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of releage of thls boitles The swell on August 8 was from
a westsouthwesterly direction, rather than the usual north-
westerly direction, and this factor may have been of
congiderable lmportance in the almost exclusively northern
distribution of the drift bottle recoverles. (According
to Cherry (1964), 80% of the gswell In this reglon comes

from the west, westnorthwest, or northwest, with westnorth=
west being approximately the median direction.) On three
occaslons, drift bottles were found In the same cove in
which they were released,

Durlng perlods of heavy winds, the surface waters are
pushed before the wind, as shown by the recovery pattern of
bottles relsased on July 11, 1962, On thils day, the wind
was about five knots from the northwest early in the morn-
ing and increased to about twenty to twenty-five knots in
the afternoon, Thls heavy wind persisted throughout the
following day. As & result, drift bottles were found in
large nmumbers on Dillon Beach on July 12, Two of the

bottles were later recovered from Halfmoon Bay, Califoranla,

and San Gregorlo Beach, south of Halfmoon Bay. The three
bottles recoﬁered a few miles north of Bodega Head at Ocean
Cove were not found until a month after release and probably
drifted about at sea for much of thls tlme, as Ocean Cove

is mueh frequented by filshermen at this time of year, and

they would be likely %o find a drift bottle relatively soon
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after stranding. The recovery of four drift bottles at
Dillon Beach following the September 6 release was also
probably the result of a twenty-knot northwest wind'which'
blew the day after release, Although three of the recoverlies
were made north of Bodega Head, this wind may have arisen
after some of the bottles had stranded, but while others
were still afloat, and drive those still floating southward,

The drift bottle recovered at Fort Bragg, thirteen days
after the October 10 rslease, unguestionably received much
of its orilginal Impetus from the southeast storm which blew
for three days following ite release, although iﬁ may have
been helped along by the counter current which begins to
get In about thls time of ycar,

Several tlmes during the spring and summer months,
_drift bottles were caught up In offshore currents and
subsequently deposlited on beaches as far south as San
Franclsco and Halfmoon Bay, although even in these months
most of the returns came from north of the polnt of release.

During the winter months, however, no bottles were found

south of Bodega Head except for one drift bottle which was
recovered on Fourteen %ile Beach near Point Reyes following

8 release made on February 19, 1963. The paucity of recoveries
In the winter of 19621963 may be explained by the loss of

bottles In the heavy surf, the fewer numbers of people on

the_besg

30), and the transportation of drift bottles far to the

northward by the countercurrent.
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Recoverles were made from Doran Park in nine of the
twenty~five releases made from Bodega Head under varying
conditlons of wind and stage of the tlde., It seems probable
that these returns resulted from bottles being swept around
the Head by longshore currents and deposited on the beach by
tidal currents. The drift bottle found inside Bodega Harbor

N

following the release on November 8, 1962, was undoubtedly
carrled into the harbor on an incoming tlde., From the off=
shore releases, one drift bottle was recovered from Doran
Park following the June l4, 1963, releaso at the inside gta-
tlon and four of flve recoverles from a release in Bodega
Bay just north of the mouth of Stemple Creek were at Doran

Park Beach; the fifth recovery was from Dillon Beach.

THx BFPECT OF WIND AND TIDE
Hachey and Fothergill (1953) found that the direction
and magnltude of surface currenta are strongly influenced by
the force and direction of the wind when the wind exceeded

ten miles per hour, but that no correclation existed between

these varlables for winds less than ten miles per hour., The
directlon of the winds for winds In excess of ten mlles per
hour for the four-month periods from November 1962 through
February 1963 and March through June 1963 as recorded at the

Paciflc Marine Station 1s shown in Figures 29-30. The amount

of time the wind blew from each direction ls expressed as &
percentage of the total time that wind measurements were

recorded during these periods. Although the wind data for the
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middle of the summer are too lncomplete for adeqﬁate analysis,
and the data presented are also incomplete, they nevertheless
show that during spring and carly summer the prevailing wind
in excess of ten mlles per hour blew from the northwest, and
that during the winter months the northwest wind was greatly T
diminished., This ls In accordance with the well=-known ""‘;
southward movement of the Californis Current In the spring

and summer months when the waters are driven south by the
northwest wind, and 1lts subsequent replacement near shore

by the northward-moving countercurrent when the northwest

wind dles oﬁt in the late fall, Thils is illustrated by drift
bottle returns from the two offshore stations occupied monthly
by the Pacific Marine Station during the three=-year perlod
1959 to 1862 which are shown in Higures 40 and 41, It will
be noted that the predominant directlon of wind In excess

of ten miles per hour during the winber of 1962 was from

the eagt, which would tend to drive water offshore and thus
may have been partially responsible for therlow recovery of

drift bottles released from Bodegs Head throughout this

period—of—tlines _

By adding the percentages of time that the wind blew
from the northwest and north during the spring and early
summer of 1963, 1t appears that surface waters Iin the viclnlty
of Bodega Head would have tended to be pushed southward

almost 20% of the time, and addition of percentages of wind —

from the southeast, south, and southweat showed that surface
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waters would have tended to be moved northward about 6.4%

of the time. In the winter of 1962~1963, the wind blew in
excess of ten miles per hour only half as frequently as in
the succeeding four-month period, with winds capable of pro=-
ducing southward transportation of water occurring only 4.0%

of the time, and northward transportation about 1.1% of the o

R

time., The east wind, blowing 5.6% of the tine

vag dominant

<

7 s
during this perlod. The wind, of courge, 1s only one of a
number of factors affecting the movement of water near shore
and the sbove figures are not intended to imply that a net
movement of water occurred In the dlrectlons mentloned durlng
the whole perilod of t ime that the wind blew in exceas of ten
miles per hour. They are, however, a rough index of fthe
Influence of the veloclty and direction of the wind during
‘the course of most of thils study. Ag such, they show that
the direction of surface currents near Bodega Head during the
spring and suwmmer can only be accounted for by the effect of

the wind for some unknown period less than 30% of thils perlod

of time and less that 11% of the time during the winter.

—Obviously, the direction of these curTents Must Have been
predominantly influenced by other factors such &s the
direction, height, and period of the swell, tldal currents,
the presence of the countercurrent near shore In the winter-

time, and possibly eddles from offshore currents, The Call=-

fornlia Current, during the summer months, appeared -to-have— —
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influenced the drift of only a few drift bottles which
somehow got sufficlently offshore during this perlod.

Two attempts to measure the effect of the stage
of the tlde upon the direction of drift of the drift bottles
were carrled out during the previously-ment loned experiments
on July 11 and August 8, 1962, Drift bottles released at all
stages of the tide were transported south during the heavy
northwest wind on July 11, On August 8, the swell was from
the westsouthwest and w as backed by a southeast wind of an
estimated filve to eight knots, During the first experiment,
any possible effect that the stage of the tlde may have had
upon the drift of the drift botiles was apparently over=-
whelmed by the wind. In the gsecond experiment, it appeared
that the direction of drift was determined either by longshore
currents set up by the westsouthwesterly swell or an offshore
northerly-flowing current which persisted throughout the
daye. Of the two releases made at the Bodega Head whistle
buoy on June 14 and July 13, 1963, under almost identical

stages of very similar tldal cycles (FPigure 39), the drift

-bottles were recovered from Dillon Beach and the mouth of
Stemple Creek followlng the first experlment, and from
Salmon Creek after the second release, Releases made}on the
same days, 300 yards off the cove on Bodege Head, which was

the usual gite of drift bottle releases, gave recoveries

from the Head and to the south at Doran Park, the mouth of
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the Hetere Amariaana. Stempls Oveek, and Dillon Bemoh after
the first xalaaﬁé and po veturns follewing the second ve- 3
lease, On June 14, the swell was from the west, &ﬁaampaniea

by & tWo to three knot southeast wind during the Augusﬁ T T

leagey ﬂhvieusly, the slueldation of tidal aurxanﬁﬁ in this

régian aanne% be brought abent‘by»arﬁ&a drift'battlu éxperiu o

memﬁa of the ‘type reported in this &tudy, but muatfbevmaa@a

ured divestly ever whole tidel oyoles by enrrent m@aauring
ingtruments placed at & number of stations, Thasa sﬁudies
have shown, hawaver,k%hat the net movement of Waﬁex”naar ghore
along. Bodega Hend vories o graat deal aeéarding %@’éh&n@és in
meteorologlcal and oceanographic condltions, not aﬁly»geaaﬁ
onally, but also from dey to day, and points out the neées~
alty of detalled studles of these¢ cowplex ocurrents,

LARVAL DISPERSAL

Several workers in vecent years have deseribed the role
of ooastal ourrents iln the dlsgpersal of pelagle laxWee of
marine invertebrates. For exsmple, Johnson (1940) found the
larvae of the sand crab, Emeritw ansloge, rather widely dis«

perged off the coast of southern Californie, with progressive~
1y later lervel stages (except the last larval"aﬁagé) moxre
widely dispersed than the earlier stages., As B, 2 Q&lﬁgﬁ

larvae are released from the beach and are weak swimmers,

thelr dlstributlon patterns are almost wholly dependent upon
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the ourrent system. In & later study on the offshore drift

of larvae of the splny lobster, Fanullrus interruptus, John- )

son (1960) showed thet although thers was some evidence of

~ flushing of lobster larvae from the areas of acneéntxatien FE
of adult lobsters, many werve epparently retained in the vis
einity of the adults and postulated that ﬁhesa‘léxvge.war$
kept from being swept evay by ueunﬁaréurrents_anﬁ_eadiés.

By ueing varlous drift devices, Knudsen (1960) found thatb
larvae of xanthld crebs were kept in the vieinity of Paloes
Verdes Hille, Oalifornia, by irregular and fxequantiykﬁhifting
surrents ﬁaax_the headland, whieh pravenﬁed them belng swept
sguﬁh_§y4the}Galifarnia‘aufmant A 'ﬁoe,(lgaé)_diaeusséa the
possible ral&ief voagtal @urzants in the resurgenaa a£ the
bay mussel, yxg;;aﬂ §é~ml&

- (0oe, 1953) also disauﬁaad the role of eurxants in ﬁhe develw ..

diegeneis, and in a lateﬁ paper —

lapment @f rasurgent papulatiana of the baan alam, D@nax

| | auldl, Qﬂ the beaahes sf goutheyn @alifernia, p@inting out
.that thﬁﬁﬁ papulatiane unaeubteﬂly resultaa frem swarms of

| larvae ariginating elsewhera and baing éapaa&tad on beaches

éevcid of this eiam (or nﬁarly ao) at the gxoper mament for

metanorphosis an& settling. ,

Eram the ﬁrift batﬁla evidsn@e, 1t appeays that pelagie
E 1arvae af bﬁnﬁhi& invewtebraﬁam fyom the vielnlty of Eadega
Head are transported bhoth marth and seuth auring the apriag

and summer months, which is- the season of maxlmum spawnlng

—4—£é£ﬁmas%—af—%hess—animaisfwv@harsaum§1961?*haswgaléuxatad' -
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that 80% of pelagilc larvae of benthic iInvertebrates settle
after less than six weeks' larval llfe, However, a batch
of newly=-spawned larvae leaving Bodega Head on March 24,
1963, would have arrived at Arena Cove, Polnt Arena, nearly R
fifty nautical miles to the north, one week later, This

- would have allowed almost all of the varvae to arrlive before
having to settle, Similarly, another batch of larvsae
spawned in July would have arrived at Halfmoon Bay not over
four weeks later, allowing approximately half the species
o have made fhe.trip. Shorter dlstances, of course, were
traversed In correspondlngly less time. Thus, 1t seems
quite possible for larvae from Bodega Head (and, no doubt,
from most other areas along the coast) to settle many miles
away from thelr place of origin and, as a corollary, the
populatlons of adult benthic invertebrates along the beaches
and rocky shores and in the bays are 1ikély to be composed
of members recrulted both locally and from some dlstance away

In varying proportions. In this connect1on, it 1ls of Inbterest

to note that there are falrly nunerous—instances—of—-onshore

movementa and also northward movements of water off central
galifornia during the spring and summer months (Schwartzlose,
1963, and unpublished CALCOFI data), along with the general

southward movement of the Callifornia Current, Although

the winter months, the countersurrent cannot be entirely

rules out as a significant means of larval dlspersal of
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some Intertldal specles, as this current is capable of
carryling larvae long dilstances northward at minimum speeds

varying from sround 0,25 knot to 0.5 knot or more.
SUMMARY I

From July 7, 1962, %

Q

bottle experiments were performed In the Bodega Bay region

of central Californla., Of 1040 drift bottles releaged, 220
were recovered, giving an overall percentage return of 21.2%.
All but three of thesd reéleases were made in a small cove on
Bodega Head; two of the remaining three were at sea on &
line extending westsouthwest from Bodegs Head, wihille the
third was In Bodega Bay aboub two wmiles north of Dillon Beach,
The high percentage of drift bottle relurns from Salmon Creek
Beach following releases at ali stages of the tlde and at all
seasons of the year secems to indicate a prevalling northward
current near shore along Bodega Head,

During the summer months, several drift bottles were

recovered congldorables dlgstancey south of Bodega Head ag &
result'of drifting offshore far enough %o be caught up in
southward-moving offshore currents or by belng driven south
by northwest winds. In the winter, one drift bottle was

recovered at Newport, Oregon, affer belng transported north by

the-countercurrent. In the-spring-snd-sarly summer monthsof ——

1963, the prevallling wind In excess of ten miles per hour was



24

from the northwest, while the prevailing wind in the winter
of 1962-1963 was from the east, This east wind may have
been a contributing factor in the paucity of drift bottle
returns during this perlod, There is some evidence that
the direction of drift of drift bottles near shore may be
influenced by longshore eurreﬁ%s set up by changes in the
direvtlon of the swell, No oconclusions were drawn regard-
ing the role of tidal ourrents in the distribution of drift
bottles from Bodega Head, : |

The faot that drift bottles réleasedrfrem shore are
capable of belng transporied long distences along the coast at
minimam velocltles of 0,25 to 0,5 knat-ar»more mey be of
great significance in the dispersal of peiagie larvee of benthic

invertebrates,




TABLE IT

Drift Bottle Experiment July 7, 196@; #1
Nos. §®ﬂla5635, releaged 1435 P57

-5@95 ?/ég 7:3@ AM  Poiut Reyes
5009 © T/34 10:00 AM .Salmon Creek Heach, Soneme County |
§621 ?/8 7:1& AM Batwaan E@ﬁeg& ﬂaa& &né Baéega S

Roak

Drift Bottle Exgarimenﬁ July 11, 1962, #a
Hos, 5026 » 514 ralaasea at hmurly .

Ambervels frow 068D « 1748 pgn

PIME oF Rﬁhﬁﬁﬁﬁz Q‘SQ, ten botties (WO REQOVERIES )
TXMD QF RELEA%E: 075@, %en bottles

- BE

» .553_,»§&£§ 2&%@ - HBRALE | .
_§¢33 8/20 10:00 e ﬁari ?@int, San Franeisaa
5036 7/18 1400 M . Tourteen Mile Beach, Marin County
, %XHE,@F RELBAREs 0853, ten bottles ' =
BO4T 0 8/6 1100 BM% Fr&nais Beach, Kalfmmam Bay, san
o B Mateo County . ,
5050 o T/1E 1@:@@ AN Pt. Reyes S
5053 7/20 10100 &M MeClure Beach, Maxin Qaunﬁy
IIME OF RELEASE: 0985, aight bottles L
BOOVERINS DATE ZIME ;@av‘: S
5056 C7/19 10348 AM? Dovan Park, ﬂﬁnama aaunﬁy

BO63  7/AT 1130 MM Fourteen Mile Beach, larln Gounty
’?%ﬁﬁ 6? Rﬁﬁﬁﬁﬁﬂf"tﬁﬁﬁz wing bottles T

ﬂﬁ§’§9 - 7/15 l@§3® AN Fourtesn Mile Baash, ﬁﬁ?ﬁn dounty
,jﬁﬁ?@.;;. : ?/1 7100 PM . Dpllen Beaeh S




TIME OF RELEASE:

EOOVERIES DATE

5081
5083
5084
5085
5088
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1150, ten bottles

TIME

4830 PM
2100 PM
T130 AM
12315 PH
8%00 P

7130 AM
10300 AM

1450, ten
TLIME
6300 PM
7430 PM
11418 PM
7430 PU
9100 AM
5300 Py
1550, ten

pes o)

5320
5121
5123
B124
5125
5126

5127
5129

7T00 PH
8145 AM
2410 P
11308 AN
10400 AM
5130 FM

iy

T30 AM

LOGALE

Pillon Bezch

Fourteen Mile Beach, Marin eaunty :
Dillon Beach : R
San Gregorio Beach, San Mateo Qounty

Dillon Beach

Dillon Beach
Dillon Beach
Pillon Beach : R
Dillen Beach :

Eillam Beach
Deean Oove, Sonoma @aunﬁy
Dillon Beaoh
Qesan (ove, Sanem& G@ﬁnty
Dillon Beach
Dillon Beach

botiles

LOGALE

DMllon Beach

Dillon Besach

Doxran Park, Bodege Bay

Dillen Besach

Stemple Creek Beach, Marin Gounty
Doran Park, Bodega Bay

botiles
LOGALT

Dillon Beaah

Doran Park, Bodegs Bay

Doran Park

Ocean Cove, Sonoma (ounty

DLllon Beach

West slde of Tomeles Bay, near
Inverness

Dillon Baaeh

Dillon Beach
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TIME OF RELBASEy 1655, fourteen botiles
RECOVERIES DATE IIME LOGALE -

5088 - 7/28 1100 P Tom's [ Point e e

5068 11/24 2300 PM  Blake's Ianding o

BO71 - 7/i2 6:00 PM  Dillon Beach :

5073 T/14 9100 AM = Stemple Cresk Beach, Marln Gounﬁy S
- B132 7/12 7100 PM  Dillon Besch o M L
5133 . 7/13 103100 AM  Dillon Beach = e = S

5134 7/13 ‘T:00 PM  Dillon Besch B ‘

51736 7/13 10300 AM Dillon Beach
5138 7/12 6:00 PM  Dlllon Beaoh

TIME OF RELEASE: 1743, %en bottles
RECOVERIES DATE [TIME LOOALE

5060 7/12 7120 PM  Dillon Beach
5141 7/14 11345 AM Doran Park
5142 7/21 9345 AM Doxan Park
5143 7/14 T130 AM  DPillon Beach
5145 7/12 7100 PM  Dillon Beach

Drift Bottle Bxperiment July 18, 1962, #3 ; | o
NQEo 5!147 - 53«713 x"@l@afﬁ@é 0619 PeT v §

Eaevmgxgg PATE IIME  LOCALE

5149 7/28 1100 PM  Salmon Creek Beach

5150 7/25 10130 AM Hovseshoe Cove, Bodega Head

5153 - 7/21  10:00 AM Salmon Oreek Beach |

5155 7/21 13100 PM  Mussel Point, Bodega Head

5158 7/21 93100 AM  Sslmon COxeek Beach

5161 T7/21 10300 AM Bodege Bay near entrance to harbor
- 5163 7/29 1l:25% AM Horseshos Cove, Bodege Head

5168 7/22 10100 AM Salmon (reek Beach

5171 7/21 11:00 AM  Horseshoe Cove, Badega Head

DFLEY Botile Txperiment July 25, 1962, 4
Nos. 5172 = 5196, released 1000 PST

REGOVERIES DATE TINE @ggm&m

B172 8/9 10130 AM Drake's Bay, Marin County

5175 7/29 1:00 PM  Horseshoe Cove, Bodega Head

5178 8/F e Salmon Creek Beach | -

5183 ?/29 2:00 P¥  Doren Park, Bodega Bay =

5186 7/o8 1310 PM  Salmon Oreek Beach —

: — 51 53—A’u~,~m7/é9/~53§5ﬁlM~#wHarseahea Cove; Boaagawgaa@~wwuf/~—/~m



