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Biodiversity and Ecosystem Function data
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Analysing data over time?

* How to analyse?
* Each time point can be analysed separately
* All time points can be analysed jointly: repeated measures analysis

* Benefits of fitting a repeated measures model?
* Allows testing for trends over time
* Allows for comparisons between time points

* Downside of fitting a repeated measures model?
* More complicated!
* May not end up with the “best” model for any given time point
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What is the difference mathematically?

Simple linear regression in matrix notation
The regular form of the SLR model is:
vi=PBo+pfixi+e  where ¢ ~I1ID N(0,52)

where |ID stands for independent and identically distributed.

This can be expressed as:
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Different error structures for three timepoints

Autoregressive Model
Order 1 (AR(1))

Unstructured (UN) Compound Symmetry (CS)
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What does a repeated measures

model look like?

y = (By + B1x) * Time + €
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Repeated measures model

* Account for covariances in the error structure

* Including time within the fixed effects. Options:
* All fixed effects crossed with time (common)
* Additive effect of time (main effect of time)
* No fixed effect of time
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Exercise

* The Diversity-Interactions ‘ID’ model is

S
y = (Zﬁipi>*Time+e e ~N(0,R)
i=1

* Write out the ID model in matrix notation for data from Dimensions of
a BEF experiment where there are three species. each matrix?

* The design consists of 15 plots each recorded over two time points:
* Each species occurs in monoculture in two plots,
* Each pair of species occurs in a 50:50 mixture in two plots,
* The three species occurred in equal proportions in three plots.

Four-species example

With repeated measures
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Experiment design

* Dataset name: Dataset_4species_rep_measures_simulated.csv

* Simulated assuming a biodiversity and ecosystem function (BEF)
experiment

* Four grassland species (species 1 and 2 grasses, species 3 and 4 legumes),
let’s call them G1, G2, L1 and L2
* Species diversity manipulated across 50 plots
* Monocultures

* Mixtures: binary 50:50 and unbalanced, three species equi-proportional,
four species equi-proportional

* Annual yield of each plot recorded over three growing seasons

In the dataset...

* Yearn: year (1, 2 or 3) that measurement was recorded

* Plot: unique ID for each plot

* Community: ID for each unique species diversity treatment
* Richness: number of species sown in a plot

* G1, G2, L1, L2: the proportion sown for each species

* Yield: the yield measured on each plot (at the given time point)
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Four-species example. Year 1 analysis.

Recap on analysing data from a single point in time
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Year 1 data
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Year 1 data — model selection process

* Using autoDl in the DImodels package:
* Theta=1

* Functional group interaction structure
* No evidence of lack of fit

* Additional model selection needed?
* Diagnostics?
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Estimated model
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Interpreting the model
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Interpreting the model
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Interpreting the model
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Four-species example. Analysis of all three years.
Repeated measures Diversity-Interactions model

Back to the dataset...

[° Yearn: year (1, 2 or 3) that measurement was recorded ]

* Plot: unique ID for each plot

* Community: ID for each unique species diversity treatment
* Richness: number of species sown in a plot

* G1, G2, L1, L2: the proportion sown for each species

* Yield: the yield measured on each plot (at the given time point)

12
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Fitting a DI model to repeated measures data

* Diversity-Interactions ‘ID’ model is

4
y = <Z Bip; + | Interactions )* Yearn + € € ~ N(O'H
i=1

* Model selection
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Model selection process

* Theta? Interaction structure? Error structure?

Important:
* When comparing fixed effects, use ML estimation

* When comparing error structures, use REML estimation

* When model selection is complete, fit the final model using
REML estimation.

13



27/06/2025

Model selection — theta?

* Using the DImodelsMulti R package:

DImulti(y = "yield", time = c("yearn", "UN"), unit_IDs = "plot",
prop = c l'Gl”, IIGZII’ llLlll, "Lz” _, FG = c IIGI|'IIG!I,I|LII'IILlI ),
data = dataRM, DImodel = "FULL",

method = "ML",‘estimate_tbeta = FALSE)
ML estimation estimate_theta = TRUE ] Set theta
equal to 1.
*With 8 = 1: AlCc = 658.3

«With§ = 0.93: AlCc = 657.9
]

Model selection — Interaction structure

AlCc Repeated measures model with UN
* ID model 695.3 (unstructured) covariance matrix,
« AV model 655 1 vary the interaction structures
[ * FG model 638.4 |
* FULL model 658.3 Use FG interactions
ML estimation

DImulti(y = "yield", time = c("yearn", "UN"), unit_IDs = "plot",
prop = c("Gl", "G2", "L1", "L2"), FG = c("G","G","L","L"
data = dataRM, DImodel = "FG",
method = "ML", estimate_theta = FALSE

14



27/06/2025

Model selection — variance covariance matrix

AlCc Repeated measures model with FG
* UN 587.4 interaction structures, testing
covariance structures
*CS 604.0
* AR(1) 590.1
Use UN covariance
REML estimation structure
DImulti(y = "yield", time = c("yearn", "UN"), unit_IDs = "plot",
prop - C IlGln' "62“, IlLl!I’ IIL2“ : FG e C “G“,“G"'"L","L“ .
data = datarRM, DImodel = "FG",

method = "REML", estimate_theta = FALSE

All fixed effects crossed with year;

F | Na | Mo d e | error structure accounts for covariances
between repeated measures.

REML estimation
Year 1 Year 2 Year 3
[ Term | Estimate|  SE| | Estimate|  sE| | Estimate|  SE]
Gl 8.2 0.919 6.4 0.951 7.7 1.239 Vcov matrix
G2 9.4 0.919 10.5 0.951 8.8 1.239 25E 268 17
L1 13.9  0.919 10.7 0.951 1.8 1.239 [i‘;g B 233]
L2 8.0 0.919 8.1 0.951 6.5 1.239
GL 249 2714 282 281 13.8  3.66
GG 15.5 5.463 11.2 5.656 11.8  7.366
LL 7.4  5.463 -3.6 5.656 3.8  7.366
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Comparison of communities

Does the grass 1 identity effect change from year 1 to 2?

Year 1: fi; =824  withstandard error 0.919 Veov matrix

Year 2: f1, = 6.36  with standard error 0.951 F:gg i:?? ;:;g]

Difference: 1.87, with standard error of difference 0.6570. 178 329 698

Feeds into
. . . estimated variance
The grass identity effect declined from covariance matrix
for the parameters

year 1 to year 2 (p<0.01) e

Comparison of communities

Does the equi-proportional four-species mix change from year 1 to 2?

Year 1: 9 =17.54 with standard error Veov matrix
: 385 299 1.78
Year 2: y =16.45 with standard error [2_99 11 3.29]
178 329 6.98

Difference: 1.09, with standard error of difference 0.3462.

Feeds into
. ] . . estimated variance
The equi-proportional four-species mix covariance matrix
declined from year 1 to year 2 (p<0.01) f°r”;§tli°:1':‘tg“seter5
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Comparison of communities

Does the equi-proportional four-species mix change from year 2 to 3?

Year 1: § =16.45  with standard error Veov matrix
: 385 299 1.78
Year 2: y =13.10 with standard error [2_99 11 3.29]
178 329 6.98

Difference: 3.35, with standard error of difference 0.5257.

Feeds into
estimated variance

The equi-proportional four-species mix declined covariance matrix

further from year 2 to year 3 (p<0.001) fortzit?;?tzseters

Model predictions as richness changes
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Model predictions as richness changes
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Predicted Response
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Predictions across changing species proportions
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Predictions across changing species proportions
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In summary...

* Do | need to use repeated measures analysis when | have

data over time?
* Maybe... What are the

* Maybe not.... research questions?

* If modelling data over time all together, crucial to build in
covariances otherwise the analysis would not be valid and
you would have pseudo-replication.
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