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ABSTRACT
A temperature survey in the upper 200 feet of coastal waters of Baja California,
from Bahia de Todos Santos to Bahia de la Magdalena, during the spring of 1950,
has demonstrated the occurrence of upwelling along virtually the entire coast except
within Bahia Viscaino and between Lat. 24° 50' and 26° N. A study of the marine
vegetation of this coast and of the outlying islands has shown close correlation with
the presence or absence of upwelling water. Within the upwelling areas many genera
and species indicative of cool northern waters occur far south of their expected
latitudinal range. Such plants are for the most part lacking from the more tropical
flora of Isla Guadalupe, which lies beyond the effects of coastal upwelling, while an
intermediate flora, in composition much like that of La Jolla, California, occurs at
Islas San Benito. Marine vegetation characteristics indicate that south of Lat.
27° N. a change in the pattern of summer winds must occur, causing upwelling to
discontinue after spring with the consequent development of warm shore-water
conditions.

INTRODUCTION
Seven years ago our knowledge of the distribution of marine algae
along the Pacific Coast of Baja California amounted to records of few
more than a score of species, most of these from the northernmost
part of the peninsula. However, recent years have seen the accumulation of comprehensive collections2 from virtually all parts of this
coast, and an examination of these has brought to light numerous
extensions of known ranges. These extensions of range in some
species have revealed wide discontinuities in distribution, while in
others they have indicated the occurrence of northern species far
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south of their expected latitudinal range. These peculiarities of distribution in turn have called for oceanographic explanation, much of
which has been found in a recognition of the occurrence of upwelling
along this coast.
Upwelling of subsurface water along the coast of Baja California is
the result of the movement of surface water away from the shore under
the influence of the prevailing north and northwest winds. Even
though the wind direction may be parallel to the sh ore, the wind
current takes an offshore direction under the influence of t he earth's
rotation. The upwelling water does not originate from great depths
but represents coastal bottom water from depths of only a few hundred feet.
Since its lower temperature permits greater solubility of gases, and
since its hi story of movement along the bottom provides a greater
nutrient content, upwelled water constitutes a particularly favorable
medium for photosynthesis by marine plants and for their consequent
luxuriant development. Accordingly, many of the larger and more
massive algae of higher latitudes may be expected to extend far toward
the tropics wit hin regions of upwelling and to cont ribute to a ri chly
developed fl ora. Conversely, tropical and subtropical species may be
expected to be absent from such cold water areas except in favorably
sheltered localities and to exhibit various distributional discontinuities.
Seasonal variation in t he occurrence or intensity of upwelling may be
expected to result in seasonal differences in the composit ion of the
flora of a given region and wholly to exclude species of limited toleran ce. Thus, in order to correlate better our expanding knowledge of
the marine fl ora of Baja California, it has become in creasin gly important t hat a clearer understanding be obtained of the distribution
of upwelling areas and of the relative intensity and continuity of
upwelling in various localities.
Despite emphasis in the present study on the relationship of upwelling water to the distribution of sessile marine algae, it should be
pointed out that the occurrence of upwellin g has fa r reaching general
effects not only on the biota of the immediate ma rine environment
but u~on the geologJ'.' of the sea flo or and upon the climate, geology
and b10ta of the adJacent land. Thus, to summarize some of the
important known effects of upwelling water as discussed by Brongersma-Sanders (1948), we may list the following:
1. Nearly complete rainlessness of the coastal region wit h consequent sparsity of vegetation. 2. Moderate humidity with high
frequency of fog . 3. Abundant phytoplankton production with
consequent abundance_ of zooplan~ton , plankton feeders, fish, and fish
feeders. 4. A large bird populat10n and consequent accumulation of
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Figure 1. Chart of Baja California showing the course
taken by the VELERO IV. April 24-May 1. 1950, in obtaining the temperature transaction shown in Figs. 3-6.
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Figure 2. Chart of Baja California showing the four upwelling regions described in the text. The stippled areas
represent localities in which water of less than 14° C was observed at the surface along the course shown in Fig. 1.
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guano deposits on dry bird islands. 5. Periodic mass mortality of
marine organisms from overdevelopment of noxious dinoflagellates
(red water). 6. Deposition in the sea of sediments of high organic
content. 7. Deposit.ion on the land of sediments testifying of a very
dry climate (wind-blown sand, salt) .
With regard to these various effects of upwelling, the coast of Baja
California shows remarkable similarity to the coasts of other major
upwelling regions of the earth such as Chile-Peru, Southwest Africa,
and Rio de Oro-Mauritania.
Along the northernmost part of Baja California, upwelling has
definitely been recognized in several localities and has been correlated
with the biota (McEwen, 1916; Dawson, 1946, 1949; Hubbs, 1948).
Intensive studies of the inshore area between La Jolla, California and
approximately Lat. 30° N. are now being carried on by C. L. Hubbs at
Scripps Institution of Oceanography, and these studies promise to
yield much information on the relation of upwelling to temperature
conditions and animal distributions there.
South of Lat. 30° N. the occurrence of upwelling has been recognized
in several localities between Punta Baja and Punta Santa Rosalia
through the characteristics of the algal vegetation (Dawson, 1949);
it has been measured hydrographically in the San Roque area (Dawson, 1950).
The present paper records the results of a continuous survey of the
coastal waters from Bahia de Todos Santos to Bahia de la Magdalena
(Fig. 1) between April 24 and May 1, 1950; they are accompanied by
correlative collections of benthic algae and marine grasses at critical
localities south of Lat. 30° N. The survey was made aboard the
University of Southern California's marine laboratory ship VELERO
IV under the command of Captain Allan Hancock whose many generosities are gratefully acknowledged. Surface temperatures were
recorded continuously by means of a Brown potentiometer connected
to a system of calibrated thermocouples, and 129 bathythermograms
were obtained to depths of 200 feet with a standard surface-vessel
bathythermograph. The positions of these BTs and their identifying
numbers are indicated in the charts, Figs. 3-6.
The Spanish place names are given in accordance with the American
Geographical Society's map of Hispanic America 1: 1,000,000.
THE DISTRIBUTION OF UPWELLING
THE TEMPERATURE TRANSECTION, APRIL 24-MAY 1, 1950 (Frns. 1, 3-6)
From inner Bahia de Todos Santos, wher9 temperatures above 16° C
occurred down to the bottom, rapidly decreasing temperatures were
encountered as far as the channel between Islas de Todos Santos and
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Punta Banda, where water of 13° occurred within 25 feet of the surface
and appeared to represent a tongue of southward-moving upwelled
water from the nearby Punta San Miguel-Punta Salsipuedes section of
the coast. Southward to Lat. 31° 40' N ., at a point 6½ miles off
shore, the 13° isotherm descended to 60 feet, this being accompanied
by a comparable temperature increase at the surface, thus indicating
pronounced dissipation of the upwelled water at this distance off
shore.
At a point within one mile of shore on Lat. 31 ° 40' N ., the 13°
isotherm again rose to within 35 feet of the surface, indicating moderate
upwelling under the influence of Punta Banda headland. Passing
coastwise to Lat. 31 ° 32' N. off Soledad rocks, we observed 13° water
at 65 feet and then at rapidly decreasing depths, so that it occurred
almost on the surface one-half mile south of Punta Santo Tomas,
where a small area of locally intense upwelling was indicated.
Southward toward Lat. 31 ° 23' N., and seven :miles off shore, steady
dissipation of the upwelled water was observed as the 13° isotherm
descended to 70 feet. Continuing coastwise at an average distance of
eight miles off shore, we found 13° water paralleling the coast at a
depth of about 70 feet, but upon nearing the shore again at Caho
Colnett a rapid decline in temperature at all depths accompanied the
rise of the 12° isotherm to the surface in Bahia de Colnett. All
observations in the Colnett area indicate that it represents a locality
of intense upwelling during the spring and summer season. On
April 25 the 13° isotherm remained within 25 feet of the surface for a
distance of 15 miles to the south and 12 miles off shore at Arroyo
Santo Domingo.
Observations continuing to a point two miles northwest of Caho
San Quintin identified the 13° isotherm at between 35 and 55 feet and
gave indications of general dissipation of upwelled water under the
influence of the north-south coastline south of Arroyo Santo Domingo.
Upwelling was again evidenced south of Caho San Quintin and
throughout Bahia de San Quintin by a rise of the 13° and 12° isotherms
to the surface.
The configuration of the coast south of Bahia de San Quintin suggests that upwelling should diminish southward to Punta Baja. This
is substantiated by observations which indicate the rapid dissipation
of upwelled water at Lat. 30° 15' N . and the absence of appreciable
renewal until Punta Baja is reached.
Latitude 29° 58' N. at Punta Baja marks the northern boundary of
an extensive area of upwelling along the entire southeasterly-trending
coast to Bahia de Sebastian Viscaino. Recent observations have
measured its occurrence only as far as Punta San Carlos, but studies of
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Surfac,e temp erature (above) and temperature tra nsection (below) from Bahia Todos Santos to Punta Baja.
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Surface temperature (above) and temperature transection (below) from Lat. 26° 16' N . to Punta Entrada.
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marine vegetation have already shown that the cold water influence
extends to Punta Maria and affects algal growth and species distribution as far south as Punta Santa Rosalia. Continuing our observations coastwise from Punta Baja at distances of about six miles off
shore, we recorded surface water temperatures at or below 13° to San
Carlos anchorage, where a minimum of 11.6° was reached. This
figure on April 26 represents the temperature of upwelling water after
three days of light winds, force 1-3. On May 9, following ten days of
strong winds, force 4-8, the surface temperature was 10.6° with
equivalent temperature depression throughout the upwelling area.
Along the north-south transection from Punta San Carlos to Islas
San Benito on April 27, the rise in temperature observed at all levels
indicated a gradual dissipation of the effects of upwelling to a point
about 45 miles off shore. Between Lat. 28° 35' and 28° 45' N., temperature maxima were recorded, but these were followed by a temperature depression again at all levels onward to ·"Islas San Benito. The
temperature pattern indicated by the observations on this course
appears to agree with the expected movement of the upwelled water.
Thus, the depressed temperatures in the Islas San Benito area seem to
reflect the influence of upwelled water moving southwestward from the
Punta Blanca-Punta Maria section of the coast just north of the Bahia
de Viscaino eddy. On the other hand, the temperature maxima at Lat.
28° 45' N. appear to represent a tongue of warmer offshore water
moving in at this point to contribute to the divergence created by the
Bahia de Viscaino eddy. 3 Despite the influence of this warmer offshore water, the effects of the upwelling water can clearly be seen in
the character of the vegetation of Islas San Benito (seep. 51).
For 30 miles to the south and east of Islas San Benito, temperatures
were observed to rise slowly until we reached the middle of Canal de
Kellet, between Isla Cedros and Isla Natividad. There, at a depth of
50 feet, an abrupt 5° thermocline was encountered; this rapidly rose to
25 feet and then to 15 feet in Canal de Dewey. This prominent warm
surface layer represents the southern outflow of highly insolated water
from the southern margin of the Bahia de Viscaino eddy to which
Laguna Ojo de Liebre (Scammon Lagoon) contributes. The prominence of this water, with temperatures above 16°, indicates the absence
of upwelling along the southern coast of Bahia de Viscaino and the
presence of warm marine conditions. Evidence obtained from the
marine vegetation is in full support.
As we came abeam of Punta Eugenia a new region of upwelling was
entered. The warm surface layer observed in the channels was quickly
3

This pattern of movement seems to be identifiable in the chart of surface isotherms
for August-September, '1908 presented by McEwen (1916).
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dissipated and was no longer evident eight miles southwest of Punta
Rompiente. In proceeding coastwise toward the southeast, the upwelling in this region intensified. Minimum temperatures were
measured below Morro Hermoso, where the 12° isotherm reached the
surface, and between Punta San Pablo and Bahia Asunci6n, where
maximum u~welling intensity was indicated by temperatures as low
as 11.5° at the surface.
Upwelling continued strong as far as Lat. 26° 30' south of Punta
Abreojos and Bahia de Ballenas where the 13° isotherm dropped
appreciably below the surface for the first time south of Morro Hermoso. At this point the modifying effects of insolation on the large
lagoon and estuary shoals of the region accounted for general temperature increases despite the apparent continuation of moderate upwelling to Punta Pequefia. The 13° isotherm reached the surface for
the last time off Punta Santo Domingo, after which it was gradually
depressed to about the 100 foot level, where it remained until Caho
San Lazaro was reached. The gradual and uniform rise in temperature at all depths along this southerly-trending coast pointed to a
disappearance of upwelling between Punta Santo Domingo and Caho
S'an Lazaro.
Another region of upwelling was entered at a point 1½ miles o1I
Caho San Lazaro, where the 13° isotherm rose abruptly from a depth
of 120 feet to 60 feet and then to 15 feet off Punta Hughes. The water
throughout Bahia de Santa Marfa and thence to the entrance of
Bahia de la Magdalena continued isothermal down to the bottom at
14° or less, showing minimum temperatures about two miles southeast
of Punta Entrada. Low water temperatures were observed for some
distance inside Bahia de la Magdalena as a result of the tidal movement of upwelled water through the entrance.
THE UPWELLING PATTERN

From data now at hand one may recognize four regions along Baja
California that differ from each other according to the geographic and
seasonal continuity of upwelling (Fig. 2). In the first of these regions,
from Punta Descanso to Bahia de San Quintin, much of the coastline
takes a nearly north-south direction, but it is broken by several headlands, south of which the coastline is at first east to west, then northwest to southeast. Since the winds are predominantly from the northwest in this region, upwelling is favored south of the headlands. That
the areas of prominent upwelling are largely confined to the south
sides of these headlands is shown by hydrographic observations
(Fig. 3) as well as by the regular occurrence there of algal species
characteristic of northern localities. The areas between the head-
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lands show greater temperature variations, depending largely upon the
degree of stagnation or movement of the cold upwelled water from the
headlands. It is further evident from direct observation, as well as
from a study of the vegetation, that where upwelling occurs in this
region, particularly just below the headlands, it is continuous through
the spring-summer season. Accordingly, there is exclusion from these
"cold spots" of high temperatures resulting from insolation, such as
may be of variable occurrence along the intermediate stretches of
shore, particularly in Bahia de Todos Santos and Bahia de San Quintin.
A second region of upwelling appears to begin at Punta Baja, where
an abrupt change in the trend of the coastline occurs and continues all
the way to Bahia de Sebastian Viscaino. The east-west shore on the
south side of Punta Baja provides for a local area of intense upwelling
whose cold waters are augmented a few miles farther south by others
along the continuous northwest-southeast coast from Punta San
Fernando to Punta Santa Rosalia. Unlike the first region, the trend
of the coastline here permits geographic continuity of upwelling.
Although adequate information on wind direction is not readily
available, it seems certain from indirect evidence that generally prevailing north and northwest winds continue to maintain the upwelling and consequent low temperatures through the summer season.
McEwen's (1916) chart of surface isotherms for the summer of 1908
shows upwelling at Punta Baja and at Punta San Carlos. Furthermore, the characteristics of the vegetation along this coastal region
seem to require this seasonal continuity of low temperature conditions.
It is only in the extreme southern part of the region, at Punta Santa
Rosalia and southward, that algal populations indicative of high
summer temperatures are encountered and mark the end of upwelling
coincident with the change in trend of the coastline.
The combined geographical and seasonal continuity of upwelling
of the second region, coupled with the pattern of current movement
required by the geography of Bahia Viscaino, permits the effects of
this upwelling to be felt at a considerable distance seaward. The
near~y closed pocket of Bahia Viscaino, open only by a 12 mile channel,
partially blocks the normal southward fl.ow of coastal waters and brings
a~out a southwestward diversion of the upwelled waters of region 2,
with the result th3:t they move past Islas San Benito (see McEwen,
1916 : pl. 9). As will be shown later, the cooling and nutrifying effects
of this upwelled water are distinctly evident in the character of the
flora of these islands.
The abrupt reversal in trend of the coast at Punta Eugenia initiates
third r~gion of upwelling which extends without major geographic
mterrupt10n all the way to Punta San Juanico, where the trend again
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becomes north-south. The observations made in May indicate that
upwelling is probably geographically continuous throughout this
region, although in its southern part the temperature-raising effects
of insolation on the surface water of shoals, of Laguna San Ignacio, and
of other semi-enclosed lagoon areas, are clearly evident. A significant
feature of this region is the restriction of a number of prominent algae
indicative of cool water to the north of Bahia Asunci6n and the appearance in its southern part in spring of numerous evidences of the
dominance of a warm water flora at a later season. These evidences,
and the known occurrence of summer upwelling north of Lat. 27° N.
(Dawson, 1950), suggest that this line is the approximate boundary of
seasonally continuous upwelling, and that south of the above latitude
a changing summer wind pattern is responsible for the confinement of
upwelling to the winter-spring season.
The fourth region of upwelling has been investigated only between
Caho San Lazaro and Punta Entrada, but it probably extends along
the easterly-trending coast approximately to Lat. 24° N. Although
conclusive wind data are not available, evidence from the vegetation
suggests that conditions favorable to upwelling cease at the end of the
spring season, with the consequent development of higher summer
temperatures and of a flora characteristic of them.
THE MARINE VEGETATION
UPWELLING REGION

1.

In connection with the recognition several years ago of cold water
conditions south of the major headlands of northwestern Baja California, the writer has published elsewhere lists of some of the characteristic marine plants from this part of the coast (Dawson, 1946, 1949).
Since the localities most favorable for the collection of marine algae are
the extensive reefs of the headlands where maximum upwelling intensity occurs, most of the collections to date have emphasized the
high proportion of species indicative of cold water conditions. They
have shown in general a similarity to collections from the coast of
California north of Lat. 34 ° N. and have consistently shown an absence
of a number of indicator species characteristic of the warmer La Jolla
area at Lat. 32° 50' N . However, in keeping with the geographic
discontinuity of upwelling in this region and the marked local variations in temperature depending upon the degree of stagnation or of
movement of shore water, it should be noted that considerable local
and seasonal variation in the vegetation occurs in this region. Moreover, two large areas occur upon which upwelling has little influence,
namely, Bahia de Todos Santos and Laguna de San Quintin.
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For a detailed account of the many interesting local and seasonal
temperature variations in this region and the biological responses to
them, we may look forward to the results of the thermal and zoological
survey currently being carried out by C. L. Hubbs.
UPWELLING REGION

2.

Bahia del Rosario versus Isla Guadalupe. A comparison of the
flora of Bahfa del Rosario, characteristic of localities of maximum
upwelling intensity in this region, with that of Isla Guadalupe, lying
in almost the same latitude but beyond the effects of coastal upwelling,
reveals marked differences which can be correlated with the hydrographic conditions of the respective stations. In a collection from
Canon Quemada on Bahia del Rosario, obtained in J anuary 1950, all
warm water elements such as Sargassum, Zonaria, Dictyopteris,
H alidrys, Dasya, etc. were absent. The intertidal fl ora was dominated
by a monoton ous rock-cover association , mainly of Gigartina serrata
and Phyllospadix torreyi. The only large and conspicuous intertidal
brown algae were Egregia laevigata and Pterygophora californica, the
latter being a plant unreported in intertidal habitats south of central
California. Here Pterygophora seemed to take the place of the more
southern Eisenia arborea which was absent. Several complanate
species of Gigartina, such as G. harveyana, G. volans, G. cristata, and G.
californica are pointedly characteristic of a cold water environment,
as was also Laminaria f arlowii. The absence of Pterocladia pyramidale, Laurencia pacijica, Plocamium pacijicum, L ithothrix aspergillum,
and other species normally to be expected in such a shore area contributed to the monotony in the flora. In all, only about 60 species
were encountered in contrast to the more t han 90 species collected at
nearby Punta Baja headland, which is within range of somewhat
warmer water counteracting the effect of up welling. It may be conjectured that the reduced number of specie in the Caiion Quemada
locality is a reflection of both the intensity and constancy of upwelling,
whereby the warming effect of insolation is so consistently reduced as
to exclude a number of in tertidal species which depend upon at least a
limited season of higher temperature for the fulfilment of their reproductive fun ctions.
In marked contrast with the flora of Bahia del Rosario is the flora
of Isla Guadalupe, lying far to the west beyond t he utmost reach of the
effects of coastal upwelling. The waters bathing its shores, having
traveled a long distance under conditions of increasing insolation and
relatively slight mixing, are four to seven degrees higher in temperature than those along the peninsular coast. The result of this higher
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temperature range is shown in the almost complete dissimilarity of the
vegetation to that at Bahia del Rosario.
Of the following exemplary genera found at Bahia de! Rosario and
characteristic of cool waters along the Pacific Coast, only Rhodoglossum
has been recognized in the writer's collections from Isla Guadalupe:
Pterygophora, Egregia, Laminaria, Schizymenia, Callophyllis , Gigartina
(complanate species), Rhodoglossum, Gastroclonium, Ptilota , Cryptopleura, Nienburgia, Botryoglossum, Anisocladella, Microcladia. On the
other hand, of genera indicative of warm water, none of which occurred at Bahia del Rosario, the following are characteristic of Isla
Guadalupe: Cladophoropsis, M icrodictyon, Padina, Dictyota, Dictyopteris, Colpomenia, Blossevillea (Cystophora), Sargassum, Liagora,
Galaxaura, Asparagopsis, Gelidiella, Hypnea, Dasya, Spyridia.
Islas San Benito versus La Jolla, California. The rather comprehensive collection of marine plants from Islas San Benito, obtained by
the writer in April-May 1950, has proved to be a remarkable one in
that it shows a striking similarity to the flora of La Jolla, California.4
The explanation of this similarity seems to be found in the temperature conditions of the environment which are brought about by the
combined effects of upwelling and of the associated current pattern of
the region (see above) . As data recently obtained would indicate,
the result of this combination is the presence at these islands of warmer
water than that upwelling along the peninsular coast but cooler than
the offshore and long-insolated water of Isla Guadalupe. The thermal
environment actually seems closely similar to that at La Jolla, 300
miles to the north, where diminished coastal upwelling combines with
the presence of well insolated water from various offshore areas to
bring temperatures to moderately high figures. In addition , the surf,
exposure, and substrate characteristics are closely comparable in the
two localities.
A majority of the more prominent species, most of which may be
considered as indicators, have been identified from the recent collections (see Table I). Of 85 such species, about 82% are common to the
floras of both La Jolla and Islas San Benito; about 7% occur only at
La Jolla, and about 11 % occur only at Islas San Benito. The large
proportion of 'species common to both stations may be seen from
Table I. Species characteristic of the Islas San Benito flora but absent
from La Jolla are: Bryopsis muscosa, Codium hubbsii, Padina durvillaei,
Gloiopeltis minuta, Grateloupia howeii, Bossea angustata. Hypnea
This marked similarity to the La Jolla flora was also noted by P. C. Silva, who
collected there during February of 1950 with the Sefton Expedition. I am grateful to him for several records listed in Table I.
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A LIST OF MARINE PLANTS SHOWING THEIR OCCURRENCE OR ABSENCE AT

EACH OF THREE STATIONS ALONG SOUTHERN BAJA CALIFORNIA AND

AT LA JOLLA, CALIFORNIA

Species
Phyllospadix scouleri Hooker
Phyllospadix torreyi S. Wats.
Chaetomorpha torta (Far!.) McClatch.
Chaetomorpha antennina Bory
Cladophora gramin ea Collins
Bryopsis corticulans Setch.
Bryopsis muscosa Lamx.
Codium fragil e (Su r.) Hariot
Codium hubbsii Daws.
Ectocarpus variabilis (Saund.) G. M. Smith
Hapterophycus canaliculatus S. & G.
Sphacelaria furcigera Klitz.
Pachydictyon coriaceum (Holmes) Okam.
Dictyopteris zonarioides Far!.
Zonaria farlowii S. & G.
Taonia lenn ebackerae Far!.
Padina durvillaei Bory
Petrospongium rugosum (Okam.) S. & G.
Desmarestia munda S. & G.
Colpomenia sinuosa (Roth) Derb . & Sol.
Colpomenia ramosa Taylor
Scvtosiphon bullosus Saund.
Scytosiphon lomentaria (L yngb.) J. Ag.
Endarachne binghamiae J . Ag.
Macrocystis pyrifera (L .) Ag.
P elagophycus porra (Leman) Setch.
Egregia laevigata Setch.
Eisenia arborea Aresch.
Peloetia fastigiata (J. Ag.) DeToni
H esperophycu s harveyanus (D ec'n e) S. & G.
Halidrys dioica Gard.
Cystoseira osmundaceae (:Menz. ) Ag.
Sargassum palmeri Grun.
Sargassum agardhia.num Far!.
Porphyra naiadum Anders.
Porphyra thuretii Sctch. & Daws.
Erythrotrichia tetraseriata Gard.
Erythrotrichia porphyroides Ga.rd.
Erythrotrichia pulvinata Gard .
Acrochaetium plumosum (Drew) G. M . Smi th
N emalion hel minth oides (Velley) Batters
Gelidium carti l agineum var. r obustum Gard.
Gelidium coulteri Harv.
Gelidium johnstonii S. & G.
Pter ocladia pyramidale (Gard.) D a ws.
Scinaia johnstoniae Setch.
Gloiopeltis minuta Kylin
Melobesia mar ginata Setc!l. & Fosl.
llcfel obesia mcdiocris (Fosl.) Setch. & Mason
Corallina ojficinalis var. chilensis (D ec 'ne)

Klitz.
Corallina graci/is L am.'C.
Ccrallin a vancouveriensis Y enclo (varieties)
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TABLE 1.- (Continued)
Species
Bossea gardneri Manza
Bossea angusta.ta T aylor
Lithothrix aspergillum J . E. Gray
Amphiroa peninsularis Taylor
Jani a tenella Kutz~
Grateloupia howeii S. & G.
Grateloupia califo rnica Kylln
Polyopes bushiae F ar!.
Zanardi nu la kylinii Doty
Zanardi n u la fi liformis var. delicatula Taylor
Callophyllis fi l icin a Setch. & Swezy
Schizymenia pacifica Kylin
Hypn ea johnstonii S. & G.
Plocamium pacificum Kylin
Plocamium violaceum Far!.
Gracilaria cunn i nghami i Far!.
Graci/aria cerrosiana Tay Jor
Graci /aria pachydermatica S. & G.
Ahnfeltia concinnna J . Ag.
Gigartina canaliculata Harv.
Giqartina l eptorhynchos J. Ag.
Gigartina armata J. Ag.
Gigartina se rrata G a rd.
Rhodoglossum affine (Harv.) Kylin
Rhodymenia californica K y lin
Gastroclonium coulteri (Harv.) Kylin
Lomentaria catenata Harv.
Callithamnion rupicolu m Anders.
Spermothamnion snyde rae Far!.
Grijfithsia pacifica Kylin
Ceramium codicola J . Ag.
Ceramium eatonianum (Far!.) D e Toni
Ceramium taylorii D aws.
Ceramium californicum J . Ag.
Centroceras clavulatum (Ag.) Mont.
Nienbu rgi a ander soniana (J. Ag.) Kylin
Anisocladella pac!fica Kylin
Sore/la pinnata Hollenb.
1',,fyriogramme hollenber gii Kylin
Cryptopleura crispa K ylin
Pogonophora californica J. Ag.
Dasya californica Gard.
Heterosiphonia erecta Gard .. em. S. & G.
Pter osiphonia dendroidea (Mont.) Falk.
Pt erosiphonia baileyi (Harv.) Falk.
Poly siphonia collinsii Hollenb.
Polysiphonia hendryi Gard.
Polysiphonia john stonii S. & G.
Polysiphonia concinna Hollenb.
Polysiphonia simplex Hollenb.
Pterochondria pygmaea (Setch .) Hollenb .
Herposiphonia parva Hollenb.
Lophosiphonia villum (J. Ag.) S. & G.
Laurencia pacifica Kylin
Laurencia scrippsensis Daws.
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TABLE 1.-(Continued)

Species
Laurencia snyderae Daws.
Chondria nidijica Harv.
Chondria californica (Collins) Kylln

La Jolla,
Calif.

Islas San
Benito

Bahia
Isla
Asuncion Magdalena

X

X

X

X

X

X

X

X

johnstonii, Gracilaria cerrosiana. Species characteristic of the flora of
La Jolla but conspicuously absent from the Islas San Benito intertidal
flora as examined in April-May 1950 are: Phyllospadix torreyi, Egregia
laevigata, Pelvetia fastigiata, Gigartina leptorhynchos, G. armata,
Zanardinula kylinii.
Bahia Sebastian Viscaino . Field and laboratory studies of algae
from the shores of Bahia Viscaino have shown (Dawson, 1949) that
the marine flora of the eastern arc of the bay, between Punta Marfa
and Embarcadero de Miller, changes quite suddenly from a flora
characteristic of cool waters, reflecting the marked influence of upwelling at Punta Marfa, to one characteristic of warm semitropical waters,
reflecting the disappearance of upwelling and the dis8ipation of the
cooler upwelled water from the north as it moves southward and westward into the eddy. Although hydrographic observations within
Bahia Viscaino were not included in the recently completed survey,
the configuration of the coast and the temperature records obtained
between Isla Cedros and Punta Eugenia (see p. 46) indicate that
upwelling must be absent along this south-to-west arc, insolation high,
and downward mixing slight. These conditions are required to
account for the relatively high temperatures in the water flowing out
through Kellet and Dewey channels. The vast shallow expanse of
Laguna Ojos Liebre (Scammon Lagoon) contributes appreciably to the
warming influence that gives the waters bathing this shore a tropical
character. Only limited algal collections have been obtained thus far
from this region, but in no instance do they fail to reflect warm water
conditions. A few of the characteristic representatives indicative of a
high temperature environment are: Ruppia maritima, Valoniopsis
pachynema, Sphacelaria hancockii, Padina durvillaei, Hydroclathrus
clathratus, Colpomenia sinuosa f. tuberculata, Scinaia johnstoniae,
Ceramium affine var. peninsularis, C. clarionensis, C. fimbriatum,
Griffithsia multiramosa, G. tenuis, Spyridiajilamentosa. Undetermined
fragments of Hypnea, Liagora and Dasya also occur and are in keeping
with the character of the warm water flora.
UPWELLING REGION 3.
The effects of a transition to seasonal discontinuity of upwelling and
of temperature-modifying geographical conditions on the marine
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vegetation of this region may best be recognizea. by considering four
localities in turn, namely, Bahia de Asunci6n, Punta Abreojos, Laguna
de San Ignacio and Punta Pequefia.
In Bahia de Asunci6n, approximately in the center of this third
region of upwelling, minimum temperatures characteristic of the
entire region have been found during both spring and summer. The
flora of Bahia de Asunci6n, which may be considered representative
of the northern half of region 3, shows some points of contrast with
that of region 2 to the north. Although the presence in May of
luxuriant growth and of a conspicuous predominance of species indicative of cool water gave evidence of the marked effect of upwelling on
the flora, the absence of several other northern species and the presence
of an admixture of warm water elements indicated that the effects of
upwelling are probably not so strongly pronounced throughout the
year. The absence of Pelvetia and H esperophycus from the upper zone,
and the occurrence of Padina, Amphiroa and luxuriant Colpomenia in
tide pools, pointed respectively to the dessicating and warming effects
of the intense insolation of the desert coast on the flora. The vegetation of protected local areas resembled that at Punta Santa Rosalia,
where the flora of upwelling region 2 grades into the warm arc of
Bahia Viscaino. At low levels on the open headland, in shaded
crannies and under the protection of the abundant Phyllospadix, the
more northern cool-water species were to be found for the most part,
but in situations exposed to the direct heat of the sun and to dessication of the air, a marked decrease in the frequency of northern types
was evident. The complete absence of such cool-water indicators as
the complanate gigartinas (even from sublittoral drift) and of the noncomplanate ones (exc~pt for G. canaliculata) seems to reflect a decline
in upwelling intensity in summer. On the other hand, the presence
of luxuriant beds of M acrocystis indicates that upwelling is still
essentially continuo_us this far south in region 3.
Some of the larger species known from region 2, whose absence
from the Bahia de Asunci6n station seems indicative of declining upwelling intensity during summer, with resultant prohibitively high
temperatures, are: Egregia laevigata, Gelidium nudifrons, Zanardinula
andersoniana, Gymnogongrus platyphyllus, Gigartina leptorhynchos, G.
harveyana, G. californica, G. volans, Rhodoglossum americanum, Cryptopleura violacea, M icrocladia coulteri.
Although extensive beds of the perennial M acrocystis occurred
throughout the Isla San Roque-Asunci6n area, these were no longer
observed at Punta Abreojos. Their absence there appears to reflect
regular seasonal discontinuity of upwelling and normal development of
high shore-water temperatures in summer. Much of the vegetation

56

Journal of Marine Research

[X, 1

observed on April 30, 1950 on the open west and south exposures of the
headland was like that at Bahia de Asunci6n, although more marked
dwarfing of such plants as Gigartina canaliculata was apparent.
Immediately to the east, however, a more sheltered reef area is subject
to diminished surf and increased insolation at low water, with the
result that tropical conditions are more distinctly evidenced than
anywhere at Bahia de Asunci6n. The tropical echinoderms H eliaster
microbrachiatus and Echinaster tenuispinus occurred there in pools
occupied by Amphiroa and Padina, while the rock cover consisted
mainly of a dense, depauperate, broad-bladed form of Gelidium
coulteri and dwarfed Corallina vancouveriensis. The absence of Sargassum, as was also noticed at Bahia de Asunci6n, suggests that the
range of the more northern S. agardhianum had beeIJ. passed over and
that the range of the tropical annual sargassums was being reached.
Fragments of Sargassum, apparently of the S. sinicola complex, in
high and dry drift, supported this assumption, as did the presence of
abundant juvenile Sargassum at Bahia de la Magdalena to the south.
These indications are in agreement with the report (Dawson, 1949)
that Sargassum along the tropical Mexican Coast is almost entirely of
summer development, being absent or scarcely evident in winter and
early spring.
Of infra tidal species indicative of increasingly warm conditions, there
were the following: Sporochnus pedunculatus, Scinaia johnstoniae, S.
latifrons, and Dasya pedicellata.
To the east of Punta Abreojos, across Bahia de Ballenas, the effective lowering of shore-water temperatures by upwelling is appreciably
reduced due to shoaling and the occurrence of numerous estuaries
and lagoons. The largest of these, Laguna de San Ignacio, provides a
great expanse of quiet shallow water that is exposed to the intense heat
of the tropical sun. The flora of the lagoon characteristically consists
of strictly heat-loving species adapted to an environment of slight
agitation and of low carbon dioxide, oxygen and nutrients. Some of
the exemplary inhabitants of the lagoon are the following, collected in
February 1950 by C. L. Hubbs, M. W. Johnson and A. A. Allanson of
Scripps Institution of Oceanography: Colpomenia sinuosa (several
forms) , Hydroclathrus clathratus, Scinaia johnstoniae, Amphiroa
annulata, Jania capillacea, H ypnea sp., Lomentaria hakodatensis,
Dasya pedicellata, Griffithsia multiramosa, Hypoglossum attenuatum,
Polysiphonia concinna, P. snyderae.
The headland of Punta Pequefia, guarding Bahia de San Juanico is
situated in the southern extremity of the third region of upwelli~g.
Although upwelling may occur moderately in this area for a considerable winter-spring period and may provide an ample supply of nu-
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trients from the great expanse of shoals to the south and west, it is
clear from temperature measurements and from the characteristics
of the vegetation that temperatures generally are modified upwards by
the lagoons to the north and by the shoals and that summer and fall
water conditions must become comparatively warm. The absence of
the perennial M acrocystis is in accord with the latter, and the absence
or dwarfed character of various northern species reflects the former .
The reason for the occurrence of large quantities of Desmarestia munda
in drift from the infratidal zone is not understood, although a modification of the species for higher temperatures is recognizable in the
distinct narrowing of the blades.
UPWELLING REGION

4.

From Punta Pequefia and Punta San Juanico the coast of Baja
California consists of a great southward sweeping sandy beach broken
only by occasional estuary and lagoon entrances. No rocky shore
occurs until the shoulder of a volcanic cone interrupts the sand at
Caho San Lazaro. Apparently, upwelling is absent all along this
sandy arc, and insolation normally brings about steadily rising temperatures. In the spring, immediately opposite Caho San Lazaro, one
encounters a new region of cold water that supports a flora consisting
largely of northern elements but in which the relative dominance of the
northern elements is decidedly less than at Bahfa de Asunci6n. Although the largest and most conspicuous intertidal brown alga (as
observed in March and May) was Eisenia arborea, the abundance of
juvenile Sargassum indicated a shift to dominance of that genus at a
later season. The beds of M acrocystis were absent. Although fresh
fragments in drift (if actually of local origin) suggested that a limited
amount of this plant may occur off shore, it does not appear in sufficient
quantity or size to be visible at the surface. The long quoted hearsay
of fishermen (Setchell and Gardner, 1925) to the effect that "these
beds extend to Magdalena Bay" is not altogether tru e. Furthermore,
a notable assemblage of species characteristic of the Gulf of California
becomes evident there, all of which represent extensions of known
ranges along the Pacific peninsular coast : Gelidium johnstonii, Grateloupia howeii, Hypnea johnstonii , Gracilaria pachydermatica, Lomentaria catenata, Polysiphonia johnstonii.
SUMMARY
Combined biologi cal and hydrographic investigations of the coastal
waters of Pacific Baja California have indicated the occurrence of
extensive upwelling along much of this coast. Four regions can be
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identified by differences in geographical or seasonal continuity of
upwelling. The first of these regions has geographically discontinuous
upwelling in which the centers of intensity are located on the south
sides of the more prominent headlands. Local areas occur south of
Punta Santo Tomas, Caho Colnett, and Punt~ San Quintin, in which
the high intensity prevents summer insolation from causing marked
inshore temperature increases. The second region is evidently geographically and seasonally continuous. Its algal flora, including
M acrocystis and complanate gigartinas, indicates the continuation of
low shore-water temperatures through the summer. Its influence is
felt as far southwest as Islas San Benito, where a flora in composition
very much like that of La Jolla, California reflects both the cooling and
nutritional advantages of the upwelled water and the presence of
moderate temperature increases in summer. In the third region,
upwelling is probably geographically continuous, although the characteristic low surface temperatures are in part modified upwards by
the effects of insolation on extensive shoals. The exclusion from this
region of several northern indicator species and the limitation of
M acrocystis north of Lat. 27° N. suggest that a transition in the seasonal wind pattern occurs in these latitudes. As a result the cooling
influence of upwelling extends through the summer season north of
Lat. 27° N., but to the south it discontinues after spring to allow summer temperatures to rise sharply. In the fourth region vegetation characteristics show that upwelling is confined to the winter-spring season.
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