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Analysis of 47 unprovoked shark attacks (45 in California and 2 in Oregon) since
1926 has clarified aspects of shark attacks on humans, especially by white sharks,
Clfcharodon carcharias. Eighty-seven percent of the victims were interviewed and
precise details of these attacks are available. Data of attacks on skindivers were
compared with skindiver effort and catch derived from California Department of
Fish and Came surveys of skindivers conducted in 1960 and 1972. Information on
victim activity, location of attacks, time of day, seasonal occurrence, water visibility,
depth and temperature, species of. sharks involved, attack patterns of sharks, and
degree of injury to the victims is presented. Possible shark attack motivation. is
discussed. The principal attacking species from Point Conception and San Miguel
Island northward was the white shark.
.
There appears to be an increase in the frequency of shark attacks both in California
north of Point Conception and in Oregon. This increase may be due to the increase
of prey marine mammal populations and a concomitant increase in the white shark
population. The frequency of shark attacks in the 100-mile area between Ano Nuevo
Island and Bodega Bay is 10 times greater than the frequency of attacks over the
remainder of the California coastline. Contrary to the findings of world-wide shark
attack data analysis, northern California attacks occur more frequently in clearer
water at temperatures less than 60°F. We found no correlation of attacks on spear
fishermen with speared fish. No shark attacks occurred in either California or Ore
gon in kelp beds; most of the attacks were on freediving skindivers who were looking
for abalone. There were four fatalities--three swimmers and one skindiver.

INTRODUCTION \
Those people seeking exotic flora and faun ~ to observe, photograph, research,
and harvest h-ave found the marine habitat arr-exciting new world to invade, but
this invasion of-the sea has not been without hazard .,Most dangers encountered
by skind~vers and boaters are accepted as part of the endeavor, as are the
dangers of bicycling, skiing, flying, etc. However, the hazards of shark attacks,
as rare as they are, have not been accepted calmly and have probably inhibited
many individuals from participating in marine water contact activities. Shark
attacks present humans w ith a most terrifying experience, i.e., being attacked
and possibly eaten in a physical element in which they cannot easily escape.
Even before the recent shark "horror" movies, there has been concern about
shark attacks, such as in Australia, when swimming and surfing became popular
in 1919 (Coppleson 1958). The horror stories of shark attack victims from ships
sunk during World War II triggered world-wide anxiety among swimmers and
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those involved in the newly developed sports of surfing and skindiving. In 1957
and 1958 there was an unprecedented number of attacks in South Africa waters
(Smith 1963; Davies 1964) and, in this same period, there appeared to be an
increase in shark attacks on both the Atlantic and Pacific coasts of the United
States (Gilbert, Schultz, and Springer 1960; Schultz and Malin 1963). Llano
(1957) posed questions and possible answers as to why sharks attack humans,
analyzing reports of shark attacks and shark behavior throughout the world. In
1958, the American Institute of Biological Science and the Office of Naval
Research initiated intensive research on sharks, including physiology, behavior,
taxonomy, and a collation of world-wide shark attack data (G i Ibert 1960). Most
of the results of subsequent studies appears in Sharks and Survival (Gilbert
1963a) and Sharks, Skates and Rays (Gilbert, Mathewson, and Rail 1967) .
Several popular publications related some Qf the findings, especially the informa
tion on shark attacks (Helm 1961; Matthiessen 1971; Baldridge 1974; Ellis 1976).
The results of research through the early 1970' s yielded considerable data on
physiology and taxonomy, but serious information gaps on shark behavior per
sisted. Ethological studies were initiated on some of the more important and
easily observed species (Johnson and Nelson 1973; Myrberg 1976; Gruber and
Myrberg 1977; Gilbert 1977). The spring 1977 issue of American Zoologist
presented the goals and results of current shark research. There now is· less
emphasis on collection and analysis of shark attack information and more effort
on behavioral and life history studies. However, until more descriptive behav
ioral studies are completed, especially on the more dangerous species such as
the white; tiger, Caleocerdo cuvier; and bull, Carcharhinus leucas, sharks, con
tinued and more detailed analysis of shark attack data is needed to determine
cause and effect parameters of shark.attacks. Anti-shark measures are apparently
effective in South Africa (Smith 1963), Australia (Springer and Gilbert 1963), the
Hawaiian Islands (Tester 1969), but for mainland North America we are still
confronted with continuing shark harassment and attack.
The Navy's Shark Attack File (SAF) information (Schultz and Malin 1963;
Schultz 1967) at/owed little opportunity for those analyzing the data to interview
the attack victims. Much of the information was , available only from news
clipping services. Another drawback was the lack, of control data to determine
cause and effect relationships between shark attacks and human activities, such
as comparison of diving and swimming effort with frequency of attacks. Many
of the generaf c9nclusions were based upon analysis of a collation of world-wide
data, lumping together all shark species and geographical areas; however, we
found that generalized attack patterns based on world-wide data may not be
applicable to California and Oregon, where unique oceanographic conditions
occur.
Shark attack data presented in this paper are unique because a majority of the
victims were interviewed by the authors and comparative data of skindiving
effort and activity are available from Department surveys in 1960 and 1972
(Miller and Gotshall 1965; Miller, Geibel, and Houk 1974).

SOURCES OF DATA
Shark Attack File records (Schultz and Malin 1963) listed 28 unprovoked
shark attacks for California from 1926 through 1962. Perry Gilbert (Mote Marine
Laboratory, pers. commun.), submitted updated California SAF records through
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1975, totalling 46 attacks. Of these 46 attacks we considered 16 to be special
cases, provoked, or unconfirmed (Appendi x I). In addition, California Depart
ment of Fish and Game files included information on 17 additional unprovoked
attacks through 1979. In all, we considered 47 attacks on humans to be valid,
unprovoked attacks for California and Oregon (Appendix II) .
Initially, we reviewed the SAF data to determine whether an attack was
provoked or unprovoked; part of this process was to locate as many of the
victims as possible, even if they had been previously interviewed by other
fisheries researchers. Twenty-seven (57%) of the 'victims were interviewed by
the authors, 13 were interviewed immediately after the attacks by other re
searchers, and 1 was reported by Navy personnel; data for the remaining 6
attacks were available only from newspaper articles. Thus, 87% of the attack
victims were contacted first hand in our analysis. This is compared with the
world-wide SAF records in which 7.40/0 were from first hand interviews of the
victims (Baldridge 1974). Details of eight California shark attacks on humans
have been published in scientific journals (Bolin 1954; Fast 1955; DeWitt 1955;
Collier 1964; Follett 1974; Collier, in press) . Identification of the shark species
. was determined from tooth fragments, dentition patterns on the victims or their
diving and surfing equipment, and by description of the sharks by victims and
witnesses .

LOCATION OF ATIACKS AND SPECIES OF SHARKS INVOLVED
•

I

Shark attacks occurred irregularly.from the Mexican border to Cannon Beach,
Oregon (Figure 1) . There are two general water regimes within these bounda
ries, each typified by characteristic fish assemblages. The cold-temperate zone
(central California into Oregon) extends northward from San Miguel Island and
Point Conception. The warm-temperate zone off southern California encom
passes the inshore area south of Point Conception except for San Miguel Island.
San Miguel Island is not totally within the influence of the warm southern
California gyre and the fish populations at San Miguel are more similar to those
along central California than those to the south. The southern range limits of 6
cold-temperate fish spebes are recorded at San Miguel Island (Miller and Lea
1972) , whereas the northern range limits of 13 subtropical fish species occur at
Point Conception, demonstrating the sharp, persistent demarkation of the two
temperature regimes.
Recognition of these temperature regimes is-.important in the analysis of shark
attacks since there appears to be dissimilar attack p.atterns in each of the two
water masses, involving different shark species. It appears that most, if not all,
the unpr6"voked attacks (Appendix II) from San Miguel Island and Point Con
ception northward may have been by white sharks whereas south of these areas
the attacks may have been by sharks in families Carcharhinidae (requiem
sharks), Sphyrnidae (hammerheads) , and possibly Squatinidae (angel sharks) .
Of the 40 shark attacks in the cold-temperate zone (Table 1 ),21 were by white
sharks, 12 were presumably by white sharks, 5 were by large sharks of undeter
mined species, and 2 attacks were by sharks for which there was no description
as to size or kind. Two of the seven attacks in southern California were reported
by the victims to be by blue sharks, Prionace g/auca, one by a hammerhead,
5phyrna sp., and one was most likely by a tiger shark, Ca/eocerdo cuvier. Shark
species in three southern California attacks were unidentified.
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FIGURE 1.

Location of unprovoked shark attacks on humans and boats in California and Oregon.
(Attack locations are in lower case, initial caps.)
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TABLE 1. Number of Unprovoked Shark Attacks on .Humans Per Year- in the Cold-Temperate
(N) • and Warm-Temperate (S) • Water Regimes of California and Oregon by
Victim Activity, 1926-1979.

SWimming
S
N Tolal

Year

Skindiving
Hookah Surfing
S
N Tolal N
N

Tolals

---s-N

Tolal

1926
1950
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55
56
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....................................................... .
...................................................... .
....................................................... .
.......... .......................... .
............................................ .
...................................................... .
............ .......................................... .

58............ .

1
1

...........................

2

4

59 ..................................

2
2
2

..... _ .................... ........... _.
61 .................................
62 .............
.. .......................
63 ...................................................... .

19~

2
2
2

64 .................. .................... .

65 ....................................................... .
66 .......... ...........................
67 ................................................ .
69 ......................
1970 ................ .
71 .......................................................
72 ........................................
73
.................. ..
74 ........ .............................. ..

4

75 .........
... _ .......................... .
76 ....... ...............................................
77 ........................................................

4

7

3

4

4

3
1

3

40

47

78 ...................................
79 ..................................................... .
Total .................. .. ....................

3

8

11

4

22

·26

4

6

• Cold-temperate zone encompasses San Miguel Island and Pt>int Conception north into Oregon; the warm
temperate zone is ~Quth of this area.

Another grouping of possible shark attacks may also represent yet another
type of shark interaction with humans in southern California. Five of the southern
California unconfirmed attacks (Appendix I) along with two of the confirmed
listings (Appendix II ) appear to have unique similarities. The attacking sharks
were not observed, the attacks were along sandy beaches in shallow water, and
the wounds were all minor. Five were swimmers (Appendix I: SAF #234,849,
and Balldean; Appendix II: SAF #243 and 845) and two were surfers (Appendix
I: Caldwell and Mullimax). The attack on the two surfers (Los Angeles Times
1975) was guessed by a lifeguard to have been by "barracudas", but this is
unlikely in that there has never been a confirmed attack on a human by the
California barracuda, Sphyraena argentea. It is possible that some, if not all, of
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