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CORRESPONDENCE

Bergmann'’s Rule — what'’s in
a name?

ABSTRACT

Despite the great interest it generates, the
definition of Bergmann’s Rule is vague
and often contested. Debate focuses on
whether the rule should be described in
terms of pattern or process, what taxa it
should apply to and what taxonomic
level it should be associated with. Here I
review the historical development of
studies of Bergmann’s Rule. I suggest
that Bergmann thought that his rule
should be strongest at the intra-specific
level, rather than between closely related
species as is usually thought. I argue that
the rule is a pattern that can be studied
regardless of mechanism in any taxon
and at any taxonomic level.
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One of the earliest and best known ecological
generalizations is that large homeotherms are
found at higher latitudes, or in colder cli-
mates than closely related smaller ones (Berg-
mann, 1847). Bergmann suggested this is the
result of better heat retention in large animals
because of their lower surface to volume ratio.
This generalization, which I suggest is the one
to which the name ‘Bergmann’s Rule’ should
apply, has enjoyed continued interest for
many decades. Since the works of Rensch (e.g.
Rensch, 1924, 1938) and Mayr (1942, 1956),
the rule has mostly been studied at the intra-
specific level, and correlates size variation to
temperature, latitude or altitude. Rosenzweig
(1968), James (1970) and Calder (1974; see
also Lindsey, 1966) have suggested alternative
mechanisms for latitudinal size clines, driven
by primary productivity, heat load and
environmental predictability, respectively.
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Lindsey (1966) identified latitudinal size
clines between assemblages (often, somewhat
misleadingly, termed ‘inter-specific level’).
Lately this assemblage approach has gained
much popularity, and has been used in the
study of size clines of multiple groups of
homeotherms, poikilotherm vertebrates and
invertebrates (e.g. Olalla-Térraga et al., 2006;
Diniz-Filho et al., 2007; Entling et al., 2010).
In such studies, all species in a taxon are
analysed regardless of phylogenetic affinities
within it. Each species is either counted once,
in the middle of its range and its size, or in all
the grid cells or latitudinal bands in which it
appears. In the first approach each datum
represents one species and one climatic value.
In the second approach some measure of
central tendency of body size is calculated
across all species within grid cells or across
latitudinal bands (e.g. mean body size across
all mammal species present in a 1° X 1° grid
cell) and is regressed against the cell climate
or latitude. Intra-specific size variation is
ignored in both approaches.

Although Bergmann’s thermoregulatory
mechanism should theoretically apply to
homeotherms only, size clines in poikilo-
therms have been routinely studied ever since
Park (1949), Ray (1960) and Lindsey (1966).
There is, however, much debate regarding
whether one should expect to find similar
patterns in poikilotherms and homeotherms,
and whether the former should be expected
to show any patterns at all (cf. Olalla-Térraga
et al., 2006; Pincheira-Donoso et al., 2008).
There seems therefore to be much confusion
and disagreement regarding the taxonomic
levels, taxa and mechanisms relating to Berg-
mann’s Rule.

Karl Georg Lucas Christian Bergmann for-
mulated ‘Bergmann’s Rule’ in 1847. Unfortu-
nately, his work has three attributes that
discourage modern scholars from reading it
(Inever have): (1) itis very difficult to obtain;
(2) it is 114 pages long; (3) it is in German
and has never been translated. James (1970)
provided an English translation of about a
page’s worth of Bergmann’s (1847) paper.
Watt etal. (2010) criticized the scientific
community for not reading the original, and
criticized the translation in James (1970) for

lacking ‘the full context of the paper’. Then,
excitingly, they announced that they provide
one, writing: ‘a direct translation is provided’:
‘The goal is to improve clarity regarding
Bergmann’s Rule by providing direct transla-
tions from Bergmann’s manuscript’; and ‘we
provide a translation of Bergmann’s Rule’.
Unfortunately, they translated fewer parts
than James did and these mostly overlap
James’s translations. The only new insight
one would gain into Bergmann’s work by
reading Watt et al. is that he ‘tested the rule
intraspecifically, among races of domestic
animals’. That these failed to show the rule is
already mentioned by James (1970). Watt
et al. (2010) argue that ‘some prevalent prob-
lems in ecology, and science as a whole.. ..
arise from misinterpretations and by not
going back to the original source of informa-
tion’. I disagree. I doubt many physicists read
Einstein (1905, 1917; also in German), but
would be surprised if this hampers their
understanding of relativity. Many of us try
hard to find reasons to quote Darwin (1859),
but cannot claim that not reading ‘the Origin’
(or Darwin & Wallace, 1858) hinders a clear
understanding of evolutionary theory. While
I agree that we should strive to, and will often
greatly benefit from, reading the original
works on a certain topic, this is by no means
a prerequisite for writing insightful works. It
is possible to conduct brilliant evolutionary
studies without even reading the works by
the formulators of the modern synthesis
in evolutionary biology: our science has
advanced since the days of Darwin and
Bergmann.

Because Bergmann’s Rule has continued
to generate much interest, research effort and
debate for over 160 years, and because
Bergmann’s paper is seldom read, the
meaning of the term is somewhat obscure,
and hotly contested (Blackburn et al., 1999;
Watt et al., 2010). The debate has mainly
focused on three aspects: (1) Is Bergmann’s
Rule a pattern or a process? (2) Which taxa
should it, or should it not, be applied to, and
what is the correct taxonomic level in which
it should apply? (3) Do we need different
names for different mechanisms, patterns,
taxa and taxonomic levels?
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Here I first I argue that Bergmann’s Rule is
a pattern, and that while it probably applies
most to homeotherms at the intra-specific
level, studies of this pattern at the inter-
specific and assemblage levels and in all taxa
qualify as studies of the same rule.

ECOLOGICAL RULES ARE
EMPIRICAL GENERALIZATIONS
AND ARE INDEPENDENT OF
MECHANISMS

Many critiques of Bergmann’s Rule, ever
since Scholander (1955), doubted Berg-
mann’s heat retention mechanism. While
attempts to establish adaptive explanations
for observed phenomena is at the heart of
evolutionary science I argue, with Mayr
(1956), that even if a suggested mechanistic
hypothesis is wrong it is not an argument
against an ecological rule.

Ecological and evolutionary ‘rules’ — Berg-
mann’s, Cope’s, Allen’s, Gloger’s, Rapo-
port’s, the Island Rule, the latitudinal
diversity gradient, the species—area relation-
ship, etc. — are all descriptions of patterns
(Mayr, 1956). The latitudinal diversity gradi-
ent for example has many proposed non-
mutually exclusive explanations, yet this does
not detract from its value as a pattern.
Describing the Island Rule, Van Valen (1973)
explicitly expressed ignorance regarding
its causes. Later explanations always pre-
sented several mechanisms (Case, 1978;
Heaney, 1978), some contradictory (Dayan &
Simberloff, 1998). Whether this rule is valid
or not (cf. Meiri, 2007; Meiri et al., 2008;
Lomolino, 2010) tells us little about the pro-
posed mechanisms. In fact, some mecha-
nisms may be operating and a rule may still
be invalid (Raia & Meiri, 2006). Lamarck
(1809) was right that species evolve, despite
his explanation being wrong. Similarly an
observation that a species is larger in colder
environments than in warmer ones is consis-
tent with Bergmann’s Rule regardless of what
brought this pattern about.

SHOULD THE STUDY OF
BERGMANN’S RULE BE
CONFINED TO HOMEOTHERMS?
IS IT AN INTRA-SPECIFIC,
INTER-SPECIFIC OR AN
ASSEMBLAGE-LEVEL
PHENOMENON?

While Bergmann (1847) formulated his rule
for homeotherms, finding similar latitudinal
or temperature-related size clines in poikilo-
the rule. If

therms is consistent with
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Bergmann’s Rule is a pattern, than the
physiological attributes of the taxa showing
this pattern are irrelevant for establishing
support for it, even though they are of the
utmost importance for deciphering the
underlying processes.

Some of those now studying the rule at
the assemblage level argue that Bergmann
(1847) formulated the rule for species
within genera, and that the shift to variation
within species was influenced by Rensch
(1938) and Mayr (1956). Thus some argue
that the inter-specific level is the correct way
to study Bergmann’s Rule. Interestingly,
James (1970) and Watt etal. (2010) hint
that Bergmann thought his rule would work
within species, writing that ‘It seems para-
doxical that the effects of the same rule in
races of animals are not very apparent. Is it
not to be expected that races which should
be more similar to each other in their orga-
nization than the species of a genus, should
be more dependent on their size ratios in
their distribution than the latter? This
sounds obvious.! (Bergmann, 1847, in
James, 1970). Watt et al. (2010) write that
‘Although Bergmann (1847, p.677) believed
the rule would be more apparent within
species he was surprised that the pattern
was not found in domestic animals’ Thus it
seems that Bergmann’s own inferred focus
on interspecific patters was based not on
mechanism, but on what he found empirical
support for.

What most of the adherents of an inter-
specific approach to Bergmann’s Rule seem
not to accord sufficient importance to, is
that the shift towards intra-specific studies
was advocated by Rensch and Mayr as a part
of a new view on taxonomy. This ‘new tax-
onomy’ (Mayr, 1942) involved the lumping
of many formerly named species into much
fewer, polytypic species or Rassenkreis,
reducing bird numbers, for example, from
19,000 species to 8500 despite describing
8000 additional forms (Mayr, 1942). This
new taxonomy and the notion of the poly-
typic species were key to bringing systemat-
ics into
synthesis in evolutionary biology. To Rensch
(e.g. Rensch, 1924, 1938; the 1938 paper
being the only one in a series of papers on
Bergmann’s Rule by Rensch written in
English is the only one usually cited) and
Mayr (1942), the fact that different popula-
tions show Bergmannian size clines was key
in deciding that they belonged to the same
species. Size clines were, to them, evidence
that within these biological species, different
populations are under different selection
regimes promoting the evolution of differ-

the embrace of the modern

ent sizes. This is because one would expect
size differences to evolve in response to
climate, everything else being equal, but
between different species, size differences
may evolve for unrelated reasons. Thus what
were, in Bergmann’s time, considered dis-
tinct species would later be considered
populations within a species, and thus the
shift in focus from inter- to intra-specific
studies is more apparent than real (Mayr,
1956; Meiri & Thomas, 2007). Mayr (1942)
recognized, however, that, ‘What we con-
sider as new systematics . . . may, indeed, be
very old systematics fifty years hence’. The
mode in taxonomic studies seems to shift
back towards splitting rather than to
lumping species (e.g. Agapow et al., 2004;
Chaitra et al., 2004; Meiri & Mace, 2007;
Sangster, 2009). Bergmann’s Rule would be
expected to manifest itself between ‘species’
that have been split, and between ‘popula-
tions” within lumped species, if only because
substantial climatic variation within a range
is needed for size clines to evolve (Meiri
et al., 2004, 2007).

Be that as it may, Bergmann (1847, in
James, 1970) seems to have thought his rule
would apply to closely related taxa, writing
‘If there are genera in which the species
differ only in size, the smaller species would
demand a warmer climate’. While he wrote
‘Although it is not clear as we would like, it is
obvious that on the whole the larger species
live farther north and the smaller ones
farther south) the context for this sentence
is lacking in James (1970), and it is thus
unclear whether Bergmann believed his rule
should work for assemblages, e.g. when all
mammals are viewed simultaneously. Inter-
estingly, even though extending the well-
supported patterns found within species
to inter-specific studies of closely related
species seems an obvious avenue for research
(Meiri & Thomas, 2007), this approach is
rarely taken (but see Diniz-Filho et al., 2007,
2009; Pincheira-Donoso et al., 2007, 2008).
A far more common method is to examine
patterns at the assemblage level within an
inclusive taxon (e.g. Lindsey, 1966; Hawkins
& Lawton, 1995; Olalla-Térraga et al., 20065
Entling efal., 2010). Given that within
inclusive assemblages size patterns may
manifest taxon replacement rather than
selection on size per se (Meiri & Thomas,
2007), I recommend that such studies be
carried out in a phylogenetic framework. If a
species-level phylogeny is lacking, then
examining relationships between patterns
shown at nested taxonomic levels within the
assemblage may prove illuminating (Olson
etal., 2009).
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WHAT NAMES SHOULD
WE USE?

If ecological ‘rules’ are patterns, one needs to
define what pattern is related to a given rule.
I suggest that the term ‘Bergmann’s Rule’ be
applied to studies of size variation with tem-
perature or latitude in any taxon. Studies of
size variation with productivity (Rosenzweig,
1968), precipitation (Dunbar, 1990) or sea-
sonality (Calder, 1974) clearly examine dis-
tinct phenomena and should therefore not be
classified as studies of Bergmann’s Rule.
Studies of heat load or wet-bulb tempera-
tures (Hamilton, 1961; James, 1970) are
clearly modifications of temperature studies;
they probably should be seen as studies of
Bergmann’s Rule.

Associating size with temperature is
apparently contradictory to the assertion
that Bergmann’s Rule is a pattern, because
it seems to suggest that Bergmann’s ther-
moregulatory mechanism, rather than, for
example, Rosenzweig’s productivity hypoth-
esis, drives size evolution. Even if the rule is a
pattern, however, it should be related to some
aspect of the environment, but not to others:
we would not, for example, call size increase
with longitude, or with habitat heterogeneity,
or with distance from the range centroid
of a species ‘Bergmann’s Rule. While a
temperature—size relationship may conceiv-
ably arise because of a third factor that
affects size, and happens to be correlated
with temperature (e.g. productivity), this
would simply mean we study the wrong
variable.

A solution to this conundrum is that a
temperature—size relationship is a pattern,
not a mechanism. The mechanism may be
heat retention, as suggested by Bergmann, or
some other temperature-related mechanism.
For example, it may be argued that because of
the positive environmental temperature—
metabolic rate relationship (e.g. Lovegrove,
2003; Clarke etal., 2010), a Bergmannian
cline is a manifestation of the lower activity
levels of warm-climate animals that result in
them obtaining less food. Such a pattern may
also arise because lower temperatures are
often associated with longer growth periods
enabling animals to attain larger sizes. Thus a
size—temperature correlation is a pattern that
may be explained by any one of several
potential mechanisms, Bergmann’s ther-
moregulatory explanation being just one of
them.

Blackburn etal. (1999) suggested that
Bergmann’s ‘clear intention was that it
should be interpreted interspecifically’. They
rely on Rensch’s (1938) assertion that the

shift from inter- to intra-specific studies was
his own invention, and on James (1970)
who used a definition of Bergmann’s Rule by
Mayr (1963). James suggested calling Mayr’s
(1963; although actually present at least
as early as Mayr, 1942) formulation the
‘neo-Bergmannian Rule’ Blackburn et al.
(1999) thus suggested retaining the name
‘Bergmann’s Rule’ to inter-specific (actually
referring to assemblage level) studies such as
those of Hawkins & Lawton (1995) and
Blackburn & Gaston (1996). They suggested
calling intra-specific patterns ‘James’s Rule’.

I am uncomfortable with James’s and
Blackburn et al.’s interpretation and terms.
As evident both from James’s (1970) transla-
tion and Watt etal’s (2010) assertion, it
seems that Bergmann thought his rule would
apply at the intra-specific level, and was sur-
prised that it did not. Rensch’s assertion that
he shifted the focus from inter- to intra-
specific studies may thus be somewhat too
strong. Mayr (1956) states that ‘Bergmann
and other authors applied these rules equally
to species and races, but it must be admitted
that most of their ‘species’ are considered
races by modern authors’. That an analysis
fails to support a rule is not reason enough to
change its name. Furthermore it seems that
Bergmann thought his rule would work for
species contrasts (i.e. the smaller of two
closely related species will occur in warmer
areas), rather than for mean size within
assemblages. That Bergmann’s ‘species’ were
Rensch and Mayr’s ‘races) as recognized by
Blackburn et al. (1999), further makes the
taxonomic distinction redundant. Naming
intra-specific patterns ‘James’s Rule’ does, I
think, little justice to James, who forcefully
advocated (James, 1970, preceded by Hamil-
ton, 1961) a change of focus from tempera-
ture to wet-bulb temperature. If one insists
on a different name for intra-specific studies
I suggest we use ‘Mayr’s Rule, as ‘Rensch’s
Rule’ is already taken. Many studies were con-
ducted at the intra-specific level before James
(1970) (reviewed in Meiri & Dayan, 2003),
and thus calling it ‘James’s Rule’ is a misno-
mer. However, I propose that the name Berg-
mann’s Rule is retained for intra- and inter-
specific studies, as well as for assemblage-
level ones. Should one insist on a different
name for the assemblage level, I suggest
‘Lindsey’s Rule’ be used.

The question of utility, I think, is of great
importance. Biogeographers, evolutionary
biologists and macroecologists know that
Bergmann’s Rule associates large size with
cold temperatures and high latitudes and
small size with low latitudes and warm tem-
peratures. Partitioning the name according to
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mechanism, taxa and taxonomic rank seems
to me of little value, and likely to add confu-
sion rather than clarity. There is no need for a
separate name for every taxonomic level,
every mechanism, every taxon and their
numerous interactions: ‘Bergmann’s Rule’
will do.

I suggest that Bergmann’s Rule is simply
defined as ‘a tendency of organisms to be
smaller at high temperatures and low lati-
tudes and larger at low temperatures and
high latitudes’. T predict that this rule would
prove stronger in homeotherms than in
poikilotherms, because of Bergmann’s pro-
posed mechanism. I further predict — and
think this accords with the writings of Berg-
mann (1847), Rensch (1938) and Mayr
(1942, 1956, 1963) — that patterns would gen-
erally be stronger at the population level than
between closely related species, where, in
turn, they would be stronger than at the
assemblage level. The mechanisms driving
Bergmann’s Rule and the selective forces gov-
erning size evolution in general are still
obscure, despite decades of research. For over
160 years Bergmann’s thermoregulatory
hypothesis has been key to studying the evo-
lution of size. Recently the study of the
pattern named ‘Bergmann’s Rule’ has gener-
ated some intriguing new hypotheses and
new findings. I suggest future attempts will
probably benefit from a macroecological
approach involving an integration of intra-
and inter-specific size variation studied in an
explicitly phylogenetic context, combined
with a meta-analysis of detailed autecological
case studies.
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