
Interpreting the \g" parameter in LAMARCAt the Workshop in Mole
ular Evolution I was asked so many questions about the interpretation of "g", the exponentialgrowth parameter estimated by FLUCTUATE and LAMARC, that I've tried to write down the answer. (This also saves mefrom getting it wrong myself.)The basi
 equation of population growth used in Lamar
 is�t = �nowexp(�gt)In this equation, �t is 4N� at a given time t, where time is measured ba
kwards (the tips are time 0, and times in the pasthave positive signs). �now is 4N� at the tips of the tree (the time at whi
h organisms were sampled) and is the � estimatedby FLUCTUATE or LAMARC.In this formulation, t is in mutational units; that is, one unit of t is the expe
ted time for a mutation to o

ur at a singlesite. If your DNA mutates at a per-site rate of 10�8 then one unit of time is 108 generations.Positive values of g indi
ate growth (population was smaller in the past and is getting bigger) and negative values indi
ateshrinkage (population was bigger in the past and is getting smaller).To 
onvert to more intuitive units will require an external estimate of �, the neutral mutation rate, so that we 
an 
onvertmutational time to generation or 
alendar time. Given su
h an estimate of �, we 
an 
onvert mutational times to generationaltimes. �t� = �nowexp(�gt�)The fa
tor t� is time measured in generations.For a worked-out example:FLUCTUATE has estimated �now = 0:5 and g = 100. We want to know how large our population was 1000 generationsago. We are willing to assume that our mutation rate is 10�6. (If this assumption is shaky, we may want to 
onsider upperand lower bounds for the mutation rate, and see what values of � they 
orrespond to.)�1000 = �nowexp(�g � 1000 � 10�6) = 0:5exp(�100 � 10�3) = 0:5exp(�0:1) = 0:4524What does this mean? First o�, an intuition 
he
k. I've said that positive g means growth into the future, and negativemeans shrinkage. We have positive g here and the � 1000 generations ago is smaller than the modern one, so that works out.Se
ondly, it is easier to interpret N than 4N� so let's use our assumed value of � to �nd the population size:N = 4N�=� = 0:4524=10�6 = 4:524x105This 
an be 
ompared to our modern-day population of 2:0x106.It's important to note that if we had assumed a di�erent value of � our �nal interpretation would be very di�erent. If � weremu
h lower, there would be almost no visible growth for these values of g and �. If � were mu
h greater, there would be1



Interpreting the \g" parameter in LAMARCenormous growth.It is frustrating to �nd g (and N) 
onfounded with � in this way, but there is no way around it if we are only observingmutational di�eren
es and have no dire
t observations of time.One other fa
t, helpful in running the programs, is that the s
ale of g is not at all symmetri
al. A value g = +100 is notvery mu
h growth for most values of � and �. A value g = �100 is enormous shrinkage, and may produ
e pathologi
alresults if used as a starting point{the expe
ted time to the 
ommon an
estor may be in�nite with su
h extreme shrinkage!We re
ommend avoiding values of g su
h that �g �� > 1 for your expe
ted value of �.
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