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XIII. Sampling Models, 4: Introduction to
time-varying models (forward problems)

1 Basic framework

(see Foote 2000, Paleobiology Supplement to 26(4):74-102, Foote 2001, Paleobiology 27:T96
lerratum|, and Foote 2003, Journal of Geology 111:125-148, 752-7T53 [erratum])

1.1 Let there be n time intervals, each characterized by a set of
origination, extinction, and sampling rates: p;, q;, and r;.

1.2 Use time series of p and g to predict true time series of N,
Nf.'t, J""Hr;f';_,, and JHII'IM {EI.I]IE[ thus Nt. and J'lllll-f}.

Four findamsanial classes of taka
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Ficume 1. [lhistrabicn «f fonir Funclamsantal classes of
laxa presenl during a strabigraphic imterval N is the
number of taxa confined to the imberval, My, 5 the num-
ber that croas the bottom boundary only. W, is the num
ber that croas the top boundary only, and N, is the num-
ber that cress bath boumdaries,

1.2.1 These quantities all seale to Nj,.

1.2.2 N, for continuous-turnover model (q.v.) in which origination and
extinction occur at constant por-capita rate within an intorval:

1. Let the age of the boltom boundary be at time £ — .
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2 let Np—1ati—10
J. Lot pe and g be time-specific rates.
4. Then

NI—EED[f![ﬂI g riE]-
0

h. Or, if we divide time into intervals and assume constant p and g within an interval
{while still varying among intervals):

i—1
Npi —exp [ Y (ps — a5)],
§=1

if the raies p; and g; are expressed per lineage per interval. I instead they are
expressed per lincage-million-years, and interval durations are given by Al;, then we

have:

i— I
Noi = exp [ Y (ps — a;)At;].
§=1

1.2.3 N, for pulsed-turnover model (g.v.) in which originations are all at start
of interval and extinctions at end of interval (so all lineages extend
throughout the interval):

1. In this model, P is the number of new lineages produced per lineage extant at the
start of the interval. (So number of originations is equal to N - P and total interval

diversity is Ny[1 + PJ.)

2. In this model, € is the extinction probability. (S0 number of extinetions is equal to

Ni[1 + P]Q).
3. Thus b
No: = JJO1 + P)(1 - @)
j-1

1.3 Use time series of p, g, and r to determine sampling
probabilities for given time intervals.

Probability of being sampled in a given interval of time (cither before a reference point,
after a reference point, or beiween itwo reference points) is obiained as the integral, over all
possible durations, of the probability of having a certain duration multiplied by the

probability of being sampled given that duration.
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Jowrnal of Cenlogy Erratum T53
Table 1. Expressions Used o Calculate Survivorship Probabilities
Cluanity/model Expression
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* Foowe 20Kz, eqq. [5h| and [Gc)
* Fooee 2004, eg. [2

" Fooue 2(KNs, og. .
‘F-u-uu:lm:l,,r:qq (X9 and (Xc)

" Let = represent time within an imterval of duraion ¢, where 7 =} and z = ¢ are the beginning and end of the interval, respectively.
By assumpuion, there is no extimction wnul dthe end of the interval. ﬂlﬂ.dmdumqlnlutpmnumezumlnnﬁ'ﬂ:"—
I} [cf. Fooue 2000, Because all li withim the interval exvend o the end, the balacy of ation,
g;lzum wnnzmﬂiﬂ'ﬁmu; ucquzulﬁ TWE mecessary o integraie the demsary :Inl'lgli':g:; mr’ ﬂempmtnl:lhl.j
of preservasson over all values of = Thas, By, = [Ifle™ — D]e™]l — = A=l gdz, which is equal to the expression in the able onoee ¢
1% S8 L0 uni

VDierived as in the foregoing fooanme, with origination and extncion reversed.



