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Summary

Diadromous fishes world-wide experienced precipitous declines during the 19t" and 20" centuries
due to a combination of overfishing, pollution, and freshwater habitat loss through construction
of dams (Limburg & Waldman, 2009). Following wide-spread fishing closures and large-scale
remediation of many historical pollution sources, dams in coastal rivers remain as the largest
tractable impediment to population recovery for many of these species (Waldman & Quinn,
2022). In some cases, dams reduce access to as much as 95% of freshwater and rearing
habitat (Hall et al., 2011). These effects are especially pronounced for species that rely on
long-distance migrations to spawning and rearing habitat upstream of barriers such as various
alosines (herrings; e.g., American shad Alosa sapidissima, alewife A. pseudoharengus, and
blueback herring A. aestivalis (Noonan et al., 2012)) and salmonines (trout and salmon; e.g.,
Salmo spp. (Parrish et al., 1998) and Oncorhynchus spp. (Quifiones et al., 2015).

Traditional stock assessment tools such as per-recruit analyses often fail to capture management
complexities related to diadromous life histories such as fish passage at dams, and integrated
assessment models can be difficult to parameterize for data-poor species such as herrings
(Atlantic States Marine Fisheries Commission, 2024). This has resulted in the development of
species- and system-specific approaches to fisheries stock assessment and management strategy
evaluation (Barber et al., 2018; Nieland et al., 2015; Roy et al., 2018; Stich et al., 2019). We
created the anadrofish package (Stich, Hardesty, et al., 2025) for R (R Core Team, 2025) to
provide a generalized approach that also allows broader application to novel species, systems,
and scenarios.

Statement of need

anadrofish is an R package that can be used to model anadromous fish populations, including
responses to dams and other fishery management considerations (e.g., fishery harvest rates).
We created it for use by fisheries scientists and managers interested in development of life-
history theory, stock assessment, or decision making. The R package was developed for use in
the 2020 Atlantic States Marine Fisheries Commission (ASMFC) American shad benchmark
stock assessment (Atlantic States Marine Fisheries Commission, 2020) and the 2024 ASMFC
river herring benchmark stock assessment (Atlantic States Marine Fisheries Commission, 2024).
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It has also been used recently to answer coast-wide ecological research questions (Zydlewski et
al., 2021) and evaluate local or regional fishery management scenarios.

The package includes a variety of helper functions for simulating life-history events and
population dynamics as well as built-in data sets from empirical studies and population
assessments for the native North American range of multiple species of fish from Florida, USA
through maritime Canada. It generalizes similar routines implemented in other species- or
population-specific modeling tools (Barber et al., 2018; Stich et al., 2019; Stich, Nieland,
et al., 2025), is faster than other empirical life-history models (e.g., Stich & Gilligan-Lunda,
2024), and can be modified to use outputs of common empirical fisheries analyses from other
R packages such as fishStan (Erikson et al., 2022) or FSA (Ogle et al., 2025). The package
can also be used to simulate new populations in arbitrary watersheds. Default outputs are
readily integrated into tidy workflows through packages in the tidyverse (Wickham et al.,
2019), including plotting and visualization of results in ggplot2 (Wickham, 2016).

The sim_pop( ) function provides high-level functionality for end users interested in investigating
theoretical questions or applied population management scenarios. This function links various
helper functions and built-in datasets to simulate populations through time and space. By
default, it includes functionality for 169 American shad, 222 alewife, and 238 blueback herring
populations. Additionally, optional arguments to this function such as custom_habitat and the
corresponding custom_habitat_template() helper function provide customization options or
ability to extend to arbitrarily defined scales or novel systems. This flexibility has the potential
to broaden the application of these modeling approaches to novel species and geographies
or restoration scenarios for management strategy evaluation. Potential next steps for this
project could include addition of generalized homing and straying routines that can be used to
customize probability of fish migration to specific portions of empirical or derived watersheds,
and creation of methods that allow for multiyear freshwater residence to accommodate a wider
range of life histories, including catadromous fishes that grow in freshwater and spawn in the
marine environment.
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