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Coastal Louisiana’s ecosystems are threatened by anthropogenic factors exacerbated by climate change induced
sea-level rise. The 2010 Deepwater Horizon oil spill resulted in injuries and deaths to coastal birds in Louisiana,
and the ongoing loss of habitat has limited the potential for successful nesting of resident birds throughout the
coast. Habitat loss is being addressed through increased large-scale ecosystem restoration as a result of settlement
funds from the Deepwater Horizon oil spill. To further inform bird restoration in Louisiana, an avian restoration
guidance document (Guidance for Coastal Ecosystem Restoration and Monitoring to Create or Improve Bird-Nesting
Habitat, 2023) was developed to maximize restoration benefits for coastal breeding birds while also achieving
broader habitat restoration objectives. The developed restoration guidance was co-produced by subject-matter
experts and professionals, including avian experts, engineers, and coastal restoration project managers. The
result of this cross-disciplinary effort was specific and targeted guidance that presents designable habitat features
that are in the control of project engineers and are also important high-value bird nesting habitats (e.g., shoreline
access, elevation heterogeneity and edge habitat). For the first time in Louisiana, defined nest-site characteristics
and monitoring approaches are readily available to inform ecosystem restoration project implementation. The
restoration document specifically emphasizes bird species that breed and nest in coastal habitats in Louisiana,
and restoration managers can use these guidelines to explicitly incorporate bird nesting habitat features into
coastal restoration planning, design, and implementation. In developing this guidance, many knowledge gaps
and data needs were identified specific to engineering and project design, enabling the research community to
frame research questions around specific coastal restoration questions. The co-production of science model
applied here for avian resources is applicable to a wide range of other living marine resources that may benefit
from large-scale ecosystem restoration and is an example of the benefits of working relationships, communica-
tions, and common goal setting.

1. Introduction of implementing a large-scale coastal restoration plan known as the

Louisiana Coastal Master Plan (Coastal Protection and Restoration Au-

Coastal restoration, specifically large-scale ecosystem restoration for
recovery of coastal lands and habitats, is employed globally as a miti-
gation and adaptation response to climate change (Ismail and Putra,
2022; Lovelock et al., 2022; Rudianto et al., 2022). In response to
climate change and a coastal land loss crisis that has claimed nearly
5000 km? of land since the 1930s, the State of Louisiana is in the process

thority [CPRA], 2023a). As part of implementing its Coastal Master Plan,
and following a $6.8 billion settlement from the 2010 Deepwater Horizon
(DWH) oil spill, Louisiana has focused many restoration efforts on nat-
ural resources including habitats and associated wildlife that were
injured as a result of the spill (Henkel and Dausman, 2020).

Several of the bird species impacted by the DWH oil spill, including
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Seaside Sparrows (Ammospiza maritima), Reddish Egrets (Egretta rufes-
cens), and Gull-billed Terns (Gelochelidon nilotica), have exhibited
decreasing population trends due to habitat losses and are identified as
birds of conservation concern by both state and federal agencies (Hol-
comb et al., 2015; U.S. Fish and Wildlife Service, 2021). The types of
birds injured because of the spill, including those mentioned, vary
greatly in their morphology, biology, and overall use of coastal habitats.
To meet the broad suite of specialized needs by birds and benefit the
maximum numbers of species, bird habitat restoration efforts must be
variable in their design. However, the effects and overall benefits of
restoration activities can be difficult to assess, and evaluating restora-
tion success from a biological standpoint is both a challenging and
highly variable process often dictated by pre-determined metrics or
goals (Block et al., 2001; Ruiz-Jaen and Aide, 2005; Wortley et al., 2013;
Zedler, 2007).

Historically, habitat restoration projects in Louisiana have priori-
tized acreage as the primary metric for success, with the assumption that
if land was created, birds will occupy restored sites and thus, ultimately
benefit from restored (or created) sites (“Field of Dreams Hypothesis™;
see Ahlering and Faaborg, 2006). However, wildlife use, timing of oc-
cupancy, and life-history stage benefited (e.g., staging, wintering,
breeding) at restored sites differ over the life of the project, and optimal
conditions often require specific habitat features that vary by species
and through time (Cross et al., 2022; Kneib, 2003; Winchell and Doh-
erty, 2018). Breeding birds, for example, require habitats with specific
vegetation, sediment, and elevation characteristics that are suitable for
nest establishment and chick rearing (Beaver et al., 1980; Fournier et al.,
2021a; Owen and Pierce, 2013; Visser and Peterson, 1994). The complex
nature of restoring habitat for a variety of bird species necessitates
knowledge sharing and collaboration between restoration engineers,
avian habitat biologists, and avian ecologists.

Case studies imply that given the broad reaches of birds across
physical, political, and academic boundaries, bird-related conservation
issues and research gaps are especially well suited for collaborative, or
co-produced science approaches (Saunders et al., 2021). In addition,
co-production of science for ecosystem restoration has led to promising
outcomes that often include interdisciplinary solutions and tools that
help to inform decision making and meet project goals (Durrant et al.,
2023; Lavorel et al., 2020; Ladouceur et al., 2022; Manuel et al., 2023).

The DWH Programmatic Damage Assessment and Restoration Plan
(PDARP) identifies habitat and bird restoration goals (DWH NRDA
Trustees, 2016). To meet the goals of the PDARP, the Louisiana Trustee
Implementation Group (LA TIG), which makes restoration decisions and
identifies monitoring and adaptive management priorities for Louisiana,
identified the need for a comprehensive decision-making tool developed
through a collaborative, co-production approach. This resulted in the
Guidance for Coastal Ecosystem Restoration and Monitoring to Create or
Improve Bird-Nesting Habitat (herein referred to as the “restoration
guidance”), which was developed as a part of a joint effort across state,
federal, academic and non-governmental organizations, with funding
support from the LA TIG (DWH LA TIG, 2023a). The primary objective of
the developed restoration guidance was to inform restoration project
design and monitoring for nesting birds within coastal marsh, barrier
island, and ridge habitats.

2. Materials and methods

The developed restoration guidance collates and presents bird nest-
ing habitat considerations for targeted use by restoration project teams.
The primary methodological approach in the development of the
restoration guidance was co-production (i.e., collaboration between
subject-matter experts (SMEs), managers, and restoration project staff),
which greatly informed the decision-making process around information
synthesis and presentation. This process spanned more than two years,
from summer 2020 to spring 2023. In this timeframe, more than 100
facilitated calls and working sessions were conducted with bird SMEs,
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ecosystem restoration project team members (including project engi-
neers and project managers), and state and federal agency representa-
tives involved in programmatic and project-based coastal restoration
(Table 1).

Members of the project team were selected for their respective
knowledge, experience, and willingness to contribute to the collabora-
tive process. The developed restoration guidance additionally required
an intensive drafting and review process that included the full project
team members, as well as SMEs and graphic design support from
Audubon Delta, Barataria-Terrebonne National Estuary Program, and
University of Maryland Center for Environmental Science.

There were numerous discussions held by the project team members
with regards to how the synthesized information could best be pre-
sented, and the document underwent a series of iterations and layout
changes. Both bird SMEs and habitat restoration practitioners agreed
that the final product should be a navigable document with a primary
series of information tables and figures supported by explanatory text.

Common terminology involving bird groupings and habitat classifi-
cations that both CPRA and bird biologists recognize were developed
and prioritized to promote a common understanding across end-users
(see Fig. 1). This was achieved through a series of discussions and
meetings that involved all SMEs. First, a select list of coastal nesting
birds was selected for representation in the developed restoration
guidance using the Strategic Framework for Bird Restoration Activities
(DWH LA TIG, 2017). Bird and habitat restoration SMEs were then
selected from the project team members to represent each bird group in
subsequent discussions and information collection/synthesis. Then,
with additional guidance from CPRA, multiple coastal restoration re-
sources (i.e., the Louisiana Barrier Island Comprehensive Monitoring
Program; Enwright et al., 2020) were evaluated to determine the most
representative habitat classifications to be used in the developed resto-
ration guidance. Habitat types were categorized at a larger scale by
landforms (coastal wetland, coastal bay island, barrier island/headland,
and overwash fans) to be evaluated across the three bird groups.

Following a deliberate clarification of needs from all stakeholders
and a consensus on terminology, nesting birds identified in the Strategic
Framework for Bird Restoration Activities (DWH LA TIG, 2017) were
categorized into three groups based on the habitats in which they nest:
1) shrub-nesting birds, 2) marsh-nesting birds, and 3) ground-nesting
birds (Table 2). This decision aligned bird groups with specific and

Table 1
The background expertise and designations of roles for the primary project
SMEs.

Agency/Organization Expertise Project Roles
Louisiana Department of e Program management e Project oversight and
Wildlife and Fisheries o Wildlife habitat management
restoration e Bird SME
o Ornithology e Document review
CPRA e Coastal restoration e Coastal restoration
SME
e Document review
Louisiana State University e Marsh bird and habitat e Bird SME
College of Agriculture relationships e Document review
United States Geological e Marsh bird and habitat e Bird SME
Survey relationships e Document review
Department of the Interior e Louisiana trustees e Project oversight
e Program management e Bird SME
o Wildlife habitat e Document review
restoration
e Ornithology
The Water Institute e Project coordination e Team member
e Coastal ecology coordination
e Ornithology o Information synthesis
o Coastal restoration e Bird SME
L]

Technical writing and e Coastal restoration
editing SME

Document writing
and editing
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Fig. 1. Common terminology and identified habitat distributions and associated shrub-, marsh-, and ground-nesting birds as presented in the restoration guidance.

Table 2

Bird groupings and descriptions/example species generated as a result of co-
production by restoration project teams and avian biologists, subsequently
used to convey information in the developed restoration guidance.

Bird Group Description Example Species
Shrub- Coastal bird species that primarily nest Brown Pelican
nesting on, in, or among woody vegetation (Pelecanus
birds occurring in coastal wetlands (forest, occidentalis)
scrub/shrub, and fresh-saline marsh), Reddish Egret (Egretta
coastal bay islands (saline marsh and refescens)

Great Blue Heron
(Ardea herodias)

scrub/shrub), and barrier islands/
headlands (saline marsh and scrub/
shrub).

Marsh- Coastal bird species that inhabit and nest
nesting exclusively in coastal wetlands (fresh
birds intermediate marsh and brackish-saline

marsh), coastal bay islands (saline
marsh), and barrier islands/headlands
(saline marsh).

Clapper Rail (Rallus
crepitans)

Purple Gallinule
(Porphyrio martinica)
Seaside Sparrow
(Ammospiza maritima)

Ground- Coastal bird species that nest primarily on ~ Royal Tern
nesting the ground, either directly on bare ground  (Thalasseus maximus)
birds or in nests created and lined with Black Skimmer
vegetation and other organic materials. (Rynchops niger)
These species nest on barrier islands/ Wilson’s Plover
headlands (meadow, dune, beach, and (Charadrius wilsonia)

saline marsh), overwash fans
(unvegetated flat and meadow), coastal
bay islands (saline marsh), and coastal
wetlands (brackish-saline marsh).

designable locations/habitat features, enabling restoration project
teams to consider design elements during the project planning stage for
target bird species.

The three bird groups (shrub-nesting, marsh-nesting, and ground-
nesting) were then evaluated across the identified habitat landforms
(Fig. 1). This diagram helps to illustrate the distribution of bird groups
across a typical coastal profile, and the habitats in which those birds may
nest.

The resulting guidance for restoration was then presented among
four interrelated tables for each bird group: 1) Habitat Considerations,
2) Design Considerations, 3) Lessons Learned, and 4) Data Gaps/
Research Needs. Descriptions of these tables is provided in Table 3 and
the complete tables are available for reference in the Supplemental file,
section 2.

Table 3
Tables presented for each bird group and their purpose, as described in the
developed restoration guidance.

Table Title Purpose
Habitat Summarizes the current state of knowledge from a bird
Considerations biology and ecology perspective, focused on habitat
characteristics that have most frequently been observed to
support successful bird nesting within coastal Louisiana
Design Summarizes aspects of project planning, engineering and
Considerations design, operation and maintenance, and implementation

that are within the control of the project team
Summarizes lessons learned from implemented restoration
projects in coastal Louisiana
Data Gaps/Research Summarizes the current state of knowledge and/or
Needs assumptions related to bird biology or ecology relevant to
ecosystem restoration projects

Lessons Learned

3. Results and discussion

The outcome of this effort was comprehensive guidance for resto-
ration practitioners detailing how to implement coastal restoration to
maximize habitat value for nesting birds (DWH LA TIG, 2023b). The
purpose of the developed restoration guidance is to inform ecosystem
restoration project planning, engineering and design, construction, and
operations and maintenance to support nesting of target coastal bird
species. Prior to the development of this restoration guidance, there was
no specific document or tool that project teams could reference to create
bird nesting habitat and to enhance benefits to birds.

3.1. Co-production outcomes

The development and publication of the restoration guidance
required collaborative input from SMEs from multiple state and federal
agencies including CPRA, Louisiana Department of Wildlife and Fish-
eries (LDWF), and Department of the Interior (DOI). Relationship and
trust building, critical steps in the co-production process, occurred in the
form of team engagement and assurance that each member had an equal
voice towards the contribution of the developed restoration guidance
(see Fournier et al., 2021b; Fournier et al., 2023; Westwood et al., 2020).
This productive working environment fostered the team’s ability to
clearly identify, refine, and begin to address avian restoration priorities.

This effort can be compared to other case studies in which co-
production has been employed for natural resource management. For
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example, in an effort to conserve sagebrush ecosystems in North
America, the U.S. Department of Agriculture relies heavily on a “co-
production approach”, which they emphasize needs to 1) have a shared
vision, 2) be collaborative and partner driven, 3) be strategic and tar-
geted, 4) be outcome focused, and 5) be product driven (Naugle et al.,
2020). Some researchers argue that for effective co-production, pro-
cesses and outcomes should be prioritized over products (Beier et al.,
2017). Although the goal of this effort was the creation of the developed
restoration guidance, the collaboration aspect was fundamental to reach
that goal, and will continue to be necessary as future iterations of the
developed restoration guidance are generated.

3.2. Research applications

Ongoing research is being conducted along the northern Gulf of
Mexico to advance the current state of the science and fill-in data gaps
about bird nesting habitat needs. As this information is collected, it can
be incorporated into the decision-making process for coastal restoration
progressing adaptive management of this natural resource (Carruthers
et al., 2020). The developed restoration guidance was created to facili-
tate an adaptive management workflow, providing an explicit frame-
work for knowledge improvement based on a continuous cycle of
research, monitoring, and project implementation (Fig. 2).

To successfully implement adaptive management based on assess-
ment of restoration success in supporting nesting birds, effective moni-
toring is needed. As such, proposed monitoring approaches are included
in the restoration guidance document which can be applied as part of
programmatic and project-scale planning and reporting. This informa-
tion, in addition to the identification of data gaps, can lead to enhanced
planning and targeted restoration activities in the future.

The tables summarizing the co-developed restoration guidance (see
Supplemental, section 2) are intended to serve as the key source of in-
formation for project teams who may be looking to understand how
specific restoration efforts can be modified to maximize nesting oppor-
tunities for targeted bird species. End-users can use the tables as a
reference for improving future project decisions, as informed by lessons
learned from existing projects (e.g., Queen Bess Island Restoration,
CPRA Project ID: BA-0202) and land assessments (e.g., Wetland Value
Assessments; Roy, 2006). Elevation considerations to prevent nest
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inundation, vegetation planting and plant species considerations to
promote establishment, and excavation/dredging considerations to
create desired marsh elements are some examples of lessons learned in
the developed restoration guidance include.

Information from current/ongoing research is formally presented in
the developed restoration guidance for the first time. Marsh-nesting bird
guidance, for example, was largely influenced by current research con-
ducted by the Louisiana State University AgCenter and the United States
Geological Survey (DWH LA TIG, 2022). This research has revealed
important relationships between marsh-nesting birds and habitat char-
acteristics, indicating that certain marsh-nesting birds are more
commonly observed in emergent marsh habitats with a heterogeneous
mix of open water and above water land cover. The restoration guidance
identifies maximized potential habitat value for marsh-nesting birds in
restoration projects which maximize the duration of project life and
maintain an open water to land cover ratio of 30-60% (Fig. 3). As a
result, planners and designers may consider novel marsh creation de-
signs or enhancements to existing habitats that incorporate features such
as ponds and tidally connected creeks, instead of large contiguous areas
of uniform elevation land (see Supplemental, section 3.2).

Another critical aspect identified in the developed restoration guid-
ance for marsh-nesting birds is that a heterogeneous mix of open water
and above water land cover results in greater proportion of edge habitat.
Available edge habitat is important as it supports loafing and foraging
activities that benefit wetland-reliant species including many breeding
marsh-nesting birds (O’Connell and Nyman, 2010).

The benefit of co-developed guidelines for restoration implementa-
tion is that the information from SMEs can guide specific project designs
and maximize the likelihood of application of the guidance. Since pub-
lication, the developed restoration guidance has been used to inform
several restoration and monitoring decisions in Louisiana. CPRA has
referenced the document for upcoming monitoring and restoration ac-
tivities at Chandeleur Islands (project ID: PO-0199), an important bar-
rier island chain for both breeding and migratory birds (CPRA, 2023b).
The document has also informed adaptive management for Terrebonne
Houma Navigation Canal Island Restoration (project ID:TE-0165) and
Queen Bess Island Restoration (project ID: BA-0202). Queen Bess Island
is heavily utilized by birds for nesting, particularly Brown Pelicans
(Pelecanus occidentalis), which have numbered in excess of 6000 nests in
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recent years (DWH LA TIG, 2023c). In addition, the developed restora-
tion guidance is readily available for the state of Louisiana to determine
restoration project needs and to inform future restoration plans.

4. Conclusion

Louisiana’s Coastal Master Plan (CPRA, 2023a) and the DWH PDARP
(DWH NRDA Trustees, 2016) specifically emphasize the development of
restoration guidance to maximize bird nesting habitat as a principal
goal. However, due to the inherent variability across coastal bird species
and nesting needs, this goal is only attainable when communication
barriers are bridged across avian and restoration experts. Through the
implementation of a co-production process that brought together ex-
perts from across multiple disciples, habitat for nesting birds can be
improved at marginal or no additional cost to restoration efforts. The
restoration guidance is a novel tool that provides specific and tangible
examples of bird nesting habitat, defined in terms of standard engi-
neering specifications. Coastal habitat features identified that are in the
control of project engineers and serve as high value bird nesting habitat
include access to shorelines, elevation heterogeneity, and maximized
edge habitat.

The developed restoration guidance is already being used to inform
restoration planning in Louisiana and is inspiring similar efforts in
neighboring Gulf states, including Alabama and Mississippi. The resto-
ration guidance also provides an excellent avenue for current and up-
coming research to be shared and implemented into restoration project
design decisions. Monitoring restoration project resource benefits (i.e.,
nesting bird use) will provide lessons learned and inform future research
needs and data gaps. As coastal habitats continue to change at various
spatial and temporal scales due to anthropogenic and climate change
effects, lessons learned and data gap resolution will be essential to meet
specific habitat needs for nesting birds. To remain successful, the
developed restoration guidance will be continually updated using an
adaptive management framework that incorporates knowledge from
targeted and high-level monitoring.

In summary, the process of developing the restoration guidance
serves as an example of how the co-production and synthesis of resto-
ration science, through enhanced coordination and collaboration across
interdisciplinary teams of experts, can result in enhanced restoration
outcomes. The partners involved in the development of this guidance
acknowledge that this effort would not have been successful without the
development of consensus goals and terminology, and hope that this
process will pave the way for similar collaborations involving other

resources in the future. Collaboration, communication, and trust be-
tween subject matter experts that historically have not worked together
and sometimes had differing objectives, was necessary to maximize
restoration project benefits across multiple resources (in this case
coastal birds and habitats). This process is an example of how restoration
and monitoring planning can be enhanced through efforts that foster
common understanding and maintenance of collaborative working
partnerships.

Contributors by agency
Coastal Protection and Restoration Authority

Primary contributors: Katie Freer, Jacques Boudreaux, Darin Lee.
Additional contributors: Todd Folse, Todd Baker, Maury Chatellier

Louisiana Department of Wildlife and Fisheries

Primary contributors: Jon Wiebe, Robert Dobbs.
Additional contributors: Casey Wright, Michael Seymour, Annie
Howard.

Department of Interior

Primary contributors: Jeff Gleason, David Hewitt, William
Vermillion.
Additional contributors: Jon Hemming, John Tirpak, Benjamin

Frater, Sarah Clardy.
U.S. Geological Survey

Primary contributors: Sammy King.
Additional contributors: Nicholas Enwright, T.J. Zenzal.

Louisiana State University

Primary contributors: Andy Nyman.

Additional contributors: Phil Stouffer, Leah Moran, Aylett Lipford,
Joseph Youtz

Audubon

Additional contributors: Erik Johnson.



E.D. Windhoffer et al.

Barataria-Terrebonne National Estuary Program
Additional contributors: Delaina LeBlanc.

University of Maryland Center for Environmental Science
Graphics: Jane Hawkey

The Water Institute

Primary contributors: Eva Windhoffer, Brett McMann, Tim
Carruthers.

Additional contributors: Erin Kiskaddon, Charley Cameron, Berva
Noone, Soupy Dalyander, Mike Miner, Jessica Henkel, Alyssa Dausman.

Funding

This work was made possible by the Deepwater Horizon Louisiana
Trustee Implementation Group State and Federal Trustees. These
Trustees include the State of Louisiana (Louisiana Coastal Protection and
Restoration Authority and Louisiana Department of Wildlife and Fish-
eries), U.S. Department of Interior, U.S. Department of Commerce, U.S.
Environmental Protection Agency, and the U.S. Department of
Agriculture.

CRediT authorship contribution statement

Eva D. Windhoffer: Writing — original draft. Tim J.B. Carruthers:
Writing — review & editing. Jessica Henkel: Writing — review & editing.
Jeffrey S. Gleason: Writing — review & editing, Conceptualization. Jon
J. Wiebe: Writing — review & editing, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
No data was used for the research described in the article.
Acknowledgements

Information and key findings included within Guidance for Coastal
Ecosystem Restoration and Monitoring to Create or Improve Bird-Nesting
Habitat were developed collaboratively with avian and coastal engi-
neering subject matter experts that have extensive working knowledge
and experience throughout Louisiana’s coastal zone. Deliberate and
targeted input was requested from project managers and engineers with
the Coastal Protection and Restoration Authority, the principal imple-
menting agency for coastal restoration in the State of Louisiana and the
lead state agency for the Louisiana Trustee Implementation Group.
Extensive input was also received from Louisiana Trustee Implementa-
tion Group representatives, primarily from the Department of Interior
and Louisiana Department of Wildlife and Fisheries. Online meetings
(2020-2022) amongst team members were the primary information
source, consisting of more than 100 multi-agency calls to develop this
technical document. The term “Guidance” in the report refers to provi-
sion of information to coastal restoration project teams implementing
projects with potential to benefit avian resources throughout Louisiana’s
coastal zone and the broader northern Gulf of Mexico.

Any use of trade, firm, or product names is for descriptive purposes
only and does not imply endorsement by the U.S. Government. The
findings and conclusions in this article are those of the author(s) and do
not necessarily represent the views of the U.S. Fish and Wildlife Service.

Journal of Environmental Management 360 (2024) 121093
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jenvman.2024.121093.

References

Ahlering, M.A., Faaborg, J., 2006. Avian habitat management meets conspecific
attraction: if you build it, will they come? The Auk: Perspectives in Ornithology 123.
https://doi.org/10.1093/auk/123.2.301.

Beaver, D.L., Osborn, R.G., Custer, T.W., 1980. Nest-site and colony characteristics of
wading birds in selected Atlantic coast colonies. Wilson Bull. 92, 21.

Beier, P., Hansen, L.J., Helbrecht, L., Behar, D., 2017. A how-to guide for coproduction of
actionable science. CONSERVATION LETTERS 10, 288-296. https://doi.org/
10.1111/conl.12300.

Block, W.M., Franklin, A.B., Ward, J.P., Ganey, J.I., 2001. Design and implementation of
monitoring studies to evaluate the success of ecological restoration on wildlife.
Restor. Ecol. 9.

Carruthers, T.J.B., Raynie, R., Dausman, A., Khalil, S., 2020. Strategies to Improve
implementation of adaptive management practices for restoration in coastal
Louisiana. Shore Beach 88, 83-91. https://doi.org/10.34237,/10088110.

CPRA, 2023a. Louisiana’s Comprehensive Master Plan for a Sustainable Coast. Coastal
Protection and Restoration Authority of Louisiana, Baton Rouge, Louisiana.

CPRA, 2023b. Endangered Sea Turtles and Bird Populations Flourish on Louisiana’s
Disappearing Chandeleur Islands [WWW Document]. URL. https://coastal.la.gov/
news/endangered-sea-turtles-and-bird-populations-flourish-on-louisianas-disappeari
ng-chandeleur-islands/. accessed 4.10.24.

Cross, S., Tomlinson, S., Craig, M., Bateman, P., 2022. Build it and some may come: early
stage habitat restoration may initially favour herbivore return. Pac. Conserv. Biol.
29, 300-311. https://doi.org/10.1071/PC22001.

Durrant, E., Howson, P., Puttick, B., Potts, S., Shennan-Farpén, Y., Sari, N., Allen, N.,
Yeongeun, J., Grainger, M., Teh, Y.A., Pfeifer, M., 2023. Existing evidence on the use
of participatory scenarios in ecological restoration: a systematic map. Environ. Evid.
12, 27. https://doi.org/10.1186/513750-023-00314-1.

DWH LA TIG, 2023a. Guidance for Coastal Ecosystem Restoration and Monitoring to
Create or Improve Bird-Nesting Habitat. Baton Rouge, Louisiana.

DWH LA TIG, 2023b. Louisiana Trustees Adopt Guidance for Coastal Bird-Nesting
Habitat Restoration Projects. Gulf Spill Restoration. . URL. https://www.gulfspillrest
oration.noaa.gov/2023/05/louisiana-trustees-adopt-guidance-coastal-bird-nesting-h
abitat-restoration-projects. accessed 5.18.23.

DWH LA TIG, 2023c. Avian Data Monitoring Portal [WWW Document]. URL. https://
avianmonitoring.com. accessed 3.1.24.

DWH LA TIG, 2022. Louisiana Secretive Marsh Bird Habitat Relationships and
Distributions in Selected Coastal Louisiana Marshes. Gulf Spill Restoration. URL.
https://www.gulfspillrestoration.noaa.gov/project?id=205. (Accessed 12 March
2023).

DWH LA TIG, 2017. Deepwater Horizon Oil Spill Natural Resource Damage Assessment:
Strategic Framework for Marine Mammal Restoration Activities. National Oceanic &
Atmospheric Administration.

DWH NRDA Trustees, 2016. Deepwater Horizon Oil Spill: Final Programmatic Damage
Assessment and Restoration Plan and Final Programmatic Environmental Impact
Statement PDARP/PEIS.

Enwright, N.M., SooHoo, W.M., Dugas, J.L., Conzelmann, C.P., Laurenzano, C., Lee, D.
M., Mouton, K., Stelly, S.J., 2020. Louisiana Barrier Island Comprehensive
Monitoring Program - Mapping Habitats in Beach, Dune, and Intertidal
Environments along the louisiana Gulf of mexico Shoreline, 2008 and 2015-16
(Geological Survey Open-File Report No. 2020-1030). U.S. Geological Survey. Open-
File Report.

Fournier, A.M.V., Lancaster, J.D., Yetter, A.P., Hine, C.S., Beckerman, T., Figge, J.,
Gioe, A., Greider-Wagner, M., Jen, D., Johnson, C., Larreur, M.R., Shaw, A,
Wolter, K., Wood, M., Wu, D.K., O'Neal, B.J., Hagy, H.M., 2021a. Nest success and
nest site selection of wetland birds in a restored wetland system. ACE 16, art6.
https://doi.org/10.5751/ACE-01782-160106.

Fournier, A.M.V., Wilson, R.R., Gleason, J.S., Adams, E.M., Brush, J.M., Cooper, R.J.,
DeMaso, S.J., Driscoll, M.J.L., Frederick, P.C., Jodice, P.G.R., Ottinger, M.A.,
Reeves, D.B., Seymour, M.A., Sharuga, S.M., Tirpak, J.M., Vermillion, W.G.,
Zenzal, T.J., Lyons, J.E., Woodrey, M.S., 2023. Structured decision making to
prioritize regional bird monitoring needs. INFORMS Journal on Applied Analytics
53, 207-217. https://doi.org/10.1287/inte.2022.1154.

Fournier, A.M.V., Wilson, R.R., Lyons, J.E., Adams, E.M., Barnhill, L.M., Brush, J.M.,
Cooper, R.J., DeMaso, S.J., Driscoll, M.J.L., Eaton, M.J., Frederick, P.C., Just, M.G.,
Seymour, M.A., Tirpak, J.M., Woodrey, M.S., 2021b. Structured Decision Making
and Optimal Bird Monitoring in the Northern Gulf of Mexico (Open-File Report No.
2020-1122). U.S. Geological Survey. Open-File Report.

Henkel, J., Dausman, A., 2020. A short history of funding and accomplishments post-
Deepwater Horizon. Shore Beach 11-16. https://doi.org/10.34237,/1008811.

Holcomb, S.R., Bass, A.A., Reid, C.S., Seymour, M.A., Lorenz, N.F., Gregory, B.B.,
Javed, S.M., Balkum, K.F., 2015. Louisiana Wildlife Action Plan (Updated 2019).
Louisiana Department of Wildlife and Fisheries, Baton Rouge, Louisiana.

Ismail, T., Putra, M.A., 2022. Coastal area development through mangrove planting and
tree foster parents as climate change restoration and mitigation efforts Sedari village,
Cibuaya District, Karawang Regency. International Journal of Science and
Environment 2. https://doi.org/10.58344/jws.v1i10.103.


https://doi.org/10.1016/j.jenvman.2024.121093
https://doi.org/10.1016/j.jenvman.2024.121093
https://doi.org/10.1093/auk/123.2.301
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref2
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref2
https://doi.org/10.1111/conl.12300
https://doi.org/10.1111/conl.12300
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref4
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref4
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref4
https://doi.org/10.34237/10088110
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref6
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref6
https://coastal.la.gov/news/endangered-sea-turtles-and-bird-populations-flourish-on-louisianas-disappearing-chandeleur-islands/
https://coastal.la.gov/news/endangered-sea-turtles-and-bird-populations-flourish-on-louisianas-disappearing-chandeleur-islands/
https://coastal.la.gov/news/endangered-sea-turtles-and-bird-populations-flourish-on-louisianas-disappearing-chandeleur-islands/
https://doi.org/10.1071/PC22001
https://doi.org/10.1186/s13750-023-00314-1
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref10
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref10
https://www.gulfspillrestoration.noaa.gov/2023/05/louisiana-trustees-adopt-guidance-coastal-bird-nesting-habitat-restoration-projects
https://www.gulfspillrestoration.noaa.gov/2023/05/louisiana-trustees-adopt-guidance-coastal-bird-nesting-habitat-restoration-projects
https://www.gulfspillrestoration.noaa.gov/2023/05/louisiana-trustees-adopt-guidance-coastal-bird-nesting-habitat-restoration-projects
https://avianmonitoring.com
https://avianmonitoring.com
https://www.gulfspillrestoration.noaa.gov/project?id=205
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref15
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref15
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref15
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref17
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref17
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref17
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref18
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref18
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref18
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref18
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref18
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref18
https://doi.org/10.5751/ACE-01782-160106
https://doi.org/10.1287/inte.2022.1154
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref21
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref21
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref21
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref21
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref21
https://doi.org/10.34237/1008811
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref23
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref23
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref23
https://doi.org/10.58344/jws.v1i10.103

E.D. Windhoffer et al.

Kneib, R., 2003. Bioenergetic and landscape considerations for scaling expectations of
nekton production from intertidal marshes. Mar. Ecol. Prog. Ser. 264, 279-296.
https://doi.org/10.3354/meps264279.

Ladouceur, E., Shackelford, N., Bouazza, K., Brudvig, L., Bucharova, A., Conradi, T.,
Erickson, T.E., Garbowski, M., Garvy, K., Harpole, W.S., Jones, H.P., Knight, T.,
Nsikani, M.M., Paterno, G., Suding, K., Temperton, V.M., Torok, P., Winkler, D.E.,
Chase, J.M., 2022. Knowledge sharing for shared success in the decade on ecosystem
restoration. Ecol. Sol. Evidence 3, e12117. https://doi.org/10.1002/2688-
8319.12117.

Lavorel, S., Locatelli, B., Colloff, M.J., Bruley, E., 2020. Co-producing ecosystem services
for adapting to climate change. Phil. Trans. R. Soc. B 375, 20190119. https://doi.
org/10.1098/rstb.2019.0119.

Lovelock, C.E., Adame, M.F., Bradley, J., Dittmann, S., Hagger, V., Hickey, S.M.,
Hutley, L.B., Jones, A., Kelleway, J.J., Lavery, P.S., Macreadie, P.I., Maher, D.T.,
McGinley, S., McGlashan, A., Perry, S., Mosley, L., Rogers, K., Sippo, J.Z., 2022. An
Australian blue carbon method to estimate climate change mitigation benefits of
coastal wetland restoration. Restor. Ecol. https://doi.org/10.1111/rec.13739.

Manuel, L., Meselhe, E., Kleiss, B.A., Lewis, K.A., Madill, H., Allison, M., Giordano, S.,
2023. A roadmap to the Co-production of a decision support tool for coastal
ecosystems. Environ. Sci. Pol. 144, 31-42. https://doi.org/10.1016/j.
envsci.2023.03.001.

Naugle, D.E., Allred, B.W., Jones, M.O., Twidwell, D., Maestas, J.D., 2020. Coproducing
science to inform working lands: the next frontier in nature conservation. Bioscience
70, 90-96. https://doi.org/10.1093/biosci/biz144.

O’Connell, J.L., Nyman, J.A., 2010. Marsh terraces in coastal Louisiana increase marsh
edge and densities of waterbirds. Wetlands 30, 125-135. https://doi.org/10.1007/
513157-009-0009-y.

Owen, T.M., Pierce, A.R., 2013. Hatching success and nest site characteristics of Black
skimmer (Rynchops niger) on the isles dernieres barrier island refuge, Louisiana.
Waterbirds 36, 342-347. https://doi.org/10.1675/063.036.0311.

Journal of Environmental Management 360 (2024) 121093

Roy, K., 2006. Wetland Value Assessment Methodology Procedure Manual.

Rudianto, R., Darmawan, V., Isdianto, A., Bintoro, G., 2022. Restoration of coastal
ecosystems as an approach to the integrated mangrove ecosystem management and
mitigation and adaptation to climate changes in north coast of East Java. J. Coast
Conserv. 26 https://doi.org/10.1007/511852-022-00865-4.

Ruiz-Jaen, M.C., Aide, T.M., 2005. Restoration success: how is it being measured? Restor.
Ecol. 13 https://doi.org/10.1111/j.1526-100X.2005.00072.x.

Saunders, S.P., Wu, J.X., Gow, E.A., Adams, E., Bateman, B.L., Bayard, T., Beilke, S.,
Dayer, A.A., Fournier, A.M.V., Fox, K., Heglund, P., Lerman, S.B., Michel, N.L.,
Paxton, E.H., Sekercioglu, C.H., Smith, M.A., Thogmartin, W., Woodrey, M.S., Van
Riper, C., 2021. Bridging the research-implementation gap in avian conservation
with translational ecology. Ornithological Applications 123, duab018. https://doi.
org/10.1093/ornithapp/duab018.

U.S. Fish and Wildlife Service, 2021. Birds of Conservation Concern 2021. United States
Department of the Interior, U.S. Fish and Wildlife Service.

Visser, J.M., Peterson, G.W., 1994. Breeding populations and colony site dynamics of
seabirds nesting in Louisiana. Colon. Waterbirds 17, 146. https://doi.org/10.2307/
1521292.

Westwood, A.R., Barker, N.K., Grant, S., Amos, A.L., Camfield, A.F., Cooper, K.L.,
Dénes, F.V., Jean-Gagnon, F., McBlane, L., Schmiegelow, F.K.A., Simpson, J.I.,
Slattery, S.M., Sleep, D.J.H., Sliwa, S., Wells, J.V., Whitaker, D.M., 2020. Toward
actionable, coproduced research on boreal birds focused on building respectful
partnerships. ACE 15, art26. https://doi.org/10.5751/ACE-01589-150126.

Winchell, C.S., Doherty, P.F., 2018. Restoring habitat for coastal California Gnatcatchers
(Polioptila californica californica). Condor 120 (1), 581-595. https://doi.org/
10.1650/CONDOR-17-221.

Wortley, L., Hero, J.-M., Howes, M., 2013. Evaluating ecological restoration success: a
review of the literature. Restor. Ecol. https://doi.org/10.1111/rec.12028.

Zedler, J.B., 2007. Success: an unclear, subjective descriptor of restoration outcomes.
Ecol. Restor. https://doi.org/10.3368/er.25.3.162.


https://doi.org/10.3354/meps264279
https://doi.org/10.1002/2688-8319.12117
https://doi.org/10.1002/2688-8319.12117
https://doi.org/10.1098/rstb.2019.0119
https://doi.org/10.1098/rstb.2019.0119
https://doi.org/10.1111/rec.13739
https://doi.org/10.1016/j.envsci.2023.03.001
https://doi.org/10.1016/j.envsci.2023.03.001
https://doi.org/10.1093/biosci/biz144
https://doi.org/10.1007/s13157-009-0009-y
https://doi.org/10.1007/s13157-009-0009-y
https://doi.org/10.1675/063.036.0311
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref33
https://doi.org/10.1007/s11852-022-00865-4
https://doi.org/10.1111/j.1526-100X.2005.00072.x
https://doi.org/10.1093/ornithapp/duab018
https://doi.org/10.1093/ornithapp/duab018
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref37
http://refhub.elsevier.com/S0301-4797(24)01079-X/sref37
https://doi.org/10.2307/1521292
https://doi.org/10.2307/1521292
https://doi.org/10.5751/ACE-01589-150126
https://doi.org/10.1650/CONDOR-17-221
https://doi.org/10.1650/CONDOR-17-221
https://doi.org/10.1111/rec.12028
https://doi.org/10.3368/er.25.3.162

	Leveraging co-production within ecosystem restoration to maximize benefits to coastal birds
	1 Introduction
	2 Materials and methods
	3 Results and discussion
	3.1 Co-production outcomes
	3.2 Research applications

	4 Conclusion
	Contributors by agency
	Coastal Protection and Restoration Authority
	Louisiana Department of Wildlife and Fisheries
	Department of Interior
	U.S. Geological Survey
	Louisiana State University
	Audubon
	Barataria-Terrebonne National Estuary Program
	University of Maryland Center for Environmental Science
	The Water Institute

	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


