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Chapter 3: Density dependence

(a)
Birth rate (%)
/

® Death rate (%)

/ @
@
O

oo *
@, _
o ®

° O @

100 200 300 400 500

Population size in January

dN
dt

Percentage cells in division

(b)

9
A
g
7 ® adult
61,2 A old
O A A
4 5 5 A
3 %aa x .
2 By A ®
A ® & x
;I]_ A ‘.ﬁﬁ. %- | ® A
0 10 20 30 40 50

Percentage CD8+ naive T cells

sf(IN) + |bg(N) — dh(N)]N

Populations change by immigration, birth, and death processes,
which could all depend on the density of the population itselt
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Generalized logistic growt
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Human logistic growtn
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Human population in Monroe Country, West Virginia
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Density dependent birth is not always a linear function of N
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Non-linear density dependence

f(z) = max(0,1 — [z/k]")
f(z) = min(1, [z/k[")
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Non-linear density dependent birth rate
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Function f(0) f(k) f(oo) Ry Carrying capacity Eq.
f(N) =max(0,1 — [N/E|™) 1 0 0 b/d N=k%/1-1/Ry (3.12)
f(N)=1/(1+ N/k) 1 0.5 0 b/d N=k(Ry—1) (3.14)
f(N)=1/(1+[N/E]?) 1 0.5 0 b/d N==kJ/Ry—1 (3.14)
f(N) = e~ Inl2JN/k 1 0.5 0 b/d N=(k/In[2))In[Ry] (3.14)




Non-linear density dependent death rate
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Positive density dependence
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Regression to the mean

Question 3.6. Regression to the mean (computer)

To establish whether or not populations are regulated by density dependent eftects it is typically
best to measure per capita birth and death rates at different population densities, and plot these
as a function of the population size (e.g., Fig. 3.2). Alternatively, one can take a long time series
of sequential population densities, IV}, and study how the per capita rate of change between
subsequent time points, i.e., (NizaA — N¢)/N;, depends on the previous population density,

n <- 100; data <- rnorm(n,1,0.1):;hist(data)
N <- datal[l:(n-1)]; r <- (data[2:n]-N)/N
plot(N,r,type="p")
Ilm(r~“N,as.data.frame(cbind(N,r)))



