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An asymmetrical view of fitness
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Evowumron is often described as the
maovement of populations through an
adaptive landscape'; the mathematical na-
ture of muech of popalation genetics theory
means that this is only too often a land-
scape with figures. The allegorical terrain
is usually hilly, with most evolving popula-
tions al ur near a higher or lower summit
of adaptation and able to reach a higher
peak only by passing through a valley of
relative unfitness. Some of thess are deep

and almost impassable, separating chf-
ferently adapied species. On cach of the !
major eminences are smaller summits,
and as evolution is by its nature opporiu-
nistic and responsive only 1o animmediate
challenge, populations  may  become
marcanad on a bow hilleck when higher
praks are available all arcund them. How
populations pay the evolutionary price of
traversing from one adaptive peak 1o the
next s at the centre of much of the theory
of population genetics. On pags M3 of this
issue, Clarke and McKenzie report the
wse of a nowvel measure of the disruption of
development to assess the response of a
population to the incorporation of an evo-
lutionary novelty,

BMuch of the controversy about the

the difficulty of measuring the cost of pas- |
sing from one state of adaptation to
angther. Cuite frequently, populations
must respond to an environmental chal-
lenge by taking advantage of 3 new muta-
ticem wath a major influence on fitness. The
complexity of the process of development
means that such mulations are likely to
influsnce many aspects of the phenoiype.
Their pleisiropic effects may therelors
mean that the population must undergo a
pericd of reduced liness during the pro-
cess of adaptation. and in some cases that
developmental contraints will limit s
ability to evolve'. B, A Fisher' pointed
out nearly T vears ago that there will then
be strong selection for modifier genes that
minimize the harmiul effects of a new
mutation on the developing phenolype
while maximizing these that allow adapta-
tion to the new enviranment. In labora-

reduce the developmental disruption
caused by a new morphological mutant by
breeding from individuals whe show rela-
tively litle abnormality. However. the
mutant can be restored with s Tull vire-
lence by crossing it inlo another genelic
background so that ameloration of s
effects has arisen from a restructuring of
the genomes rather than as a result of
change in the allele itself .

The ascent of & new adaptive peak can
also he seen in mutants of cultivated plants
such as sweet peas and cotoen in which
alder varieties have less dispdvantageons
side-effects than do those that have only
recently arisen®, Until now, however., this
pracess has not been observed in natural
populations.

Because both sides of a bilaterally sym-
matrical animal are & product of the same
genome, random deviations between left
and right indicate how accurately that
genome s able to control the process of
development. ‘Fluctuating asymmelny —
which is to be distinguished from direct-
ional asymmetry such as the universal dif-
ference in position of left and right human
testes familiar to most readers of Marure
— can hence give an insight into the costof
evolving tewards a new adaptive peak. It
is this asymmetry that is investigated by
Clarke and McKenzie in this issue’.

The Australian sheep blowfly Lucilia
cuprina i a major pest, and several
attempts have been made 1o contrel it with
insecticides. Resistance to  dieldrin
evolved within 2 years of its introduction
in 1955, and this insecticide was then
abandoned and replaced with diazonin.
Diazonin resistance appeared by 1967, but
this chemical is still in use. Flies resistan
to dieldrin show signilicantly more fluc-
tuating asymmelry in bristle number than
do wild-type flies; but individuals who car-
ry the gene conferring diazonin resistance
are no more asymmetrical than are flies
whao have never been exposed 10 insecti-
cides. Twenty years of evolution have alio-
wed Lucilia populations to take advantages
of a major mutation by adjusting to it
disruptive effects on development. That
this does indeed reflect a general adaptive
shift rather than 2 change in the major

gene itsell is confirmed by the expe ri-
ments of Clarke and MeKenzie, who
backcrossed the diazonin resistance gens
inte: a laboratery stock of susceptible flies:
the level of fluctuating asymmetry assgei-
ated with dinzonin resistance then exceeds
even that of Mies resistant to dieldrin.

AsymmElry hence shows the degree 1o
which the population has escaped from
the valley of relative unfitness which sepa.
rates it from a new adaptive peak. [es suc-
¢ess in making the transition is manifest in
the ahility of the diazonin resistance gene
1o persist in insecticide-lree population
CARLS containing susceplible flies from

modern wild populations. an abilivy which
disappears when diazonin resstance is
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crossed into a genetic background which
has never before experienced the mutant .
The fitness modifers responsitle for the
adaptive shift are not linked o the gene
encoding diazonin resistance.

Flucluating asymmelry has the potential
tor assess the state of adaptation of a popu-
lation even when the nature of the selec-
tion involved i unkrown, In some animals,
there is a negalive association between
fluctuating asymmetry and heterozygos-
ity a4 measured by gel alectrophoresis
of proveins'. This might reflect selection
acting at the protein loci themselves, but
is muore likely to indicate that individ-
wals with a high level of heterozygesity in
the penome as a whole (a smill part of
which is sampled by electrophoresis) are
maore developmentally stable and hence
better adapted”. Inbred, highly homozy-
gous and relatively unfit mice have mors
fluctuating asymmetry than do those aris-
ing from crosses between strains™. For any
highly heritable continuous character comn-
trolled by several genes, individuals at the
extremes of the distibution of a popula-
tion are more likely fo be homozygous
than are thoss near the mean', and there
iz evidence that in some cases at least such
individuals have higher levels of fluctuat-
ing asymmeiry”. As selection mnearly
always acts against extreme values of con-
tinuous characters, thi developmental dis-
ruption again indicates the positron af an
individual on its lecal peak of adaptation.

Species represent very different seis of
adaplations, and it is usually possible 1w
cross the valleys of unfitness which sepa-
rate them ooly in the laboratory. In inter-
specific hybrids of trout there is, as might
be expected, considerably more fluctuat-
ing a::?-rnmury than in the parental
stocks”. Habitat disturbance has led fo
hybridization betwesn two species ol sun-
fish Emmeacarnthies in Mew Jersey and Con-

neeticut and onee again the hybods are
more asymemetrical than are the parental
specios

Flucwating ssymmetry hence at least
has the potential te provide insight into
the state of adaplavion of a population
and, in principle, could be used w0 test the
exlent o which an evolutionary response
i a changing environment has been suc-
eessfully completed. By comparing its
value for different characters, Muctuating
asymmetry might suggest the strength of
selection and the relative importance of
traits even when their function & un-
known. Comparisons of this kind in fiossils
and their descendants might even indicats
whether svolution has been accompanied
by a general increase in developmental
stahility”. Work on fluctuating asymmetry
has the additional merit of providing in-
formation on the genstics of populations
quickly and cheaply: and in the present
bleak landscape for research in evolution-
ary biology 1his may turn out 1o be its
greatestadvantags. O

1. Wright, % Erchaion and the 1 of Pepul e
Varadwliry Wihiy and Amsamp Poyealoicns. {Linev. Chi.
e Froas. 134}

2, Clartc, QAL & Mo¥enss, LA, Nowre X, WM

115570

Muynied Sk, 5, mal, ). Rev. Beonl, l, 205 1T { T9A],

Fihcr, B A, Am M, &3, 115126 (1928).

Fribwe, B, 4. & Hell. 5B, Ann swpea, 12, 105130 {15408),

Fribed, R A A Mer &2, 571504 (V58]

Wi Koame, 1A, & Parsic, A& Heredity 3 6354 (384,

Miston, LB, & Grant, M.C, A, Rre, Eool, Spoi 15, 475459

(13l

%, Chab
L ]

It Leamy. LG, Am dar. 113 ST R

1L, Sorabé, M. Ars Max 130, TSE-Tiel [19902].

12, Seké, M & Couma-Rrredy, B Am. Mar 128 25783 |
152}

11, Leary. R.F.. Alleredoed, F.YW_ & Keoden, KL Evelatios 1
¥, LITE- 130 | 1985

14, Geakam, [P, & Felicy. J. 0, Erobarion ¥, 1H-114 [Lmsh |

1% Faireer, AR & Strobeck, A, R Ecol. Spar 17,01
20 [ 1R

LR

y. B & H. & 1al, L9 - 133

L5 Jones it in rhe Deparoment of Gemerics and

Fiomerry, University College  London,
Feephenioa Way, Loadon h’}"ﬁ'!ﬂfﬁ. LI,




