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Editorial on the Research Topic

Canopies in Aquatic Ecosystems: Integrating Form, Function, and Biophysical Processes

This Research Topic presents new research investigating the coupling between physical (fluid
dynamics, mass transport, and light availability) and biological (nutrient cycling, particle transport,
ecosystem structure, and biodiversity) processes in aquatic canopies. The starting point for this
topic was the observation that our notion of “canopy” in the aquatic sciences, in contrast to that
of our terrestrially-focused colleagues, remains underdeveloped. Forest canopy studies have been
considered a new field of science (Nadkarni et al., 2011) and the concept of forest canopy research
is clearly documented in the literature (Barker and Pinard, 2001; Nadkarni, 2001; Lowman, 2009);
we have not found similar mentions of the canopy concept in aquatic studies. Over the past decade,
however, there has been an increase in the number of studies on underwater canopies, as well as
a shift toward more multidisciplinary studies that consider more than just the physical impacts of
the canopy’s presence (Ackerman, 2007; Nepf et al., 2007; O’Brien et al., 2014).

Through this Research Topic, we provide a platform to explore the various physical and
ecological impacts of aquatic canopies on the broader environment. We considered a fairly broad
definition of canopy and did not restrict the concept to macroscale algae and corals. Any biological
or physical entity displaying canopy-like characteristics (notably resistance to flow in the water
column) is of interest for understanding canopy impacts. Additionally, we acknowledge that
underwater canopies are not usually static structures but display dynamic behavior and can change
over time and space.

An important goal of this Research Topic was to start integrating different (methodological)
approaches and discipline-specific viewpoints to develop a more holistic view of how canopies
shape their ecosystems. Oftentimes, studies have focused on a single aspect of the canopy, creating
a one-dimensional view of its function in a given ecosystem, for example as a flow regulator (Nepf
and Vivoni, 2000; Ghisalberti and Nepf, 2009) or as a photosynthetic structure (Binzer et al.,
2006). Understanding the strong and inherent coupling between a canopy’s physical and biological
impacts, however, would provide much more insight into the importance and function of canopies
in aquatic ecosystems.

The manuscripts we received were diverse in the topics they treated as well as their aims and
approaches. Several papers in our collection investigated canopies from a mechanistic point of
view, looking at the effects of canopy structure on flow and the resulting ecosystem impacts.
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Starting at the sub-meter scale, van Rooijen et al.’s work on
predicting drag forces in canopies offers a detailed understanding
of canopy-flow interactions. The authors provide a robust tool
to quantify canopy flow resistance across a range of canopy
types (emergent or submerged, rigid or flexible). Their model
will prove to be useful in further studies requiring accurate
drag quantification in canopy environments, for example when
studying reduced in-canopy flow environments or measuring the
impact of the canopy on sedimentation.

At the canopy level, Fonseca et al. considered the interactions
between canopy-forming organisms and their environment (both
biotic and abiotic factors). They examined the importance
of shoot flexibility and shoot density in seagrass beds that
are exposed to flow and how these parameters influence
hydrodynamics, turbulence, sedimentation, and light penetration
within the seagrass bed.

Moving up from the seagrass bed to the meadow scale,
Reidenbach and Thomas show that seagrass canopies exert
significant control over both wave height and hydrodynamic
conditions at the sediment-water interface. Their findings suggest
that the role of seagrass canopies in sedimentation and the
(re-)suspension of sediment particles in the water column is not
confined to the seagrass bed, but extends beyond and above it,
impacting the ecosystem more generally.

A couple of papers in the Research Topic looked directly
at the functional effects a canopy can have at the ecosystem
level. An important impact of the canopy that was highlighted
is the influence of algal canopies on local recruitment. As
shown by Umanzor et al., low canopy densities favor the
recruitment of more seaweeds whereas high canopy densities
displayed a higher abundance of microphytobenthic (benthic
diatoms and cyanobacteria) recruits. They conclude that small-
scale biophysical interactions linked to seaweed morphologies
and densities can have profound effects on the recruitment and
settlement of new primary producers. These interactions are
often overlooked but can have significant consequences on the
dynamics of the overall ecosystem.

Shifting ecosystem dynamics have been observed in the
seagrass beds of the Chesapeake Bay, where one seagrass species,
Zostera marina, is being replaced in some locations by Ruppia
maritima. French and Moore investigated how seagrass species,
biomass, and density affected invertebrate communities and
sediment properties. They found correlations between seagrass
species and sediment coarseness, shoot density and invertebrate
biodiversity, and between seagrass biomass and both invertebrate
biodiversity and abundance. Although seagrass species might not
directly influence which invertebrate species are found, changes
in sediment coarseness and seagrass biomass could well-affect the
fauna abundance as well as the physical conditions under which
they thrive.

Other papers highlighted the importance of going beyond
the existing boundaries between research communities. In their
perspective article, Stevens and Plew call for more connection
and exchange between biophysicists focusing on natural marine
canopies and those concentrating on “built” canopies (i.e.,
suspended aquaculture canopies) commonly used in (shell)fish
farms. Though their purposes might differ (answering ecological

vs. economic questions), both groups of researchers would
benefit from learning more about each other’s approaches
and insights.

Taking a higher-level view, Folkard’s comprehensive review
provides guidelines for future exploration (including a request
for physicists and ecologists to move toward each other in
terms of methodology, reminding us of Stevens and Plew’s call
for more connection between research communities) and urges
researchers to make the leap to the landscape-scale. Putting
biophysical processes happening in aquatic canopies back in
their landscape-wide context is crucial to support and inform
management and conservation efforts since most of them take
place at this scale.

In fact, a few papers in this collection have already taken
up this call. Follett et al.’s contribution shows how seagrass bed
parameters such as shoot density affect local hydrodynamics,
which in turn affect pollen dispersion in the bed, and thus
genetic variation in offspring (seeds) based on location height
within the canopy. This paper also illustrates how modeling and
experimental/field approaches can complement each other and
lead to a more robust understanding of canopy systems.

Finally, on the largest scale, Ørberg et al. investigated the role
of canopy-forming algae in the subarctic intertidal. Ascophyllum
seaweeds were shown to facilitate higher species richness and
recolonization by increasing habitat surface and complexity and
modifying environmental stressors such as extreme temperature
or desiccation. In the context of climate change, Ascophyllum
nodosum’s distribution range is expected to shift northwards,
thus promoting the northward colonization of intertidal fauna in
the Arctic.

From microscale hydrodynamic forces affecting
sedimentation to allelic variation, invertebrate biodiversity,
and the colonization of new habitats, the many impacts of
aquatic canopies on the broader environment constitute a
burgeoning area of research. Our understanding of what these
canopies are, how they function, and how they influence entire
ecosystems is rapidly expanding. Cross-disciplinary initiatives,
including those presented in this topic, will continue feeding this
momentum and lead us to new and important insights.
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