(®)
2019 2021

Impacts of individual history on population dynamics

Shefferson, Richard

13,400,000

We hypothesized that the histories of individuals would influence population
dynamics strongly, and that this influence is lost in currently used models. We found that
individual history does, indeed, have such strong influences, and our results cast doubt on the
utility of currently used methods to project population dynamics and predict population size. We
developed a software package that allows researchers to project populations forward in time with or
without individual history incorporated, and have also developed a large amount of technical
material allowing researchers and students to learn these methods for their own research. We have

also run workshops on these methods.



Demographers summarize the vital rates, including mortality and fertility rates, of entire
populations. These vital rates are most strongly influenced by the age, size, or life history stages
of organisms. However, such population ecological studies make a critical assumption: that vital
ratesin some year depend only on the age, size, or stage of the organism in the previous year, and
so do not depend on the history of the individual. The history-independent rates assumption is
typically operationalized in research by treating vital rates as statistically independent of previous
size, state, or life history events. Thus, the survival of individuals from year t to year t+1 is
assumed to depend only on an individual’s condition in year t, and the fecundity of individualsin
year t+1 depends only on condition in year t. However, the influence of condition in prior years
has occasionally been tested in specific case studies, and many of these studies have shown that
individual higory can strongly influencesvital rates.

The implications of individua history impacting population dynamics are broad and
profound. For example, in two plant populations, analysis of natural selection inwild populations
yielded vastly different inferences when individual history was considered than when it is not
(Shefferson et a., 2014). Such differences appear to be polarized when popul ation dynamics are
functions of previous density (as was assumed in the game theoretical evolutionary analyses
conducted in Shefferson et al., 2014), but may still be large when density playsaminimal rolein
determining population dynamics. These differences appear to be driven by the contrasting
impacts of trade-offs operating across different lengths of time. Also, plants do not perfectly grow
to match environmental conditions, and can sometimes pay a cost of growth to future survival. In
these situations, plants grow too large in good years and do not accumulate resource reserves,
leading to high mortality if the next years are stressful. Because demographically, growth can
only be observed across years, a cost of growth to survival can only be analyzed with a minimum
of 3 years of data, thus requiring the incorporation of individua history.

This project aimed to clarify whether the history-independent rates assumption is generally
sound. If it is not sound, then it will clarify why this assumption is incorrect, and it will provide
tools to analyze vita rates properly. This assumption is at the heart of analytical methods in
population ecology, particularly matrix projection analysis. My project aimed to answer firmly
the research question: Does individual history matter to population dynamics? We aso
aimed to create dtatistical tools to help ecologists develop their own projection matrices,
particularly historically formatted matrices.

| developed a series of empirical case studies testing the specific mechanisms through
whichindividual history may influence population dynamics, which isbeing used in alarge-scale
meta-analysis assessing the extent to which this phenomenon may be general and fundamental to



herbaceous plant populations. | also developed an R package with functions to test the impacts of
individual history on vitd rates, and to analyze population dynamics under the assumption of
individual history, entitled lefko3. | also made some key datasets available publicly, along with
study materialsincluding tutorials, atechnical manual / textbook, and workshop literaturefor this.

Our grant researchhas produced strong theoretical evidence that individual history aters
asymptotic population dynamics. Particularly, if the previous state that an individual was in in
time t-1 strongly affects the transition from state in timet to state in time t+1, and the population
ishot at stage equilibrium (which is probably the typical condition), thenindividual history alters
the asymptotic popul ation growth rate. It may also impact the left and right eigenvectors, although
it appears that once standardized, the right eigenvector should be similar to that when individual
history is not considered.

Our research has also shown that predicted population dynamics under individual history-based
matrix models differ from standard matrix projection models. We have currently explored thisin
four major datasets, and find that the differences in projection can be quite extreme. In the most
extreme case, in that of a 27-year dataset of Cypripedium parviflorum, we found that standard
models predict rapid population growth while individual history-based matrix models predict
rapid extinction. Clearly, individua history has a profound effect on population dynamics.

Our research included the production of a software package focused on the production and
analysisof individual history-based matrix projection models. Sincerel easing this package, which
is free and available online for the R programming language, we have added more and more
functionality to it to make it a package that can create every kind of matrix projection model
(including age-based, stage-based, age-by-stage, function-based, raw empirical, ahistorical, and
historical. It is also capable of producing deterministic, stochastic, and cyclical projections, as
well as density-dependent versions of each of these. We have conducted five online workshops
on the use of the package, and we have also written and published a free technica manual /
textbook to teach ecol ogists how to use the package. So, our research has been very productive.
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