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Figure 1 System state processes that can be difficult to observe directly, but can be uncovered from common ecological observation processes using hidden
Markov models. The state process (blue) can pertain to any level within the ecological hierarchy (‘Individual’, ‘Population’, ‘Community’ or ‘Ecosystem’)
and for convenience is categorised as primarily ‘Existential’, ‘Developmental’ or ‘Spatial’ in nature. The observation process (green) can provide
information about state processes at different levels of the hierarchy (green lines) and includes capture-recapture, DNA sampling, animal-borne telemetry,
count surveys, presence—absence surveys and/or abiotic measurements. Observation and state processes from lower levels can be integrated for inferences at
higher levels. For example, community-level biodiversity data could be combined with environmental data to describe ecosystem-level processes.

consisting of observations arising from the true state of the
system — HMMs are able to detect state changes in noisy
time-dependent phenomena by formally disentangling the
state and observation processes. For example, using HMMs
and their variants:

® Historical regime shifts can be identified from recon-
structed chronologies;

® Long-term dynamics of populations, species, communi-
ties and ecosystems in changing environments can be inferred
from dynamic biodiversity data;

® Species identity and biodiversity can be determined from
environmental DNA (eDNA);

® Hidden evolutionary traits can be accounted for when
assessing the drivers of diversification;

® Species occurrence can be linked to variation in habitat,
population density, land use, host-pathogen dynamics or
predator—prey interactions;

® Survival, dispersal, reproduction, disease status and
habitat use can be inferred from capture-recapture time
series;

® Animal movements can be classified into foraging,
migrating or other modes for inferences about behaviour,
activity budgets, resource selection and physiology; and

® Trade-offs between dormancy and colonisation can be
inferred from standing flora or fungal fruiting bodies.

The increasing popularity of HMMs has been fuelled by
new and detailed data streams, such as those arising from
modern remote sensing and geographic information systems

Published 2020. This article is a U.S. Government work and is in the public domain in the USA. Ecology Letters published by John Wiley & Sons Ltd.

5L80 17 SUOWILIOD AITERID 3|01 (ddke aU) AQ peuieA0B .6 SODILE VO ‘2N 0 S3N. 10} AReIdl1 BUIIUO 431 U (SUOIIPUOD-PUE-SWLISIALI0D" B M AReJq][oUIUO//STY) SUONIPUOD PUE S | aU) 805 *[§20Z/TT/60] U0 ARiqITauIluO Adim “ARiq1T AISIAIN STe1S BV AQ OTOET @ R/TTTT OT/I0P/W00 A8 |1 AreIq Ul U0/ :Sdy oI Papeo|umoq ‘ZT ‘020z ‘8Z0T9vT



