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ABSTRACT

There are numerous examples in biology where the
morphology of a structure is intimately tied to its
survival under stressful conditions. Given the extreme
physical nature of the intertidal zone and the potential
importance of morphology in determining survival in such a
stressful environment, it is surprising how
morphologically variable intertidal organisms can be. The
consequences of morphological variation in the intertidal

macroalga Mastocarpus papillatus Katzing were explored.

Thalli vary widely in thickness, degree of branching, and
in density and length of papillae. Each morphological
trait was evaluated in terms of its influence on the
interaction of the thallus with its physical environment.

The hydrodynamic force generated by large breaking
waves was found to be primarily determined by thallus size
and to be independent of morphology. However, the force
required to cause mechanical failure was size-independent.
Hydrodynamic forces can consequently limit the maximum
size of this species.

Laboratory studies demonstrated that extreme
temperature and desiccation stress during emersion
adversely affect aerial photosynthetic rates as well as
the ability of M. papillatus to resume photosynthesis upon
reimmersion in water.

Wind tunnel experiments indicated that one



morphological strategy to avoid stress during low tide is
to increase thallus thickness, thereby slowing desiccation
and providing prolonged evaporative cooling. Highly
dissected morphologies were the most effective at both
heat and mass transfer. The combination of low wind and
high irradiance is a physiological stress to all thalli,
regardless of morphology.

A computer simulation was developed that predicted
the productivity of a thallus exposed to alternating
periods of emersion and submersion. The simulations
suggest that emersed carbon fixation is not an important
component of the total carbon budget of a thallus, and
that carbon fixation primarily occurs when a thallus is
submersed during daylight. changes in tﬁéllus morphology
have only subtle effects on productivity, but dramatic
effects on whether lethal temperatures are encountered
during emersion.

This study indicates that thallus morphology has
surprisingly little influence on the growth of a thallus
or its survival in a wave-swept environment, but can have
consequences on its ability to survive thermally stressful

conditions during emersion.
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CHAPTER 1

GENERAL INTRODUCTION



The wave-swept intertidal zone is one of the most
physically stressful environments on earth. When the tide
is in, large breaking waves can produce water velocities
in excess of 10 m s~ 1 and accelerations greater than 100
m s™2 (Denny, 1998). This water motion has the potential
for generating very large hydrodynamic forces on the
organisms inhabiting wave-swept shores. When the tide is
out, air temperatures can reach 35°C (on the central coast
of California) and wind can blow greater than 10 m s™1
(20 mph). These terrestrial conditions have the
potential of heating and desiccating marine organisms
beyond their physiological and mechanical limits.

How do intertidal organisms survive in such a
physically demanding environment? Almost every
interaction an organism has with its physical environment
involves transport phenomena. Hydrodynamic forces are
caused by the transfer of momentum from a moving fluid to
a stationary object. The temperature of an object is
affected by the manner in which heat is transferred to or

rom its surroundings. Similarly, desiccation involves
the transfer of mass (water vapor) to the surrounding air.
In general, the rate of transfer of momentum, heat, and
mass are gcverned by analogous principles: the transfer
between an organism and its surroundings is driven by a
concentration gradient at a rate inversely proportional to

the resistance to transfer:



C s - C

organism surround

Flux = g R (1.1)
r

where C is the concentration of momentum, thermal

organism
energy, or mass at the surface of the organism, Cgyrround
is the corresponding quantity in the surrounding fluid,
and r is resistance. While the two concentrations can be
fairly well defined by the state of the organism or
surroundings (i.e., how much momentum, thermal energy or
mass there is per volume), the resistance to transfer
involves the interaction between the organism and its
surroundings. To a large extent, the resistance is
governed by the pattern of fluid flow across the surface
of the organism: the more gradual the increase in flow
with distance from the organism's surface, the higher the
resistance, and hence the lower the rate of transport.
Because the morphology of an object often affects the
pattern of flow across its surface, transport processes
are notorious for their dependence on morphology. Indeed,
there are many examples in nature where morphology of a
structure (or organism) contributes to its ability to
function in a stressful environment. For example, the
increased dissection of "sun" leaves on a tree allows for
the effective dissipation of heat (Vogel, 1970), hairs and
spines reduce the thermal loading of cacti (Nobel, 1978),
smooth and thin fronds of kelps are subject to relatively

low hydrodynamic forces (Koehl and Alberte, 1988). Given

the extreme physical demands of the intertidal






