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The Surfrider Foundation is concerned

that the majority of marine conservation
efforts stop at the wat er’s edge, when it is
the beach that forms the foundation of a
national pastime, and it is the beach that
bears the brunt of development pressure.
While the economic benefits of beaches
a re well doc u m en ted ($14 bi ll i on in
direct revenue to California in 1998)  and
a majority of coastal residents use and
enjoy the beach frequently (despite the
chilly waters, 80 percent of Washington
residents go to the beach at least several
times a year), the ecological contribu-
tions of sandy beach habitat and its asso-
ciated shallows are less documented. It is
the intention of this paper to demon-
strate trophic linkages that “climb the
ladder” from the intertidal all the way up
to the killer whale (Orcinus orca) in the
Pacific Northwest and the Atlantic bluefin
tuna (Thunnus thynnus) in the Gulf of
Maine. It is also our intention to review
those species with beach obligate life his-
tories. We hope that identifying these
links will help to alleviate some of the
devel opm ent pre s su res placed upon
intertidal ecosystems by misguided man-
a gem ent practi ce s , n a m ely, s h orel i n e
armoring, relic dams,and beach “renour-
ishment.”

Trophic linkages or food webs describe
what eats wh a t . In other word s , t h ey
describe how species are dependent on
other species for their sources of food and
they connect species at the “base” of the
food chain to “apex” predators. A typical
example of a marine food web is phyto-
plankton (a primary producer that makes
food from photosynthesis) that gets eaten
by zooplankton (for example copepods
that are herbivorous), which in turn is
e a ten by planktivorous fish su ch as
anchovies, which in turn get eaten by pic-
scivorous fish such as mackerel. This food
web de s c ri bes the trophic linkage or
dependency between mackerel and phy-
toplankton. Therefore, reductions in phy-
toplankton eventually affect mackerel.

Beach sand – a taste of coastal geology

The beach is like an iceberg, in that the
vast majority of a beach’s volume lies
beneath the surface of the waves. We
walk, surf, and build upon a sandy accu-
mulation that represents only the very tip
of this iceberg. Coastal geologists know
this as a “littoral cell,” a semi-closed sys-
tem of shifting sediment driven by topog-
raphy and by currents. Longshore cur-
rents drive sediments down current in a
phenomenon known as “littoral drift.”
Most of the West Coast has a very high
rate of littoral drift. In California for
instance, the littoral drift transports sev-
eral hundreds of thousands to many hun-
dreds of thousands of cubic yards of sed-
iment per year. At 300,000 cubic yards per
year, this is equivalent to a 10-yard dump
truck, every 17 minutes, 24 hours a day,
365 days per year to replace natural sedi-
ment inputs.

Beach sand starts in the mountains and in
the bluffs adjacent to the beach. When
you block the river flow with a dam, or
divert it with a development, you cut off a
beach’s upstream supply. When you build
a seawall, you cut off the beach’s g round
supply. Renourishment, shoreline armor-
ing, and relic dams are cumulative prob-
lems. Individual projects can occur at the
municipal level where they are poorly
regulated, or poorly managed. The sum
total of these activities can quickly lead to
a situation where a state finds that 35% of
its naturally occurring shoreline has been
armored and 50% of its natural rivers
have been dammed. In California, shore-
line armoring increased from about 26
miles to 130 miles from 1971 to 1990, a
500% increase in beach destroying sea-
walls  and in Washington’s Puget Sound
over 30% of the shoreline is armored; this
includes a segment between Everett and
Tacoma that is more than 95% armored.
Logically, we can then expect a propor-
tionate decrease in species abundance for
those species dependent upon the shal-
low intertidal.

Species depend upon sand

The results of seawall construction are well
documented. ; The immediate impact of
these hardened structures is a dramatic
alteration of the beach profile. Waves that
on ce dissipated even ly along a gradu a l
slope now rebound with a concentrated
dissipation of energy at the base of the sea-
wall. This causes increased erosion and
scouring of the sand at the base, suspend-
ing these sediments, and eliminating the
shallow water. Shallow water is host to two
habitats that act as refuge to juvenile fishes,
the “baby pool” of ankle deep waters too
shallow for predators and “the forest” of
nearshore vegetation.

The “baby pool” is obvious to anyone who
has rolled up his or her pants and strolled
along the waters edge. Schools of “min-
nows” might actually be any number of
coastal species that seek refuge in the shal-
lowest three inches of calm water that deny
access to larger fishes. Coral reef fish larvae
on the island of Moorea are known to
aggregate in wave crests on or around the
night of the new moon. In this darkness,
they ride the crests of waves over the heads
of predators, and into the safety of the
shallows.

With the recent listing of many salmon
stocks as threatened or endangered, the
issue of maintaining salmon forage fish
s tocks has been iden ti f i ed by the
Wa s h i n g ton Dep a rtm ent of Fish and
Wildlife as a high priority. All the impor-
tant forage fishes, i.e. herring, grunion,
sand lance and su rf s m el t , depend on
nearshore habitats for spawning and rear-
ing. Protection of nearshore habitats uti-
lized as spawning and rearing areas for for-
age fishes will be needed if salmon recovery
is to be successful.

Recommendations:

- Outlaw seawall construction
- Remove relic seawalls to restore natural 

sediment flows
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Grunion (Leuresthes tenuis) are members of the
s i lvers i de family, At h eri n i d ae . Th ey norm a lly
occur from Point Conception, California, to
Point Abreojos, Baja California. They inhabit the
nearshore waters from the sur f to a depth of 60
feet, and serve as a source of food to many fish-
es and mammals, including the bottlenose dol-
phin (Tu rs i ops tru n c a te s ) . Gru n i on are an
example of forage fish, the fish that other fishes
eat, and they depend upon beach sand to lay
their eggs. Grunion leave the water at night to
spawn on the beach in the spring and summer
months two to six nights after the full and new
moons. Spawning begins after high tide and
continues for several hours. As a wave breaks on
the beach, grunion swim as far up the beach
slope as possible. The female digs a nest by arch-
ing her back in the semi-liquid sand and the
male gru n i on ferti l i zes the eggs ex tern a lly.
Mature females lay between 1,600 and 3,600
eggs during one spawn, with the larger females
producing more eggs.

The loss of beach habitat from the Matilija Dam
in California represents a direct loss in spawning
habitat for grunion, which compose the diet of
coastal bo t t l enose do l ph i n s . In the Pac i f i c
Northwest and the Gulf of Maine, sand lance
(Ammodytes hexapterus) fill a similar ecological
niche. Sand lance deposit eggs on a rather broad
range of beach surface substrates,although most
spawning appears to occur on finer grained
sand. Spawning occurs at tidal elevations rang-
ing from +5 feet to about the mean higher high
water line. After deposition,sand lance eggs may
be scattered over a wider range of the intertidal
zone by wave action. The incubation period is
about four weeks.

Bluefin tuna arrive in the Gulf of Maine around
late May of every year to feed on seasonal aggre-
gations of prey species such as herring, macker-
el and sand lance. Stomach content studies indi-
cate that sand lance are a major prey item for
this valuable species in the Northeast.

Similar studies identify sur f smelt, sand lance, and
herring as a major prey item of salmon, which in
turn constitute 90% of the diet of the southern res-
ident killer whale populations. Trophic linkages are
essential to a proper understanding of the popula-
tion dynamics of endangered and commercially
valuable species, but the pieces of the puzzle are only
now coming together. Stomach content studies are
rare. This field of analysis is underfunded. But we
would not know the coastal fox depends upon the
beach without finding hundreds of “beach hoppers”
in their stomach.

Recommendations:

- Identify trophic linkages for beach obligate species
- Remove relic dams as part of a National 

Restoration Program

Processes that deplete sand – shoreline armoring

Shoreline armoring includes bulkheads, seawalls,
riprap, groins, jetties, and geotubes. While bulk-

heads,seawalls, riprap, and geotubes are intended to
protect p rivate property from the encroaching sea,
groins and jetties are intended to slow or contain lit-
toral drift. Rising sea levels (10-25cm in the last 100
years ) are certain to exacerbate shoreline armoring
problems in the future, but unlikely to resolve pri-
vate property issues in a cost effective manner.

The use of bulkheads and rock walls is a particular-
ly difficult issue for coastal managers because the
ef fects of these seaw a lls are co u n ter- i n tu i tive .
Bulkheads and rock walls can reduce erosion caused
by wave action, but they may do little to prevent
continued erosion and sliding of the upper bank.
Bulkheads will not prevent the beach itself from
eroding. In fact, bulkheads can exacerbate beach
erosion and erode nearby beaches. The mean beach
width along armored shorelines in Hawaii is rough-
ly the mean beach width adjacent to unarmored,
freely migrating shorelines. Bluffs and cliffs that
stood waiting to provide new sediment to the beach
are now locked behind unforgiving walls.
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This illustration, taken from 
a poster commissioned by
Friends of the San Juans,
depicts the connection
between the eelgrass, her-
ring, salmon, orca and
humans in the nearshore
marine ecosystem.  
Source: Jennifer L. Rigg 


