mergence observed in several groups
also suggests that the high southern lati-
tude region was the source for some of
the elements of the modern outer shelf
and slope communities. The recognition
of the importance of the high latitudes to
the development of Cenozoic biotas sug-
gests that the high latitudes may have
played a more important role in the evo-
lution of the earth’s biota throughout the
Phanerozoic than has previously been
acknowledged.
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Catastrophic Storms, El Nifio, and Patch Stability in a

Southern California Kelp Community

Abstract. Strong winter storms in southern California destroyed most of the
canopy of the giant kelp Macrocystis pyrifera but not the patches of understory kelps
in the Point Loma kelp forest near San Diego. Subsequent massive recruitment of
Macrocystis juveniles and adults that survived the storms had low survival in the
summer during the California El Nifio of 1983. The combined disturbance may have
long-lasting structural consequences for this community because, once established,
the understory patches can resist invasion by Macrocystis.

On 30 November 1982 the first of 11
unusually powerful storms struck the
southern California coastline. For 15
days wave heights exceeding 3m were
measured at the entrance to Mission Bay
in San Diego; some of these waves were
the largest measured in 8 years. Seven of
the 11 storms had wave periods of more
than 20 seconds, the first such occur-
rence in over a decade (I). The storms
occurred during an El Nifio event, which
by many indications appears to be the
most extreme yet measured (2). Techni-
cally, El Nifos are periodic events char-
acterized by anomalously warm sea sur-
face temperatures along the coasts of
Ecuador and Peru (2), but the strength of
the California Current correlates to these
eastern tropical Pacific Ocean phenome-
na. The California events were marked
by a diminution of the California Cur-
rent, anomalous poleward flow, and de-
pression of the thermocline (3). We now
describe the separate and combined ef-
fects of the catastrophic storms and the
strong El Nifio on the structure and
stability of the kelp community off Point
Loma near San Diego (4).

This community is characterized by
the giant kelp Macrocystis pyrifera, the
fronds of which float on the sea surface.
There are three other perennial canopy
types that occupy areas of various sizes
on the sea floor: (i) Pterygophora califor-
nica and Eisenia arborea, whose fronds
are held above the substratum by woody
stipes and occupy often distinct patches
up to several hectares in area; (ii) Lami-
naria farlowii, whose fronds lie prostrate
on the substratum and form patches usu-
ally less than 100 m? in area; and (iii) two
types of turf of articulated coralline algae
(mostly Calliarthron cheilosporioides) or

fleshy red algae (often dominated by
Gelidium spp.), which form patches usu-
ally less than 30 m? in area. The resist-
ance and resilience stability of these
patches were characterized from 1970 to
1981 (5). At Point Loma, Macrocystis is
the competitive dominant, but each of
the other patch types has resistance to
disturbance or invasion. The winter
storms of 1982-1983, however, reduced
the surface canopy area from over 600 to
less than 40 ha (6), and there were peri-
ods with essentially no canopy. Our div-
ing surveys covering 960 to 1440 m? of
subsurface Macrocystis plants revealed
that the damage was not uniform. Mor-
tality, measured by densities of extant
plants and recently killed holdfasts or
fresh holdfast scars, was highest (66 per-
cent) in the shallow (12-m) inner margin
of the forest, lower (47 percent) at mid
depths (15 m) of the central part of the
forest, and lowest (13 percent) in the
deeper (18-m) central outer margin. Mor-
tality at the northern and southern ends
of the forest, 40 and 41 percent, respec-
tively, was higher than that at the central
outer station even though these regions
are all at the same depth (18 m). Two-
and 3-year-old plants survived better
than others at Point Loma (5). In the
winter of 1975-1976, mortality of 2-year-
old plants in a 400-m? area in the central
part of the kelp forest was 6 percent
(N = 84); during the following winter,
mortality of 3-year-old plants was 21
percent (N = 38). In the winter of 1981-
1982, mortality of 2-year-old plants in the
same area was 7 percent (N = 56), but
the 1982-1983 winter storms resulted in
44 percent (N = 48) mortality (7).

The observed effects of these storms
and the El Nifo, combined with the data
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accumulated over the past decade, allow
consideration of the interactions of cata-
strophic scale events with the more com-
mon, smaller scale disturbances. Al-
though the storms had a major effect on
the Macrocystis patches, their effects on
the other patches existing since 1971
were moderate to none. One large Ptery-
gophora patch had been invaded slowly
by Macrocystis after the 1979-1980 win-
ter storms, but eight other Macrocystis-
Pterygophora and Eisenia borders sur-
vived through the 1982-1983 storms,
even though many of the Macrocystis
did not. Four of four Macrocystis-Lami-
naria borders and ten of ten Ptery-
gophora and Eisenia-Laminaria borders
also survived. Five patches of Gelidium
and of Calliarthron have yet to be invad-
ed. In experiments where understory al-
gae are removed and Macrocystis spores
are introduced, each understory patch
type can be invaded (5); however, the
effects of the 1982-1983 storms show
that the understory patches resist physi-
cal disturbance. In each case where an
understory patch had bordered Macro-

cystis, the Macrocystis was gone or

heavily disturbed, indicating that the un-
derstory species had successfully invad-
ed the Macrocystis.

The resistance stability (5) of the un-

Temperature (°C)

derstory is shown by the following ob-
servations. The only disturbances in six
Pterygophora and Eisenia patches oc-
curred in areas where Macrocystis had
been introduced in the early 1970’s by
removing the Pterygophora and Eisenia
and transplanting Macrocystis sporo-
phylls; these isolated Macrocystis patch-
es were in their second generation when
they were detached by the storms. In
many cases the drifting holdfast bundles
of these plants disturbed the adjacent
Pterygophora and Eisenia patches.
Three other areas in which Macrocystis
had been transplanted into Laminaria
patches were also cleared by the storms,
but there was no apparent damage to the
adjacent Laminaria which lie prostrate
on the substratum and are less suscepti-
ble to damage from drifting holdfasts. In
both bases a mixture of several species
recruited into the disturbed areas.

A California El Nifo that lasted from
1957 to 1959 (3) severely affected south-
ern California coastal kelp forests; the
kelp beds along the mainland virtually
disappeared and were replaced in many
cases by sea urchin barrens (4, 8). The
1982-1983 California El Nifio was larger
than the 1957 to 1959 event. For exam-
ple, the sea level anomaly (correspond-
ing to poleward flow) off the Scripps

Fig. 1. (A) Daily sur-
face temperature
readings taken from
the Scripps Institu-
tion of Oceanography
pier for 1983. The dot-
ted line represents the
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63-year mean. Bot-
tom temperatures in
the Point Loma kelp
forest during 1983
measured with re-
cording thermographs
at the southern end of
the forest (18 m

depth) (B): at the out-
er edge of the middle
of the forest (18 m
depth) (C); and at the
inner edge of the mid-
dle of the forest (12 m
depth) (D). The dots
in (C) represent tem-
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| peratures  recorded
from hand-held ther-
mometers from 1978
to 1981. All tempera-
tures above 16°C
were from 1978, a mi-
nor El Nifo year (3).
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Institution of Oceanography pier was 8.8
cm in January of 1958 and 23 cm in
January of 1983. The 1982-1983 El Nifio
was associated with a deep mixed layer
and negligible amounts of nutrients; the
warm water anomaly, centered at 75- to
150-m depths in the nearshore, was as
much as 11 standard deviations above
the mean (9). These data, along with the
occurrence of subtropical animals far
north of their normal distribution, imply
that subtropical waters intruded into Cal-
ifornia coastal waters.

Surface temperature readings taken
from the Scripps pier were largely higher
than the 63-year mean since July of 1982
and show two periods of unusually warm
water in the winter and fall of 1983 (Fig.
1). There were indications of weak up-
welling in the spring but none in the
summer. Major upwelling events, de-
fined as lasting more than 6 days with a
maximum surface temperature reduction
of more than 3°C from the long-term
mean, usually occur twice a summer
(10); no such events occurred in 1983.
Bottom temperature records indicated
that the water column was well mixed
during the anomalously warm winter
months. Apparent upwelling events re-
sulted in cooler bottom temperatures
during the spring, but in midsummer
bottom temperatures were above 16°C
from August through October and went
as high as 21.4°C. The normal thermo-
cline was depressed to depths below the
kelp forests.

The deterioration of Macrocystis in
warm water has been observed for about
25 years (4), but it is now clear that
temperatures of 20° to 25°C do not dam-
age kelps and that summer die-offs may
be caused by nutrient depletion (11, 12).
A strong negative correlation between
temperature and nutrient concentrations
has been established for the southern
California Bight (13) and holds for kelp
forests as well (14, 15); nitrate concen-
trations are negligible at temperatures of
16°C and above. In view of the existence
of internal nitrogen reserves, other data
(15, 16) suggest that Macrocystis can
maintain rapid growth for up to a month
in a nutrient-limited environment before
its growth slows. Extreme nitrogen de-
privation appears to cause weakening or
sloughing of frond tissues resulting in
canopy decline (11).

The El Nifo may have exerted an
effect along with the winter storms be-
cause the temperature averaged 16°C,
suggesting limited amounts of nutrients
available to the plants for repair of me-
chanical damage. However, the most
important effects of the El Nifo were
exerted during the summer and fall. In
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1975 the summer mortality of similarly
age-structured 2- and 3-year-old Macro-
cystis plants located at the main study
site in the center of the forest (5) was 14
percent (N = 128) and 9 percent (N =
45), respectively. In 1982, summer mor-
tality of the 2-year-old plants was 2 per-
cent (N = 52); and during the El Nifio of
1983, summer mortality of the normally
robust 3-year-old plants was 59 percent
(N = 27) (7). In other areas of the kelp
forest, mortality of adult plants in 400-m?
transects between April and November
1983 ranged from 22 percent at the north-
ern edge, 20 percent at the southern
edge, and 58 percent in the central part
of the forest to 61 percent at the outer
and 67 percent at the inner edge of the
forest. The northern and southern edges
of the forest face into long shore cur-
rents, where they may be exposed to
water which has not been scrubbed of
nutrients by other plants: By late sum-
mer, few plants had healthy upper fronds
and most plants had lost their fronds
altogether. Immediately after the winter
storms there was a strong recruitment of
Macrocystis in all but the south portion
of the Point Loma kelp forest. By May
1983 we observed hundreds of Macro-
cystis per square meter in patches along
the transect lines not already dominat-
ed by understory algae. However, there
was also a heavy recruitment of under-
story algae, especially Pterygophora and
Laminaria, in most areas and unusually
large areas of 100 percent cover of two
annuals, Dictyapteris undulata in deeper
water and Desmarestia ligulata in shal-
low water. Thus there was a scramble
competition during the spring and early
suimmer which, under ‘‘normal’’ condi-
tions of light and nutrients, Macrocystis
would have won easily (5).

The massive spring recruitment of
Macrocystis during the El Nifio summer
had virtually no .survivors, partly be-
cause of the heavy understory canopies
which are known to interfere with giant
kelp recruitment in this area (5). Those
Macrocystis that had escaped the under-
story invasion grew slowly and were
discolored and often diseased, and by
September the fronds in many areas had
died 2 to 3 m above the bottom; this was
especially pronounced in the shallow
area. Recruitment was first observed in
April at this site, but by September the
mean plant size was only 137 cm (stan-
dard deviation = 61 cm; N = 60), poor
growth for a species that can grow as
much as 5 to 15 cm/day under optimal
conditions (17).

Wind and minor storms in November
1983 accompanying the slow deteriora-
tion of the El Niiio have resulted in a
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drop in water temperature (Fig. 1). At
this point there were scattered young
Macrocystis plants ranging from 1 to 10
m in height; these plants may survive,
but dense canopies of understories were
also present. Isolated Macrocystis plants
do not survive well because they are
subject to relatively heavy encrustation
by invertebrates that settle on the fronds
and to fish grazing (4, 18). If most sur-
vive to reproduce, they are sufficiently
dominant to slowly displace the under-
story algae which have become en-
trenched; but the resistance of these
understory patches of perennial algae (5)
can make this a long process. However,
two sites were dominated by understo-
ries of annual algae which also could
have inhibited successful recruitment of
perennial understories. These canopies
are now breaking up, and if the few
remaining young Macrocystis survive,
these areas may yet have scramble com-
petition favoring Macrocystis.

PauL K. DayToN

Mia J. TEGNER

Scripps Institution of Oceanography,
La Jolla, California 92093
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Primary Structure of v-raf: Relateédness to the src

Family of Oncogenes

Abstract. A replication-defective, acute transforming retrovirus (murine sarcoma
virus 3611) was isolated from miouse and molecularly cloned. The nucleotide se-
quence of 1.5 kilobases encompassing the transforming gene (v-raf) was determined.
This sequence, which predicts the amino acid sequence of a gag-raf fusion protein,
terminates 180 nucleotides from the 3' end of the acquired cellular sequence.
Comparison of the predicted amino acid sequence of v-raf with the predicted amino
acid sequences of other oncogenes reveals significant homologies to the sic family of
oncogenes. There is a lack of homology within the sequence of the tyrosine acceptor
domain described for the phosphotyrosine kinase members of the src family of
transforming proteins. Phylogenetic arrangement of this family of oncogenes sug-
gests that tyrosine-specific phosphorylation may be a recently acquired activity.

Viral oncogenes are derived from cel-
lular genes (proto-oncogenes) (/) that
endow the virus with the capacity to
transform cells in vitro and induce rapid
tumors in vivo, The proto-oncogenes are
generally single-copy sequences and are
highly conserved in ¢volution. Viral on-
cogenes may be functionally grouped
into those that code for a tyrosine-specif-
ic protein kinase and those that are nega-
tive for this activity. The protein kinase-
negative oncogenes fall into several
functional categories: v-sis (2) is derived

from a growth factor; v-myc (3) and v-
myb (4) encode DNA-binding proteins;
v-mil (4) encodes an RNA-binding pro-
tein; and Ha-ras (5) and Ki-ras encode
guanosine nucleotide-binding proteins.
Although their physiological significance
is still unclear; proto-oncogenes have
been directly implicated in the develop-
ment of certain human tumors because
their positions are adjacent to break-
points in tumor-specific chromosomal
translocations (6). -

We have isolated and molecularly
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