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Abstrat: Inter-state transition probability matries are a ommon feature of state-spae andMarkov hain models, whih are ommonly applied to model animal movements or animalbehaviour. In many ases, it may be desirable to inlude a random e�et (of, for example,individual or speies) on the transition matrix entries. We propose a simple method for spei�-ation of suh random e�ets using the Dirihlet distribution. We detail model spei�ation andmaximum likelihood estimation via a ase study, in whih a Dirihlet random e�et aountsfor inter-whale variability in a Markov hain model for sperm whale dive-type transitions. Thedata are time series data on the dive behaviour of 12 sperm whales, where dives have beenpre-lassi�ed into 11 types by experts. We speify a random e�et of individual w on the K-dimensional transition matrix P (for the ase study, K = 11 and w ranges from 1-12). To doso, we let row i of the individual-spei� transition matrix Pw be a draw from a Dirihlet distri-bution with parameters ~αi = (αi1, αi2, ...αiK). Then the inter-individual variability is measuredby αi0 =
K∑

k=1

αik (with larger αi0 indiating less variability), and the population-average tran-sition probability P (i, j) is given by αij

αi0
. This formulation results in an analytially tratablelikelihood expression, subjet to quik, e�ient maximisation. The ease of maximum likelihoodestimation also failitates model seletion (using, for example, AIC). Appliation of the methodto the ase study data provides new biologial insight, �rstly by quantifying inter-individualvariation in sperm whale dive behaviour. Moreover, the dataset inludes behaviour data withand without aousti disturbane, and a random-e�et model failitates more robust measure-ment of whales' behavioural response to the disturbane. Analogous methods ould be usedfor easy spei�ation of a random e�et on any probability mass funtion.


