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alifornia’s towering
canopies of giant kelp
are the structure and

substance for many of the state’s
most commercially valuable
fisheries. Sea urchins, lobsters,
crabs, rockfish, sea cucumbers
and abalone all call the amber
giant kelp forest home. As a
source of alginates, texture-
enhancing compounds put in ice
cream, paint and medicines, kelp
is itself a commercially important
marine product.

Despite the kelp forest’s biologi-
cal and economic importance, kelp
forest ecology is rich in unan-
swered, yet basic, scientific
questions. What controls the
abundance of kelp spores? Do
spores from distant kelp beds re-
seed local beds torn asunder by
storms? Are many small kelp beds
or fewer large ones better for
maintaining healthy fisheries? All
these are important questions for
managing the state’s marine
resources and for preserving its
remarkable natural history.

The Project

Kelp forest ecologist Dr. Paul
Dayton of Scripps Institution of
Oceanography and his graduate
student Dr. Michael Graham, now
a marine researcher at the Univer-
sity of California at Davis, were
funded to study the reproductive
processes of the Point Loma kelp
forest in San Diego—one of the
largest in the world, in bountiful
years covering an area about 7
kilometers long and 1 kilometer
wide.

Giant kelp plants, which techni-
cally are not plants but algae,
reproduce like ferns by dispersing
spores. Spores are produced on

special kelp blades on adult plants.

Previous studies have shown
that large, dense kelp beds alter
the flow of water through them.
With the outer plants acting as a
giant underwater wind block, the
interior of a kelp bed may be
almost motionless—even during a
mild swell.

The main focus of this project
was to investigate the degree to
which spore abundance can be
expressed as a function of location
in the kelp bed, proximity to
reproductively active plants and
ocean current speed.

The Method

During the nine months between
February and November 1999, the
scientists collected water samples

Mature kelp forest with large giant kelp
(Macrocystis pyrifera) plants. In terms of
supporting a diversity of life, giant kelp
forests are to cold ocean environments
what the coral reefs are to the tropics.
Photo: Eric Hanauer.

26 times at 5 sites in the Point
Loma kelp bed. On each dive, the
scientists also took counts of all
reproductively active plants, data
that were used to estimate spore
production at each site.

Using a technique refined
specifically for the project, water
samples were analyzed for the
abundance of a photosynthetic
pigment unique to giant kelp
plants. Ocean current speeds
were based on historic current
meter data.

The Findings

In the center of the kelp bed,
the scientists found that spore
abundance in the water column
mirrored spore production from
nearby adult plants. Based on their
estimates, about 77 percent of the
variability in spore abundance was
associated with the rate of spore
dispersal from nearby plants.

In contrast, near the edges of
the kelp bed, spore abundance
was not related to the rate of spore
production. Instead, ocean cur-
rents, tides and winds were rapidly
transporting spores great
distances.

The spore analysis was consis-
tent with physical oceanographic
data showing that kelp forests alter
ocean currents. In the center of
the kelp forest, where ocean
currents are weak, spores do not
travel far. On the outskirts, where
currents can be intense, spores
are whisked away.

Implications

Dr. Graham said: “The work
suggests that if you are interested
in stabilizing a kelp forest, you
have to take into account how big



the kelp forest is. A big forest is not
the same as a little one. There is
something special about a big forest
in terms of its current flow and thus
its ability to re-colonize itself.

“If individual kelp plants in the
middle of a large kelp bed die, it is
not a big deal because there will be
plenty of spores to re-colonize the
hole. For a smaller bed, the recovery
process could be much more difficult
since locally produced spores are
transported elsewhere, with ocean
currents.

“To protect a kelp forest, you don’t
want to focus entirely on the health
of individual plants, but also on the
density and size of the forest as a
whole. It may not matter if there are
healthy individuals. If you've
changed the size and density of a
bed, you've changed the currents
and where the spores are going.”

Publications

Graham, M.H. 2000. Planktonic patterns
and processes in the giant kelp
Macrocystis pyrifera. Ph.D. disserta-
tion abstract, University of California,
San Diego.

Graham, M.H. and B.G. Mitchell. 1999.
Obtaining absorption spectra from
individual macroalgal spores using
microphotometry. Hydrobiologia 398/
399:231-239.

Graham, M.H. 1999. Identification of kelp
zoospores from in situ plankton
samples. Mar. Biol. 135:709-720.

PUB. NO. CSG-CZ-02-001

Dayton, P.K., M.J. Tegner, P.B.
Edwards, and K.L. Riser. 1999.
Temporal and spatial scales of kelp
demography: The role of oceano-
graphic climate. Ecol. Monogr. 69(2):
219-250.

Presentations

Graham, M.H. The secret life of kelps:
Planktonic processes and population
dynamics. Phycological Society of
America Annual Meeting. San Diego,
California, July 2000.

Graham, M.H. Spatio-temporal variabil-
ity in the abundance of kelp plank-
tonic stages. 5th Temperate Reef
Symposium. Capetown, South
Africa, January 2000.

Graham, M.H. Spatio-temporal variabil-
ity in the abundance of kelp plank-
tonic stages. Western Society of
Naturalists Annual Meeting.
Monterey, California, December
1999.

Graham, M.H. and B.G. Mitchell.
Obtaining absorption spectra from
individual macroalgal spores using
microphotometry. 16th International
Seaweed Symposium. Cebu City,
Philippines, April 1998.

Trainee and Thesis

Graham, Michael H., Ph.D. in Biological
Oceanography, Scripps Institution of
Oceanography, University of
California, San Diego 2000, “Role of
Pre-Settlement Processes in the
Population Dynamic of Subtidal
Kelp.”

Awards

Best Student Paper Award (Honorable
Mention), Graham, M.H. Spatio-
temporal variability in the abundance
of kelp planktonic stages. Western
Society of Naturalists Annual
Meeting, Monterey, California,
December 1999.

For more information:

Dr. Paul Dayton

Scripps Institution of Oceanography
University of California, San Diego
Email: pdayton@ucsd.edu

Tel.: (858) 534-6740

Dr. Michael Graham

University of California, Davis
Email: mgraham@ucdavis.edu
Tel.: (630) 753-5719

Website: http://kelpster.ucdavis.edu

JANUARY 2002

California Sea Grant is a statewide, multiuniversity program of marine research, education, and outreach activities, administered
by the University of California. Sea Grant-sponsored research contributes to the growing body of knowledge about our coastal and
ocean resources and, consequently, to the solution of many marine-related problems facing our society. Through its Marine Extension
Program, Sea Grant transfers information and technology developed in research efforts to a wide community of interested parties and
actual users of marine information and technology, not only in California but throughout the nation. Sea Grant also supports a broad
range of educational programs so that our coastal and ocean resources can be understood and used judiciously by this and future

generations.

The national network of Sea Grant programs is a unique partnership of public and private sectors, combining research, education, and
technology transfer for public service and dedicated to meeting the changing environmental and economic needs in our coastal, ocean, and

Great Lakes regions.
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