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18 Seaweeds in moving water: form and
mechanical function

MIMI A. R. KOEHL

Most macroalgae spend part of their lives attached to the substratum. The
water moving around these sessile organisms carries dissolved gases and
nutrients to them. Moving water can also remove waste products or sedi-
ments from the vicinity of a plant, and can disperse gametes or spores.
Although seaweeds benefit from such external transport by ambient cur-
rents, they also risk being torn or dislodged by moving water. Hence, there
are tradeoffs between living at sites exposed to rapid water flow and living
at sites characterized by calm water.

Do morphological features that enhance an alga’s ability to withstand
moving water carry with them *‘costs’” of reduced performance of other
tasks, such as photosynthesis? The effects of specific structural features on
defined aspects of an alga’s performance must be quantitatively described
before the costs and benefits of various morphologies can be evaluated for
different environments. This chapter discusses ways in which certain me-
chanical aspects of an alga’s performance in moving water depend on its
structure. Specifically, I analyze how the morphology of a seaweed affects
(1) the water flow it encounters, (2) the hydrodynamic forces it experi-
ences, and (3) its deflection and breakage in flowing water. After the
biomechanics of macroalgae are discussed, some examples of tradeoffs
between decreasing the suscepitibility of algae to mechanical damage and
increasing their photosynthetic performance will be mentioned.

Water flow encountered by benthic algae

Flow habitats

There are several types of water-flow regimes that benthic algae
encounter in different marine habitats (Bascom 1964; Carstens 1968;
Riedl 1971; Neushul 1972; Wainwright and Koehl 1976). Perhaps the
most obvious feature of water movement at many coastal sites is wave
action (Figure 18.1). Asa wave shape moves along the surface of the ocean,
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Figure 18.1. Diagram of the gross directions of water movement at a
wave-swept shore, based on information presented by Bascom (1964), Carstens
(1968), and Riedl (1971).

the water moves around locally in an orbital path. A giant kelp growing
offshore with buoyant fronds near the water’s surface encounters such
orbital water movement. When waves move near a shore where the water
depth is less than half the crest-to-crest distance of the waves, the orbital
motion of the water is restricted near the substratum such that it oscillates
back and forth as waves pass overhead. Shallow benthic algae encounter
such bidirectional flows. Intertidal seaweeds are exposed to breaking
waves and the consequent rapid surge of water up the shore, followed by
seaward backwash. The water velocities and accelerations measured over
organisms at low tide in breaking waves are greater than those they en-
counter when submerged at high tide with nonbreaking waves passing
overhead (Koehl 1977a). If algae are growing in deep water or at sites
protected from wave action, they may be in habitats subjected either to
periodic tidal currents or to steady unidirectional currents.

Flow microhabitats

Within the various gross water-movement habitats described, the
flow microhabitat of a particular alga depends on the form of the alga
(Neushul 1972; Koehl 1984).
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When water moves across the substratum, a velocity gradient exists
between the bottom and the free-stream flow. Very small algae, such as
newly settled spores or benthic diatoms, and very flat plants hugging the
substratum, such as crustose coralline algae, may well be living in this
boundary layer of slowly moving water (Neushul 1972; Wheeler and Neu-
shul 1981; Norton et al. 1982). Immediately adjacent to the substratum, a
viscous sublayer develops in which velocity is proportional to distance
above the bottom. In most marine habitats, there is, above this sublayer, a
turbulent boundary layer in which the average velocity increases with
height above the substratum and in which flow is dominated by turbulent
eddies. [For more detailed, quantitative descriptions of boundary-layer
flow profiles, see Batchelor (1967) Schlichting (1968) Jumars and Nowell
(1984), and Nowell and Jumars (1984).] The flow microhabitat encoun-
tered by an alga of a given height depends on a number of features of the
site. For example, the faster or more unsteady the ambient flow and the
rougher the substratum, the thinner the viscous sublayer. Furthermore,
because a boundary layer builds up as water moves across a surface, the
greater the distance between an alga and the leading edge of a structure
(such as a rock or another alga) on which it sits, the thicker the boundary
layer it encounters.

Even large algae can be in microhabitats that are protected from rapid
ambient flow if they “hide’” behind rocks or in crevices, or if they are
surrounded by other organisms of similar size (Koehl 1976, 1977a, 1982).
For example, water velocities within kelp beds (Wheeler 1980a, 1980b;
Jackson and Winant 1983; M. Koehl, unpublished data) and seagrass beds
(e.g., Peterson 1984) can be significantly lower than those outside the
beds. Studies of air movement in plant canopies (e.g., Raupach and Thom
1981) and of water movement through arrays of coral branches (Cham-
berlain and Graus 1975), worm tubes (Eckman 1982; Jumars and Nowell
1984), and marsh grass (Eckman 1982, 1983; Fonseca et al. 1982) indicate
that the size and spacing of neighbors can have profound effects on flow
within a group of such structures. Furthermore, if organisms in an aggre-
gation are flexible, they are bent over (and hence packed together more
closely) in flowing water; such flexibility can reduce in-canopy flow veloci-
ties in seagrass meadows as water currents are redirected over, rather than
through, the array of plants (Fonseca et al. 1982). Similar studies for arrays
of structures of the sizes, shapes, flexibilities, and spacings of macroalgae
remain to be done, although Anderson and Charters (1982) have de-
scribed the effects on water flow of a single thallus of the bushy alga
Gelidium nudifrons: Ambient turbulence is suppressed, but microturbu-
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lence is generated in the alga’s wake if the current is above a critical speed
(which increases as the ratio of branch spacing to diameter increases).

Note that if algae are very short or are hidden among other structures,
they not only avoid rapid water flow but also may be shaded from light by
other organisms or topographic features. It should also be kept in mind
that as an alga grows, it can encounter different water-flow microhabitats
even though its position on the substratum is fixed (Neushul 1972;
Wainwright and Koehl 1976; Norton et al. 1982).

Hydrodynamic forces on algae

Drag on algae in water currents
The shape and size of an alga affect not only the water flow it
encounters but also the magnitudes of the forces it bears in that flow. The
pattern of water flow around a body of a given shape, and hence the
hydrodynamic force the body experiences, depends on the relative impor-
tance of inertia and viscosity, as given by the Reynolds number (Re) for
that flow situation [Re = (pUL)/u, where pis the density and 4 the viscosity
of the water, U is the flow velocity, and L is a characteristic linear dimen-
sion of the body]. Because water resists being deformed in shear as it moves
across the surface of an organism, the organism is subjected to a force,
skin-friction drag, tending to move it downstream. The drag on micro-
scopic (i.e., low Re) and encrusting algae in moving water ig due to skin
friction. A low-pressure wake forms on the downstream side of macro-
scopic (i.e., high Re) upright algae in currents; hence, these plants are
subjected to pressure drag (form drag) in addition to skin-friction drag
(Hoerner 1965; Batchelor 1967; Vogel 1981). Any morphological feature
of a macroscopic marine organism that reduces the size of the wake will
reduce drag.
The magnitude of the total drag force (F) on a macroscopic organism is
given by

Fp o CppU?2S (18.1)

where C,, is the drag coefficient of the organism (Cp, depends in part on the
shape of the plant), p is the density of the fluid, U is the velocity of water
flow, and § is some characteristic area of the organism. Because drag is
proportional to velocity squared, any of the features mentioned earlier
that put an alga in a protected microhabitat can significantly reduce drag.
Furthermore, an increase in size (S) is accompanied by an increase in drag
foranalgaina unidirectional current. Algae of the same size, however, can























































































