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Genotypic models [1, 2] imply that  the 
accumulation of  deleterious mutat ions 
is a mechanism which severely limits 
the evolutionary potential  of  par theno-  
genetic species. It is thought  that  high 
genomic mutat ion rate under weak 
selection will lead to genetic deteriora- 
t ion due to random fixation of  de- 
leterious mutations.  This has been 
called "Mul ler ' s  ra tchet"  [3]. For  large 
populat ions where Muller ' s  ratchet is 
unlikely to operate,  the label of  "evolu- 
t ionary dead end" usually at tached to 
reproduct ion by parthenogenesis has 
been shown to be untenable in phe- 
notypic selection models [4]. Here we 
simulate weak stabilizing selection in 
small populat ions under the condit ions 
for which Muller 's  ratchet is supposed 
to work, but we assume fitness to be de- 
termined by many quanti tat ive charac- 
ters. We demonstrate  that ,  as expected, 
a high mutat ion rate may hinder the 
maintenance of  an opt imal  genotype, 
but contrary to the " ra tche t"  analogy, 
we find that  mean fitness reaches a 
stable stochastic equilibrium near the 
opt imum. 
We simulate a small popula t ion  of  ob- 
ligately parthenogenetic organisms with 
discrete and non-overlapping genera- 
tions. We start with N e mothers.  Each 
mother  produces the same number  of  
offspring, and each offspring carries a 
new mutat ion with probabi l i ty  /z. We 
assume that  several (NDIM = dimen- 
sion of  the phenotypic space) quanti ta-  
tive characters z=(z~, . . . ,  ZNDIM) con- 
tribute multiplicatively to total  fitness 
W(z) of  each individual.  Defining fit- 
ness as survival probabil i ty ,  we apply 
viability selection by deleting an indi- 
vidual with probabi l i ty  ( 1 - W ( z ) ) .  
After  selection the next generation of  
N e mothers is chosen randomly from 
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geometric reasons. The probabi l i ty  of  
"back muta t ions"  (which is ignored in 
the genotypic models [1, 2]), or muta-  
tions which decrease the length of  the 
character vector, is given [6] approx-  
imately by 

the survivors. These processes are si- 
mulated by Monte  Carlo methods:  we 
do not evaluate any model  equation 
numerically, but  we simulate directly 
the stochastic events as occurring in 
natural  populat ions.  

The decrease in fitness with increasing 
distance Izil of  each character f rom its 
optimal value is modelled as a Gaussian 
function. By a proper  scale t ransforma-  
tion the fitness function can be treated 
with opt imum value at zero and width 
aw. Then, the fitness W(z) of an indi- 
vidual with phenotype z is given by 

y 
Pback = 1 / 2 -  (270 1/2 J exp(_tz/2)dt  

0 

with y = mNDIM/(2Igl) and g as the 
genotypic equivalent to z. 

With fitness 25 ~ below the opt imal  
value (NDIM = 40, ow = 3, m = 0.1), 
less then 20 ~ of  the mutat ions are 
backmutat ions.  Therefore,  near the op- 
t imum most mutat ions are deleterious. 

We start with a popula t ion  at the op- 
t imum that  carry no mutations.  After  
several generations the frequency of  the 
class without mutat ions decreases and 
finally reaches zero by random drift :  
Muller 's  ratchet has clicked one notch 
(Fig. 1). The accumulat ion of  muta-  
tions continues at its predicted [5] rate 
(Fig. 2a) and is accompanied by a de- 
crease in average fitness. Contrary  to 
expectations, however, the effect of  
addit ional  mutat ions on mean popula-  

NDIM 
W(Z) = W 0 i~= l exp[-zi2/(20w2)l 

= W0exp[-Iz12/(2Ow2)l 0.4 

0.2 
z 

with Iz[ = (E Zi2) 1/2 as  the length (Eu- 
clidian norm) of  the character vector z ~ 04 
and W0, the  maximal fitness, is set 02 
equal to 1. Mutat ions occur with pro-  0.4 
babili ty /z per genome per generation; 

0.2 
any genomic mutat ion can affect each 
character. We assume the mutat ional  07 
effects on the genotypic value of  a char- 
acter to be normal ly  distr ibuted around ~2 
its actual values gi with variance m 2 0.4: 

02 

P(g 'i) = 
(2 a'm2) - W2exp( - (g ' i -  gi) 2/2m2) �9 
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We let the phenotypic values zi be 
normally distributed around the corre- 
sponding genotypic values gi with 
variance V e. If  we consider a single 
character zi, muta t ion may increase or 
decrease its value with the same pro-  
bability.  In a mult idimensional  space of  
the character vector, mutat ions on 
average increase the length for simple 
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Fig. 1. Operating Muller's ratchet. Loss of 
genotypes with a minimal number of muta- 
tions is demonstrated by the frequency dis- 
tribution of genotypes classified according 
to the number of mutations. The statistics 
are taken after selection and before 
randomly choosing the mothers of the next 
generation. The actual generation number is 
given on the right (NDIM = 40, m = 0.1, 
/~ = 0.1,Ne = 50, aw = 3) 
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Fig. 2. a) Continuous accumulation of 
mutations. Maximum, minimum, and aver- 
age number of mutations per genotype are 
shown as a function of generation number. 
b) Equilibration of the phenotypic distribu- 
tion of a population starting at the op- 
timum. Time courses of maximum, min- 
imum, and average fitness of phenotypes are 
shown, c) Equilibration of the phenotypic 
distribution of a population as in (b), but 
starting far away from the optimum. Note 
the population approaches the same 
stochastic equilibrium as in (b) 

this stochastic equilibrium which are 
similar to predictions [8] for bisexual 
populat ions under stabilizing selection 
and random drift.  
These results suggest that  the influence 
of  high genomic m u t a t i o n r a t e  and 
random drift  on mean fitness of  parthe- 
nogenetic populat ions strongly depends 
on the topology of  the adaptive land- 
scape. I f  each mutat ion reduces fitness, 
genetic deteriorat ion is inevitable 
[ 1 -  3]. However,  deleterious mutat ions 
have only little impact  if many charac- 
ters contribute to fitness and genomic 
mutat ions reduce fitness only in the sta- 
tistical average: if selection is too weak 
to maintain a specific opt imal  geno- 
type, r andom drift  balances the input 
of  mutations.  
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t ion fitness levels off  (Fig. 2b). That  
this is a stable stochastic equil ibrium is 
demonstra ted by populat ions  which 
start far f rom the op t imum and drift  
back to the same level (Fig. 2c). 

These simulations can be unders tood 
by a detailed analytical approach [6]: 
drift  keeps the dis tr ibut ion of  genotypic 
values in the popula t ion  compact  pre- 
venting them from being widely dis- 
persed on the whole space. The input  of  
variance by mutat ion is balanced by the 
loss of  variance due to drift ,  which re- 
suits in a bounded distr ibution of  phe- 
notypes near its opt imum. 

Therefore,  in this model  we can dis- 
tinguish two different modes of  stabil- 
ity: either Muller ' s  ratchet does not  
operate (e.g.,  under strong selection) 
and the opt imal  class is always re- 
produced by direct replication,  or Mul- 
ler 's ratchet operates in the vicinity of  
the opt imum, but  the phenotypic dis- 
t r ibut ion reaches a stochastic equilib- 
rium. These two modes of  stability in 
asexual populat ions are comparable  to 
the distinction between direct replica- 
t ion and stochastic replication in poly- 
nucleotides [7]. The evolut ionary ef- 
ficacy of  parthenogenesis is shown by 
the values of  mean popula t ion  fitness at 
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