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«

. comparison of marine and terrestrial dynamics has
more than theoretical interest. As we utilize marine and ter-
restrial environments, the consequences, deliberate or acci-
dental, depend on the responses to physical and chemical
change. The imposition of terrestrial standards for marine
problems may produce too strict or too lax criteria—or
most likely quite inappropriate ones”

John H. Steele (1991) Can ecological theory cross the land-sea
boundary?

Bell and Furman (2017) contend that concepts and methods
developed in terrestrial landscape ecology including the patch-
corridor-matrix and patch-mosaic models originally developed
by Forman (1995) and operationalized by McGarigal and Marks
(1995) and others have been important cornerstones for the
investigation of marine systems. In their comment, they
emphasize heterogeneity in solid biotic and abiotic structures
associated with the seabed in intertidal and shallow subtidal
areas, and seem to suggest that patches defined by steep gradi-
ents in seabed structures should be treated as the fundamental
units of analysis in “most” marine systems. They argue that the
emphasis I placed in my Food for Thought essay (Manderson,
2016) on the importance of the ocean liquid in defining the hab-
itats in the sea and in determining the pace of marine popula-
tions and ecosystems “may apply to some but not most marine
aquatic systems”.

I agree with Bell and Furman that important advances have
been made in marine ecology by applying the heuristic devices of
terrestrial landscape ecology including the patch-mosaic model to
research questions. The reverse is also true. Studies in intertidal

and shallow water ecology have improved our understanding of
important ecological processes like disturbance dynamics that
have informed terrestrial landscape ecology (e.g. Sousa, 1979;
Turner et al., 2001). However, to state that the ocean liquid de-
fines habitat and the pacing of ecosystem processes in “some but
not most marine aquatic systems” ignores the fact that all
marine organisms live in seawater and that meeting life’s funda-
mental requirements in a salty liquid is very different from
meeting them in a gas. My objective in the essay was to use
Reimann’s analytical method as a tool to think about whether
the fundamental principles of biology and physics might cause
landscape paradigms, including the patch-mosiac heuristic, to
“break” in the sea. I wanted to know whether further advances
in seascape ecology and its effective application to the practical
problem of managing human resource use in the sea might re-
quire a shift in emphasis from sharp gradients in solid structures
associated with the seabed to the liquid; its properties and its
fluxes.

Bell and Furman don’t seem to contest the central argument I
tried to develop using Reimann’s rules of analysis. The argument
rested upon the following “laws”. (i) All living organisms must
meet the specific, conservative requirements of cellular metabo-
lism including its energy requirements. Thus, all processes, at all
levels of ecological organization from cells to whole ecosystems
rest on the foundation of cellular metabolism. (ii) The physical
properties and dynamics of the media in which an organism and
its metabolism is embedded determine the specific strategies of
behavioural habitat selection and internal physiological regula-
tion required and available for meeting metabolic requirements.
Ecosystems are textured by external environmental heterogeneity
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in specific variables and processes that the organisms must re-
spond to in order to meet metabolic requirements and close their
life cycles. (iii) Organisms in the oceans and on land are embed-
ded in media in different physical states with very different physi-
cal properties including those affecting metabolism and the
behavioral and physiological strategies available to them for meet-
ing metabolic requirements. From the perspective of the organ-
ism, different properties and processes texture seascapes and
landscapes. Based on these “laws” I concluded that seascapes are
primarily textured by heterogeneities in specific properties of the
ocean liquid including its flows. Bell and Furman imply that
I adopted a narrow “single species” perspective in my essay. I did
adopt an “organism centered perspective” because ecologically
relevant environmental heterogeneity in any ecosystem is defined
by the responses of organisms. The eminent landscape ecologist
John Wiens advocated for just this perspective when defining rele-
vant environmental heterogeneity and its scales of variability for
organisms living on terrestrial landscapes (Wiens, 1976; Wiens
and Milne, 1989; Kotlair and Wiens, 1990; Wiens et al., 1995).

In their comment Bell and Furman emphasize intertidal and
shallow sub-tidal marine systems and particularly patches defined
by sharp gradients in the types of solid structures associated with
the seabed that are obvious to us as human observers. They con-
tend that coastal and nearshore biomes that easily lend themselves
to the patch-mosaic heuristic represent “most” marine systems.
However, the biotopes Bell and Furman highlight only exist along
the narrow boundary between land and sea where life’s media
changes from a gas to a liquid. They discuss rocky intertidal areas
and mangroves forests hosting organisms that must possess so-
phisticated structural and physiological adaptations to protect
and maintain the integrity of their metabolisms in the face of ex-
treme environmental conditions associated with living in both air
and seawater. They discuss biotopes defined and supported by
seagrass, kelp and hermatypic coral photosynthesizers that occur
in water shallow enough that sunlight descends onto the seabed;
seabeds that therefor limit the loss of nutrients from the photic
zone. These benthic photosynthesizers are exempt from many of
the nutrient limitations faced by photosynthesizers in most ma-
rine ecosystems in which mixing of the liquid is required to inject
and concentrate nutrients in the photic zone. Bell and Furman
also mention subtidal biomes including shellfish beds which are
defined by sessile suspension feeders fully dependent on hydrody-
namic processes to deliver the organic matter they require as fuel
for metabolism. Like all the other biotopes Bell and Furman
mention these exist in the coastal zone where the surface area to
volume ratio of water is highest. Along this narrow fringe of water
at the land-sea boundary the high-frequency environmental vari-
ability of the atmosphere which is predominately “white” or
“blue” is damped and lengthened into lower frequency “red” and
“brown” environmental variability characteristic of the ocean
(Steele, 1985; Vasseur and Yodzis, 2004; Ruokolainen et al,
2015). The amplitudes and frequencies of external environmental
variability are reflected in the dynamics of populations and the
ecosystems they compose (Turchin, 2003). Populations and eco-
systems along the land sea-boundary are regulated by environ-
mental forcings that fall midway along the spectrum between the
“white” and “blue” environmental “noise” of terrestrial land-
scapes and the “red” and “brown” environmental “noise” charac-
teristic of seascapes. Are Bell and Furman emphasizing biotopes
representative of the most marine systems, or are they just
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discussing the familiar ones that exist along the land-sea bound-
ary, share some characteristics with terrestrial landscapes, and are
accessible to landscape bound observers like ourselves?

The coastal biotopes Bell and Furman emphasize are shaped by
some processes which are similar to those shaping terrestrial
landscapes. Nevertheless, shallow water organisms live in a liquid
instead of a gas and a shift in focus from solid seabed structures
we easily recognize toward the hydrodynamic processes we find
more difficult to observe has allowed us to better understand the
structure and dynamics of coastal seascapes. One only needs to
consider the ways coastal estuarine ecosystems are fundamentally
organized by dynamic heterogeneities in the liquid including its
flows that are created by tidal and wind driven mixing of tidal in-
flows of seawater and freshwater inflows derived from the atmo-
sphere. We know estuarine ecosystems are built on the
foundations of these heterogeneities in the liquid that include the
spatially complex and dynamic circulation patterns that control
trophic and life cycle coupling as well as the formation of vertical
and horizontal fronts. Even in these shallow coastal systems gra-
dients in the properties and processes of the liquid are the tem-
plate upon which sessile and mobile plants and animals sort and
assemble into communities, often on a seasonal basis, according
to strategies of behavioral habitat selection and physiological reg-
ulation available to them for meeting the requirements of metab-
olism and life cycle closure (Attrill and Rundle, 2002; Whitfield
et al., 2012; Cloern et al., 2017; and others).

I agree with Bell and Furman that landscape ecology and some
of its heuristics have been useful for the study of seascapes.
However, seascapes are ecosystems embedded in a salty liquid not
a gas, and seascape ecology needs rest on foundations of physical
and biological oceanography, including fisheries oceanography
which are quite obviously pertinent and also have long and rich
traditions (Hjort, 1914; Stommell, 1963; Steele, 1978; Sinclair,
1988; Schneider, 1994; Bakun, 1996; Mann and Lazier, 2006; and
many others). Marine seascape ecology is becoming operational-
ized for the tactical management of human resource use in the
sea. Operational products can only be effective if they explicitly
incorporate the liquid and its essential role in structuring sea-
scapes and controlling their dynamics. Integrating the liquid re-
quires us to look upstream for causes and downstream for
consequences over much larger spatial scales and shorter time
scales than is the case on terrestrial landscapes. This is the lesson
of the 2010 Deep Water Horizon Oil Spill whose impacts spread
so rapidly over such large spatial extents because drag rather than
gravity is the dominant force controlling movement in the sea.
Integrating the liquid also forces us to accept that many patterns
and processes in marine ecosystems may not recur in specific
geographic locations for very long because the properties of the
liquid, that have such strong effects on marine organisms and
their abilities to meet the demands of metabolism and life history
closure, are spatially dynamic. We are learning that lesson in the
rapid shifts in distribution and productivity of marine popula-
tions and ecosystems occurring in response to anthropogenic cli-
mate change. Our failure to fully integrate the liquid and its
dynamics into operational seascape ecology is creating crises of
human governance that are particularly acute in temperate ma-
rine systems that are changing most rapidly in response to global
climate change (Pinsky and Fogarty, 2012; Jensen et al, 2015).
The recognition that unforeseen problems can arise when terres-
trial heurisitics are applied to marine systems is not new. John
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Steele recognized it over 25years ago when he addressed the
question “Can ecological theory cross the land-sea boundary”
(Steele, 1991).

John P. Manderson

NOAA/North East Fisheries Science Center,

Oceans & Climate and Cooperative Research Programs,
74 Magruder Road, Highlands, NJ 07732, USA
Corresponding author: john.manderson@noaa.gov
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