depends on the species being sufficiently similar in respects critical to the
research and on knowledge of the bases and effects of salient differences. Many biological parameters vary
with body weight (W) between species. When species of small size are used to model larger ones, the influ-
ence of size on the rates of physiological, immunological and other processes must be taken into account.
Between species, the rates of physiological processes tend to increase with W0.75, and the durations of
physiological events tend to increase with W0-25, Providing potential pitfalls are understood, allometric
scaling enables valid comparisons and extrapolations between species. Knowledge of these principles is
crucial also in making predictions about many aspects of animals’ biology and has application also in mak-
ing sound ethical judgments about the justifiability of extrapolations between species concerning the wide

range of processes linked to rates of metabolism.
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Introduction

Many biological parameters (e.g. anatomical, physi-
ological and life history parameters) have been
found to vary in relation to functions of body weight
between species. These patterns of variation can be
described by allometric equations (e.g. 1), and these
equations can provide a logical approach to the esti-
mation of many aspects of the biology of species for
which data may be lacking, for example, daily
energy and nutrient requirements and appropriate
drug dosage regimens. Where the correlation with
some function of body weight between species is
high, estimates of these characters derived from
allometric equations may be reliable enough to pre-
clude or reduce the need for detailed experimental
measurements in other species. For example,
Riviere et al. (2) have suggested that such
approaches could have important consequences in
avoiding the use of dose-titration studies in the
development of some drugs for use in species in
which they have not been used before.

As a powerful tool for prediction about many
aspects of animals’ biology, allometry may, as
indicated above, be valuable in helping to avoid
unnecessary use of animals in experiments in
some circumstances. It can also be a powerful tool
for prediction of matters relevant to the care and
welfare of laboratory animals where specific data

for the species are absent; for example, in predict-
ing appropriate dose regimes for some drugs
which offer therapeutic advantages, but for which
no pharmacokinetic measurements have been
made in the species. Allometry also enables a log-
ical approach to the time-scaling of the duration
of experimental procedures or their consequences,
which may be helpful in providing insight into
this aspect of the severity of these by allowing ten-
tative comparisons with other species (e.g.
humans).

The value of allometry for prediction of daily
food requirements of a wide range of species of ani-
mals is well-established (3, 4). Although there has
been skepticism in the past about the value of
allometry for predictive purposes in pharmacology
(for example, Baggot [5] discussing factors influ-
encing pharmacokinetic variation wrote “. . . the
only conclusion that can be drawn is that half-life
should not be extrapolated from one species to
another”.), in recent years, there has been consid-
erable enthusiasm for its use in drug dosage pre-
diction in exotic animal and zoological medicine
(e.g. 6) and in other fields (e.g. 7), perhaps at times
(by some other authorities), with undue faith in its
predictive power. Allometry is, indeed, a very valu-
able tool for interspecies comparisons and predic-
tions, but it is important to be clear about its
limitations.
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Derivation of Allometric Equations

If the value of a biological parameter p (e.g. plasma
half-life of a drug cleared by renal excretion, daily
energy requirement, heart rate, kidney mass) is
plotted against body weight (W, kg) for a wide range
of species of a similar body design (e.g. vertebrates),
typically a curvilinear relationship becomes appar-
ent. In the case of heart rate, for example, the
larger the animal the lower the heart rate tends to
be, but the gradient of the line becomes flatter with
increasing size.

Plotting the same data using logarithmic scales
(for both y and x axes — that is plotting logp on
logW), it is typically found that the data points are
scattered about a straight line. Such lines can be
described by the equation:

logp = loge + b.logW,

where b is the gradient (slope) of the line and c is
the intercept on the y axis. This equation can be
transformed, by taking antilogarithms, to the allo-
metric form:

p =aWb,

where a is the antilog of ¢. Once values of a and b
have been determined in this way, these allomet-
ric equations can be solved very easily, using a sci-
entific calculator with exponent function, to
generate predictions, from knowledge of W, about
p for species in which this parameter has not been
measured.

In addition to their value in prediction in this
way, allometric equations can be useful in other
ways. For example, a) they summarise data, and
b) determination of the value of b may be helpful
in shedding light on the nature of the mechanisms
that underlie patterns of variation with body
weight. For example, if some parameter describ-
ing the rate of a physiological process is found to
scale with W0-67  this may be because it is con-
strained by a surface area effect (since surface
area scales with W0.-67 between bodies of the same
shape).

When using allometric equations to generate
estimates, for example of appropriate drug dose
intervals or daily food requirements, it is impor-
tant to have some understanding of the reliability
of the estimates produced. Allometric equations
do not describe mathematical absolutes of the sort
relating the circumference C of a circle to its
radius r:

C = 2nr.
They are statistical summaries whose parameters

depend on the quality and nature of the data on
which they are based and the statistical method

used to derive them. The limitations are outlined
below.

Limitations of Allometric Predictions

There are a number of methodological problems
that must be considered when analysing patterns
of variation among species (8) and when basing
predictions upon these patterns (9). Factors that
limit the reliability and precision of estimates
generated by allometric equations are outlined
below.

Statistical methods of derivation of
allometric equations

Allometric equations are derived, as outlined above,
from regressions that describe the variation of one
parameter in relation to another, typically body
weight. There are several types of regressions (lin-
ear regression, major axis and reduced major axis)
and, unless the correlation of p and W is very high,
the values found for the gradients and intercepts
may depend on which method is used (8). In short,
allometric equations depend on the method used in
their derivation — they are approximations, not
mathematical certainties.

Taxonomic level of analysis

Allometric equations are often used to describe
the variation in some parameter between species.
In such cases, they should be derived by plotting
the mean values for the parameter for each
species against the mean body weight for each
species, thus generating one, mean, data point for
each species. Alternatively, analyses may be car-
ried out to examine variation between individuals
within a species, between mean values for families
within an order, or between means for each order
within a class. The regressions obtained are often
dependent on the taxonomic level of the analysis
(e.g. 8, 10-12). Bennett & Harvey (12) found, for
example, that the allometric exponent in their
equations relating resting metabolic rate to body
weight in birds varied from > 0.9 between species
within genera to < 0.7 between suborders within
a class.

Unequal representation of taxa

Biases may be introduced into regressions as a
result of unequal representation of taxa. This can
occur if, for example, in a comparison between
species, some species are represented by a data
point from a single individual, whereas others are
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represented by species means. Or it may occur if the
sample contains many representatives of one taxo-
nomic group (e.g. many species from one family)
and none or few from other taxa at the same (e.g.
family) level (8, 9).

Taxonomic accuracy

Allometric equations for given taxa (e.g. describing
variation in metabolic rate in, say, rodents or bats)
are dependent on the correctness of the classifica-
tion system defining the taxa. If a species has been
incorrectly assigned to the wrong genus, or a family
to the wrong order, or if a taxon has been taken to
be a species when, more correctly, it should have
been classified as a subspecies or genus, then biases
may occur (8, 9). Not infrequently, taxa are re-clas-
sified in the light of new evidence on their phyloge-
netic position.

Data quality

The quality of data is frequently variable. Plasma
half-lives can, for example, be difficult to measure,
and the conditions under which measurements are
made may not be standardised. Since it is not
unusual for workers to concentrate on particular
taxa (e.g. rodents, ungulates) there is potential for
biases to occur in allometric equations derived, due
to variation in methodology.

Range of data

When regressions are based on a group species that
span only a narrow range of body weights, there is
great potential for errors or chance biases in these
data to lead to serious miscalculations if extrapolat-
ing beyond the range of body weights of the species
for which data are available (13).

Precision of predictions

When linear regressions are calculated, the 95%
confidence limits of the regressions are often cal-
culated and presented also. These indicate the
range within which there is a 95% chance that the
regression line for the entire population (from
which the sample used to derive the regression
was taken) will pass. These limits do not indicate
the range within which there is a 95% chance that
the value of a parameter, p, for an individual of
body weight W will fall. The width of this range,
between the upper and lower 95% prediction lim-
its, is much greater (9). Even when the correlation
co-efficient of the regression from which the allo-
metric equation is derived is high, the range

between the upper and lower 95% prediction lim-
its tends to be quite wide. For example, even at the
value for W at which the limits are narrowest
(when W corresponds to the mean for the sample),
for regressions relating energy metabolism to body
weight, the upper and lower 95% prediction limits
are typically about twice and half respectively the
predicted p values (9).

Finally, allometric equations derived from analy-
ses of variation in species means can only predict
the species mean for an animal of given W (and
within the same taxon — e.g. eutherian mammals,
vertebrates). The species mean predicted provides
no information about likely variation among indi-
viduals within a species.

Discussion

Allometric equations provide valuable summaries
of the pattern of variation of various parameters
(p) with body weight (W) between species. Where
the regressions from which they are derived
describe a high proportion of the total variation in
p, they can, with due regard to the caveats out-
lined above, be used to generate estimates of p for
similar species in which W is known but p is not.
Although, as discussed above, the reliability and
precision of the estimates derived are significantly
limited by methodological and other constraints,
they can often be good enough to be very valuable
in practise. Where no data are available for a par-
ticular species, predictions generated from allo-
metric equations may, despite their limitations,
provide the only logical approach to estimation of
various biological characters and therapeutic
needs.

There has been great interest for many years
about why energy metabolism has been found quite
consistently to scale with about the 0.75 power of
body weight (W0.75) between species, and several
theories have been postulated. It has recently been
suggested that it may be a reflection of a biological
constraint consequent on the way substrates are
transported through space-filling fractal networks
of branching tubes, for example, by blood vessels in
vertebrates (14). This supports the valuable “rule of
thumb” that the rates of physiological processes
tend to increase with W0.75, and the durations of
physiological processes tend to increase with W0.25
(1, 3).

It can be useful in many contexts to scale the
duration of physiological or other processes
between species both for practical purposes, includ-
ing therapeutics and experimental design, and also
to inform ethical judgments about the validity of
inferences about one species based on studies of
another and in consideration of the possible impact
of welfare harms. Such scaling may be valuable for
example, a) to estimate appropriate intervals
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between injections of a therapeutic agent in one
species based on knowledge of this in another; b) in
considering what period without food in a human
might correspond to a 3-hour fast in a mouse; and
¢) in calculating how often it might be necessary to
dose a rat to mimic human exposure to some toxin
of x mg/kg/day.

Such estimates can be derived using the following
equation (after Kirkwood, 15):

ty =t X (W, 0.25/W, 0.25),

where ¢, and ¢, are the durations or intervals in
the unknown and known species, respectively,
and W, and Wy are their body weights in kg. Thus,
a three hour fast in a mouse weighing 0.03kg
might, all else being equal, be expected to equate
to a fast of 20.8 hours in an animal of similar
design but weighing 70kg. Or, to provide another
example, if an interval of 12 hours between doses
of x mg/kg of a certain drug whose clearance is
related to metabolic rate has been found to be
appropriate for a species weighing 100kg, all else
being equal, it would be logical to make a first
estimate that the corresponding dose interval in a
similar species weighing 0.1kg would be 2.1 hours.
Given the limitations about using allometry for
predictions, it would be inappropriate to place
undue trust in the precision of such estimates but,
as first estimates, they do nevertheless have a
rational basis.

Conclusion

In many fields of science, animals of one species are
used as models of others. Most commonly, labora-
tory rodents are used to model human disease or
therapeutic processes. However, animal models are
also used in veterinary medicine because, for exam-
ple, it can be simpler and less costly to study princi-
ples of physiology, immunology, pharmacology and
other aspects of biology in small rodents than in
large species (e.g. cattle and horses), or because it
may be judged appropriate to investigate diseases of
endangered species using non-endangered species
as models. Frequently, the animal being used as the
model differs in size from that being modelled and
usually, because of logistical and economic consid-
erations, the model species is the smaller.

Many agree (e.g. 16) that ethical justification for
the use of live animal models should depend upon
consideration of the balance of the welfare cost to
the animals used against the benefits arising from
the study. The strength of the ethical case for the
use of one species for studies aimed at benefiting
animals of another depends upon, among other fac-
tors, the validity of extrapolating results from the
one to the other. Extrapolation depends upon there
being sufficient similarity between the species with

respect to the system under study and being able to
account adequately for the effects of whatever dif-
ferences there may be.

Body size influences many anatomical, physiolog-
ical and life history parameters between species (1),
and when one species is used to model another or
when extrapolating therapeutic regimens between
species, it is essential to properly take this into
account. Allometry, which can be used to describe
the ways in which various biological characters
scale with body size between species, is a valuable
tool for this process. However, there are fundamen-
tal limitations as to the reliability and precision of
estimates derived from allometric equations, and it
is important to be aware of these and not to place
undue faith in the predictions.
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