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Highlights
Marine megafauna and vegetated
coastal wetland habitats (seagrasses,
saltmarshes, and mangroves) are under
intense threat and declining globally.

Emerging research and novel methodol-
ogies have unveiled important, previously
unknown habitat associations between
marine megafauna and these habitats.

Unless we can conceptualize and criti-
cally examine these habitat associations,
management and conservation can be
undermined.
Habitat loss is accelerating a global extinction crisis. Conservation requires un-
derstanding links between species and habitats. Emerging research is revealing
important associations between vegetated coastal wetlands and marine mega-
fauna, such as cetaceans, sea turtles, and sharks. But these links have not
been reviewed and the importance of these globally declining habitats is
undervalued. Here, we identify associations for 102 marine megafauna species
that utilize these habitats, increasing the number of species with associations
based on current International Union for the Conservation of Nature (IUCN) spe-
cies assessments by 59% to 174, accounting for over 13% of all marine mega-
fauna. We conclude that coastal wetlands require greater protection to support
marine megafauna, and present a simple, effective framework to improve the in-
clusion of habitat associations within species assessments.
Identifying threatened species that are
dependent on threatened habitats is es-
sential for informing on actions to prevent
population declines.
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Are Vegetated Coastal Wetlands Important for Marine Megafauna?
Marinemegafauna (see Glossary) are globally recognized as providing significant economic, cul-
tural, and ecological values [1,2]. Despite this, many have experienced population declines, putting
some species at risk of extinction [3–5]. Emerging research and novel methodologies are finding
important, previously unknown habitat associations between marine megafauna and vegetated
coastal wetlands (seagrasses, mangroves, and saltmarshes; e.g., [6,7]), suggesting that these
marine habitats are important in supporting and sustaining megafauna. However, vegetated
coastal wetlands are also in global decline and there is an urgent need for effective management
and conservation effort in these habitats [8–11]. The ability to implement management and conser-
vation in marine systems is often impeded by incomplete understanding of species habitat require-
ments and critical ecological processes operating between species and habitats [12]. While coastal
regions in general have been suggested as areas of conservation concern for marine megafauna
[4,13], the importance of seagrasses, mangroves, and saltmarshes specifically is not currently
well conceptualized for megafauna or their conservation.

Megafauna also fulfil important functions for coastal wetlands. Semiaquatic species link aquatic
and terrestrial biomes by transporting nutrients across boundaries [14], while migratory species
with large home ranges can disperse nutrients and plant propagules across wide areas
[15–17]. Grazing of seagrass by turtles and dugongs can benefit seagrass communities by
increasing nitrogen availability [18], and declines of these species have the potential to cause deg-
radation of seagrass meadows [19]. Megafauna predators, such as sharks, also assist in main-
taining and growing reserves of ‘blue carbon’ within coastal wetland habitats [20] and have
important roles as apex predators in near-shore food webs [21].

To advance the global state of knowledge surrounding links between vegetated coastal wetland
habitats and marine megafauna, we systematically classify habitat associations from the pub-
lished literature (see Appendix A in the supplemental information online for methodology). Given
Trends in Ecology & Evolution, September 2019, Vol. 34, No. 9 https://doi.org/10.1016/j.tree.2019.04.004 807
© 2019 Published by Elsevier Ltd.

https://www.globalwetlandsproject.org/
m.sievers@griffith.edu.au
http://www.twitter.com/SieversSci
https://doi.org/10.1016/j.tree.2019.04.004
https://doi.org/10.1016/j.tree.2019.04.004
https://doi.org/10.1016/j.tree.2019.04.004
https://doi.org/10.1016/j.tree.2019.04.004
https://doi.org/10.1016/j.tree.2019.04.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tree.2019.04.004&domain=pdf


Glossary
Direct association: where the animal
directly utilizes the habitat as a food
source, foraging ground, nursery,
breeding area, or some other interaction
beyond simply occurring within a
habitat.
Habitat dependency: quantitative
measure of how reliant an animal is on a
specific habitat type (e.g., obligate
habitat use).
Indirect association: a habitat
association with no evidence of a direct
association (e.g., occurrence).
Marine megafauna: primarily aquatic
species from the following groups: sea
turtles, whales, dolphins, porpoises,
otters, minks, seals, crocodiles,
alligators, dugongs, manatees, and
sharks and rays (elasmobranchs).
Obligate habitat use: when a specific
habitat type is fundamentally needed for
the existence of an animal.
Remote sensing: the scanning of the
earth by satellite or high-flying aircraft to
obtain information about it, particularly in
terms of habitat and vegetation
mapping.
Stable isotopes: nonradioactive forms
of atoms that can be used as indicators
to trace the diet and habitat used by
animals before the sampling period.
Telemetry: process of recording and
transmitting the readings of an
instrument, often used to track animal
movements.
Vegetated coastal wetlands: three
key vegetated coastal wetland habitats:
seagrasses, saltmarshes, and
mangroves: as defined by the Ramsar
Convention (wetland categories B, H,
and I, respectively): ‘wetlands include a
wide variety of inland habitats such as
marshes, peatlands, floodplains, rivers
and lakes, and coastal areas such as
saltmarshes, mangroves, intertidal
mudflats and seagrass beds, and also
coral reefs and other marine areas no
deeper than six meters at low tide, as
well as human-made wetlands such as
dams, reservoirs, rice paddies and
wastewater treatment ponds and
lagoons’ [70].
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the increasing global importance and use of the International Union for the Conservation of Nature
(IUCN) Red List of Threatened Species database [22], we also critically evaluate species assess-
ments for megafauna considered to have an association with these habitats and propose an up-
dated framework for the inclusion of habitat data in assessments. It is timely that we review this
literature to identify priorities for wetland research and evaluate how wetland protection can
best serve megafauna.

Identifying and Defining Habitat Associations
Species conservation and protection, and the policy that enables these, relies on knowledge of
how and which species utilize specific habitats. The standardization of habitat associations within
IUCN species assessments also allows geographical and taxonomic comparisons to be made
that are important for guiding conservation efforts and assessing conservation outcomes [23].
Inaccurate or missing information can compromise these efforts. For example, the often-cited
statement that ‘an estimated 75% of commercially caught fish depend directly on mangroves’
[24] was recently determined to be wildly inaccurate and not based on definitive scientific
evidence. The use of unsupported claims poses serious issues for conservation as hypotheses
and arguments that are built upon it are weakened by the lack of scientific evidence and can
be easily debunked [24].

Here, we classify habitat associations from the literature as: (i) occurrence: occurring within or
directly adjacent to the habitat (e.g., GPS tracking of turtles within seagrass patches or observing
dolphins along mangrove banks); (ii) grazing: directly consuming the habitat forming species
(e.g., observing dugongs, Dugong dugon, consuming seagrass, or turtle stomach lavage sam-
ples containing mangrove fruits); (iii) foraging: hunting or scavenging within or directly adjacent
to the habitat (e.g., rays foraging on invertebrates within seagrass meadows, or sharks hunting
along the edges of seagrass meadows), or from the food web of the habitat (e.g., isotopic anal-
yses identifying seagrass-associated prey forming part of the diet); and (iv) breeding: breeding
occurring within the habitat or juveniles within sites that satisfy the requirements of a nursery hab-
itat [25] (e.g., juvenile lemon sharks, Negaprion brevirostris, congregating within mangrove-
fringed lagoons). We include ‘directly adjacent to the habitat’ because megafauna can, for exam-
ple, hunt prey alongmangrove-fringed shorelines without physically entering the small gapswithin
mangrove roots (although they can be above aerial roots without this being mentioned within
studies).

Occurrence is considered an indirect association and the other classifications are direct
associations. Direct habitat associations have varying strengths of evidence. That is, levels of
habitat dependency are subject to gradation. For example, the level of dependency for sharks
using mangrove-fringed lagoons as nursery areas is less clear than for dugongs consuming
seagrass. It may be that the mangroves provide specific protection and prey resources, and
are irreplaceable, but it may also be that sharks would just as readily and successfully use the
lagoon as a nursery if a different vegetation type was present. Ideally, these classifications
would feed into a quantitative assessment of how the habitat contributes to a species population
growth rate and, thus, how habitat decline can increase the risk of extinction. Such quantitative
assessments would require estimating differences in population demographic rates between
locations or times with and without the habitat [26]. This can be relatively straightforward for
species that are solely reliant on one food type (i.e., dugongs consuming seagrass), but very
difficult for species that have a facultative dependence on the habitat.

Although our separation of habitat associations into direct and indirect provides an easy and
informative means to assess habitat associations, we might also be overestimating the
importance of coastal wetlands for some species, because evidence of associations from
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these habitats might be an artefact of the surrounds or adjacent alternative habitats rather than of
the habitat-forming species itself (e.g., mangroves [27]). Conversely, we might be dismissing key
habitat associations as indirect due to a lack of supporting scientific data. For example, turtles can
rest and find refuge among mangroves, and crocodiles use saltmarsh to bask, and these could
be vital ecological functions provided by vegetated coastal wetlands, but are deemed as an ‘oc-
currence’ under our criteria. Hence, our occurrence data could be considered knowledge gaps,
where data are still required to properly assess habitat association types.

Megafauna Associations with Vegetated Coastal Wetlands
Our review of 341 studies (Appendix B in the supplemental information online) identified 102
megafauna species associated with vegetated coastal wetlands (Appendix C in the supplemental
information online). Associations were most commonly documented by visual observation (55%),
electronic tracking (14%), or from dietary analysis based on gut contents (18%) or stable iso-
topes (11%). Less common methods (2%) included acoustic recordings, contaminant and
fatty acid levels, and animal-borne video cameras. Many species had well-studied and important
associations with coastal habitats (Figure 1). For example, seagrass is often the only dietary com-
ponent for green turtles (Chelonia mydas) and dugongs [28,29], and this was well conceptualized
and validated in the literature. Similarly, mangroves, saltmarshes, and seagrasses offer ideal hunt-
ing and foraging grounds for predators such as dolphins, sharks, rays, and crocodiles [30–32].
These habitats also function as nurseries where juveniles of species, such as critically endangered
smalltooth sawfish (Pristis pectinata [33]), dugongs [34], and lemon sharks [35], seek refuge
during vulnerable early life stages.

Sharks and rays were the dominant taxonomic group, contributing 66 of the 102 species from our
literature review. This group was primarily associated with seagrass and mangroves, with most
direct associations related to hunting within seagrass patches (18 species; Appendix D in the
supplemental information online). Few megafauna were linked with saltmarsh (12 species), indi-
cating that this habitat is relatively less important for megafauna or that it is less well studied. Over-
all, the most studied species in terms of number of studies identifying links were the bonnethead
shark (Sphyrna tiburo), lemon shark, and smalltooth sawfish.

Of the 102 species identified from the peer-reviewed literature, 64 did not have any of the three
habitat types recognized as a habitat within their IUCN assessment. Conversely, we identified
71 species with noted vegetated coastal wetland habitat associations from IUCN Red List as-
sessments that were not identified in our search of the published literature. Evidence for IUCN as-
sociations were largely based on unpublished literature, personal observation, personal
communication, and assumptions that the species would occur in the same habitat as conge-
neric species. In total, the 64 additional species we identified increase the number of marine
megafauna with habitat associations with coastal wetlands by 59%, to 174 species (Figure 2).
This considerable increase means that at least 13% of all extant marine megafauna species
have some link with vegetated coastal wetlands (Figure 2).

The Importance of Habitat Associations in Assessments
IUCN Red Lists have become a go-to source of information used to guide species conservation
[36,37]. The wealth of additional data collected during the assessment process, such as threats
and habitat associations, is regarded as one of its most important features, insofar that these
parameters are standardized to allow comparative analyses [38]. These can be used, for
example, to compare trends for suites of species in different habitats. Red List threat categoriza-
tions also provide a baseline for measuring conservation responses [22]. For instance, conserva-
tion recommendations identified in assessments for globally threatened birds in 2000 resulted in
two-thirds of threatened bird species having some of these actions implemented by 2004 [22,39].
Trends in Ecology & Evolution, September 2019, Vol. 34, No. 9 809
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Figure 1. Marine Megafauna Habitat Associations with Vegetated Coastal Wetlands (Seagrasses, Mangroves, and Saltmarshes) Confirmed in the
Peer-Reviewed Scientific Literature. Marine megafauna graze, forage, and breed in all three habitats, as indicated by symbols within the habitat-association matrix.
We classify habitat associations from the literature as: (i) occur: within or directly adjacent to the habitat; (ii) graze: directly consuming the habitat forming species;
(iii) forage: hunting or scavenging within or directly adjacent to the habitat, or from the food web of the habitat; and (iv) breed: juveniles within sites that satisfy the
requirements of a nursery habitat or nesting within the habitat. All images are Creative Commons (CC) or Public Domain (PD). Sea turtles, P. Lindgren (CC BY-SA 3.0);
dugongs and manatees, J. Willem (CC BY-SA 3.0); dolphins and porpoises, Z. Alom (PD); sharks and rays, A. Kok (CC BY-SA 3.0); crocodiles and alligators,
Mattstone911 (CC BY-SA 3.0); otters, seals, and minks, L. K. Yap (CC BY-SA 2.0). Original images have been cropped.
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Furthermore, habitat-based conservation actions are often recommended in Red List
assessments for those species with strong habitat associations [22].

Despite important habitat associations identified in our literature review, IUCN assessments for 64
of the 102 species did not include any vegetated coastal wetland habitat (even though 32 species
had direct associations). For example, green turtles often rest in mangroves and consume
810 Trends in Ecology & Evolution, September 2019, Vol. 34, No. 9
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Figure 2. Summary Statistics fromReviewing the Literature and the International Union for the Conservation o
Nature (IUCN) Database. The number of species identified as having a habitat association with seagrass, mangroves, o
saltmarsh based on IUCN species assessments (blue bars) and those additional species from our literature review (purple
bars). The resultant percentage increase in the number of species with habitat associations (Increase %) and the
proportion of all species within key taxonomic groups that are associated with coastal wetlands (Proportion species %
are shown. Our literature review considerably increases the number of species with known habitat associations based on
habitat data extracted from IUCN species assessments, potentially assisting conservation efforts given global declines in
seagrasses, mangroves, and saltmarshes.
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mangrove leaves and fruits [40–43], and bull sharks have strong links with mangrove estuaries as
nurseries [26], yet mangroves are not currently identified as important for these species. In some
cases, such as for many of the crocodiles and alligators, assessments are largely incomplete and
were conducted before the studies that identified and published evidence of important habitat as-
sociations (Appendix C in the supplemental information online). Different forms of information are
used to inform species conservation, such as expert knowledge and species distribution models.
The information within IUCN assessments is also used to identify actions for threatened species
management. Therefore, when species assessments overlook habitat associations, as we show
currently occurs for 63% of the species identified, conservation may not be directed towards the
most effective management actions, such as protecting habitats.

A Framework for the Inclusion of Habitat Data in Species Assessments
We argue that greater consideration of the role of vegetated coastal wetlands in the lives of many
megafauna should be included in management and conservation plans for these species. Other-
wise, valuable resources might be invested in ineffective conservation action that does not halt
species decline. This is particularly important because almost half of these species are listed as
threatened (Figure 3). Although IUCN assessments provide the opportunity to apply a ranking
of habitat importance (e.g., ‘suitability’ and ‘major importance?’), these are seldom included in
assessments, are difficult to interpret, and do not offer the capacity to contrast direct or indirect
habitat-associations.

The type of habitat association is important information that should be included in assessments
as a priority whenever possible. At minimum, objective classification of the direct or indirect nature
of each association for each habitat type should be articulated and supported by clear evidence.
Evolution, September 2019, Vol. 34, No. 9 811
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Figure 3. Vegetated Coastal Wetland-Associated Marine Megafauna International Union for the Conservation
of Nature (IUCN) Threat Status. The percentage of species within key taxonomic groups as classified by the IUCN Red
List of Threatened species categories. More than 50% of species are near threatened or worse, highlighting the critical need
for conservation action for these animals and their habitats. Maskrays have been excluded from this figure because no status
was assigned.
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Ideally, we would also identify how reliant a species is on a habitat by estimating levels of depen-
dency (e.g., obligate habitat use). Therefore, assessments would include: (i) all habitat types the
species is known to associate with; (ii) the association type broadly categorized into occurrence,
grazing, foraging, or breeding (or other relevant species-specific categories); (iii) where the
evidence supporting this association comes from, and; (iv) an estimate of the level of habitat de-
pendence. This provides transparent and useful information for achieving the many goals of the
IUCN Red List, such as identifying knowledge gaps, guiding conservation research efforts,
informing policy and conventions, and improving conservation planning and decision-making
(see: www.iucnredlist.org/about/uses). Finally, many assessments should be updated as new
information about habitat associations is published in the scientific literature. We acknowledge
the considerable time and effort required to achieve these recommendations but argue that the
benefit would significantly outweigh the time cost.

Bringing Habitat Loss and Degradation in Vegetated Coastal Wetlands to the
Fore
Correctly identifying habitat associations will better inform impact assessments for habitat loss
and degradation. These threats are prolific in coastal wetlands [44] and have significant effects
on marine megafauna (Box 1). However, when threat data were presented for the 174 species
associated with these habitats, 52% of the IUCN species assessments did not mention any
form of human-induced habitat change. The effects of habitat change can be overlooked for
marine animals [45] because of the sublethal, chronic effects that occur initially, and because
impacts can be hard to directly attribute to species declines without long-term data sets separat-
ing natural fluctuations from the effects of human impacts [46].

http://www.iucnredlist.org/about/uses
Image of Figure 3


Box 1. The Impact of Vegetated Coastal Wetland Loss and Degradation on Marine Megafauna

Reductions in the extent and condition of seagrasses, mangroves, and saltmarshes can impact marine megafauna by:
(i) reducing the quantity and quality of food for herbivores; (ii) depleting prey availability for predators and scavengers; (iii)
disrupting key life-history stages by limiting the availability or effectiveness of nursery and refuge areas; (iv) reducing the
amount of suitable breeding habitat; (v) increasing interpatch distance and reducing habitat connectivity; and (vi) increasing
species interactions with other anthropogenic stressors. Furthermore, the causal factors of habitat loss and degradation
also affect megafauna directly (e.g., pollution, warming seas, fishing pressures, or exotic species introductions [58–60]).
Habitat loss and degradation of coastal wetlands can impact marine megafauna through complex multistressor interac-
tions. For example, increased fragmentation or decreased quality of seagrass beds forces herbivores to travel farther to
find high-quality food patches to fulfil their daily energy requirements [61]. Doing so can increase the risk of boat strikes,
a leading cause of mortality [62,63]. We could infer that by reducing the causes of seagrass fragmentation and degradation
(e.g., improving water quality or minimizing coastal development), seagrass beds would become denser and more con-
nected, which would serendipitously reduce the risk of boat strikes. Thus, the benefit of actions on habitat quality has
an additional, but largely unidentified, benefit in terms of reducing boat mortalities. Saving habitat and protecting remaining
habitat from other stressors (e.g., boat no-go zones) could be the ‘silver bullet’ for conservation of marine megafauna.

Furthermore, threatening processes are also context dependent, where localized threats, such as the construction of a
port or nutrient discharge from a heavily urbanized estuary, can disproportionately affect species with lower capacity to
move away from the threat. By contrast, far-ranging species, such as dugongs, which are not necessarily dependent
on specific habitat patches for food, will generally be less affected by localized disturbances [64]. This contrasts with many
far-ranging, migratory terrestrial species that do rely on specific coastal wetlands as breeding grounds, where localized
habitat loss and degradation can cause significant population declines (e.g., migratory birds breeding in saltmarsh habitats
[65]). This highlights several important considerations when designing conservation and management initiatives for marine
megafauna. Irrespective of life-history strategies, when threats occur over large geographical areas, such as those due to
human-induced climate change, the impacts of habitat loss and degradation are likely to affect a large number of species
[66].
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This is particularly true for sharks and rays, the largest group of species without habitat change
listed as a threat. For this group, fisheries pressures, which are comparatively more straightfor-
ward to quantify and interpret, were often listed as a threat. However, it is important that we
assess and quantify relationships between megafaunal demography and changes in coastal wet-
lands for those species with known habitat associations. This is especially true for the persistence
of harvestedmegafauna (i.e., fisheries species) with critical life-history links to threatened habitats,
because, under this scenario, fishery management alone may be insufficient to prevent popula-
tion declines [45]. In this case, incorporating habitat change into conservation assessments
and management plans could be achieved by recognizing the importance of vegetated coastal
wetlands to marine megafauna and conducting robust research into the habitat associations
that exist. This will assist in the protection of not only the economically and ecologically important
megafauna, but also the numerous co-benefits to humans (including many ecosystem services)
provided by vegetated coastal wetland [47,48].

Existing and Emerging Techniques
Much can be done to address gaps between species conservation and habitat change, and
future research would do well to further utilize both existing and emerging technologies. Recent
advances in remote sensing have enabled the development of spatially explicit, high-
resolution global data sets on the distribution of, and rates of change in, ecosystems and habitats
(Box 2) [49]. Coupled with modern computing capacity and analytical tools, models and predic-
tions of how habitat change alters species occurrence, distributions, and extinction probability
[38,50] can be made if robust information about habitat associations along with the strength
and importance of these associations is known. This information directly feeds into species
assessments and spatially explicit species conservation, improving outcomes [51,52]. Although
this level of knowledge remains elusive for many taxa, advances in commonly used techniques,
such as telemetry, capture–mark–recapture, video (stationary and animal-borne), and stable
Evolution, September 2019, Vol. 34, No. 9 813



Box 2. Global Biodiversity of Vegetated Coastal Wetland-Associated Marine Megafauna and Hotspots of
Conservation Concern

Coastal wetland-associated megafauna biodiversity was highest in Southeast Asia, northern Australia, the east and west coasts
of Africa, the southern USA, Central America, and northern South America (Figure I). Conservation outcomes can be improved
and made more efficient by identifying hotspots where high concentrations of threatened native species intersect with habitats
that are being lost and degraded [67]. High rates of mangrove loss intersected with threatened megafauna distributions most
strongly in Southeast Asia, Florida (USA), Mexico, and northern Brazil (Figure I). Southeast Asia is the largest mangrove-holding
region of the world, and mangroves are being lost at rates far exceeding global averages [68], largely due to aquaculture and
agriculture [69]. Brazil and Mexico are also mangrove-rich countries [68], and guiding protection and restoration of mangroves
towards these hotspots will assist in the conservation of threatened marine megafauna that utilize these important habitats.
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Figure I. Vegetated Coastal Wetland-Associated Marine Megafauna Distributions across Three Key Geograph-
ical Regions. Heatmaps of biodiversity for 172 of the 174 marine megafauna identified as having an association with
seagrasses, mangroves, or saltmarshes for the three geographical regions with the most species [to aid visualization;
(A) Asia Pacific; (B) Africa and Europe; and (C) North and South America]. The blue dots represent locations of field studies from
the literature review, and the graded colors represent species richness (see Key). Note that the distributions of some species
(e.g., otters and caiman) extend far inland, into freshwater creeks and rivers. We also show where high rates of mangrove loss
intersect with distributions of species that are both listed as threatened by the International Union for the Conservation of Nature
(IUCN) and directly associated with mangroves from our literature search (13 species) (D–F). Mangrove loss (2000–2012) was
calculated for all 0.2° × 0.2° cells using data from [68], and we show only cells within the top 10th percentile for cells that expe-
rienced some loss over this time (i.e., cells with no change or increaseswere excluded before percentile calculation). See Appen-
dix A for mapping methodology and Appendix E for full global maps in the supplemental information online.
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Outstanding Questions
Given that the links between megafauna
and vegetated coastal wetlands are
more widespread than was known,
how can this nexus be used to support
protection and restoration of coastal
wetlands, and will more accurate infor-
mation about dependencies help?

How can information on habitat associa-
tions within IUCN and other species as-
sessments facilitate on-ground initiatives
to conserve and protect coastal wet-
lands and megafauna?

How do changes in coastal wetlands af-
fect demographic rates and extinction
risk of marine megafauna that use wet-
lands in different ways, such as feeding
and reproduction?
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isotope analyses, are providing valuable insight into these associations [7,53]. For example, iso-
tope analysis recently revealed the bonnethead shark as the first truly omnivorous shark, which
eats, digests, and assimilates seagrass material [6], an insight that could not have been achieved
from telemetry alone. Ultimately, applying combinations of existing and emerging techniques can
provide new information that is vital for assessing the vulnerability of coastal ecosystems (and the
species within them) to abrupt habitat loss and degradation [54].

We envisage two ways in which new data sets could facilitate updating listings of threatened
species to account for loss of and change in coastal wetlands. First, trends in habitats can be
incorporated into threat assessments in a qualitative way, so that habitat loss is recognized as
a key threatening process in a greater number of assessments. This facilitates conservation agen-
cies to direct species-specific funding toward habitat protection and restoration as a way of
preventing extinction. Second, data on the demographic responses of megafauna to wetland
loss are needed for models that can be used to quantitatively assess extinction risk. Quantitative
assessments are a crucial aspect of prioritizing limited conservation funds between different
actions [55], such as habitat protection versus bycatch mitigation, and telemetry data can be
used to study behavioural and demographic responses to habitat change, such as changes in
mortality (e.g., [26]).

Caveats and Limitations
We focused our review on the three major vegetated coastal wetland habitats (seagrasses,
mangroves, and saltmarshes) as defined by the Ramsar Convention (see Glossary for Ramsar
definition). While other coastal habitats are undoubtedly also important for marine megafauna
(e.g., tidal mudflats and inshore coral reefs), we limited our search to these three wetland habitats
due to their similarities (conspicuous structural angiosperm vegetation), to ongoing global
declines in these habitats, and direct links as diet items for vulnerable marine megafauna taxa.
Furthermore, areas of offshore seagrasses do exist. Due to the lack of a strict definition of coastal
and the fact that most seagrasses are nearshore, we included all associations with seagrass in
our review. Therefore, it is possible that some of the associations identified here come from
areas that could be considered non-coastal. Although this means that some species, likely to
only be sharks or rays, might not be using strictly coastal seagrasses, their inclusion would not
change the conclusions of this review. Even species regarded as truly open ocean, such as the
giant manta ray, Manta birostris, have been observed swimming over coastal seagrasses in 1.5
m of water [56], highlighting again that associations span a broad continuum of strengths.

Although gray literature can be a useful source of information used in IUCN assessments, we
focused on peer-reviewed studies that were able to provide evidence for specific associations,
partly under the assumption that a peer-review process is preferred before data should be
used to develop hypotheses or incorporated into broader studies. Thus, peer review is a gold
standard for quality control of science and a standard for reviews because it provides systematic
criteria for searching the literature. Finally, our discussion of the impacts of habitat loss to marine
megafauna likely underestimates the magnitude of the problem. For instance, it is likely that a
significant number of megafauna not identified here would also be affected by losses in
seagrasses, mangroves, or saltmarshes, or the species they support, due to cascading effects
on water quality, food webs, and links between coastal wetlands and other habitat types [23,57].

Concluding Remarks and Future Perspectives
Vegetated coastal wetlands are among the most biologically productive ecosystems on earth.
Our review identifies key habitat associations between marine megafauna and coastal wetlands,
highlighting: (i) the importance of these habitats in the lives and conservation of these species;
(ii) the need for greater recognition of habitat change as a potential driver of megafauna decline;
Trends in Ecology & Evolution, September 2019, Vol. 34, No. 9 815
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(iii) the need to update and improve IUCN species assessments to align them with current knowl-
edge; (iv) global hotspots of concern where coastal wetland loss andmarine megafauna biodiver-
sity intersect (Box 2), and; (v) how existing and emerging techniques can be used in concert to
better quantify habitat associations and dependencies.

At present, the importance of coastal habitats to marine megafauna is greatly undervalued, per-
haps because there is no review of these habitat associations and low acknowledgment of the
importance of vegetated coastal wetlands to megafauna in species assessments. We found
that a considerable proportion (13%) of marine megafauna have some link with seagrasses, man-
groves, or saltmarshes, with some species exhibiting important, largely obligate habitat associa-
tions. Thus, a greater appreciation of the role of these habitats for marine megafauna should be
considered when estimating species extinction likelihoods. Our simple yet effective framework
for the inclusion of habitat data in IUCN assessments is a starting point for better conceptualizing
habitat within assessments. Future research should utilize emerging methods and technologies
to strengthen our understanding of the importance of habitat for marine species and aim to quan-
tify levels of habitat dependency rather than just noting associations. We conducted this review to
highlight the importance of vegetated coastal wetlands to marine megafauna and spur interest in
further describing these associations (see Outstanding Questions), representing a timely ad-
vancement towards improving management and conservation outcomes for these important
and iconic animals.
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