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IX. Sampling Models, 1: Introduction to
homogeneous sampling models

1 Basic framework for homogeneous sampling models

1.1 r is the per-capita rate of sampling per lineage-million-years.

1.2 “Sampling” means the joint incidence of preservation,
exposure, collection, identification, etc.

1.3 Generally consider the relevance only of extinction rate g
(tacitly assume p = g and truncation effects negligible).

This restriction can be [airly easily relaxed.

1.4 Assume all rates temporally and taxonomically homogeneous
(for now).

1.5 It will often be useful to deal with *dimensionless rates”™ and
“dimensionless time”.

Lot g — 1, express r in terms of multiples of g, and express time in terms of multiples of
1/q (expected mean duration).
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2 Long-term average properties of a set of taxa

(See Foole, 1997, Paleobiology 23:278-3(M).)
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Frocesses
Originaticn, extinction, and prasarvation occur at characteristic rates.

A proportion of taxa is preserved, durations are reduced to obsarved ranges.

Data
Crocurrences may be recorded in continucua timme or in bina of length dt.
Observations may be vnrestricted or confined to window of length w.
Data may include all sccurrences or first and last accurrences only.

(reaals
Given conditions under which observations are made, estimate
charactenstic rates of processes and proportion of taxa preserved.

Fezome | Hypothetical examples of taxonomic durations, stratigraphic ranges, and nature ol data. Yarlous com-
bdpiations of the thres aspacts of data require different approaches for estimating taxonosmic rates, preservalion rale,
and proportion of taxa preserved (see text). For cach of six lineages, short bars denote true times of origination and
extinction and long bars denole fossil occurrences. Lireage | originates and is first preserved prior to window of
obsarvation, terminates and is lasl preserved durning window, has five occureences recnrded incontinuows time, and
has three occurrences recorded in diserete time Lineage 2 orviginales before window, terminates during window,
and is never preserved. Lineage 3 originates before wirdow, terminates after window, b= preserved during window
only, has six eccurrences recorded in continueas time, and has four oocurrerces recorded in discrede me. Lineage
4 originates and tecminales during window and has bwo ecourrences recorded in both continuwous and discrete time.
Lincage 5 originates during window, termirates alter window, and 18 recorded as a single hit during windiow {in
hoth contiruous and discrete time). Lineage 6 originates and tecminates aller winkddow, has (wo aoourmences e
corded in continucuas time, but has only one occurrence recorded in discrete Hme.

2.1 For a lineage with duration I', model sampling as a Poisson
process with parameter r1'.

Thus:

s Pr(lincage never sampled)— ¢ ™7 (Poisson probability of zero successes.)

o Pr(lincage sampled at least once)— 1 — e ™7
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e Pr(lincage sampled exactly once)— #Te ™ (Poisson probability of exactly one
SICCeSS. )

o Pr{observed range—t [t = 0])— r*(T — t)e ™7 _This is actually a density, not a
probability, and is derived as follows:

Tt
JulT) = j; [re ™][re 7] dy,

whore

— the first term within the integral is the density function for the first sampling
event from the beginning of the duration

— the second term is the density lunction for the first evenld [rom the end of the
duration ([T — y — ¢] is the distance from the end working backward)
and

— the upper limit of integration is the longest that a true duration (T) can be if
the range is L.

e I[ sampling rate varies, substitute e o reds fop @77

2.2 These probabilities are then integrated over the entire
distribution of durations (exponential or otherwise).

2.2.1 Example with untruncated exponential distribution

# The probability that a randomly chosen lincage will never be sampled is equal to:
Jo© ae T - e T dT — g/(r +q).

e Pr(sampled at least once)— [%qe 97" - (1 —e7)dT — r/(r +g). This is the expected
prortion of lincages sampled, which has also been referred to as paleoniological
comploteness.

s Pr{sampled exactly once)— [[* ge 97 - #Te ™" dT — qrf(r + q)2. These are the
singletons.

o Pr{observed range—t [t = 0])= [[" ge ™ - (T — £)e "7 4T — gre */(r + g)".
(NB: This is actually a density.)

« By the number of times sampled, we mean the number of distinguishable
stratigraphic horizons at which it is sampled, not the actual nomber of fossils or
localitics. Thus, a singleton may be sampled numerous times, but if these are all,
within the limits of resolution, at a single time horizon, this counis as being sampled
Onee.



