
THE WATER MASSES OF SEBASTIAN VlZCAlNO BAY 
JOHN G. WYLLIE’ 

INTRODUCTION 
This report i s  a descriptive analysis of the water 

masses and certain processes, which combine to pro- 
~ U C P  the major changes in the physical environment 
observed throughout the year in Sebastian Vizcaino 
Hay. No effort is made to explain the forces involved 
or mechanics of the changes described. A discussion 
of the currents of the bay has been avoided since i t  is 
felt sufficient measurements for such a discussion have 
not yet been obtained. 

GENERAL AREAL DESCRIPTION 
Sebastian Vizcaino l h y  is located 350 miles (all 

distances are expressed in nautical iiiiles) south- 
southwest of Sail Diego on the Pacific Coast of Baja  
California (Fig.  1). The bay has the shape of a fish- 
hook complctely exposed to the sea toward the north- 
west. The distance from the iiorthern end of Cedros 
Is. due north to l’unta Canoas on the mainland meas- 
ures 63 niiles; the distalice from Puiita Canoas to the 
southernmost shorc of the bay is about 115 miles. The 
iiarrowest diinrnsion of the bay measures 48 miles 
from the northwii ciid of Cedros Is. to Puiita Maria. 
The inset in Figurci 1 s h o w  Moliterey Bay of central 
Califorilia for  a size. comparison. Two ehannels, sepa- 
rated by Natividad Is., opeti to the sea in the south- 
wwtmii portion of tlic. bay : thcy are Kellett Channel, 
which is 8 niiles widv ant1 10 to 4.5 iiietrrs dwp, and 
T>cwy,- Chaiiiicl, which is 1 iiiiIc’4 widr aiitl 25 to 30 
iiicitc.rs tleep. ‘l‘hrw very \lliillo~v lagoOtis are foulid 
a l o n g  tho s o i ~ t J i ( v t s t ~ r ~ ~  honiitlary : S(~aiiii1io11, I3lack 
IViLrrior i i l i t l  ?rIiinttc~la. ‘l’h(~ SWII 12viiitos Islallds lie 
~ i i ) i ) r o ~ i i i i i i t ( ~ l ~  1.5 i i i i l ( s  wrst of‘ ( ‘ c ~ l r . 0 4  Is. Ranger 
I ~ I I I I C ,  n k ) o r i t  100 itiet(>rs (Ivei), lies 1.5 niilw uorthwest 
of ( ’ c ~ l r o \  Is. ‘I’lrc~rc~ is littlo ritiIlfall i i i  this a r m  arid 
110 r iwrs  (wipty iiito t h e  bay. 

DESCRIPTION OF WATER MASSES 

FIGURE 1. Geography of Sebartian Vizcaino Bay. 

( SS ) 



84 CALIFORSIA COOPERATI\'E O('EA\X1(' FISIIERIES ISVESTIGATIONS 

29 

28 

I 1 5 O  I I  
I I 

.. 
e 

e *. 
e *. .. 

UPWELLING 

. e . 
CALIFORNIA CURRENT \ 

e . . 
e . . . 

e . 
(subsurface) 

e I N T E  RM EDlATE . . . 
.e. 

e....... . ...e* e... e . . .e.*. 

'9O 

! 8 O  

FIGURE 2.  Water masses of Sebastian Vizcaino Boy. 
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FIGURE 3. Section 1, Cruise 5208. Vertical section from the surface to 110 meters showing distribution of salinity (isohaline lines), thermosteric 
anomaly (lines of equal A’ or 8 ~ )  with oxygen values (ml/L) entered. 

in  this region, results in the coldest water because the 
vertical temperature gradient is normally negative. 
Whether or not this water will have a high o r  low 
salinity value depends upon what water is being up- 
welled. I n  the Punta  Canoas area higher-salinity 
water is most frequently upwelled. 

3. Central Bay water is also the result of a local 
condition and cannot be described as having definite 
characteristic values. There appears to be a permanent 
or semi-permanent clockwise rotating eddy in  the bay. 
I ts  position and size vary considerably. It is definable 
because i t  is characteristically delineated from the 
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FIGURE 4. of water masses in August 1952 (5208). Cruise 5208. Block 

t , , ,c 
145. 

Diagram showing general char acterirtics and locations 

surrounding water by a very sharp thermocline and 
oftcntinies by “ fronts” (Croiiiwell aiid l<eid 1956). 
This pocket of watcr is usually fouiid to be well 
inixetl aiitl relativcly \vi1rm. I t  is nsually wariiirr than 
the surrounding water indirating it is probably held 
for a loiig.cr time in the surfacc3 layers. 
1. 1,agoon water appears to bc of iiiiiior iiiiportaiice 

ill thc r ~ g i m r  of the bay, but it oftell bas extremely 
diffcreiit characteristic values. High temperatures wilt1 
swliiiitivs are foniid. This water is probably mixed into 
the bay water solnewhere along its sonthcrn periphery. 
It call be valletl a t rue source rcyioii siiwe Tvater of 
definite c>haracteristics forins thpre. 

5. 1Tpn.elletl water from the I’nnta Eugenia area 
( w i  be described in  the sanie nianiier as the water 
from the I’iiiita Canoas region. The riiairi cliffhence is 
in the iniportaiiw of the two areas in  relation to the 
bay. l’iuita Etigenia water is probably the least iin- 
portant of any of the \niter-mass sources described. 
Some o f  this xater may eiiter through the southwest- 
erii chaiinels aiitl affect soine of the southern coast of 
the bay, as cvidciiced by wrtaiii cold water algae 
foniitl there (Dawson 1932).  

6. Xorithcrii or(>iiliic siirfac~. water is characterized 
by high tt~nipcratiirc~s aiid saliiiity. This water is found 
aloiig the coast to thr  south of I’niita Eugenia tilid 
iiifl iieiic t’s t h e bay 111 ai 111 y (111 r i I 1 g t hc. late s i i  in ni t’r a ntl 
fall lnollths. 

5. V a t r r  froiii tlir clwp coastal salinity iiiaxiiiiuiii 
is a subsirrfaw iiiass ( rrswdly foiincl a.t 200-300 iric,ter 
t l e p t h )  w1iic.h is cliarac*terizc~d by rc~lativcly high tc.111- 

peratrirt~s aiitl stiliiiitic~s. ti  verj- low osygeii content 
aiitl a rrlatiwly high phosphattl coiitc.iit. J t  is ;Ictnwlly 
a 11 (1s t (’1 1 sion of $2 (1 r ia t o r i ii I l’tw i fic IV a t e r 1 ior t Ii ~v a rd 
aloiig the coast. I t  cJiit(br’s thci bay cirviilatioii froni 
below by iiim-iiig 111) o ~ ~ r  ‘ill(> c.oiitiiieiita1 slo1)c iIIl(I 
sh(.lf. 

I n  atldition to  tlie t y lws  of \viit(.r j t i s t  descril~etl 
other water is soiiietiiiirs foiiiicl which tloes not fit ;illy 
of these classificatioiis. ‘l’his is. of roi i rs~,  to be es- 
pwtecl whrii two or nior(’ of t l r c .  above witcr  t:-pes 
mix. We  will call this intrriiicvliate watcr. 

A general descriptive analysis of cwtain spwial 
cruises iiito the bay will be niatl(3 in terms of the 
above-iiieiitioned n ater-mass soiii-ce regions. 

SPECIAL CRUISE, AUGUST, 1952 (CR 5208) 
T i i  ,\iignst, 1952, the first special CalCOFI cruise 

was iiiatlr iiito Sebastian Vizcaino Bay. At this tiiiie 
l o ~  saliiiity California Current a t r r  11 as foni id  
withiii the upper 100 meters. (Fig.  3 aiicl Fig, 4 ) .  
lliis appc’ars as a tongue of water to the w\ t  and 
iiortlin est of the bay entrance, north of Cedros Islaud. 
Saliiiities as low as 33 08 aiid teniperaturcs of 
about 13°C n ( x e  observctl in the core of the tongue 
at a depth of 50 to .53 Iiiclters iinmediately west of the 
bay ri i trai~cc (Fig. 3 ) .  ,I 1)atc.h of similar ua te r  is 
foniitl aloiig the soutlierii short. a t  a depth of 20 ineters 
or inore I t  niay be a continuation of the present in- 
I wsioii or thc reniiiants of an  earlier invasion. 

I’iinta Calioas upwelled Tvater has a temperature 
raiigr of 12 to 14°C aiid a salinity range from 33.60 
to X3.6e5 I),’ , , , ,  i n  the surface layers. It is found as a 
cre\criit sliaprd ridge opening to tlie west, exteiidiiig 
south from Puiita Canoas, reaching to withiii 10 miles 
of Cedros Is. (Fig. 4 and 5 ) .  This water is found 
at the surface iii the iiortherii one-third of this dis- 
taiice only. It apparently upwells from depths of less 
than 100 meters. A r~ la t ive ly  strong “f ront”  is fouiicl 
hcfwwii the California Cnrrcnt water and this up- 
welled water. The entrance of upwelled water into 
the bay circulation probably accounts for  the depres- 
sioii of the bay temperatures as compared to the 
iic6gliboring snrface oceaiiic waters (Fig.  4 ) .  

(‘eiitral bay water is restricted to a proinineiit 
clocokn ise rotatiug eddy occupying the main par t  of 
th r  bay east of Cedros Island (See the isobaths and 
isotlirrnirs of the A’z 300 surface on Figure 6 ) .  The 
A’=  300 surface has been chosen as a reference sur- 
f a w  brcanse i t  coiiicides closely with the core of the 
Ion saliiiit> California current water in  this region 
airtl irsiially delineates the bottom of the central bay 
e.tltly. iI sharp thermocline separates this water from 
the cdol(ler leis saline water below. The central bay 

r ,  
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FIGURE 5 .  Cruise 5208. Surface temperature and salinity distribution (Isotherms in ‘C ,  isohalines in “ / o o ) .  

water is well mixed froin the surface to the tlreriiio- 
cline, which has a inaxinium depth of 60 to 70 nietcrs. 
The surface teniperatures range from 18 to  20°C aiid 
the salinities from 33.50 to 33.60 o/oo. 11 stroiig 
“front”  is foniid along the northwe\tern boiiiidary 
of the eddy. The southern eiid of the cold Punta 
Canoas upwelled water is fouiid adjacent to the cell- 
t ra l  water and helps to intensify the “ f ront”  (Fig.  
5 ) .  Another weaker “ f ront”  can be traced between 
the central bay and the iiiterniediate water fouiid to 
the east aiid northeast. Along the sontheaitern edge 
of the eddy the iiitermetliate and central water be- 
conies homogeneous aiid the “ front ” disappears. 

Lagoon water is found immediately offshore of the 
lagooiis along the southeastern edge of the bay. We 
have little data but we do know the water is very 
warm and saline. 

tJpwelled water from the Puiita Eugeiiia area had 
surface temperatures from 16 to 18°C and salinities 
of 33.50 o/oo or greater (Fig.  4 ) .  Apparently some of 
this water is carried into the bay on the iiicomiiig tide 
and gives evidence of being fouiid along the n o r t h c m  
shore of I’uiita Eugenia (Dawson, 1932). 

Soiitlimw surface oceanic water is found southwest 
of thc hay bcyoiid the I’uiita Engenia upwelled water 
with temperatures, a t  the surface, from 19 to 21°C or 
grc.atc,r (Fig.  4) .  None of this water seems to have 
bccii in the bay at  this time. 

Iiiteriiiediate water was found as a yery shallow 
1ayc.r (less thaii 20 meters thick) imiiiediately west 
of Punto Coiio (Fig.  4 and 5) .  It exteiicls along the 
ea\tcrn aiicl southrasterii shoreline of the bay where 
it blriitls with the central water. Teiiiperatures range 
froni 1.5 to 15°C and salinities are near 33.50 O / ( ) o .  

This water appears to be a mixture of California Car- 
rent, I’iiiita Canoas upwelled aiid central bay waters. 
The thermocliiie separating it from the cooler water 
bclow eonies to the surface just southeast of Punta 
Caiioas foriiiiiig another front. This front betweeii the 
upwelled and intermediate water becomes diffuse to 
the south. 

Underlying most of the water in the bay is water 
from the deep coastal salinity maximum. This watcr 
may slide up the  coiitiiieiital shelf south and \vest of 
Kcllett aiid I ~ M  e)- Cliaiiiiels mil continue oyer tlic 
sill between Cedros Islaiid and the San Beiiitos Is- 



FIGURE 6. Cruise 5208. The depth of, and temperature distribution 
on, the thermosteric anomaly surface 1’ = 300. (Isobaths in meters, 
isotherms in “C.) 
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FIGURE 7. Cruise 5209. Surface temperoture and salinity distribution. 
(Isotherms in “C, isoholines in ” ’g .... ) 
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FIGURE 8. Cruise 5309. The depth of, and temperature distribution 
on, the thermosteric anomaly surface I' = 300. (Isobaths in meters, 
isotherms in "C.) 
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FIGURE 9. Cruise 5309. The depth of, and salinity distribution on, 
the thermosteric anomaly surface A' = 300. (Isobaths in meters, iso- 
therms in "C.) 

clearly seen as a warmer, more saline zone on the 
A'= 300 surface. This water is about 1°C warmer 
than during August. 

The general meteorological conditions over the Pa- 
cific should have resulted iii a relatively weak flow 
of air  froni the northwest. This could account for the 
absence of coa5tal upw>lliiig a t  this time. 

Rcfereiice has been iiiacle to surface oceanic water 
originating to tlie sonth aiid southwest as playing a 
part  in the water-mass seyuciice in the bay. Neither 
cruise in  1952 offered any definite evidence of this. 
We were fortunate, however, in obtaining direct evi- 
dence during a special bay cruise in  September, 1953, 

I I I 
115" 

FIGURE 10. Cruise 5309. Surface temperature and salinity distribu- 
tion. (Isotherms in OC, isohalines in  ' / o o . )  

(CR 5309, see Fig. 10) .  A t  this time coiiditions were 
found to be similar to those in  September, 1952, 
(CR 3209). KO upwelling was in evidence a t  either 
Purita Canoas or  Puiita Eugenia. California Current 
water dominated the scene, being fouiid along the 
ciitire northeastern shore of the bay to a depth of 
50 meters. I t  was also found beneath the central bay 
water as a layer 10 iiietrrs or more thick. It could be 
traced as a subsurface layer 20 to 30 meters thick sea- 
ward from the northern half of the bay and as a thin 
s l i d  to the northern end of Cedros Island. 

The central bay water mas diluted with California 
Current water. I t  had uniform saliiiity values of 
33.35 to 33.10 o/oo, aiid surface temperatures near 
20°C. The eddy was displaced to the southern portion 
of tlie bay (Figure 10) as coiitrasted to September, 
1!152, ~ h c n  it was fomid to the north (Figure 7 ) .  A 
weak front caii be fouiicl along its iiortliern edge. 
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FIGURE 11.  Cruise 5309. The depth of, and temperature distribution 
on, the thermosteric anomaly surface 4' = 300. (Isobaths in meters, 
isotherms in "C.) 
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FIGURE 12. Cruise 5309. The depth of, and salinity distribution on, 
the thermosteric anomoly surface 4' = 300. (Isobaths in meters, iso- 
halines in "/oo.) 

As in the 19,i2 criiises, lagooil water was found along 
the southern shore line. Tcniperatures of a t  least 22°C 
and salinities greater than 34.00 o/oo are found. 

The most interesting featur'c, howrver, is the south- 
ern surface oceanic water found inirriediately west 
of the channels and Cedros Island i n  the upper 30 to 
50 meters. As can be clearly seen on Figures 11 and 
12, this warm saliiie water extends into the bay 
around the northern end of Cedros Island. Invasion 
of the bay by water of this type and in this amount 
could certainly account for any sudden increase in  
the temperature and salinity ralues, especially in the 
surface layers. 

........ 
3o ..................... 

....... 
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FIGURE 13. Cruise 5809. The depth of, and temperature distribution 
on, the thermosteric anomaly surface A' = 300. (Isobaths in meters, 
isotherms in "C.) 

In Srptember, 1958, (CR 5809), a good c.s;tlul)l(i of 
the influx of deep coastal saliiiity iiiaxiiiililii 11 ; i t w  
into the bay eirculation is found (h'igiir(>s I:{, 11 aiitl 
l j) .  This is of special interrst since it sho~ \ \  t l i i s  
deeper water being injected into the upper (sli;illo\\ ) 
levels of the bay water aiitl therefore being ~ i i i t ( l ( >  
available for rapid inclusion in the siirface circu-  
lation. A s  i\ e\ idcnt froin the figures, this watw 
is relativvly ~va1'11i and saline with ail exceptiolially 
low osygc'll colltent. 

Otlier spec.ial criiiscs have been made into the bay 
biit the above mentioned cruises give cxamplcs and 
support tlir hypothesis that  the sequencc of events of 
the phj-sical enviroiiincnt, both seasolially and yrar 
to > e a r  changes can, in part ,  be cxplaiiietl ant1 de- 
scribed in terms of these ~ a t e r  masse\ and processes. 
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FIGURE 14. Cruise 5809. The depth of, salinity distribution and o x y  
gen values on the thermosteric anomaly surface A' = 300. (Isobaths 
in meters, isohalines in "/m, oxygen values in ml/L.) 
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SEASONAL VARIATION 
I n  discussing seasonal patterns a t  any particular 

point, we wish to delineate between variations which 
are easily predictable, such as the effect of incoming 
radiation from the sun and sky, and those which are 
not. The less predictable events which cause variations 
throughout the year are the replacement of one water 
mass by another, pliis all the degrees of mixing which 
attend these changes. The changes we observe are a 
result of a combination of all these phenomena. 

I n  the  upper layers each water mass undergoes its 
own seasonal changes which can vary t o  some extent 
from year to year. These year by year variations can 
change the  characteristics of a water mass, but these 
changes are not usually so great that  the water mass 
loses its identity. Therefore, even though water mass 
characteristics may vary, they can still be distin- 
guished from other water masses. 

An examination of a monthly plot of surface tem- 
peratures for Station 120.30 in  the bay, shows the 
coldest months to be March and April and  the warm- 
est, September and October (Fig.  16 ) .  This follows 
closely the 10 year averages fo r  neighboring inshore 
oceanic stations not in  the bay. These stations also 
show March-April as the coldest period and  Septem- 
ber-October, the warmest. The bay tends to  be 1"  or 
2°C cooler than thr oceanic water outside the bay 
most of the year. This is probably due to its proximity 

118535 11933 120.30 

FIGURE 15. Section 2, Cruise 5809. Vertical section from the surface to.210 meters showing distribution of salinity (isohaline 
lines), thermosteric anomaly (lines of equal A' or ST) with oxygen values (ml/L) entered. 
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FIGURE 16. Plot of surface temperature and salinity values for each month observed from M a y  1953 to February 1959 for station 120.30. 

to the coastal upwelling area near Punta  Canoas. The 
annual temperature range for the surface layers in 
the bay is normally 5" to 7°C. 

A plot of the salinities for each month does not 
show any such simple pattern on the average (Fig.  
1 6 ) .  If we keep in mind the relative temperature 
and salinity conditions a t  any particular location and 
within a period of time of a few months, a t  most, so 
as to eliminate from the discussion longer treads, the 
presence of a more o r  less predictable cycle is found. 

FIGURE 17. Monthly values of the surface temperature and salinity a t  
station 119.33 plotted on a special chart used in the processing of 
hydrographic data (Klein, MS). 

Figure 17 gives some examples of the surface tem- 
perature and salinity values plotted on a special 
chart developed by Klein (Klein, MS). Each point 
represents the observed value a t  station 119.33 for a 
given month. This station was chosen for the illus- 
tration since it is centrally located and is usually un- 
der the influence of the central bay eddy which in  
turn  seems to reflect the characteristics of the water 
masses which are dominating the bay a t  any particu- 

lar time. Considering the lower points on this graph 
to be relatively cold, the upper points relatively warm, 
the points farthest left as having relatively low sal- 
inity and the ones to the right relatively high salin- 
ity, we can regroup the data into a table showing the 
relative values, as defined above, from month to 
month (Fig.  18) .  This table also includes results 
from station 120.30. A pattern emerges which can 
be explained in terms of the water masses and pro- 
cesses defined as available for the bay. 

I n  general, the bay waters are relatively cool from 
January through June. A t  the same time the salinity 
can be either high or low. The water is cold a t  this 
time because of two factors. The first is the predictable 
normal temperature pattern for all waters of similar 
latitude due to the incoming radiation. The second 
factor is the presence of coastal upwelling which tends 
to keep the water cold. Upwelling can and does occur 
a t  any time of the year but s e e m  to be most persistent 
during this period. The salinity variation can be ex- 
plained by the presence or absence of upwelling 01' 
California Current water, or both. With upwelling in 
progress, a source of higher salinity water is available. 
Although all upwelled water is not necessarily of high 
salinity, it  usually appears to be in  this area. With 
California Current water present, a readily available 
source of low-salinity water is found. Therefore these 
are the dominating factors controlling conditions in 
the bay from .January through June. 

The months of J u l y  and August tend to be some- 
what warmer with low-salinity values continuing. De- 
tailed weather data throughout the year would clarify 
the picture, but it is proposed that  the upwelling 
process usually weakens a t  this time, owing t o  lighter 
winds. This, in addition to the normal increasing solar 
radiation, would allow more rapid warming of the 
mixed layer. The main source of water available to 
the bay wonld most likely be low-salinity California 
Current water. This would account for the relatively 
warm lo~v-salinity water usually found a t  this time. 

During the months of September through December 
the bay waters tend to be warmest and most saline, 
although the warm water is normally in the process 
of cooling later during this period, especially during 
December. The higher salinities are most likely the 
result of advection of water from the coastal regions 
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FIGURE 18. Tabulation showing the relative seasonal values obtained from Fig 17. The data are 

repeated through a two-year period to show the pattern more clearly. 

south of the bay. ,111 (>xaiiiple of this type of iiira4oii 
was desc'ribed earlier in this report (Septeiiiber 1933, 
C B  3309). 
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