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Knowing but not doing:
Quantifying the
research-implementation gap in
conservation paleobiology
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Studies, Colby College, Waterville, ME, United States, *Department of Earth and Atmospheric Sciences,
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Conservation paleobiology aims to provide a longer-term perspective on
environmental problems to inform decisions about natural resource conservation.
As such, conservation paleobiology research falls short when geohistorical data and
insights do notinform conservation practice, contributing to the well-known idea that
a "gap” exists between the production and use of science in the environmental realm.
Our study quantified the extent of this research-implementation (or knowing-doing)
gap through a systematic literature review and survey questionnaire. We determined
whether empirical studies in conservation paleobiology with a link to conservation,
management, or restoration documented the use of geohistorical data to implement
some form of action or if there was a specific mention of how the geohistorical data
could be used in theory. Results indicate that “applied” conservation paleobiology
has a poor record of translating research into action. Tangible conservation impacts
were evident in only 10.8% of studies. Over half of these studies included coauthors
affiliated with a conservation organization. Among the studies coded as having
a theoretical application, 25.2% specified how the geohistorical data could be
implemented to enhance conservation, management, or restoration actions. All
studies documenting action used geohistorical data from the geologically recent
past where the species and habitats are familiar to those found today. Drawing
insights from the bright spots we identified, we offer some practical suggestions to
narrow the gap between knowing and doing in conservation paleobiology.

KEYWORDS

boundary science, conservation bright spots, paleoecology, research-implementation gap,
resource management, restoration, systematic assessment

Introduction

From its beginning, conservation biology has wrestled with defining and assessing its
relationship to on-the-ground conservation action and policy implementation. A disconnect
between peer-reviewed studies (conservation biologists’ research output) and conservation
action (conservation biologists’ disciplinary goal) contributes to the deeply ingrained perception
among researchers that a gap exists between science and practice (Anonymous, 2007; Knight
et al., 2008; Arlettaz et al., 2010; Kiessling et al., 2019). Implicit in the gap metaphor is the
belief that it is desirable to bring the science and practice of conservation closer together.
Efforts to assess this knowing-doing gap in conservation biology have evaluated: (1) evidence
of conservation action in published studies (Ehrenfeld, 2000; Knight et al., 2008; Esler et al.,
2010; Britt et al., 2018; Mair et al,, 2018), (2) evidence of cited research in the bibliography
of outputs from conservation practitioners (Stinchcombe et al., 2002; Linklater, 2003), and (3)
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surveys and/or interviews of researchers and/or practitioners
(Knight et al, 2008; Esler et al., 2010; Matzek et al., 2014;
Reed et al, 2014; Taft et al, 2020). Quantifying conservation
action in conservation research yields humbling results: <5%
of studies published in three issues of Conservation Biology—
the flagship journal of the Society for Conservation Biology—
discussed conservation achievements (Ehrenfeld, 2000), only 5.7%
of conservation assessment studies documented implementation
of conservation actions while 29.5% discussed implementation in
theory (Knight et al., 2008), 3% of invasion ecology studies referred
to “implementation”, with only 2% referring to “policy” (Esler
et al,, 2010), 38% of conservation genetics studies identified specific
conservation or management recommendations (Britt et al., 2018),
and only ~30% of conservation science studies across two decades
(1997-2017) proposed a conservation response (Williams et al,
2020).

Like conservation biology, conservation paleobiology—the
application of long-term perspectives derived from geohistorical
records to address modern-day issues in conservation, restoration,
and management of biodiversity and natural resources (Dietl and
Flessa, 2009, 2011, 2017; Dietl et al., 2015)—must assess and reflect
on its own knowing-doing gap. Paleobiology researchers have long
recognized the potential for their work to support conservation—
for instance, Hunter et al. (1988) drew on paleoecology to
develop recommendations for nature reserve design within 3
years of Soulé¢’s (1985) foundational paper defining the field of
conservation biology—but the past decade includes both a clear
rallying around “conservation paleobiology” by a community of
paleontologists aspiring to apply their knowledge and tools to solve
conservation problems and a tremendous output of conservation
paleobiology research aimed at informing conservation decisions
(Dietl and Flessa, 2009; Figure 1 in Tyler, 2018; Dillon et al.,
2022).

It is therefore high time to consider the effectiveness of recent
efforts to produce actionable conservation paleobiology research
results. Are we contributing geohistorical data and insights that are
useful to conservation practitioners? Here, we assess the knowing-
doing gap in conservation paleobiology through the lens of a
literature review and survey that spans the past decade of research
effort. In carrying out this necessary but neglected task, we put aside
any “unsubstantiated claims and rationalizations” (sensu Ehrenfeld,
2000) that can be used to convince ourselves and others about the
relevance of paleontological data and tools in conservation. Only then
can we ask the hard questions:

Do conservation paleobiology studies include evidence of
conservation actions?

Are conservation practitioner co-authors associated with studies
documenting conservation actions (Britt et al., 2018)?

When studies fail to report conservation action, but include
specific theory for implementation, does the knowing-doing gap
continue beyond publication, or are the actions implemented
“off the page™?

Are particular ecological or taxonomic scales and types of
environments or geohistorical data more likely to resonate with
conservation practitioners?

Are near- or deep-time studies more likely to lead to actionable
conservation paleobiology results?
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e Has the gap between science and practice in conservation
paleobiology narrowed over time?

By asking these questions, we aim to quantify the extent and
nature of the knowing-doing gap in conservation paleobiology.
Guided by “bright spots” (Cvitanovic and Hobday, 2018) we identify
in our literature review and survey, where conservation paleobiology
research has already contributed to real-world conservation actions,
we also offer some practical suggestions for researchers who aspire to
“put the dead to work” (Dietl and Flessa, 2011).

Materials and methods

Literature review

We compiled eligible articles for analysis from the Clarivate Web
of Science (Core Collection) platform published from January I,
2010 to July 13, 2020. We used the following boolean terminology
to search for articles (English only): (paleo® OR palaco*) AND
(*ecology OR *biology OR ecolog® OR biolog*) AND (conserv* OR
restor® OR manag®). Our search cast a wide net to include more
than self-identified conservation paleobiology studies. Any study

» o«

using geohistorical data to inform “conservation”, “restoration”, or
“management” was included—even if the authors did not explicitly
state the term “conservation paleobiology”. In other words, we
targeted “applied” conservation paleobiology (Dillon et al., 2022)
studies that were inspired by considerations of practical use. A
recent survey of the conservation paleobiology community indicated
that it is currently divided on what research approaches could be

» o«

included under the umbrella of “conservation paleobiology”: “some
[respondents] thought that conservation paleobiologists should
engage with conservation practitioners and align their research
goals with conservation needs, whereas others viewed the field as a
separate, more academic undertaking with theoretical implications
for conservation” (Dillon et al, 2022, p. 15). Both views have
merit—indeed, the practical application of research often depends
on unforeseen discoveries from theoretical advances that propel
us, sooner or later, in completely unanticipated directions (i.e.,
basic research driven by the desire for fundamental understanding).
But, because authors of “applied” conservation paleobiology articles
took an additional step beyond reporting findings and intentionally
aligned their research goals with conservation needs and concerns,
we chose to design our search query to identify this subset of
conservation paleobiology studies with the intent of building the
most meaningful and appropriate dataset for assessing the size and
nature of the knowing-doing gap. Knight et al. (2008) made a similar
decision when they limited their evaluation of the knowing-doing gap
in conservation biology to only studies that contained an assessment
to identify priority areas for nature conservation activities.

The pre-corpus included n = 1534 articles (e.g., empirical
studies, review articles, book chapters, and perspective, essay,
opinion, and synthesis articles) on a wide range of topics (e.g.,
studies in paleoecology, archeology, phylogeography, phylogenetics,
biogeography, historical ecology, etc.). Each phase of screening
articles was documented in a Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flowchart (Page

et al., 2021; Supplementary Figure 1). We initially screened all 1534
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articles from the search query for relevancy by reading the title
and abstract. We used the terms “conservation”, “management”, or
“restoration” to search within an article and determine relevance
when it was not apparent in the title or abstract. An “applied”
article met the inclusion criteria if it had geohistorical data and a
link to conservation, management, or restoration. During screening
we excluded non-empirical articles, methods-only articles, modern
process /proxy calibration studies without geohistorical data, as
well as articles only using geohistorical data for the calibration of
phylogenetic analyses (Supplementary Data Sheet 1).

We randomly selected n = 59 articles from the pre-corpus
to develop and refine coding criteria and train coders. The final
coding criteria were established following four rounds of coding.
For each round of coding, the trainees were given the same 14—
15 articles to code. We used an inter-rater reliability test (Kappa-
Fleiss) to quantify similarity among coders (Landis and Koch,
1977). A threshold score of 0.75 (on a scale of —1 to 1) was
used to indicate sufficient agreement among coders for each coded
article (Supplementary Table 1). Throughout the coding process, we
checked the reliability of our coding method by quantifying the
consistency among coders. A non-coder included a reliability check
article among every 20 articles coded. Coders had no knowledge
of which articles were part of the reliability checks. We used the
inter-rater reliability test to quantify similarity for each reliability
check article as a check-in for every batch of 20 articles coded
(Supplementary Table 1). Coders moved onto the next batch of
papers only if there was sufficient agreement (>0.75) and any
discrepancies were discussed and agreed upon by all coders.

For data collection, each article was assigned to a coder. First,
each coder determined whether an article met the eligibility criteria.
At least one other coder provided a second opinion for each article
determined to be not relevant. As a group, we discussed individual
articles identified as “difficult to code’ and coded these by consensus.
The final corpus (Supplementary Data Sheet 2) includes each article
determined to be relevant.

Basic information collected from each article included
publication year and author affiliations (Table 1). Author affiliation
was categorized as one or more authors identified as having an
affiliation with a conservation or a non-conservation organization.
We defined an author affiliation as “conservation” if the organization
self-identified as having partnerships with stakeholders in research
related to conservation, restoration, or management of biodiversity
and/or natural resources. Author affiliations considered “non-
conservation” included academic institutions, research institutes,
museums, etc. Author affiliation was only coded once for each
type of author on an article (e.g., even if several non-conservation
co-authors were listed on an article, the article was coded once
as non-conservation). An article could also be a combination of
conservation and non-conservation co-authors.

For each article, we determined whether the study documented
the implementation or application of geohistorical data to
conservation, (Table 2).
We coded articles as an “action” study or “theory” study.

restoration, or management needs
An article was coded as an action study if it contained
a discussion about the implementation of a conservation,
restoration, or management action. An article coded as a
theory study was further categorized as either relating the
goal or results of the study to conservation, restoration, or

management (“theory-general”) or going a step further and
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specifically mentioning an actual recommendation or management
intervention (“theory-specific”).

Each article was coded to determine if action studies were
more likely to focus on a type of environment (freshwater,
marine, terrestrial, or any combination thereof; Table 1). Transitional
environments were coded based on environmental combinations.
For example, wetlands or peatlands were coded both as freshwater
and terrestrial and estuaries were coded as both marine and
terrestrial. Ecological focus was also coded based on the conservation,
restoration, or management goals of the article (Table 1). If the
goal of the article focused on a single species or population of
the same species, it was coded as “single species/population”. An
article that focused on conservation, management, or restoration
of several species was coded as “assemblage”. If an article instead
had a broader focus on a type of landscape feature (e.g., lake
or forest) it was coded as having an “ecosystem” focus. When
an organism was the focus of the conservation, restoration, or
management efforts, we coded its taxonomic classification as either
invertebrate, vertebrate, plant, or other (see Table 1 for finer-scale
taxonomic classification of invertebrate and vertebrate categories).
Articles with more than one taxonomic classification were coded
to allow for multiple combinations of categories for a single
article. Taxonomic information was not recorded if solely used as
a proxy for environmental conditions (e.g., diatoms used as water
quality indicators). Details about the types of proxies (biological,
geochemical, lithological, or any combination thereof) used were
documented to understand which proxies most commonly have
application in conservation, restoration, or management (Table I;
National Research Council, 2005). When an article used more than
one type of proxy, we coded for these combinations. The timescale
used in each article was coded based on an arbitrary division between
“near” and “deep” time using the Pliocene-Pleistocene boundary
(2.58 million years ago; Dietl and Flessa, 2017; Table 1). Each article
was coded as either, near-time, deep-time, or both near- and deep-
time. We further divided near-time at the late Pleistocene—Holocene
boundary 11,700 years ago (Holocene-only).

For each category of information we collected, a Pearson’s Chi-
squared or Fisher’s Exact test was used to detect any relationship
between article type (action vs. both theory-general and theory-
specific articles combined) and each coded category. We asked
whether action studies were more likely than theory studies to be
co-authored by authors with conservation affiliations (sensu Britt
et al, 2018). We also tested whether action studies differed from
theory studies in terms of ecological and taxonomic focus, types of
environments and proxies, and timescales (Table 1). Chi-squared and
Fisher’s Exact tests were conducted in R Version 4.2.0 (R Core Team,
2022).

Survey

Research results may not be used by conservation practitioners
for several years after they are published in the peer-reviewed
2008). In addition,
publications may not necessarily track the conversation about

literature (Knight et al, peer-reviewed

implementation between researchers and practitioners (Hogg et al.,

2018). Therefore, for articles coded as having a theoretically specific
recommendation or implementation method (theory-specific), we
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TABLE 1 Categories and coded data collected with an example or explanation.

Category

Publication year

Code

10.3389/fevo.2023.1058992

Example or explanation

2010 to 2020

Author affiliation Conservation, non-conservation, conservation + non-conservation Any combination
Taxonomic focus Invertebrate, other, plant, vertebrate Any combination
Vertebrate classification Amphibia, Aves, Chondricthyes, Mammalia, Osteichthyes, other, Reptilia | Any combination
Invertebrate classification | Arthropoda, Cnidaria, Echinodermata, Mollusca, other, Porifera Any combination

Ecological focus

Assemblage, specific species/population, ecosystem

Assemblage of tree species
Named species of interest
Lake

Environment

Freshwater, marine, terrestrial

Any combination

Proxies used

Biological, geochemical, lithological

Any combination

Time scale

Deep, near, both

Deep: >2.58 mya; near: <2.58 mya

Holocene-only

No, yes

TABLE 2 Criteria for determining inclusion of an applied conservation paleobiology study into “action”, “theory-general”, and “theory-specific” categories.

‘ Category

Action

Criteria

Text includes evidence of
conservation, restoration, or
management implementation.

Example

“This study has supported Yorkshire Water, the local
water company whose reservoir is downstream of the
site, in developing peatland management initiatives at
the site... The ability to demonstrate that until the start
of the twentieth century Sphagnum played an
important role in the peatland at KMRC [Keighley
Moor Reservoir catchment] supports modern
initiatives to promote a return to a more diverse
mosaic of vegetation including greater Sphagnum
abundance. The work has provided a more grounded
“restoration target, based on knowledge of local
peatland development. Such restoration targets may
also help reduce levels of DOC entering water
treatment works....”

" om,

Notes

Yorkshire Water (the management
entity) adjusted restoration targets
for peatland management initiatives
based on this research.

Reference

Blundell and Holden,
2015

Theory-specific

Text does not report
conservation action but does
include targeted or specific
recommendations for
implementation.

“The presence of Dactylanthus pollen in an avian
coprolite raises the possibility that other fauna, in
addition to bats, may also be attracted to the nectar
resource and may once have been important
pollinators for the plant. If this can be verified
experimentally, there may be a basis for reintroducing
Dactylanthus to some of New Zealand’s predator-free
offshore islands. This management option was
proposed in a national recovery plan for the
species....”

The results of this study support the
specific management action of
reintroducing Dactylanthus to
predator-free offshore islands.
However, reintroduction is not
implemented within the paper, so
this is not an action study.

Wood et al., 2012

Theory-general

Text does not report
conservation action; the
results of the study are
generally related to
conservation, restoration
and/or management actions,
but without targeted or
specific recommendations for
implementation.

“Common management practices today include
extensive, rather uniform reduction in tree density,
removal of understorey shrubs and small trees, and
other fuel modifications to lower fire severity. Our
reconstructions show that these common practices, if
widespread, will move most dry forests outside their
historical range of variability, rather than restore them,
probably with negative consequences for biological
diversity.”

This study demonstrates the
potential negative impacts of
current management practices.

The authors do not provide specific
recommendations for alternative
management actions, so this is not a
theory-specific study.

Williams and Baker,
2012

used a survey to further investigate whether the findings had been
used or considered by conservation practitioners outside of the
published peer-reviewed article. The survey served to determine
if a theory-specific article should be re-classified as action. To
aid our interpretation of the knowing-doing gap, we also asked
corresponding authors of theory-specific and action studies whether
their study was co-designed with practitioners, the time it took
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for their study’s recommendations to be implemented, and to
provide additional references for studies demonstrating documented
implementation in conservation paleobiology, which we added to
our corpus if the study met the eligibility criteria.

Each corresponding author was emailed a short survey
(Supplementary Table 2) using Qualtrics XM, approved by the
Cornell Institutional Review Board (Protocol Number: IRB0144055).
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If one of us personally knew a corresponding author, a personal email
was sent instead that included the solicitation email and anonymous
link to the survey. If an author was the corresponding author for
more than one article, they were sent an email that included the
solicitation email, survey link, and citations of each article included
in our dataset they were corresponding author for and asked to fill
out the survey once per article. Reminders were sent via email and
through Qualtrics XM to those that had not yet responded to the
survey. Follow up emails were sent to select survey respondents to
clarify their responses or ask for more information pertaining to
their article.

Results

The decisions and methods reported in the PRISMA flowchart
led to a final corpus of n = 442 coded peer-reviewed articles out
of 1,534 articles (29%) from the initial Web of Science search
(Supplementary Figure 1). Two additional articles were added to the
corpus that were suggested by survey respondents for a total of n =
444 coded peer-reviewed articles (Supplementary Data Sheet 2).

Documented implementation in the
literature review and survey

In the literature review, we found that a small proportion of
studies (3.8% or 17 of 444 articles) documented implementation
(action) versus only a theoretical link to conservation. From the
survey, which had a response rate of 40.5% (58 out of 143 articles), we
determined that 31" of the 143 theory-specific studies had been used
or considered by a conservation practitioner (Supplementary Table 2;
Supplementary Data Sheet 3). We re-coded these 31 articles as
“action” for a new total of n = 48 action studies (10.8% or 48 of
444 articles; Figure 1). After re-coding these “theory-specific” studies
to “action”, over half of the remaining studies (71.7% or 284 of
396 articles) did not include a specific recommendation (=theory-
general; Supplementary Table 3).

Action studies—author affiliations

Action studies were more likely than theory studies to be co-
authored by authors with conservation affiliations [X? (1, N = 444) =
18.577, p < 0.001]—45.8% of action studies (22 of 48 articles) were co-
authored by authors with both conservation and non-conservation
affiliations (Figure 2; Supplementary Tables 3, 5), and three action
studies included authors with only a conservation affiliation (or 6.2%
of the 48 action studies). Only 6.9% (23 of 331 articles) of studies
that did not include a conservation co-author were action studies,
however, these studies made up nearly half of all the action studies
(47.9% or 23 of 48 articles; Figure 2A).

1 Authors of action studies that responded to our survey served as an
independent check of the suitability of the criteria (Table 2) we used to identify
action studies in the literature review. All authors confirmed that the findings

from their study had been used or considered by conservation practitioners.
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Theory-specific

_— Action-literature
3.8%

Action-survey

64.0%

AN

Theory-general

FIGURE 1

Proportion of documented implementation categories for n = 444
articles coded as action, theory with a specific recommendation, and
theory without a specific recommendation.

Action studies—other attributes

Across the different types of environments, action studies
primarily focused on terrestrial environments and rarely on marine
environments (55% vs. 8.3%, respectively; Supplementary Figure 2B).
The majority of action studies focused on plants (75% or 24
studies; Supplementary Figure 2D), followed by studies with a
taxonomic focus on invertebrates (corals and mollusks; 3 and
10% of action studies, respectively) and vertebrates (mammals
and bony fish; 9 and 3% of action studies, respectively; Figure 3;
Supplementary Tables 3, 4). More than half of the action studies
(56.2% or 27 of 48 studies) also focused research questions
at the ecosystem scale (Supplementary Figure 2A). All action
studies used biological or combinations of biological plus
geochemical and lithological proxies (Supplementary Figure 2C;
Supplementary Table 3). All action studies focused on near-time
scales (Figure 2B). Among these action studies, 87.5% (42 of 48
studies) focused only on the Holocene. No significant patterns
between action vs. theory (all) studies were found for environment,
taxonomic focus, ecological focus, type of proxy, or timescale
(Supplementary Table 5).

Discussion

Where is the conservation in conservation
paleobiology?

Our literature review estimated that the gap between knowing
and doing in conservation paleobiology is wide and even wider
when only considering peer-reviewed literature. Sixty-four percent
of applied studies did not provide more than a general statement
(i.e., theory-general) linking the studys results to conservation,
restoration, or management practice or policy. Initially, the literature
review indicated that only 3.8% of studies led to a documented
conservation implementation. But, when we surveyed authors
of theory-specific studies about the conservation outcomes of
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each category.

Author affiliations among documented implementation categories. (A) Proportion of studies across the documented implementation categories (action,
theory-specific, theory-general) coded as non-conservation, conservation, and a mix of conservation and non-conservation author affiliations.
(B) Proportion of studies coded as near-time, deep-time, and a combination of both near- and deep-time. Numbers within bars equal sample size for
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75%
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FIGURE 3

Proportion of action studies (n = 48) that focus on invertebrates
(Cnidaria and Mollusca), vertebrates (Mammalia and Osteichthyes),
and Plantae. Silhouettes were retrieved and modified from Canva
(accessed 18 January 2023).

their research beyond publication, the proportion of studies
categorized as action tripled (10.8%). Several (n = 13) theory-specific
studies were not co-authored with conservation practitioners
but had been
(Supplementary Table 2), even though the collaborations were

co-designed with conservation practitioners
not apparent in the peer-reviewed publications based on author
affiliations (i.e., all authors had non-conservation affiliations).
Although adding the survey results to the initial literature review
narrows the gap between knowing and doing more than the literature
alone, these action studies still only account for one tenth of our
dataset of applied conservation paleobiology studies. In addition,
despite the total number of relevant studies steadily increasing
over the past decade, the knowing-doing gap appears to have
been relatively stable, in terms of the proportion of studies that
conservation (Supplementary Figure 3B).

documented impacts
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Another yardstick of success—the proportion of studies co-
authored with conservation partners—also did not appreciably
increase over the past decade (Supplementary Figure 3C). Whether
we like it or not, and whether we recognize it or not, these
inconvenient truths draw attention to a separation between reality
and the way conservation paleobiologists who are motivated
by a desire to conduct research relevant to conservation would
like things to be. Most applied research conducted over the
past decade in conservation paleobiology appears to not have
informed conservation, restoration, or management actions in a
tangible way.

Although it seems reasonable to imagine that the gap is wide
in conservation paleobiology because the approach is still relatively
new, conservation biology’s own longstanding internal struggles with
the same problem forewarns that other much more nuanced and
complicated factors should also be considered, which will not all
easily be addressed from within the prescribed boundaries of the field.
Potential reasons to explain the gap in conservation biology include:
a disconnect between the type of data created and what is actually
needed by practitioners (Arlettaz et al., 2010; Habel et al., 2013;
Kiessling et al., 2019), lack of incentives for academic researchers to
conduct research with practical applications (Burbidge and Wallace,
1995; Savarese, 2018) or to communicate results to conservation
practitioners (Taylor et al., 2017), and research results that are out
of sync with policy windows (Cook and Sgro, 2017). Conservation
practitioners also may be unaware of the full range of uses for
geohistorical data (Durham and Dietl, 2015; Smith et al., 2018), and
often report not using published literature because of technical jargon
or abstract framing (Redford and Taber, 2000; Pullin et al., 2004;
Bainbridge, 2014; Matzek et al., 2014; Taft et al, 2020). Paywalls
or subscriptions imposed by journals further limit conservation
practitioners’ access to peer-reviewed literature (Fuller et al., 2014).
In addition, academic researchers often lack the training to develop
skills necessary to collaborate across disciplinary boundaries (Arlettaz
et al., 2010; Kelley et al., 2019; Merkle et al., 2019; Kelley and Dietl,
2022). The gap in conservation paleobiology likely stems from some
combination of all these factors and others. Which factors are most
relevant is a matter for further research, research that should begin
without delay.
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In good company

Our literature review and follow-up survey of applied
conservation paleobiology studies fit a general pattern of limited
evidence of conservation implementation in the peer-reviewed
conservation sciences literature (Ehrenfeld, 2000; Knight et al,
2008; Esler et al., 2010). We found that 10.8% of the applied
conservation paleobiology studies we reviewed either documented
reported
practitioners considered the findings (action studies). Another

conservation implementation or that conservation
25.2% of applied conservation paleobiology studies provided
specific recommendations (theory-specific studies) for practitioners,
comparable to other conservation biology studies that proposed
specific recommendations (Knight et al., 2008; Britt et al., 2018;
Williams et al., 2020). It is reasonable to expect that applied
conservation paleobiology studies would have been more oriented
toward conservation action, given that our corpus comprised
studies that self-identified as “conservation”, “restoration”, or
“management” relevant based on the search terms of our literature
review. If we had reviewed the field of paleobiology more broadly,
the low rate of action studies that we found would be more intuitive.
Instead, 64.1% of the studies in our corpus included only a general-
theory nod to conservation, echoing Ehrenfeld’s (2000, p. 107)
perceptive, albeit bitter, observation that, “authors would tack on
a depressingly predictable final paragraph that would explain how
important th[eir] work could eventually be to conservation and
why more research was needed.” Such fire-and-forget statements
(Gibbons et al., 2011)—about “conservation dividends to be earned
in an unspecified future® (sensu Ehrenfeld, 2000)—risk eroding
the credibility of conservation paleobiology and widening the gap
between science and practice. Credibility in conservation biology
is a relational process, won by building trust between communities
(Alagona, 2008). While some researchers may construe their work
as improving our understanding of ecological processes relevant
to conservation issues (after all, looking for near-term payoffs is
a human trait), those outside the field may find statements only
vaguely connected to actual conservation contexts unconvincing
and overstated. In fact, overstating research implications may have
the unintended effect of opening conservation paleobiology up to
“damning critiques by the anti-environmentalist lobby. . . increas[ing]
cynicism and complacency about...loss of biodiversity” (Ladle et al.,
2005, p. 238). Avoiding this extreme scenario is relatively easy,
however, because it only involves recognizing that research does
not need to translate directly or immediately to conservation to be
valuable (Stinchcombe et al., 2002; Linklater, 2003; Hulme, 2014),
and resisting the temptation to tack on vapid claims if our work does
not have concrete conservation recommendations.

Collaboration to navigate the
knowing-doing gap

Our findings suggest that applied conservation paleobiology
research is more likely to lead to conservation action when academic
researchers collaborate with conservation practitioners. In our
corpus, 113 studies included conservation co-authors: of these, 22
were action studies. This aligns with previous work in conservation:
a literature review estimated that conservation genetics studies with
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non-academic authors were 2.5 times more likely to include specific
conservation recommendations than studies with only academic
authors (Britt et al., 2018). Wildlife biologists and wildlife managers
report that directly involving practitioners in all stages of research
increases the likelihood of implementing research results (Merkle
et al., 2019). This focus on partnerships is a common theme in the
literature on the knowing-doing gap (Bainbridge, 2014; Taft et al,,
2020). However, co-authorship is not the only marker of engagement
between academic researchers and conservation practitioners (Hogg
et al., 2018). In fact, our survey found that author lists are not
an accurate proxy for collaboration: over half (56.5% or 13 out
of 23) of the survey respondents who had indicated that their
study was considered by conservation practitioners in their work
also reported co-designing the study with conservation practitioners
(Supplementary Table 2), even though it was not apparent in the
peer-reviewed publications based on author affiliations (i.e., only
non-conservation authors). While collaborations may not appear
in author lists, our survey confirms that conservation and non-
conservation collaborations occur in conservation paleobiology
outside of what is documented in peer-reviewed publications. Indeed,
Hulme (2014, p. 1131) affirmed “publishing research in peer-
reviewed journals will only ever be a small part of closing the
knowing-doing gap.” In contrast, our survey suggests that knowledge
exchange (or mutual learning) was incorporated into collaborations
between researchers and conservation practitioners, which is largely
invisible in the peer-reviewed studies we reviewed (Reed et al., 2014;
Cvitanovic et al., 2016).

Action can lag behind publication. Our survey revealed that
conservation impacts often emerged 1-3 years after research
teams published their findings (Supplementary Figure4 and
Supplementary Table 2). Conservation biologists also note this time
lag from research initiation to implementation, suggesting that the
lag may explain why few studies bridge the planning stages from
status review to implementation to action (Knight et al., 2008; Mair
et al., 2018). Hogg et al. (2018) further argued that conservation
recommendations are often published in the “gray literature” and
not in the peer-reviewed literature (see also Savarese, 2018), or
practitioners communicate with researchers they already know
before searching peer-reviewed literature. The lag time we found
between publication and action reflects active communication
and collaboration between academic researchers and conservation
practitioners beyond the boundaries of publication.

Conservation paleobiology bright spots

Although action studies represent a small slice of the studies we
reviewed, we found bright spots (sensu Cvitanovic and Hobday, 2018)
where conservation paleobiology research is leading to real-world
conservation actions on the ground around the world (see also Dietl
et al.,, 2015; Boyer et al., 2017; Dietl and Flessa, 2018; Savarese, 2018).
Here we highlight a selection of these studies to illustrate where the
dead have been put to work.

Researchers and forest managers in the Guadarrama National
Park, Spain co-designed a study (Morales-Molino et al., 2017) that
used pollen, conifer stomata, charcoal, and dung fungal spores
(a proxy for herbivore grazing activity) preserved in 2,500-year-
old peat cores to understand the natural range of variability of

frontiersin.org


https://doi.org/10.3389/fevo.2023.1058992
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Groff et al.

10.3389/fevo.2023.1058992

FIGURE 4

“Bright spots” examples of conservation paleobiology in action. (A) At Makauwahi Cave Reserve on Kaua'i in the Hawaiian Islands, USA giant tortoises such
as this African spurred tortoise (Centrochelys sulcata) act as surrogates for long-lost ecological functions by helping keep invasive grasses and weeds
grazed down in securely fenced native plant restorations; photo credit: A. Burney. (B) Researchers deploying a Hedrick-Marrs Multicorer to capture
sediments in Lake Tanganyika, Africa’s oldest and deepest lake. The sediment cores, containing fish bones and scales, help decipher drivers of fish
declines; photo credit: A. Cohen. (C) In Ireland, it was thought that Scots pine (Pinus sylvestris) became extinct, but fossil pollen and pine needle
macrofossils demonstrate that a rare stand of Scots pine has persisted locally for centuries and is now used as a seed source for restoration efforts; photo
credit: R. A. Nonenmacher; Wikimedia Commons. (D) Barton Broad is a shallow, eutrophic lake in the UK where management has targeted limiting
nutrient and sediment influx from surrounding agricultural point sources. Plant macrofossil data from lake sediment cores suggest that only after
reducing nutrient levels and providing habitat structure will aquatic vegetation recolonize; photo credit: John Fielding; Wikimedia Commons.

(E) United States Geological Survey (USGS) researcher collecting living freshwater snails rafting out into the estuary by doing a plankton tow in Roberts
River, Everglades National Park, Florida, USA; photo credit: USGS. The data on living mollusks from the plankton tows are compared to species
abundances in sediment cores from the region to estimate past salinity conditions.

mountain oak-pine forests in response to disturbances such as
grazing. The study provided relevant information for the forest
managers who wanted to better understand the natural state of
the habitats under their care (Morales-Molino et al., 2017). The
forest managers responded to the results of the study, which showed
that coppicing and overgrazing are detrimental disturbances to the
mountain oak-pine forests in the Guadarrama National Park, by
reducing the number of cattle and altering their management strategy
(Morales-Molino et al., 2017).

In another study, plant and animal fossils from Makauwahi
Cave Reserve (MCR), Kaua'i, Hawaii provided guidance for the
successful restoration of land degraded by centuries of agricultural
use and non-native introductions to a pre-European state dominated
by native plants and Polynesian cultivars. Holocene fossil pollen
evidence (Burney et al., 2001) suggested doubling the number of
plant species to replant in restoration efforts by including now extinct
species, justifying the translocation of closely related plant species
from nearby islands to Kaua'i. Invasive plant removal, replanting,
maintenance, and monitoring were done by reserve staff, local school
children, and volunteers. Animal fossil evidence from MCR guided
the design of a large-scale experiment to determine that ecological
surrogates like non-native, pet tortoises that could no longer be
cared for by their owners could fulfill the same ecological role of
weed control—reducing understory plant cover—played out by now
extinct herbivores, such as giant flightless ducks and geese (Figure 4A;
Burney and Burney, 2016).

Frontiersin Ecology and Evolution

In Lake Tanganyika, Africa, fossils from multiple species of fish
preserved in lake sediment cores determined that lake warming
coincided with declines in economically important fish and their
diatom food sources over the past 500 years. The new perspective
provided by the past demonstrated to fishery managers and
other stakeholders that declines in abundance occurred prior to
intensification of contemporary commercial fishing practices in the
lake, bringing clarity to the debate over the cause of the population
declines (Figure 4B; Cohen et al., 2016). From our survey, we learned
that this co-designed project involved working “..directly with
UN Global Environmental Facility and Tanzania Fisheries Research
Institute personnel in the development ...[and]... execution of the
research” (A.S. Cohen, personal communication). Also in freshwater
environments, Madgwick et al. (2011) used an approach combining
historical and macrophyte data with pollen and plant macrofossil
data from ~200-year-old lake sediment cores to develop a restoration
recommendation for a shallow, high-nutrient lake (Barton Broad,
UK; Figure 4D), which is a popular tourist destination supporting the
local economy. After three decades of unsuccessful lake restoration
using techniques like sediment removal and nutrient reduction, the
authors recommended prioritizing efforts to lower the nutrient status
and build habitat structure appropriate for aquatic plant communities
rather than an approach focused on using a list of aquatic plant
species—compiled from anecdotes and historic documents—to
restore the lake conditions (Madgwick et al., 2011). A government
report for the Broads Authority, Norwich and Natural England
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on management activities at Broads National Park considered the
paleolimnological evidence from Madgwick et al. (2011) by using
the study to establish “indicators of restoration success” of aquatic
plant species to restore more natural lake conditions (Phillips et al.,
2015).

In the UK, national conservation agencies (e.g., Countryside
Wales England)
paleoecological studies to understand the history of mire degradation

Council  for and Natural commissioned
and inform conservation management, and decidedly “bridge the
gap” (Chambers et al., 2013, 2017). In response to the national
call for paleoecologists to collaborate with conservation managers,
Chambers et al. (2017, p. 73) generated plant macrofossil, fossil
pollen, and magnetic susceptibility data spanning the past 3,000
years in northern England. The geohistorical data impacted the
design of action plans for the restoration of peat-forming plants
via the translocation of plant species to replace species that are no
longer present at the site. This collaboration between managers
and researchers ensured that the data informed regional, national,
and international agencies (e.g., Yorkshire Peat Partnership (YPP),
Natural England, and the International Union for the Conservation
of Nature). At West Arkengarthdale, another degraded peatland
in the UK, a study funded by the YPP identified plant species
that would encourage peatland development based on analyses of
humification (a proxy for wet and dry environmental conditions),
fossil pollen, and plant macrofossils from a 6,700-year-old peat
record (McCarroll et al., 2016). The collaborative approach between
researchers and practitioners described in McCarroll et al. (2016)
ensured the practitioners’ management decisions were informed by
the local site history.

One action study, with a mix of conservation and non-
conservation author affiliations, focused on an endemic terrestrial
mammal, the Hispaniolan solenodon (Solenodon paradoxus; Gibson
et al., 2019). By using a combination of fossil and contemporary
data sets suggesting anthropogenic factors (rather than Pleistocene
and Holocene climatic changes) reduced the geographic range of
the Hispaniolan solenodon, Gibson et al. (2019) reported that
communicating the results with their conservation partners allowed
them to more precisely identify locations for targeted management
approaches to rewild. Another action study that was focused on a
specific species successfully determined the timing of arrival and
slow spread of a disputed invasive plant species, the tree daisy
(Olearia lyallii), in the sub-Antarctic Auckland Islands using fossil
pollen from peat cores from the past millennium (Wilmshurst et al.,
2015). The New Zealand Department of Conservation reacted to the
study by continued monitoring of the plant “..rather than trying to
eliminate it saving potentially thousands of dollars” (J. Wilmshurst,
personal communication). In Ireland, documented implementation
of recommendations generated from 6,000-year-old fossil pollen in a
lake sediment core included propagating seeds from a rare stand of
Scots pine (Pinus sylvestris; Figure 4C) at Rockforest Lough, which
was once thought to be extinct in Ireland. The discovery of the Scots
pine stand at Rockforest resulted in it becoming listed as a genetic
conservation unit (McGeever and Mitchell, 2016), and identified as
a seed source for planting Scots pine at two other sites by managers
of the Irish National Parks and Wildlife Service (Roche et al., 2018;
Roche, 2019).

In a synthesis analysis, monitoring of a network of 15 lakes
in the National Park System (NPS) of the Upper Midwest Region,
USA, indicated these lakes exceeded the nutrient reference criteria
established by the U.S. Environmental Protection Agency. By
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coupling modern nutrient measurements with pre-1900s conditions
based on diatom inferred total phosphorus, pH, and specific
conductance from lake sediment cores, the study revealed that the
nutrient status of many lakes had not changed historically (pre-
1900s), except for shallow, small lakes in the region (VanderMeulen
et al., 2016). The study, which was led and co-authored by NPS
aquatic ecologists, provided information to refine reference criteria
for smaller spatial scales, such as the NPS Great Lakes Inventory and
Monitoring Network, one of the first NPS inventory and monitoring
frames to combine modern and diatom-inferred water quality data.

In the Greater Everglades Ecosystem in Florida, USA (Figure 4E),
the Comprehensive Everglades Restoration Plan (CERP), headed
by the Army Corps of Engineers, brought together scientists and
practitioners across state and federal levels to develop project teams
that were required to produce performance measures and restoration
targets. Marshall et al. (2014) developed a model that applied a
modern analog dataset to mollusk assemblages from sediment cores
to estimate past salinity conditions in Florida Bay to fill a pre-1900s
information gap in historical rainfall and salinity records. Results
from the study are being used by CERP’s Restoration Coordination
and Evaluation Southern Coastal Systems team to set targets for how
much freshwater flow from the Everglades is needed to lower salinity
conditions to a more natural state in the Florida Bay estuary, which
has experienced hypersaline conditions since the early 1900s due to a
waterflow deficit.

These bright spots underscore a common theme that emerged
from our literature review and survey. A reliable route to producing
actionable conservation paleobiology research is collaboration,
whereby academic researchers and conservation practitioners work
together to ensure research results meet the specific needs of
conservation practitioners. Aspiring conservation paleobiologists
could consult the growing body of literature on this important topic
for additional guidance and recommendations on what to do and
how to start (e.g., Knight et al., 2008; Cook et al., 2013; Hulme, 2014;
Cvitanovic et al., 2016; Beier et al., 2017; Boyer et al., 2017; Savarese,
2018; Gerber et al., 2020).

Moving from potential to application in deep
time

From our literature review, research in applied conservation
paleobiology focuses almost completely on near-time scales (96%;
Figure 2B), with most action studies being restricted to the Holocene
(Supplementary Table 3). The scant number of deep-time applied
studies in the corpus confirms that they are less systematically
pursued by conservation paleobiologists than near-time studies
(Dietl and Flessa, 2017; Dietl, 2019). Indeed, a recent survey of
the conservation paleobiology community suggests that deep-time
records are perceived by many conservation paleobiologists to be
too far removed from application to be of immediate value to
conservation practice (Dillon et al., 2022): 93% of survey respondents
thought near-time scales were useful to conservation practice, in
contrast to only 63% for the deep-time fossil record (see also Dietl
et al., 2019; Kiessling et al., 2019). Looking to the distant past for
guidance in solving today’s conservation problems may seem like
an unnatural act (Dietl, 2019), but the deep time record of the
Earth’s history contains abundant opportunity to evaluate pressing
questions about biotic responses to a range of environmental stressors
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outside of our experience, especially unchecked climate change—
one of the greatest threats to our ways of life and place in the
natural world. Moving from potential to application in deep-time
research, however, will require more than motivating participation
and publishing additional studies, which, by itself, is not a guarantee
of future application. Our findings suggest that a different strategy
is more likely to work. Conservation paleobiologists could build
collaborations with conservation practitioners and other stakeholders
to identify specific decisions that can be informed by deep-time
studies, and then jointly define the research questions, to better tailor
their research to the immediate needs of the intended end-users.

Limitations

Our approach for assessing the knowing-doing gap in the applied
conservation paleobiology literature is not without limitations. First,
we note that our corpus was limited to English language peer-
reviewed studies. Excluding non-English references could have
introduced a geographic selection bias against other regions of the
world (Amano et al., 2021). However, Dillon et al. (2022) did not
find any non-English empirical research studies to include in their
literature review of self-identified conservation paleobiology studies
published over the last 20 years even though they were included
in their search. They found conservation paleobiology research
primarily originated in English-speaking countries (Dillon et al,
2022), which suggests that non-English publications may be rare in
the field of conservation paleobiology and may have more to do
with where conservation paleobiology studies are being conducted.
Second, we recognize limitations to our assessment of the corpus.
An uneven distribution of researchers and practitioners working in
different ecosystems (terrestrial vs. freshwater vs. marine) or taxa
(plants vs. others) may have introduced bias into our analysis of
the proportion of action studies associated with each habitat type,
ecological focus, proxy, and/or taxonomic focus. This limitation,
however, does not affect how we measured the extent of the knowing-
doing gap. Third, we did not account for a “clumping effect” in our
analysis: there may be specific lab groups, researchers, or networks
of researchers that are publishing prolifically in conservation
paleobiology. If this clumping effect is real, and the trend in action-
oriented work is limited to a small network of researchers, then
our estimate of the gap for the applied conservation paleobiology
community is, in fact, conservative.

Finally, other errors may have arisen due to a bias in the
study design, which could lead to overestimation of the gap. For
instance, bias may have been introduced if our search strategy,
which targeted applied studies that made a direct connection
to conservation, restoration, and management audiences, was
inefficient and missed relevant studies from the broader conservation
paleobiology community (sensu Dillon et al., 2022). But it is hard to
imagine that this limitation of our sampling strategy would change
our conclusion (in fact, including research aimed at discovery would
likely only widen the gap), given that conservation practitioners
often report that a large amount of basic conservation research
focuses on issues that are not relevant to conservation practice
(Fazey et al., 2005; Cook et al., 2013). We also did not search the
gray literature, which may represent a significant proportion of the
available documented support for conservation decisions (Linklater,
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2003; Haddaway and Bayliss, 2015; Hogg et al., 2018), especially
in the tropics where gray literature is often the only source of
information available for particular areas or species (Corlett, 2011).
Again, however, it is hard to imagine that this limitation would
change our conclusions, given we are still in the early stages of
the diffusion of the conservation paleobiology innovation. Most
conservation practitioners are not aware of the approach (Durham
and Dietl, 2015) or are still in the information gathering stage of
how the approach might benefit their work. As the conservation
paleobiology innovation continues to scale and is adopted by
conservation practitioners (i.e., the approach is routinely mentioned
in practitioner-generated research outputs—reports, government
papers etc.—published in the gray literature), searching for and
including action studies from this untapped pool of information will
form a vital part of the evidence base for any future assessment
of the knowing-doing gap in conservation paleobiology. Until that
time comes, although peer-reviewed studies cannot fully capture
the relationship between academic researchers and practitioners or
research and action (e.g. Savarese, 2018), peer reviewed journals are
the forum by which academic researchers communicate with each
other and document their work, and thus are the best evidence
available to assess the size and nature of the knowing-doing gap in
conservation paleobiology.

After considering these limitations and potential biases,
we remain confident that we have captured a robust, wide
which
remarkably similar to conservation biology and other allied

knowing-doing gap in conservation paleobiology, is
fields in the environmental sciences. The first step in closing
the knowing-doing gap is understanding the magnitude of

the problem.

Conclusion

Our goal to measure the knowing-doing gap in conservation
paleobiology validates what most workers in the field already
intuitively suspected—the existence of a sizeable gap between
theory and practice. We also found encouraging bright spots
where geohistorical data and insights are being used in myriad
ways relevant to conservation practitioners, with actionable
Our
highlight that successfully navigating the knowing-doing gap in

outcomes. findings about collaboration in particular

conservation paleobiology occurs in spaces where conservation

practitioners and researchers engage in active knowledge

exchange, where paleontological research informs management
actions and management needs inform paleontological research.
We with
practitioners through collaborative research opportunities and

recommend deliberate engagement conservation

communication beyond publication between academic researchers
and conservation practitioners to build trust and increase the
chances actionable

of producing conservation paleobiology

research. Moving forward, conservation paleobiologists could rally

around community-driven initiatives like the Conservation
Paleobiology Network? and redouble efforts to mobilize
training opportunities and support for this practice. The

knowing-doing gap in conservation paleobiology is real, but
not insurmountable.

2 https://conservationpaleorcn.org/
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