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Linking habitat quality to population dynamics for conservation
decision making
Introduction

Natural and anthropogenic factors alter habitats so that trends, random sampling, or

single snapshots of habitat conditions often do not predict future species abundance

(Kunegel-Lion et al., 2022; Conquet et al., 2023). Habitat dynamics are measured at

different spatial scales (e.g., landscape, management units, patch, territory) and are

asynchronous and driven by climate change, disturbances, invasive species, and

habitat management.

Endangered species recovery plans and species status assessments have requirements to

address time to population recovery, but they often do not adequately address habitat

dynamics and factors that led to endangerment (Auld and Keith, 2009; Shirey et al., 2022).

Understanding how habitat dynamics influence population dynamics is necessary for

making sound conservation decisions.

Examples across a range of species, habitat and actions are important to facilitate

decision making (Runge, 2011). From literature reviews, we found 160 individuals as

potential authors and invited them to contribute, leading to 9 manuscripts. Below we

summarize these studies and related literature to describe improvements to support

conservation decision making.
Decision making and adaptive management

Nichols et al. introduced Structured Decision Making (SDM) and Adaptive Resource

Management (ARM) topics used in natural resource management and a framework to

combine population and habitat variables in a statistical likelihood approach. Our view of
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habitat conditions was broad, for example including human

disturbance as a factor that altered habitat suitability (e.g., Martin

et al., 2011). Peterson and Duarte used integrated models to

prioritize salmon habitat restoration in perennial versus

ephemeral habitats depending on whether essential suitable

perennial habitat was already present, but ephemeral habitats

could produce greater salmon growth and survival during high-

water years.

Eaton et al. use a portfolio of strategies for an endangered Puerto

Rican frog where uncertainties could result in conservation failure

due to climate changes, so that several strategies might be best.

Stantial et al. describe the initial stage of the experimentalist school

of adaptive management, emphasizing stakeholder involvement,

shared understanding, and plans for experimentation that

eventually could reduce the uncertainty around the use of

prescribed fire for salt marsh bird species.
Linking separate models

Early work on linking habitat and population dynamics used

the Landis Forest succession models (e.g., Akçakaya, 2001; He,

2009), which led to other approaches such as state transition models

(e.g., Raphael et al., 2013). Later metamodeling approaches used

separate disease, predator-prey dynamics, and habitat dynamics

models to pass information to population viability analysis (PVA)

models (Lacy et al., 2013). In this Research Topic, Lacy et al. provide

an example linking a predator (polar bears), prey (pinnipeds), and

habitat change (declining Arctic sea ice).

Lacy et al. provide a PVA that includes habitat dynamics at the

territory scale exploring both habitat and population management

options to provide for sustainable Florida scrub-jay populations in a

fragmented landscape. This modeling relied on long-term research

of populations and habitat dynamics and learning from ARM that

linked habitat, population data, and decision making, and brought

stakeholders, biologists, and managers together. Forero-Sanchez

et al. use a PVA of an endangered tamarin with a plant-based

energetic model to estimate carrying capacity for subpopulations,

incorporating climate change, fire risk, and habitat connectivity

through forest corridors to estimate inter-population dispersal and

metapopulation persistence.
Further complications such as
connecting different geographic areas
and multispecies planning

Bohnett et al. show how a combination of connectivity models

for focal species with complementary and opposing habitat

requirements can better inform landscape design to prioritize

conservation areas in landscapes with rapid human development.

Schumaker shows a landcover map and movement simulator for an
Frontiers in Conservation Science 02
endangered butterfly to explore the concepts and mechanics behind

a novel connectivity assessment methodology.

Integrated population models (IPM) can combine population

data and habitat to incorporate habitat and population dynamics in

both breeding and wintering areas (Osnas et al., 2021). Information

about many species of conservation concern with different

requirements has been integrated into IPMs to make decisions

about fire management (Conlisk et al., 2015).
Conclusions and actions for a
sustainable future

The examples above demonstrate that a broad variety of

approaches are available for modeling ecosystems and species to

serve conservation decision-making, providing a large toolbox that

includes both canned and investigator-adapted coding. Both

modeling and monitoring are generally needed to resolve

uncertainties (Armstrong and Reynolds 2012, Converse and

Armstrong 2016). Monitoring provides fantastic opportunities for

learning and is often a regulatory requirement used in negotiation,

but its implementation to make better decisions is often not well

developed (Yoccoz et al., 2001, Nichols and Williams 2006, Nichols

and Armstrong 2012). We suggest monitoring should address the 4

major reasons for monitoring to support decision-making described

in this volume Nichols et al. We suggest applications increase

collaboration among population biologists, geneticists, field

biologist, managers, stakeholders, and habitat modeling experts.
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