
Frontiers in Conservation Science

OPEN ACCESS

EDITED BY

David R. Breininger,
University of Central Florida, United States

REVIEWED BY

Eric Walther,
University of Georgia, United States

*CORRESPONDENCE

Timothy A. Whitesel

timothy_whitesel@fws.gov

RECEIVED 20 June 2025

ACCEPTED 18 August 2025
PUBLISHED 19 September 2025

CITATION

Whitesel TA (2025) Monitoring to assess the
recovery status of imperiled species should
be commensurate with the criteria for their
recovery: the case of Bull Trout.
Front. Conserv. Sci. 6:1651127.
doi: 10.3389/fcosc.2025.1651127

COPYRIGHT

This work is authored by Timothy A. Whitesel
on behalf of the U.S. Government and as
regards Dr. Whitesel and the U.S. Government,
is not subject to copyright protection in the
United States. Foreign and other copyrights
may apply. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Perspective

PUBLISHED 19 September 2025

DOI 10.3389/fcosc.2025.1651127
Monitoring to assess the
recovery status of imperiled
species should be
commensurate with the criteria
for their recovery: the case of
Bull Trout
Timothy A. Whitesel *

Columbia River Fish and Wildlife Conservation Office, U.S. Fish and Wildlife Service, Vancouver,
WA, United States
The classification of a population as imperiled may lead to the development of a

formal recovery plan with specific legal requirements. Rigorous recovery plans

typically include criteria by which to gauge population recovery and monitoring

plans to guide evaluations of whether criteria are achieved. Monitoring plans

have traditionally focused on ecological characteristics. However, there is an

increasing frequency of recovery plans and criteria focused on the reduction of

threats. Traditional monitoring plans often match imperfectly with threats-based

criteria. For example, Bull Trout in the U.S. are currently considered imperiled.

Their recovery plan and criteria call for 75-100% of the primary threats to their

persistence to be managed effectively. Incongruous with these criteria,

monitoring plans to inform the recovery status of Bull Trout have generally

focused on characteristics such as abundance, trends in abundance, distribution

and connectivity. Bull Trout in the Elwha River are discussed as an example of

threats being explicitly monitored and informing status. For species such as Bull

Trout, the most useful monitoring plan for assessing recovery status would guide

explicit and quantitative evaluations of threat scope and severity, determine how

effectively threats are being managed, and be commensurate with the criteria

for recovery.
KEYWORDS
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Introduction

The number of species on earth appears to be greater than ever before (Ceballos et al.,

2010). Despite this abundance, studies have reported large reductions in global biodiversity

(Pimm et al., 2014) and an extinction crisis. In addition to species extinction, the

extirpation of populations is of particular concern (Dirzo et al., 2022). Numerous taxa
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are part of the current extinction crisis. For example, significant

declines have been reported in butterflies, birds and plants (Thomas

et al., 2004) and it has been estimated that 33-50% of amphibian

species (Stuart et al., 2004) and 60-75% of non-human primates

have declining populations (Estrada et al., 2017). Declines in fish

have also been reported with over 33% of species from the class

Chondrichthyes classified as threatened (Dulvy et al., 2021) and

modern extinction rates for freshwater fish in North America

estimated to be more than 850 times background rates

(Burkhead, 2012). Notably, freshwater fish species may be

disproportionately at risk (Reid et al., 2019). Recent estimates

from the IUCN red list of threatened species indicate the

persistence of more than 25% of all species is likely in doubt

(Gimenez, 1996; IUCN, 2025). Furthermore, extinction rates in

the past 120 years appear disproportionately high, with current

values likely 100- to 1,000-fold greater than background values

(Ceballos et al., 2015a; 2015b).

Classification of a species as imperiled may lead to the

development of a recovery plan or conservation initiative

(hereafter, recovery plan). These recovery plans are sometimes

formal with legal requirements (e.g. USFWS, 2018) and other

times informal and reliant on voluntary participation (Minckley

et al., 2003). Since planning and implementation can be time and

cost prohibitive (Harris et al., 2012), many imperiled species often

go without a formal recovery plan. For species that are classified as

imperiled under the Endangered Species Act (ESA) of the United

States of America (U.S.), it has been estimated that approximately

25% do not have a recovery plan, 50% have a recovery plan that

took more than five years to complete after they were classified as

imperiled, and 50% have recovery plans that are more than 20 years

old (Malcom and Li, 2018). Globally, more than 90% of imperiled

species may not be associated with any recovery plan (Wilcove and

Master, 2005).

Criteria by which to evaluate conservation status and assess

recovery efforts are typically included in recovery plans.

Historically, these criteria have commonly been based on

ecological characteristics associated with population persistence

(e.g. trends in abundance). These characteristics are perhaps the

most definitive expression of a population’s ability to persist and the

best measures of its viability (White, 2000; Shaffer, 2019). However,

these characteristics can be difficult and expensive to quantify and

their expression may exhibit a lag relative to changes to the

circumstances of a population. Furthermore, threats are often

responsible for a particular population’s status. Partly for these

reasons, it is becoming common for recovery plans to have explicit

recovery criteria associated with the reduction of threats (Lawler

et al., 2002; Troyer and Gerber, 2015). For example, under the ESA,

a recovered condition and listing status of a species are ultimately

determined through a five-factor analysis, each factor being

associated with a threat (Sullins, 2001; Smith-Hicks and

Morrison, 2021). The biological viability of a species is a critical

component of a recovered condition, and assessments of recovery

may include the ecological principles of representation, resiliency

and redundancy. However, since a recovered condition often has a

legal or administrative context, criteria associated with population
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viability are not necessarily equivalent to criteria for recovery (Wolf

et al., 2015).

A monitoring plan is typically associated with a robust recovery

plan and the recovery criteria within. To align with recovery criteria,

monitoring plans are often focused on population and regulatory

requirements (Gerber et al., 1999; Evansen et al., 2021). While

valuable, monitoring plans based on ecological characteristics

present several challenges, specifically that the expression of

changes can be protracted, and these characteristics are not the

ultimate problem to persistence. Threats are often not the focus of

recovery criteria (Campbell et al., 2002) but the potential value of

monitoring threats for recovery assessments has been recognized

(Regan et al., 2008; Troyer and Gerber, 2015; NatureServe, 2024).

Although a recovery plan and recovery criteria based solely on

threats is relatively unusual, this approach is becoming more

common (Gerber and Hatch, 2002). Precisely how to assess

threats is not a standardized process and threats are often not

primary factors to which status evaluations are most sensitive

(NOAA, 2011). Assessments of the scope, severity, and how well

threats are being managed have commonly been a qualitative

process dependent on professional opinion. Although decisions

based on the collective opinions of experts can be useful and are

often necessary (Tonelli, 1999; Taylor, 2006), they can also be

problematic and misleading (Mosleh et al., 1988; McKee et al.,

1991; Van Der Fels‐Klerx et al., 2002; Orsi et al., 2011). The purpose

of this perspective is to emphasize the potential value of and

describe potential applications for implementing explicit and

quantitative monitoring plans associated with recovery criteria

based on threats. Bull Trout (Salvelinus confluentus) are used as

an example. However, quantitatively monitoring threats may have

utility for the conservation of other imperiled species.
Threats-based recovery criteria

Explicitly monitoring the scope and severity of a threat as well

as how effectively it is being managed is logically necessary to assess

the legal conservation status of Bull Trout. A quantitative evaluation

of threats would reduce subjectivity and add objectivity to

assessments of recovery and decisions regarding ESA status.

Efforts to provide quantitative evaluations associated with threats

are not unprecedented. They include relatively broad efforts to

model (Ferson et al., 2000) and integrate the impacts and

significance of threats (Sinnatamby et al., 2020) as well as

relatively specific efforts such as quantifying the toxicity of

herbicides (Fairchild et al., 2009). However, quantitative

monitoring of the scope, severity and management of threats can

be complex. It is unlikely that all threats to Bull Trout have been

identified. Conversely, some that have been identified may not be a

significant threat to persistence. Which are primary threats and

most significant to the persistence of Bull Trout is not always

known. Whether and how threats interact and result in synergistic

effects is unclear. Although it may be possible to measure a change

in the scope or severity of a given threat, there can be uncertainty

regarding how Bull Trout will respond to these changes. Whether
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management and a change in scope and severity of a threat cause an

effect in Bull Trout populations can also be difficult to determine.

Relative to population viability and traditional measures of

persistence, it is somewhat unusual for an explicit need to

quantitatively monitor threats. However, it is clear this approach

could be useful for assessing the recovered condition and ESA status

of Bull Trout.

Potential threats to Bull Trout are numerous and vary within a

given recovery unit, core area or local population. In addition,

threats are often related, sometimes with a large amount of overlap

(e.g. water management and water quality). As such, there is not

one set of standard threats that can always be monitored to inform

the recovery and status of Bull Trout. This is unlike ecological

characteristics where, distribution, abundance, trends in

abundance, connectivity, and genetic condition are standard

metrics that are often monitored to assess population status. As

such, this perspective does not attempt to be prescriptive about

which threats should be monitored and approaches to monitoring.

Instead, it proposes a five-step process to consider when developing

a plan to monitor threats. Initially, (i) start with a clear

identification of a potential threat (e.g. non-native species). Once

a threat has been identified, (ii) assess whether the threat actually

exists. If the threat is present, (iii) quantitatively assess the

magnitude (or incidence) as well as the frequency (or prevalence)

in the population. Next, (iv) seek to evaluate if and how the threat

influences Bull Trout. At a minimum, this step would evaluate

whether there is a relation between the scope (extent) and severity

(level) of the threat, actions to manage the threat, and the response

of Bull Trout populations. Ideally, this step would evaluate any

cause-and-effect relationship between the level of the threat or

management activity and population response. When possible, (v)

test how Bull Trout respond to changing levels of threats. If there is

a potential threat that cannot be ameliorated, monitoring it may not

be a priority. However, monitoring to characterize its magnitude,

frequency, scope and severity is still warranted. Rao et al. (2007)

provides an overview of assessing threats for conservation.

Ultimately, in the case of Bull Trout, the best monitoring plans

would provide an explicit and quantitative assessment of the scope,

severity and effectiveness of management associated with threats.
Bull Trout

Bull Trout are native to the North Pacific and Arctic ocean

drainages (Haas and McPhail, 2001). They spawn from summer

into fall, burying embryos in the gravel of cold, headwater streams

(McPhail and Baxter, 1996). Fry emerge from the gravel, rear near

spawning areas, then express a resident, fluvial, adfluvial or an

anadromous life history (see McPhail and Baxter, 1996; Homel

et al., 2008; Howell et al., 2016; Brenkman et al., 2019). Bull Trout

have a relatively high fidelity to natal areas, generally spawning in

streams where they hatched (Swanberg, 1997; Howell and

Sankovich, 2012). Throughout their range, Bull Trout are

considered an imperiled species (Gimenez, 1996). In 1998, the

U.S. Fish and Wildlife Service (USFWS) began to protect Bull
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Trout, classifying those inhabiting the Klamath and Columbia

Rivers as threatened pursuant to the ESA (USFWS, 1998).

Ultimately, all Bull Trout throughout their range in the U.S. were

provided protection. As a procedural outcome of the ESA, all Bull

Trout in the U.S. are currently considered one Distinct Population

Segment (DPS), or a single unit of conservation (USFWS, 1999).

A recovery plan for Bull Trout in the U.S. was published in 2015

(USFWS, 2015). Administratively, Bull Trout in the DPS are

organized into six recovery units, each containing one or more

core areas (generally aligned with metapopulation structure) that, in

turn, are comprised of one or more local populations (USFWS,

2015; Figure 1). The recovery plan is focused on threats to the

persistence of Bull Trout and recovery criteria are associated with

these threats. Numerous threats to the persistence of Bull Trout

have been identified (USFWS, 2012, 2015; USFWS, 2024). Some of

these threats have been documented empirically while other

putative threats have been inferred from observations. While not

intended as an exhaustive list, threats to the persistence of Bull

Trout include habitat degradation (Fraley and Shepard, 1989),

barriers to migration (Rieman and McIntyre, 1995), non-native

species (Leary et al., 1993), range contraction (Sinnatamby et al.,

2020) and a rapidly changing climate (Rieman et al., 2007). The

decline of Bull Trout populations has been attributed to many of

these threats (Rieman et al., 1997). The recovery plan and criteria

are centered around using professional judgement and quantitative

evidence (if available) to i) identify the primary threats to Bull Trout

and ii) determine how effectively these threats are being managed.

In summary, the recovery criterion identified in the recovery plan

are that 75-100% (dependent on the recovery unit) of the primary

threats are managed effectively. The relative importance of a threat,

what makes something a primary threat, and what determines

whether management of that threat is effective, are not always

defined clearly. Per the recovery plan, decisions associated with

recovery of Bull Trout and status under the ESA are directly

dependent on an assessment of threats.
The Elwha River

In general, threats to the persistence of Bull Trout are numerous

and each warrants consideration. When trying to categorize many

of the threats to Bull Trout there can be significant overlap. Water

management has been shown to be a potential threat to Bull Trout

(Muhlfeld et al., 2012). Perhaps the most extreme example of water

management threatening Bull Trout is an anthropogenic dam

preventing natural flow, stranding fish, requiring them to move

through turbines if they wish to pass or preventing them from

passing. Irrigation diversions, culverts, and pumping operations are

other examples of water management that can impact Bull Trout.

Potential impacts include passage restriction, changes to water

levels and temperature, as well as fragmentation or disconnection

between water bodies. For example, Bull Trout often exhibit a

migratory behavior during their life history. An inability to move

freely through mainstem areas because of dams (see Barrows et al.,

2016) and tributaries because of culverts (Shrimpton et al., 2008) or
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weirs (Sankovich and Whitesel, 2019) can be a significant threat.

Various approaches can be used to monitor the threat of water

management. These include assessing the relation between river

regulation and fish movement (Muhlfeld et al., 2012), redd

distribution (Barnett et al., 2013), fragmentation and genetic

impacts (Neraas and Spruell, 2001), as well as metapopulation

dynamics (Kaeding and Mogen, 2023). Numerous examples

assessing water management or river regulation as a threat to Bull

Trout exist (see Naman et al., 2022; Muhlfeld et al., 2003, 2012;

Naman et al., 2022). Unsurprisingly, natural flow regimes appear to

be the most protective of Bull Trout (Muhlfeld et al., 2003).

By way of demonstration, and as a simple example, this

perspective examines the threat associated with water management

and fish passage to Bull Trout in the Elwha River core area. The Elwha

River is a core area located in the Olympic Peninsula of Washington

where it flows directly into the Strait of Juan de Fuca (48.1474 latitude,

-123.5648 longitude, Figure 1). It has an extant population of Bull

Trout, at least a portion of which expresses an anadromous life history

(Brenkman et al., 2019). Based on a 2005 assessment using the

NatureServe process (USFWS, 2005), Bull Trout in this core area

received a score of 0.94 on a scale of 5.50, were considered imperiled

and at high risk of extinction. This status was driven by threats that

were high in scope and moderate in severity, predominantly related to

the presence of barriers to migration (two, impassable dams) and

associated with a limited number of local populations. Management

activities resulted in the threat of both dams being removed in 2014.
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Currently, there are no known passage barriers in the Elwha River and

the potential for Bull Trout to access all habitat was presumably

restored. Subsequent monitoring of passage revealed that Bull Trout

responded to removal of the threat, migrated past the previous dam

sites, and distributed throughout the river system (Brenkman et al.,

2019; Duda et al., 2021). The resiliency, defined as the population’s

ability to withstand stochastic disturbance (USFWS, 2016), of Bull

Trout in this core area was recently rated as 3.44 on scale of 4.62, or

high, based on the Species Status Assessment process (USFWS, 2024).

Although the 2005 and 2024 assessments used slightly different

approaches and scales, the results suggest a substantial and

quantitative improvement in population status.
Ecological expression

The Recovery Plan for Bull Trout suggests that monitoring

ecological characteristics, while not required, may also be useful to

help inform recovery and listing status. Many recovery plans include

recovery criteria associated with information on demographic or

genetic assessments of populations (Himes Boor, 2014; Doak et al.,

2015). The challenges and complexities associated with quantitatively

monitoring threats highlight the potential utility of also monitoring

traditional ecological characteristics. From an ecological perspective,

Bull Trout and their populations integrate the impacts of all threats

and express those in terms of demographic and genetic attributes.
FIGURE 1

Distribution and organization of Bull Trout in the United States of America (U.S.). The coterminous Distinct Population Segment under the
Endangered Species Act includes the entire distribution in the U.S. Recovery units are represented in light gray and outlined by thick, black lines.
Core areas are represented in a dark gray and outlined by thin, dotted lines. ☆ identifies the Elwha River core area.
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Quantitative population assessments represent the definitive, and

potentially observable, expression of whether primary threats are

diminishing in a manner that is beneficial (or increasing in a manner

that is detrimental). Ultimately, the most conclusive way Bull Trout

express the scope, severity and effectiveness of management

associated with threats is how they respond in terms of these

ecological characteristics. For example, following the removal of

dams that threatened Bull Trout in the Elwha River and the

subsequent movement of fish past these areas, Bull Trout increased

in abundance and now exhibit peak densities in the upper rather than

lower parts of the river system (Brenkman et al., 2019; Duda et al.,

2021). Monitoring ecological characteristics to assess recovery can

also be complex and challenging. In particular, it is important to

recognize there can be a lag between, for example, a change in the

management of a given threat and a detectable influence on Bull

Trout populations (Whitesel et al., 2022; Mallet et al., 2024). Thus,

demographic and genetic monitoring may not immediately reflect

changes to the scope or severity of a threat. For Bull Trout it is worth

reiterating, specific thresholds associated with assessments of

ecological characteristics are not formal recovery criteria that must

be monitored.
Discussion

Species across the planet may be experiencing an extinction

crisis. Often associated with a species’ imperilment is the

development of a plan to guide conservation efforts and criteria

by which to assess their recovery. An explicit and quantitative

monitoring plan is required to objectively and effectively evaluate

whether recovery criteria are achieved. These plans are often based

on traditional ecological characteristics of a population. However, it

is not uncommon for recovery criteria to be based at least partly,

and sometimes exclusively, on the threats to a species. In these

cases, it follows that a monitoring plan focused on explicitly and

quantitatively evaluating the threats to a species, or how effectively

they are managed, is necessary to assess recovery. If criteria for

recovery exist and are appropriate, the most useful monitoring

plans for assessing recovery would be commensurate with and

reflect these criteria. The logical contrapositive implies that if

monitoring plans do not reflect these criteria, then criteria for

recovery may not exist or be appropriate. Importantly, since

ecological characteristics represent the integration and ultimate

expression of threats to a population, the utility of monitoring

traditional demographic or genetic metrics to assess recovery

remains evident. This suggests recovery criteria would often be

most appropriate when they include ecological characteristics.
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