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Supplementary Materials for Population Model
Materials and Methods
	We constructed a model of discrete population growth for a female only population with overlapping generations. We assumed that all individuals in the population were the same (i.e. no age structure) and that survival was density independent, as was the case in our experiment. At year 0 the population had 10 females and the model ran for 20 years, with each time step constituting a year. Population growth was dependent on 1) the population size in the previous time step, 2) body size as a function of population size, 3) body size dependent per capita probability of reproduction, 4) per capita fecundity as a function of body size, and 5) a constant per capita mortality (30%). We bootstrapped our experimental data and ran the population model 10,000 times for each functional form tested with our experimental data. We present the mean values from these simulations in the manuscript. All simulations were conducted in R.
	Body size as a function of population size. We modeled the relationship between body size and population size using the same approach as with our experimental data. For each run of the model we randomly drew 1004 body size measurements from our mesocosm experiment, with replacement. We used these data to model the functional form of density dependence as described in the Methods using a linear, exponential, Shepherd, and Ricker equation in turn. The coefficients from the functional form model were used to parameterize the body size as a function of total population size in the population model.
	Reproduction. The probability of an individual reproducing in a year increased logarithmically as a function body size (Fig. 1). Following Taylor and Scott (1997) we modeled this relationship as

where b(t) is the per capita probability of reproducing a year and s(t) is body size as a function of population size. Fecundity in the model increased linearly with body size. Individuals below a minimum body size threshold (28 mm) did not reproduce.
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Fig. 1 Per capita probability of reproducing as a function of body size

Example R Code for Shepherd Equation
out <- data.frame(ITER = numeric(), YEAR = numeric(), N = numeric())
run <- data.frame(ITER = numeric(nt), YEAR = numeric(nt), N = numeric(nt))

system.time(
for (i in 1:rep){
  size<-data[sample(1:nS,nS,replace=TRUE),]
  df<-aggregate(cbind(size$Treatment, size$SVL) ~ size$Tank,FUN="mean",na.rm=T)
  names(df) <- c("Tank","Treatment","SVL")
  svl <-nls(SVL ~ beta1*Treatment/(beta2+Treatment^beta3), data=df,
      start = list(beta1=50, beta2=-1, beta3=1), trace=F, control=a)
  
#  svl<-nls(SVL ~ beta1*Treatment/(beta2+Treatment^beta3), data=df,
#           start = list(beta1=50, beta2=-1, beta3=1), trace=F)

  for ( t in 1:(nt-1)){
    s[t] <- (coef(svl)["beta1"]*N[t])/((coef(svl)["beta2"] + N[t]^coef(svl)["beta3"]))
    b[t] <- 0.2*atan(0.45*s[t] - 18.25) + 0.47   #probability of reproducing
    c[t] <- 7.45*s[t] - 208.6                    #fecundity, if SVL less than 28 don't reproduce
    c[t] <- c[t]*(c[t]>0)
    N[t+1] <- N[t] + N[t]*(b[t]*c[t]) - d*N[t]
    
  }
  run$ITER <- rep(i,nt)
  run$YEAR <- seq(1,nt)
  run$N <- N
  out <- rbind(out,run)
})


Results
Stable population size and the amplitude of population oscillations depended on the functional form of the relationship between body size and population size. Oscillations increased in amplitude as the fit of the functional form to the data decreased.
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Fig. 2 Population model results for 10,000 bootstrapped simulations for each functional form of density dependent size
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