Estuaries and Coasts (2026) 49:98
https://doi.org/10.1007/s12237-026-01712-7

®

Check for
updates

Knowledge Co-production to Inform Fish Habitat Conservation: A Case
Study Highlighting Engagement With Local Government

Corey R. Anderson' - Courtney R. Saari’ - Philip W. Stevens? - David A. Blewett? - JoEllen K. Wilson* -
Nicole A. ladevaia® - Brandon A. Moody®

Received: 29 September 2025 / Revised: 26 March 2026 / Accepted: 27 March 2026
© The Author(s) 2026

Abstract

Recreational fishing contributes substantially to the local economies of Southwest Florida. The northern half of the Char-
lotte Harbor estuary includes nursery habitat for snook and tarpon, both of which are economically important sport fish
in the region. The nursery habitats consist of tidal creeks and coastal ponds that lie at the interface of accelerating coastal
development; however, there are no explicit habitat protections to guide conservation for tarpon and snook. To provide a
framework for place-based habitat conservation, researchers are actively partnering with resource and land use managers
that govern at fine spatial scales (e.g., county government). This case study describes how workshops supported by the
National Oceanic and Atmospheric Administration RESTORE Science Program facilitated a co-production process to
identify uncertainties that were prohibiting action on management and restoration of snook and tarpon habitat, and plan
actionable science focused on bridging science and policy gaps to reduce decision uncertainties. A research plan is being
implemented to develop site-specific information for wetland-dependent sport fish by (1) documenting their use of natural
and restored habitats, (2) developing hydrologic models, and (3) creating a habitat vulnerability analysis. The result-
ing decision-support tools will be co-designed with land use planners for proposed revisions of county comprehensive
planning policy. Early outcomes include prioritization of lands for conservation and creation of species-targeted habitat
features within large habitat restoration projects.
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Introduction

C icated by Ronald Bak . . o
ommunicated by Bonald Baker Masselink and Lazarus (2019) describe coastal resilience as

the capacity of both natural and socioeconomic systems to
withstand and adapt to disturbances while providing essen-
tial functions. These functions include productive coastal
fisheries, which are coupled human-environmental systems
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consisting of biotic, abiotic, and socioeconomic compo-
nents (Lynch & Liu, 2014). Healthy fish populations and
habitats are needed to support recreational fisheries generat-
ing local expenditures and tourism (Ditton et al., 2002), and
contributing to the economic resilience of communities.
Plans, strategies, and actions developed for coastal fish-
eries management may range widely in geographic scale
from international to localized. Fisheries that are tradition-
ally managed through stock assessment and rulemaking are
often conducted at scales that are international (e.g., highly
migratory species) or regional in scope. In many fisher-
ies, environmental disturbances (e.g., red tides, hurricanes,
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cold events, heat waves) have as much effect on population
abundance as fisheries landings (e.g., Flaherty & Lands-
berg, 2011; Stevens et al., 2016). Moreover, anthropogenic
disturbances can directly impact fish habitat and fisheries
and exacerbate the severity of environmental disturbances.
Red tide and algal blooms, which are made more severe by
nutrient pollution and lead to declines in seagrass habitat,
have been documented across Florida estuaries (Beck et al.,
2022; Lapointe et al., 2020; Morris et al., 2022), including
this study’s focal area of Southwest Florida (Medina et al.,
2022, 2025). Hydrologic alterations can impact coastal fish
habitat by changing the timing and quantity of freshwater
flows, exacerbating the effects of meteorological stressors
(Beck et al., 2024; Hall et al., 2016). The underlying causes
of environmental impacts often fall outside the purview
of fisheries management governance; however, address-
ing anthropogenic disturbance may be within the scope of
regional or local authorities.

As fishery management agencies increasingly consider
ecosystem function and habitat during fishery assessments,
it is becoming apparent that local inputs are necessary (Har-
vey et al., 2025) and that engagement with local govern-
ment can be beneficial for place-based management. Most
land use planning decisions in the United States of America
(USA) are made at the local government level, and this holds
true for Florida (Pannozzo et al., 2015; Brody, 2016). Local
land use decisions (e.g., development, land acquisition,
restoration policies) can directly affect the hydrology and
water quality of fish habitat, and may also cause physical
loss of habitat. In particular, degradation or loss of juvenile
fish habitat to coastal development is an issue that typically
needs to be addressed at the local level, particularly when
unique habitats exhibit a need for conservation.

The life history attributes and economic value of snook
and tarpon, in combination with ongoing habitat impacts,
emphasize the need for protection of coastal mangrove, salt
marsh and, particularly, coastal wetland ponds in the Char-
lotte Harbor estuary (Wilson et al., 2019, 2023). Snook and
tarpon are included broadly within the definition of Aquatic
Resources of National Importance, and some intertidal wet-
land is considered “Essential Fish Habitat” for federally
managed species such as gray (mangrove) snapper (Lutja-
nus griseus) and red drum (Sciaenops ocellatus) within the
Magnuson-Stevens Act. However, the use of coastal habi-
tats, particularly ponds, by snook and tarpon does not trig-
ger any special regulatory protections within our study area.
County and municipal land use plans that include incentives
or regulations represent one strategy to ensure development
is compatible with environmentally sensitive areas. Land
parcels associated with high-value habitat can also be iden-
tified for conservation at the local government level. One
example of local land use planning to protect fish habitat
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occurs in the state of Washington, USA, where all cities and
counties must use comprehensive planning to designate fish
and wildlife habitat conservation areas (Copsey, 1992; Las-
chever, 1998). Support for such parcel-level designation is
provided by studies that show degradation of the reaches
of individual streams due to land development, which in
turn impacts Pacific salmon spawning habitat (Burnett et
al., 2007; Lohse et al., 2008). As a result, localities within
the state of Washington have implemented riparian buff-
ering through growth management plans. This example
illustrates how place-based habitat protection through local
governance represents a viable method to ensure the sus-
tainability of a community’s ecologically and economically
valuable natural resources.

The process of place-based habitat protection may be
facilitated by boundary spanning organizations that provide
aneutral and trusted framework to address transdisciplinary
needs (Nel et al., 2016). These organizations can provide
opportunities to address specific management decisions
through transparent and science-informed processes, such
as knowledge co-production, often by convening federal,
state, and local government with non-governmental orga-
nizations (NGOs) and stakeholders through formal, place-
based, planning and management processes. Examples of
boundary spanning organizations in Florida, USA, include
the National Estuary Programs and regional planning coun-
cils, which facilitate interlocal planning.

Here, we provide a case study of how local government
can be engaged in a knowledge co-production process to
conserve fish habitat. Co-production of actionable science
is recommended as a method to close knowledge-practice
gaps, define the information needs of natural resource
managers, and ensure transfer of knowledge and decision
support tools from researchers (knowledge generators) to
decision makers (or knowledge users; Cooke et al., 2021;
Piczak et al., 2022; Résénen et al., 2024). The co-produc-
tion process is similar to forms of participatory science, but
also emphasizes incorporation of non-scientific experiential
knowledge (e.g., local or indigenous ecological knowledge)
to inform and evaluate decisions or policies (Bandola-Gill
et al., 2023).

One example of engagement of a local government in
conservation of fish habitat is Charlotte County, which bor-
ders the Charlotte Harbor estuary in Southwest Florida.
Here, nursery habitats for two economically important
sport fish, common snook (Centropomus undecimalis) and
tarpon (Megalops atlanticus), are known to exist in close
proximity to accelerating coastal development. Preservation
and enhancement of nursery habitats and juvenile recruit-
ment are necessary to ensure these fish populations remain
resilient to environmental stressors (Schrandt et al., 2023)
and continue to support the respective sector of the local
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economy. Implementing a localized approach to conser-
vation of fish habitat would allow resource managers to
develop and identify specific resource management actions,
information needs, and decision points.

To this end, we used the co-production process to develop
a research plan that reduces uncertainties related to (1) the
locations and quality of juvenile sport fish habitat, including
elevations and flooding regimes needed for nursery func-
tion, (2) direct losses of juvenile habitat to development,
(3) hydrologic impacts due to expected build-out of parcels
adjacent to nurseries, (4) habitat changes expected due to
sea-level rise, and (5) the effectiveness of recent habitat
enhancement projects. This plan goes beyond a traditional,
linear approach of information flowing from research into
management, and includes feedback loops from managers
to researchers as the process develops (Fig. 1). The process
differs from a traditional linear approach as it is iterative and
stimulates collaboration between researchers and managers
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Fig. 1 The co-production process used to plan, implement, and adapt
actionable science for conservation of sport fish habitat in Charlotte
Harbor, Florida. Typical entry points are the stages of identifying man-
agement topics and resource management decisions. Loops between
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to refine the management issues, decisions, and information
needs, while also encouraging input from outside stakehold-
ers (Beier et al., 2016; Nel et al., 2016).

Methods
Study Area, Focal Species, and Conservation Needs

As the “Tarpon Capital of the World”, Charlotte Harbor
draws thousands of anglers annually to experience the
region’s vibrant recreational fisheries, which include both
common snook (hereafter, snook) and tarpon. Charlotte
Harbor is known for excellent sport fishing, with almost
150 charter fishing guides and over 16,000 resident licensed
anglers in 2020 (Florida Fish and Wildlife Conserva-
tion Commission data). The total economic impact of the
Charlotte Harbor Basin is approximately $493.9 million
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stages serve to check that previous stages are relevant and provide
opportunities to adapt the direction of the process as knowledge is
generated
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annually, with the principal drivers being natural resource-
based recreation — primarily tourism related to water-based
recreation and charter fishing (Fedler, 2011; Cortez et al.,
2020).

The reproductive life histories of snook and tarpon
suggest they spawn during summer and early fall, in syn-
chronicity with wet season patterns that allow access via
hydrologic connections within a habitat mosaic (Wilson
et al., 2019). Snook spawn in coastal passes and nearshore
areas (Taylor et al., 1998) and their eggs are typically trans-
ported into estuarine mangrove habitats (Peters et al., 1998).
In contrast, tarpon spawn offshore and their (leptocephali)
larvae are transported inshore by coastal currents (Crab-
tree et al., 1992). Juvenile snook and tarpon are found in
tidal creeks (Barbour et al., 2014; Wilson et al., 2023) and
in small, ephemerally connected, shallow ponds within a
habitat mosaic of intertidal wetlands (Saari et al., 2025).
The ephemerally connected ponds are isolated during the
dry season and only hydrologically connected during high
wet-season flows or extraordinary seasonal high tidal events
(Bunting et al. 2024; Stevens et al. 2024a). The relative
isolation of the tidally connected creeks and ponds, and
the higher level of isolation of the ephemerally connected
ponds, are thought to provide ample prey and high levels of
protection from aquatic predators (Saari et al., 2025).

While many of the intertidal wetlands containing tidal
creeks and coastal ponds in Charlotte Harbor occur within a
State Preserve system, platted (i.c., defined and mapped) but

undeveloped subdivisions of land around the coastal pre-
serves create habitat threats (Fig. 2). In addition, intertidal
wetlands, in general, are becoming increasingly vulnerable
to sea-level rise, sediment starvation, eutrophication, and
limits on landward migration (Osland et al., 2022; Day et
al., 2024). Future development of the platted subdivisions
in Charlotte Harbor will limit the potential for landward
expansion of the coastal wetlands in response to expected
sea-level rise. The location of these plats will necessitate the
sites being elevated using fill, which will reduce the capac-
ity for stormwater retention. In addition, older developed
areas route stormwater into the preserve, which increases
the potential for nutrient pollution, algal blooms, and pulses
of unseasonal freshwater in the existing preserved ponds.
While juvenile snook and tarpon are highly adapted to sur-
vive in hypoxic or anoxic conditions (Adams et al., 2014;
Adams & Murchie, 2015; Wilson et al., 2019), habitat deg-
radation caused by altered freshwater flows (e.g., increased
total discharge volumes and “flashiness”) and associated
increases in pollutant loadings threaten the ecological
integrity of the juvenile habitat (Adams et al., 2009; Wil-
son et al., 2019). Recognizing the ecological sensitivity of
these coastal habitats, particularly the ponds, and the fact
that regional development is rapidly increasing, it became
apparent to resource managers and researchers that a novel
interdisciplinary planning effort was needed to address the
resulting fish habitat conservation challenges.

Fig. 2 Coastal development abutting sport fish nursery habitat at Charlotte County, on Florida’s Cape Haze Peninsula
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The Knowledge Co-production Effort: Development
of a Research Plan

Workshops supported by the National Oceanic and Atmo-
spheric Administration RESTORE Science Program used
a facilitated co-production process to identify uncertainties
that were prohibiting action related to the management and
restoration of snook and tarpon habitat, and plan action-
able science focused on bridging science and policy gaps
to reduce decision uncertainties. Project investigators and
resource managers developed a planning project designed
to adhere to the co-production practices recommended
by Beier and co-authors (2016). The scope of this project
included a neutral professional facilitation consultant and
— as a firmly established, regionally trusted boundary
spanning organization — the Coastal & Heartland National
Estuary Partnership (CHNEP) provided the platform to host
this initiative.

Actionable science planning co-production workshops
were conducted as an ad hoc advisory Habitat Conservation
Subcommittee (HCS). In the period from November 2021
to July 2022, four half-day public workshops were held
with stakeholders including relevant agencies, NGOs, and
members of the public (Table 1) in a hybrid in-person and
virtual format to maximize participation. HCS workshops
focused on efforts to bridge the science and policy gaps on
sport fish nursery habitat in order to advance efforts on land-
scape conservation and management of coastal fish habitat
in Charlotte County.

Table 1 List of partners involved with the Habitat Conservation Sub-
committee, including the types of organizations and the roles of par-
ticipants

Organization name Type Participant roles
Big Waters Land Trust NGO Subject matter
expert
Bonefish & Tarpon Trust NGO Subject matter
expert
Charlotte County Local Resource manager
government

Coastal & Heartland Place-based Boundary spanner,

National Estuary Partnership program subject matter
expert

Florida Department of Envi- State govern- Subject matter

ronmental Protection ment agency expert

Florida Fish and Wildlife State govern- Resource manager,

Conservation Commission  ment agency researcher, subject
matter expert
Subject matter
expert

Funder, subject

matter expert

Florida Sea Grant University
program
National Oceanic and Atmo- Federal govern-

spheric Administration ment agency

Southwest Florida Water Local Subject matter
Management District government expert
Punta Gorda Isles Fishing NGO Stakeholder

Club

The workshops progressed through a sequence from pro-
viding information on the resources and purpose, to building
consensus about management decisions and decision points,
to collaborative planning of feasible research necessary to
produce decision support products for resource managers.
The discussions within the HCS workshops established a
group understanding of the roles required to successfully
execute actionable science, and led to formation of a coop-
erative team of state and federal agency researchers and
managers, NGOs, individual stakeholders, boundary span-
ning collaborators, and local government managers. The
consensus-based outcomes of the HCS workshops were
captured in a Research and Application Plan that outlines
the research and policy gaps, specific methodologies, and
work plan summaries for conducting actionable research
and the transfer of knowledge from researchers to manag-
ers. The plan was further vetted and approved by CHNEP’s
management conference committees, which include county
administrative and political leaders.

Two principal management questions leading to deci-
sions related to sustaining these natural resources were
defined: (1) Should environmentally sensitive land zon-
ing policies that conserve snook and tarpon nursery habi-
tats (i.e., coastal ponds) be adopted in the 2028 Charlotte
County Comprehensive Plan? (2) Where and how should
targeted habitat restoration be implemented in 2028 by the
state fish & wildlife agency, Florida Fish and Wildlife Con-
servation Commission, to ensure sufficient and sustainable
snook and tarpon nurseries in Charlotte Harbor?

Results

The project team developed several research and policy
themes to reduce management uncertainties, and created
work plans to generate the knowledge needed to fill the
identified gaps. These themes included: (1) Fish Biology:
sport fish and fish community ecology, habitat locations and
utilization, growth, movement, and recruitment; (2) Habi-
tat Function and Management: hydrology, and projection of
development impacts and effects of sea-level rise on func-
tionality and quality; and (3) Habitat Protection, Conserva-
tion and Preservation: strategies and methods to maximize
conservation incentives, influence policies, and improve
the effectiveness of conservation efforts for estuarine sport
fish habitat in Charlotte Harbor. These themes were further
developed by the HCS into specific applications that inform
the two resource management decisions and define potential
decision options (Fig. 3).

The co-produced research plan emphasized the need
for: (1) additional surveys to document the full extent of
juvenile sport fish habitat within the study area, (2) a
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Fig. 3 Decision framework diagram developed during the co-produc-
tion process. Uncertainties (information gaps) surrounding manage-
ment decisions were co-identified by a group of resource managers,
researchers, and stakeholders. The research needs and the application
of research outputs to inform the management decisions are mapped

vulnerability analysis to help prioritize habitats for manage-
ment, (3) hydrologic modeling of a key drainage basin to
address alternative conservation policies, (4) development
of a downscaled coastal habitat evolution model to predict
migration in response to sea-level rise, and (5) functional
monitoring of recently completed restoration projects to
inform future efforts. The research plan is to complete a
series of projects in a stepwise framework, focusing on sport
fish nursery habitat in Charlotte County, Florida, with the
goal of using sport fish socioeconomic status as leverage to
improve land use and growth management practices (Wil-
son et al., 2023). The products will be included in planning
county comprehensive land use policies and state agency
habitat restoration projects.

(1) Define the extent of juvenile sport fish habitat in the
study area.

First, the plan aims to identify the extent and quality sport
fish nursery habitat via fisheries monitoring. This includes
broad-scale surveys to refine the extent of the habitat where
juvenile snook and tarpon occur in the landscape; intensive
sampling at a subset of sites to determine long-term pat-
terns of juvenile snook and tarpon abundance and the prey
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into a workflow process, which is organized into planning themes that
reflect the participants’ areas of expertise. Potential decision options
were devised by resource managers as a reference for the participants
of the co-production process to understand the component parts of the
decisions

resources needed to support these species; and evaluation of
optimal inundation for successful emigration from coastal
ponds. Both broad-scale and intensive sampling will be
performed to inform the GIS-based vulnerability analysis
by identifying which coastal ponds support juvenile sport
fish. The resulting improved understanding of the amount
of marsh flooding needed to allow for emigration of sport
fish will inform stormwater engineering and identify which
upstream habitats may be used by juvenile sport fish in the
future under projected sea-level conditions. Acoustic telem-
etry of fish movement and emigration from habitats will
inform both the hydrologic and coastal evolution models.

(2) Identify vulnerable habitats that managers should
prioritize.

Mapped fish nursery habitat locations and land use map
layers — including developable land, wastewater outflows,
watershed delineations, and habitat coverage and type —
will be used to create a vulnerability analysis (decision-
making support tool). This map-based tool will be used to
prioritize locations identified as nursery habitats for addi-
tional research, rank degraded habitats for restoration, and
prioritize habitats for protection and conservation. The
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outcomes of these assessments will inform land use plan-
ning policy proposals; for example, the application of spe-
cific development regulations or incentives to a distinct
geographic area using planning tools such as zoning overlay
districts.

(3) Predict how land development will affect the hydrol-
ogy of existing sport fish nursery habitats.

A key pressing question is how the expected housing devel-
opment on Charlotte County’s Cape Haze Peninsula (an
area without a stormwater master plan) will affect coastal
pond hydrology and function of the sport fish nurseries. To
answer this question, ecohydrology modeling will be per-
formed to simulate catchment-scale hydrologic processes
and also test alternative development scenarios to inform
land use policy recommendations.

(4) Predict how sea-level rise will affect sport fish nursery
habitats.

The research planning process identified uncertainty related
to the impacts of sea-level rise and evolution of the coastal
habitat. We will model local habitat evolution and flood-
ing under sea-level rise scenarios to forecast coastal habitat
migration and determine if natural and restored waterbodies
could become accessible to sport fish due to tidal flooding.

(5) Evaluate a recently completed restoration project as a
model for future sport fish nursery habitat restoration
projects.

An intensive sampling strategy and fish telemetry meth-
ods applied to natural pond habitats will be used at Lemon
Creek Wildflower Preserve, a former golf course that was
restored to a natural area in 2021 to provide habitat for juve-
nile snook and tarpon (Wilson et al., 2019). Fish movement
data and water level information will be used to determine
if juvenile tarpon successfully emigrate from the restoration
site and contribute to the adult stock. An important bench-
mark of restored nursery habitat is that juvenile fish grow
at comparable rates to those in natural habitats. A study
conducted at the golf course ponds prior to their restora-
tion found the growth of juvenile sport fish to be substan-
dard (Wilson et al., 2019). To assess whether the restoration
has improved the conditions for juvenile sport fish, we will
compare the growth of juvenile snook (using the methods
in Stevens et al., 2024b) between the restoration site and
nearby natural habitats. The resulting comparisons between
this site and other regional habitat restoration projects are
intended to inform the siting and design of a new habitat
restoration project in the study area in 2028.

Discussion
Science-Informed Management

The decision to enact land conservation amendments to the
County Comprehensive Plan to preserve snook and tarpon
nursery habitat requires knowledge of where exactly the
habitat is located and the nature of the threats to proper
nursery function. The new, broad-scale fisheries sampling
defined in the co-produced research plan will reduce the
uncertainty related to knowledge of where juvenile snook
and tarpon occur in the landscape. To meet the contempo-
rary definition of nursery habitat, it is important to show
that juvenile fish can move out of the nursery when the time
is right and contribute to the adult population in the estu-
ary (Beck et al., 2001; Dahlgren et al., 2006; Barbour et al.,
2014). The possibility of juvenile fish remaining trapped in a
habitat is especially concerning for snook and tarpon, which
can be found far into the margins of the coastal landscape
at the interface with urban development. One misplaced
stormwater structure can separate a nursery from either its
headwaters or the open estuary. Thus, the proposed hydro-
logic modeling of the drainage basins and development of a
model that evaluates existing zoning and permitted land use
and the potential effects of sea-level rise on these habitats
are necessary to fully evaluate the risk to these habitats.
The model components above, along with the fish biol-
ogy data, will be used to develop a habitat vulnerability
analysis. This tool is intended to incentivize science-based
protections for sport fish nursery habitats in county and
municipal Comprehensive Plans. The results of the habi-
tat vulnerability analysis will provide site-specific habitat
scores that reflect both the value of the specific habitat to
overall sport fish productivity in the system, as well as the
risks imposed on the habitat by future anthropogenic and
climatic effects. The final habitat vulnerability analysis will
produce an electronic map that can be overlaid on existing
spatial data layers, including permitted land use, existing
infrastructure, and zoning information. The results of this
analysis will integrate information on the natural resource
requirements of these species and can be used as a tool to
support local ordinances and market-based incentive pro-
grams associated with Charlotte County’s development
planning. Creative solutions are required to implement
actions to protect these habitats, such as the county’s Trans-
fer of Density Units program — which encourages a shift
of new residential housing away from environmentally
sensitive areas into designated locations to promote effi-
cient compact development. To inform and optimize the
effectiveness of such solutions, the outcomes of the habitat
vulnerability analysis will be combined with current ordi-
nances and recommended land use practices to produce an
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overlay district (map layer) for Charlotte County. Overlay
tools are widely used in land use planning to apply specific
regulations to distinct geographic areas. Determination of
the county policies that would be most protective of sport
fish nursery habitat is ongoing, pending the outcomes of the
co-production research phase.

The decision to select and site a wetland restoration
design targeted at snook and tarpon nursery habitat in
Charlotte County requires a better understanding of which
design features work for these species. To reduce uncertain-
ties related to design specifications, a restoration completed
in 2021 that specifically attempted to create habitat for juve-
nile snook and tarpon will be evaluated. To demonstrate the
success of restoration efforts targeting juvenile fish, it is
important to confirm that obligate users of coastal wetlands
— such as snook and tarpon — are using the site, growing
at the correct rates, and are able to leave when needed to
complete their life cycle (Schulz et al., 2020). The planned
study design, which utilizes metrics of juvenile growth and
emigration, will determine if the restoration site properly
functions as nursery habitat. The elevations and connection
types for the restoration site were designed so that juvenile
fish would be protected from aquatic predators, have access
to productive prey resources, and could leave the site when
needed. If one of these conditions is not met, adaptive man-
agement may be required (i.e., changes in a culvert design
or elevations). Ultimately, ensuring that this already com-
pleted restoration design is compatible with juvenile sport
fish will help reduce the uncertainties associated with the
siting and design of a new restoration project in 2028.

Preliminary Outcomes

The preliminary outcomes of the co-production effort
include progress toward habitat conservation. Regional land
trusts and county government have shown interest in incor-
porating sport fish habitat location data when prioritizing
land for conservation. Nine parcels of land, comprising 419
hectares, have been identified as high priority for conserva-
tion through conservation easement or fee-simple acquisi-
tion. Charlotte County government has already employed
the co-produced knowledge to inform the establishment of
coastal elevation monitoring locations and conducted com-
pound flood modeling for properties that surround habitat.
Each of these approaches is creating outputs that will help
to better assess the vulnerability of these sport fish nurs-
ery habitats and inform conservation decisions. Without the
involvement of local government planners and knowledge-
able stakeholders, the progress realized to date would not
be possible. Uninformed decisions may have resulted in
ineffective conservation efforts by the state fish and wild-
life agency. In addition, the financial support for planning
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actionable science from the National Oceanic and Atmo-
spheric Administration’s RESTORE Science Program was
invaluable to enable professional facilitation of the HCS
and allowed the knowledge co-production process to occur.

This study demonstrates that engagement in a co-produc-
tion process can lead to increased investment in research
that informs habitat conservation and restoration. Restora-
tion within the study area includes a disused golf course
(Lemon Creek Wildflower Preserve; Wilson et al., 2019),
relic canals converted to fish habitat (Coral Creek Phase
2 restoration; Stevens et al. 2024a; Wilson and Adams, in
preparation), and creation of coastal ponds in a ditched
marsh (Coral Creek Phase 3, currently ongoing). In inter-
actions with restoration practitioners and engineers dating
back a decade, it became apparent that more detailed infor-
mation was needed on how best to restore habitat for juve-
nile snook and tarpon, as flagship species that use coastal
wetlands in Southwest Florida. Research priorities shifted
to address this issue (Wilson et al., 2019; Schulz et al., 2020;
Stevens et al., 2023; Bunting et al. 2024; Stevens et al.
2024a, b; Saari et al. 2025). For example, the results of fish
sampling efforts combined with a detailed habitat assess-
ment (Stevens et al. 2024a) found that juvenile snook used
coastal ponds that were directly connected to tidal creeks
(e.g., elevation—0.12 m relative to Mean Low Water). In
contrast, juvenile tarpon were more likely to be present in
coastal ponds separated from tidal creeks by dense man-
grove forest (e.g., elevation>0.48 m above Mean Low
Water) and characterized by highly organic sediment and
low dissolved oxygen, to which tarpon are well adapted.
These types of details can be used by restoration practitio-
ners and engineers to improve restoration design that targets
the creation of habitat for these species. Ideally, determining
the success of restoration that includes fish habitat should
include assessments of growth (are fish growing at the rates
they should be?) and estimates of emigration (are enough
fish surviving and do they contribute to adult populations
in the open estuary?). Protocols have been developed for
the assessment of snook growth (Stevens et al. 2024b) and
emigration studies in coastal wetland habitat have been con-
ducted (Wilson et al., 2019; Bunting et al., 2024).

The results of this research have also spread beyond the
initial study area and are being applied by managers and
researchers to co-design habitat restoration in adjacent
estuaries. For example, new research is being conducted to
inform hydrologic restoration at Terra Ceia Preserve State
Park, which contains numerous coastal ponds along the
shorelines of Tampa Bay, Florida. Ideally, an adaptive resto-
ration approach should be adopted to create juvenile snook
and tarpon habitat, in that engineers and restoration practitio-
ners should plan on returning to the site to potentially make
adjustments after a period of post-restoration monitoring.
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Such an approach is being used at Robinson Preserve in
Bradenton, Florida, where snook and tarpon habitat was cre-
ated from disused farmland. Backwater lagoons and coastal
ponds designed as snook and tarpon habitat were found to
be more connected than originally planned after conduct-
ing circulation modeling and fish sampling post-restoration.
To reduce connectivity within the habitat mosaic, changes
are being made to connection points (e.g., elevation, cul-
vert size) and efforts are underway to encourage high-relief
oyster habitat and mangrove expansion at the entrances to
estuarine features.

Challenges

As this co-production process that includes local govern-
ment continues over the next decade, we expect to face chal-
lenges and barriers. Piczak et al. (2022) described expected
challenges in co-production, which include: (1) agency
participation and meaningful engagement, (2) the stability
of time commitments and financial resources, (3) closed or
exclusive networks, and (4) evolving political landscapes.

The state fish and wildlife agency involved in this co-
production effort is implementing a strategic initiative to
better engage in landscape conservation. This effort has
identified where communication can be improved between
different sections of the agency and with conservation part-
ners that have experience in the appropriate level of land
use planning. Due to organizational siloing, many partners
have experienced challenges connecting with the appro-
priate personnel. Co-production provides more opportu-
nities for intra-agency and external partner coordination.
Staff turnover is an additional hurdle to bridging the gap
between agency sections, as it contributes to loss of institu-
tional knowledge and management inefficiencies (e.g., Ful-
ton, 2023). Conservation efforts, such as land acquisitions,
can take up to a decade or more and require a network of
professional relationships across the agency and its part-
ners to be effective (Vangen & Huxham, 2003). Therefore,
although agency participation and meaningful engagement
is currently high, the stability of time commitments from
veteran staff is expected to become a challenge. The chal-
lenge of sustained staff engagement becomes heightened
as interactions with partners, including local government,
are considered. Early and mid-career members of local
government who have become knowledgeable about the
importance of conserving and restoring fish habitat, and are
motivated to implement meaningful actions, are likely to
move on to other jobs within a five-year time span (Minzlaff
et al., 2025). Due to this frequent turnover, and redundancy
between roles, communication plans and the institutional-
ization of co-production are necessary to quickly integrate
new staff into co-production efforts.

Time commitments can also present an issue if there are
large time gaps between the steps in the planning-to-deci-
sion making pipeline. Conducting actionable science can
take years, and participants may become disengaged with a
slow process. Keeping multiple staff members with diverse
expertise engaged over the long term is a challenge for mul-
tifaceted fisheries and wildlife agencies in particular. Main-
taining active engagement with the process allows staff
designated as single points of contact to pull in additional
experts from their organization when an issue or opportu-
nity emerges. Commitment to a lengthy co-production pro-
cess may also be challenging for unpaid participants. While
the co-production described in this case study did not rely
heavily on unpaid members of the HCS, additional stake-
holders may have been able to participate if monetary com-
pensation was provided to those who otherwise volunteer
their time and expertise.

Another challenge related to the co-production process
described here is the lack of long-term dedicated funding for
both the processes and the proposed outcomes (i.e. aquatic
habitat restoration and local government policy implemen-
tation). Local land use policy operates at decadal timescales,
and restoration actions can take a full decade with additional
time needed for post-monitoring and adaptive restoration.

Additional challenges associated with exclusive net-
works and evolving political landscapes are relevant to land
use planning and stormwater infrastructure. Conceptual
plans for large subdivisions, for example, can be approved
20 years before the first actions at the site begin. Further
progress is needed to develop avenues for knowledge gen-
erators and knowledge users to interact with urban and sub-
urban developers at an early enough stage in the planning
process to influence site planning, particularly with respect
to the siting of hydrologic corridors and selection of storm-
water infrastructure. These plans were often developed
under a different political and regulatory landscape than the
current landscape. In Cape Haze Peninsula, one of the study
areas associated with this effort, a portion of the landscape
was platted and sold as properties designated for individual
single-family homes. Roads and drainage infrastructure
were put in place to allow access to those properties; how-
ever, the stormwater management requirements at that time
differ substantially from current mandates. It is unclear if
the stormwater treatment will be improved to modern stan-
dards; although home construction has yet to occur through-
out much of the area, single family homes are exempt from
most modern stormwater management requirements. In
addition, the state legislature has passed statutes placing a
one-year moratorium on any changes to local government-
development regulations or their Comprehensive Plan that
might be more restrictive or “burdensome” to develop-
ment or reconstruction activities if the local government is
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included in a federal disaster declaration due to hurricane
impacts. The frequency with which coastal communities are
impacted by hurricanes presents the risk that local govern-
ments may be regularly constrained by this statute.

During the co-production process described here, it
became apparent that regulatory and policy hurdles fre-
quently come into play when attempting to execute legally
defensible protection measures for snook and tarpon habi-
tat. As conservation opportunities are identified, it can be
difficult to identify the appropriate people to notify and
educate. Regulatory authority and conservation work are
scattered across various government agencies and NGOs,
making this case a poor fit with a traditional ‘loading dock’
approach from science to action (Beier et al., 2016), but
highly suited to the co-production of actionable science.
However, boundary organizations can serve as a critical
conduit between agencies, local government departments,
NGOs, and engaged stakeholders.

Conclusions

Implementation of the co-produced research plan is being
conducted until the end of 2028 with funding from the
RESTORE Science Program, to address the research ques-
tions identified above. Decision-support products are being
produced to coincide with the next planned revision of
Charlotte County’s Comprehensive Plan. Land use policies
designed to protect fish habitat, watersheds, wetlands, and
drainage features are likely to also have co-benefits for flood
attenuation and water quality management. Land acquisi-
tion policies can further prioritize coastal zone buffering,
and thus add value to developments built to complement
rather than conflict with fish habitats. Habitat restoration or
creation inland could mitigate the functional loss of discrete
nursery habitats that is predicted by sea-level rise models.
All strategies of this effort aim to sustain resource produc-
tivity and community economic benefits stemming from
incorporating management of juvenile sport fish habitat as
a component of fisheries management and local land use
planning.

Acknowledgements Michael R. Wessel, Tiffany Busby, Tina Gordon,
Tricia Kyzar provided workshop facilitation. Doug Robison and Shaun
Cullinan provided technical assistance. The authors thank Aaron J.
Adams for thoughtful comments on our manuscript.

Author Contributions All authors contributed to the study conception
and design. CRA led the original proposal that allowed for facilitated
meetings with local government. CRS led a proposal that allowed for
subsequent research funding and project implementation. The first
draft of the manuscript was written by CRA and PWS. All authors
commented on early versions of the manuscript and approved the final
manuscript.

@ Springer

Funding Funding was provided by the National Oceanic and Atmo-
spheric Administration’s RESTORE Science Program (ROR; https:/
/ror.org/0042xzm63) under award NA21NOS4510190 to the Fish &
Wildlife Foundation of Florida and award NA23NOS4510308 to the
Florida Fish and Wildlife Conservation Commission. Additional fund-
ing was provided by the State of Florida Saltwater Fishing License
sales, U.S. Department of the Interior, U.S. Fish and Wildlife Service,
and Federal Aid for Sport Fish Restoration to the Florida Fish and
Wildlife Conservation Commission.

Declarations

Ethics Approval and Consent to Participate Not applicable.
Consent for Publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Adams, A. J., Horodysky, A. Z., McBride, R. S., Guindon, K., Shenker,
J., MacDonald, T. C., Harwell, H. D., Ward, R., & Carpenter, K.
(2014). Global conservation status and research needs for tarpons
(Megalopidae), ladyfishes (Elopidae) and bonefishes (Albulidae).
Fish and Fisheries, 15(2), 280-311. https://doi.org/10.1111/faf.
12017

Adams, A. J., Wolfe, R. K., & Layman, C. A. (2009). Preliminary
examination of how human-driven freshwater flow alteration
affects trophic ecology of juvenile snook (Centropomus undeci-
malis) in estuarine creeks. Estuaries and Coasts, 32(4), 819-828.
https://doi.org/10.1007/s12237-009-9156-x

Adams, A. J., & Murchie, K. J. (2015). Recreational fisheries as con-
servation tools for mangrove habitats. Pages 43—56 in KJ Murchie
and PP Daneshgar, editors. Mangroves as fish habitat. American
Fisheries Society, Symposium 83. Bethesda, Maryland. https://do
i.0rg/10.47886/9781934874424

Bandola-Gill, J., Arthur, M., & Leng, R. I. (2023). What is co-pro-
duction? Conceptualising and understanding co-production of
knowledge and policy across different theoretical perspectives.
Evidence & Policy, 19(2), 275-298. https://doi.org/10.1332/174
426421X16420955772641

Barbour, A. B., Adams, A. J., & Lorenzen, K. (2014). Size-based, sea-
sonal, and multidirectional movements of an estuarine fish spe-
cies in a habitat mosaic. Marine Ecology Progress Series, 507,
263-276. https://doi.org/10.3354/meps10837

Beck, M. W., Altieri, A., Angelini, C., Burke, M. C., Chen, J., Chin,
D. W, Gardiner, J., Hu, C., Hubbard, K. A., Liu, Y., Lopez, C.,
Medina, M., Morrison, E., Philps, E. J., Raulerson, G. E., Scolary,


https://ror.org/0042xzm63
https://ror.org/0042xzm63
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/faf.12017
https://doi.org/10.1111/faf.12017
https://doi.org/10.1007/s12237-009-9156-x
https://doi.org/10.1007/s12237-009-9156-x
https://doi.org/10.47886/9781934874424
https://doi.org/10.47886/9781934874424
https://doi.org/10.1332/174426421X16420955772641
https://doi.org/10.1332/174426421X16420955772641
https://doi.org/10.3354/meps10837

Estuaries and Coasts (2026) 49:98

Page 110of 12 98

S., Sherwood, E. T., Tomasko, D., Weisberg, R. H., & Whalen,
J. (2022). Initial estuarine response to inorganic nutrient inputs
from a legacy mining facility adjacent to Tampa Bay, Florida.
Marine Pollution Bulletin, 178, Article 113598. https://doi.org/10
.1016/j.marpolbul.2022.113598

Beck, M. W., Flaherty-Walia, K., Scolaro, S., Burke, M. C., Furman,
B. T., Karlen, D. J., Pratt, C., Anastasiou, C. J., & Sherwood, E.
T. (2024). Hot and fresh: Evidence of climate-related suboptimal
water conditions for seagrass in a large gulf coast estuary. Estuar-
ies and Coasts, 47(6), 1475-1497. https://doi.org/10.1007/s1223
7-024-01385-0

Beck, M. W., Heck, K. L., Able, K. W., Childers, D. L., Eggleston,
D. B., Gillanders, B. M., Halpers, B., Hays, C. G., Hoshino, K.,
Minello, T. J., Orth, R. J., Sheridan, P. F., & Weinstein, M. P.
(2001). The identification, conservation, and management of
estuarine and marine nurseries for fish and invertebrates: A better
understanding of the habitats that serve as nurseries for marine
species and the factors that create site-specific variability in nurs-
ery quality will improve conservation and management of these
areas. Bioscience, 51(8), 633—641. https://doi.org/10.1641/0006
-3568(2001)051[0633:TICAMO]2.0.CO;2

Beier, P, Hansen, L. J., Helbrecht, L., & Behar, D. (2016). A how-to
guide for coproduction of actionable science. Conservation Let-
ters, 10(3), 288-296. https://doi.org/10.1111/conl.12300

Brody, S. D. (2016). Ecosystem planning in Florida: Solving regional
problems through local decision-making. Routledge. https://doi.o
1rg/10.4324/9781315578750

Bunting, M. S., Stevens, P. W., Blewett, D. A., Tuckett, Q. M., Hill, J.
E., Poulakis, G. R., Shea, C. P., & Saari, C. R. (2024). Emigration
of juvenile tarpon Megalops atlanticus from ephemerally con-
nected coastal ponds. Estuaries and Coasts, 47(8), 2493-2509. h
ttps://doi.org/10.1007/s12237-024-01424-w

Burnett, K. M., Reeves, G. H., Miller, D. J., Clarke, S., Vance-Borland,
K., & Christiansen, K. (2007). Distribution of salmon-habitat
potential relative to landscape characteristics and implications for
conservation. Ecological Applications, 17(1), 66—80. https://doi.o
rg/10.1890/1051-0761(2007)017[0066:DOSPRT]2.0.CO;2

Cooke, S. J., Nguyen, V. M., Chapman, J. M., Reid, A. J., Landsman,
S. J., Young, N., Hinch, S. G., Schott, S., Mandrak, N. E., &
Semeniuk, C. A. D. (2021). Knowledge co-production: A path-
way to effective fisheries management, conservation, and gover-
nance. Fisheries, 46(2), 89-97. https://doi.org/10.1002/fsh.10512

Copsey, A. D. (1992). The protection of wildlife under Washing-
ton’s Growth Management Act. University of Puget Sound Law
Review, 16, 1101.

Cortez, C., Seidel, V., Diamond, C., & Mandell, E. (2020). Economic
Valuation of the Coastal & Heartland National Estuary Partner-
ship Area. The Balmoral Group, Winter Park, FL. https://www.
chnep.org/_files/ugd/252fd8 c6acf418728a4c979cfbda427aad4bf
30.pdf

Crabtree, R. E., Cyr, E. C., Bishop, R. E., Falkenstein, L. M., & Dean,
J. M. (1992). Age and growth of tarpon, Megalops atlanticus, lar-
vae in the eastern Gulf of Mexico, with notes on relative abun-
dance and probable spawning areas. Environmental Biology of
Fishes, 35(4), 361-370. https://doi.org/10.1007/BF00004988

Dahlgren, C. P, Kellison, G. T., Adams, A. J., Gillanders, B. M., Ken-
dall, M. S, Layman, C. A., Ley, J. A., Nagelkerken, 1., & Serafy,
J. E. (2006). Marine nurseries and effective juvenile habitats:
Concepts and applications. Marine Ecology Progress Series, 312,
291-295. https://doi.org/10.3354/meps312291

Day, J., Anthony, E., Costanza, R., Edmonds, D., Gunn, J., Hopkinson,
C., Mann, M. E., Morris, J., Osland, M., Quirk, T., & Rovai, A.
(2024). Coastal wetlands in the anthropocene. Annual Review of
Environment and Resources, 49(1), 105-135. https://doi.org/10.1
146/annurev-environ-121922-041109

Ditton, R. B., Holland, S. M., & Anderson, D. K. (2002). Recreational
fishing as tourism. Fisheries, 27(3), 17-24. https://doi.org/10.157
7/1548-8446(2002)027%3C0017:RFAT%3E2.0.CO;2

Fedler, A. J. (2011). The Economic Impact of Recreational Tarpon
Fishing in the Caloosahatchee River and Charlotte Harbor
Region of Florida. The Everglades Foundation. https://www.bo
nefishtarpontrust.org/downloads/research-reports/stories/caloosa
hatchee-final-economics-report-wexsum.pdf

Flaherty, K. E., & Landsberg, J. H. (2011). Effects of a persistent red
tide (Karenia brevis) bloom on community structure and species-
specific relative abundance of nekton in a Gulf of Mexico estuary.
Estuaries and Coasts, 34(2), 417-439. https://doi.org/10.1007/s1
2237-010-9350-x

Fulton, S. (2023). Institutional amnesia pushes fish spawning aggrega-
tions towards extirpation. People and Nature, 5(2), 489—495. http
s://doi.org/10.1002/pan3.10462

Hall, M. O., Furman, B. T., Merello, M., & Durako, M. J. (2016).
Recurrence of Thalassia testudinum seagrass die-off in Florida
Bay, USA: Initial observations. Marine Ecology Progress Series,
560, 243-249. https://doi.org/10.3354/meps11923

Harvey, C. J., Dereynier, Y. L., Morrison, W. E., Cudney, J. L., Dick,
D. M., Ford, T., Gore, K., Gove, J. M., Hazen, E. L., Hermsen, J.
M., Kamikawa, K., Karnauskas, M., Large, S. 1., Loughran, T. C.,
Lucey, S. M., Oakes, S. A., Peterson, J. O., Pirtle, J. L., Lewis, S.,
... Link, J. S. (2025). The US Ecosystem-Based Fisheries Man-
agement Policy and Road Map: Assessing progress and applying
lessons learned. Fish and Fisheries, 26(5), 957-974. https://doi.o
rg/10.1111/faf.70012

Lapointe, B. E., Herren, L. W., Brewton, R. A., & Alderman, P. K.
(2020). Nutrient over-enrichment and light limitation of seagrass
communities in the Indian River Lagoon, an urbanized sub-
tropical estuary. Science of the Total Environment, 699, Article
134068. https://doi.org/10.1016/j.scitotenv.2019.134068

Laschever, E. S. (1998). An overview of Washington’s Growth Man-
agement Act. Pacific Rim Law & Policy Journal, 7, 657.

Lohse, K. A., Newburn, D. A., Opperman, J. J., & Merenlender, A. M.
(2008). Forecasting relative impacts of land use on anadromous
fish habitat to guide conservation planning. Ecological Applica-
tions, 18(2), 467-482. https://doi.org/10.1890/07-0354.1

Lynch, A. J. & Liu, J. (2014). Fisheries as coupled human and natural
systems. In W. W. Taylor, A. J. Lynch, & N. J. Léonard (Eds.),
Future of fisheries: Perspectives for emerging professionals (pp.
459—466). American Fisheries Society.

Masselink, G., & Lazarus, E. D. (2019). Defining coastal resilience.
Water, 11(12), Article 2587. https://doi.org/10.3390/w11122587

Medina, M., Beck, M. W., Hecker, J., ladevaia, N., Moody, B., Anasta-
siou, C., Tomasko, D., Milbrandt, E. C., Kaplan, D., & Angelini,
C. (2025). Water quality trends and eutrophication indicators in
a large subtropical estuary: A case study of the greater Charlotte
Harbor system in Southwest Florida. Estuaries and Coasts, 48(2),
Article 56. https://doi.org/10.1007/s12237-025-01488-2

Medina, M., Kaplan, D., Milbrandt, E. C., Tomasko, D., Huffaker,
R., & Angelini, C. (2022). Nitrogen-enriched discharges from
a highly managed watershed intensify red tide (Karenia brevis)
blooms in southwest Florida. Science of the Total Environment,
827, Article 154149. https://doi.org/10.1016/].scitotenv.2022.15
4149

Minzlaff, K. A., Palmer, S., & Fillery-Travis, A. (2025). The signifi-
cance and challenges of turnover and retention of millennial pro-
fessionals. Journal of Work-Applied Management, 17(1), 34—49.
https://doi.org/10.1108/TWAM-07-2023-0062

Morris, L. J., Hall, L. M., Jacoby, C. A., Chamberlain, R. H., Hani-
sak, M. D., Miller, J. D., & Virnstein, R. W. (2022). Seagrass
in a changing estuary, the Indian River Lagoon, Florida, United
States. Frontiers in Marine Science, 8, Article 789818. https://do
i.org/10.3389/fmars.2021.789818

@ Springer


https://doi.org/10.1577/1548-8446(2002)027%3C0017:RFAT%3E2.0.CO;2
https://doi.org/10.1577/1548-8446(2002)027%3C0017:RFAT%3E2.0.CO;2
https://www.bonefishtarpontrust.org/downloads/research-reports/stories/caloosahatchee-final-economics-report-wexsum.pdf
https://www.bonefishtarpontrust.org/downloads/research-reports/stories/caloosahatchee-final-economics-report-wexsum.pdf
https://www.bonefishtarpontrust.org/downloads/research-reports/stories/caloosahatchee-final-economics-report-wexsum.pdf
https://doi.org/10.1007/s12237-010-9350-x
https://doi.org/10.1007/s12237-010-9350-x
https://doi.org/10.1002/pan3.10462
https://doi.org/10.1002/pan3.10462
https://doi.org/10.3354/meps11923
https://doi.org/10.1111/faf.70012
https://doi.org/10.1111/faf.70012
https://doi.org/10.1016/j.scitotenv.2019.134068
https://doi.org/10.1890/07-0354.1
https://doi.org/10.3390/w11122587
https://doi.org/10.1007/s12237-025-01488-2
https://doi.org/10.1016/j.scitotenv.2022.154149
https://doi.org/10.1016/j.scitotenv.2022.154149
https://doi.org/10.1108/JWAM-07-2023-0062
https://doi.org/10.1108/JWAM-07-2023-0062
https://doi.org/10.3389/fmars.2021.789818
https://doi.org/10.3389/fmars.2021.789818
https://doi.org/10.1016/j.marpolbul.2022.113598
https://doi.org/10.1016/j.marpolbul.2022.113598
https://doi.org/10.1007/s12237-024-01385-0
https://doi.org/10.1007/s12237-024-01385-0
https://doi.org/10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2
https://doi.org/10.1111/conl.12300
https://doi.org/10.4324/9781315578750
https://doi.org/10.4324/9781315578750
https://doi.org/10.1007/s12237-024-01424-w
https://doi.org/10.1007/s12237-024-01424-w
https://doi.org/10.1890/1051-0761(2007)017[0066:DOSPRT]2.0.CO;2
https://doi.org/10.1890/1051-0761(2007)017[0066:DOSPRT]2.0.CO;2
https://doi.org/10.1002/fsh.10512
https://www.chnep.org/_files/ugd/252fd8_c6acf418728a4c979cfbda427aa4bf30.pdf
https://www.chnep.org/_files/ugd/252fd8_c6acf418728a4c979cfbda427aa4bf30.pdf
https://www.chnep.org/_files/ugd/252fd8_c6acf418728a4c979cfbda427aa4bf30.pdf
https://doi.org/10.1007/BF00004988
https://doi.org/10.3354/meps312291
https://doi.org/10.1146/annurev-environ-121922-041109
https://doi.org/10.1146/annurev-environ-121922-041109

98 Page 12 of 12

Estuaries and Coasts (2026) 49:98

Nel, J. L., Roux, D. J., Driver, A., Hill, L., Maherry, A. C., Snaddon,
K., Petersen, C. R., Smith-Ado, L. B., Van Deventer, H., & Rey-
ers, B. (2016). Knowledge co-production and boundary work to
promote implementation of conservation plans. Conservation
Biology, 30(1), 176—188. https://doi.org/10.1111/cobi.12560

Osland, M. J., Chivoiu, B., Enwright, N. M., Thorne, K. M., Guntens-
pergen, G. R., Grace, J. B, Dale, L. L., Brooks, W., Herold, N.,
Day, J. W., & Sklar, F. H. (2022). Migration and transformation
of coastal wetlands in response to rising seas. Science Advances,
8(26), Article eabo5174. https://doi.org/10.1126/sciadv.abo5174

Pannozzo, P. L., Quintana-Ascencio, P. F., Hinkle, C. R., & Noss, R. F.
(2015). Are state growth management programs viable tools for
biodiversity conservation? A case study examining Florida local
governments. Landscape and Urban Planning, 139, 94-103.

Peters, K. M., MathesonJr, R. E., & Taylor, R. G. (1998). Reproduction
and early life history of common snook, Centropomus undeci-
malis (Bloch), in Florida. Bulletin of Marine Science, 62(2),
509-529.

Piczak, M. L., Anderton, R., Cartwright, L. A., Little, D., MacPherson,
G., Matos, L., McDonald, K., Portiss, R., Riehl, M., Sciscione,
T., Valere, B., Wallace, A. M., Young, N., Doka, S. E., Midwood,
J. D., & Cooke, S. J. (2022). Towards effective ecological res-
toration: Investigating knowledge co-production on fish-habitat
relationships with Aquatic Habitat Toronto. Ecological Solutions
and Evidence, 3(4), ¢12187. https://doi.org/10.1002/2688-8319.
12187

Résédnen, A., Sarkki, S., Haanpdi, O., Isolahti, M., Kekkonen, H.,
Kikuchi, K., Koukkari, V., Karkkidinen, K., Miettinen, J., Ménty-
maa, E., Nieminen, M., Rahkila, R., Ruohonen, A., Sarkkola, S.,
Vilimaki, M., Yliperttula, K., & Heikkinen, H. 1. (2024). Bridg-
ing the knowledge-action gap: A framework for co-producing
actionable knowledge. Environmental Science & Policy, 162,
103929. https://doi.org/10.1016/j.envsci.2024.103929

Saari, C. R., Stevens, P. W., Bunting, M. S., Chase, K. S., & Blewett,
D. A. (2025). Fish assemblages of coastal ponds used by juve-
nile Common Snook and Tarpon. Marine and Coastal Fisheries,
17(5), vtaf017. https://doi.org/10.1093/mcfafs/vtaf017

Schrandt, M. N., Peake, J. A., & MacDonald, T. C. (2023). Sportfish
abundance trends in changing estuaries. Florida Scientist, 86(2),
107-119. https://www.jstor.org/stable/27265802

Schulz, K., Stevens, P. W., Hill, J. E., Trotter, A. A., Ritch, J. L., Wil-
liams, K. L., Patterson, J. T., & Tuckett, Q. M. (2020). Coastal
wetland restoration improves habitat for juvenile sportfish in
Tampa Bay, Florida, USA. Restoration Ecology, 28(5), 1283—
1295. https://doi.org/10.1111/rec.13215

@ Springer

Stevens, P. W., Blewett, D. A., Anderson, C. R., Saari, C. R., Shea,
C. P, Craig, C. A., & Radabaugh, K. R. (2024a). Characterizing
Juvenile Common Snook and Tarpon Habitat to Guide Conserva-
tion and Restoration of Coastal Wetlands. Wetlands, 44(8), 108. h
ttps://doi.org/10.1007/s13157-024-01844-1

Stevens, P. W., Blewett, D. A., Boucek, R. E., Rehage, J. S., Winner, B.
L., Young, J. M., Whittington, J. A., & Paperno, R. (2016). Resil-
ience of a tropical sport fish population to a severe cold event
varies across five estuaries in southern Florida. Ecosphere, 7(8),
€01400. https://doi.org/10.1002/ecs2.1400

Stevens,P. W., Paperno, R., Beal, J. L., MacDonald, T. C., Miller, H.
N., Klarmann, P. A., & Malinowski, C. R. (2023). Identification
of fish habitat hotspots for use in prioritizing conservation and
restoration projects in coastal rivers. Environmental Biology of
Fishes, 106(2), 221-235. https://doi.org/10.1007/s10641-022-01
226-8

Stevens, P. W., Williams, K. L., Pfennig, M. B., Schloesser, R. W.,
Trotter, A. A., & Crane, D. P. (2024b). Use of hatchery-raised fish
in validation of daily age estimates for juvenile Common Snook.
Marine and Coastal Fisheries, 16(6), Article e10321. https://doi.
org/10.1002/mcf2.10321

Taylor, R. G., Grier, H. J., & Whittington, J. A. (1998). Spawning
rhythms of common snook in Florida. Journal of Fish Biology,
53(3), 502-520.

Vangen, S., & Huxham, C. (2003). Nurturing collaborative relations:
Building trust in interorganizational collaboration. The Journal of
applied behavioral science, 39(1), 5-31. https://doi.org/10.1177/
0021886303039001001

Wilson, J. K., Adams, A. J., & Ahrens, R. N. (2019). Atlantic tarpon
(Megalops atlanticus) nursery habitats: Evaluation of habitat
quality and broad-scale habitat identification. Environmental
Biology of Fishes, 102(2), 383—402. https://doi.org/10.1111/j.10
95-8649.1998.tb00998.x

Wilson, J. K., Stevens, P. W., Blewett, D. A., Boucek, R., & Adams,
A.J. (2023). A new approach to define an economically impor-
tant fish as an umbrella flagship species to enhance collaborative
stakeholder-management agency habitat conservation. Environ-
mental Biology of Fishes, 106(2), 237-254. https://doi.org/10.10
07/s10641-022-01214-y

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s13157-024-01844-1
https://doi.org/10.1007/s13157-024-01844-1
https://doi.org/10.1002/ecs2.1400
https://doi.org/10.1007/s10641-022-01226-8
https://doi.org/10.1007/s10641-022-01226-8
https://doi.org/10.1002/mcf2.10321
https://doi.org/10.1002/mcf2.10321
https://doi.org/10.1177/0021886303039001001
https://doi.org/10.1177/0021886303039001001
https://doi.org/10.1111/j.1095-8649.1998.tb00998.x
https://doi.org/10.1111/j.1095-8649.1998.tb00998.x
https://doi.org/10.1007/s10641-022-01214-y
https://doi.org/10.1007/s10641-022-01214-y
https://doi.org/10.1111/cobi.12560
https://doi.org/10.1126/sciadv.abo5174
https://doi.org/10.1002/2688-8319.12187
https://doi.org/10.1002/2688-8319.12187
https://doi.org/10.1016/j.envsci.2024.103929
https://doi.org/10.1093/mcfafs/vtaf017
https://www.jstor.org/stable/27265802
https://doi.org/10.1111/rec.13215

	﻿Knowledge Co-production to Inform Fish Habitat Conservation: A Case Study Highlighting Engagement With Local Government
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study Area, Focal Species, and Conservation Needs
	﻿The Knowledge Co-production Effort: Development of a Research Plan

	﻿Results
	﻿Discussion
	﻿Science-Informed Management
	﻿Preliminary Outcomes
	﻿Challenges

	﻿Conclusions
	﻿References


