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ABSTRACT

Many coastal marine invertebrates reproduce via external fertilization. When the
gametes are released during spawning, they are exposed to the turbulence caused by
breaking waves. This turbulence not only rapidly dilutes gametes, but also mechanically
damages the gametes, and makes it difficult for the egg and sperm to come into contact.
Eggs and sperm from 16 species of externally fertilizing invertebrates were exposed to
environmentally relevant shear stresses in a Couette cell. This device consists of two
concentric rotating cylinders that subject fluid between the cylinders to well-
characaterized shear stresses that recreate some aspects of surf-zone turbulence. While all
species tested (Allocentrotus fragilis, Colobocentrotus atratus, Dendraster excentricus,
Echinometra mathaei, E. oblonga, Lytechinus pictus, Strongylocentrotus purpuratus,
Tripneustes gratilla, Asterina miniata, Pisaster ochraceus, Calliostoma ligatum, Haliotis
rufescens, Mytilus californianus, M. galloprovincialis, Ascidia ceratodes, and Urechis
caupo) showed a decrease in fertilization success when exposed to shear stress, the
magnitude of the decrease, and the shear stress at which the effect was apparent, varied
among species. The gametes of some species were more susceptible to shear-induced
damage than were others. The development of some species was delayed, or was
abnormal, when fertilization occurred under moderate or high shear stresses. Fertilization
success, the shear stress at which fertilization success was maximized, and survival
(which includes both fertilization and development) to 24 hours after gamete release are
correlated with the wave exposure of the source population's native habitat. Gamete
damage and developmental success are not correlated to habitat, and are probably related
to a complex suite of structural features of the gametes.

The mechanisms by which shear stress affects fertilization and development were
examined by performing fertilization experiments in a Couette cell under different
velocity gradients and viscosities. This made it possible to determine whether fertilization
and developmental success depend on shear stress (which is the product of the viscosity
and the velocity gradient) or mainly on velocity gradient. Experiments with the purple sea

urchin S. purpuratus showed that while shear stress governs fertilization success,
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velocity gradient is the primary factor affecting developmental success. Different suites
of mechanisms fit these two patterns, and are thus implicated in either fertilization or
development. Experiments and calculations indicated that shear stress probably decreases
fertilization success by limiting the ability of the sperm to bind to the egg. It is also
possible (but unlikely) that shear stress removes sperm from the egg before fertilization is
complete.

While fertilization success in the open intertidal zone is likely to be very low due to
effects of gamete dilution and shear stress, field experiments with S. purpuratus indicate
that surge channels could serve as reproductive refuges for free-spawning invertebrates.
The slow exchange of water between the surge channel and the surrounding bay reduces
gamete dilution and provides a much larger time window during which fertilization can
occur. Water containment and rapid mixing within the surge channel enable eggs and
sperm to come into contact, even when released meters apart. This increases fertilization

success and is likely to influence the population structure.
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