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miles south and one-half mile west of the 
Crane and Dodd quarry  sites or about 4.25 
miles south of K ansas highway 31 leading 
into Osage C ity from the west. The outcrop 
forms the bed and banks of a small in te rm it­
te n t stream  tr ib u ta ry  to  Salt Creek. A sec­
ond new fossil footprin t locality was found 
a short distance west of the center of the 
S W | sec. 35, T. 16 S., R. 17 E., abou t 0.35 
mile west and a sim ilar distance north of 
the Crane and Dodd quarry  in the SW cor. 
S E | sec. 35, T. 16 S., R. 17 E. The flagstone 
occurs in the creek bed of a small stream  bi­
secting the Osage C ity golf course. N orm al­
ly the site is under water, being p art of the 
Osage C ity municipal w ater reservoir. Due 
to  drought conditions th is portion of the 
reservoir was com pletely dry  in September, 
1954, exposing portions of the same flag­
stone cropping out in section 15 alm ost three 
miles farther south. W hether the footprints 
in th is locality occur in exactly the same 
bed as those obtained farther to the south 
could not be ascertained in the field. There 
is no question, however, th a t the horizon is 
the upper p a rt of the U topia limestone 
member.
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U PW E L L IN G  A N D  A SSO CIATED  M A R IN E  L IF E  ALONG P A C IF IC  BAJA
CA LIFO R N IA , M EX ICO*

WILLIAM K. EMERSON 
American Museum of Natural History, New York

INTRODUCTION

R ecent studies of the marine benthic or­
ganisms inhabiting the northw estern coast 
of B aja California, Mexico, indicate the 
presence of discontinuous in tertidal and 
inner neritic distribution  for certain  forms. 
This unusual d istributional pattern  requires 
an oceanographic explanation, apparen tly  
explained by local upwelling of cold water.

* Contribution from the Museum of Paleon­
tology, University of California, Berkeley.

This investigation is concerned prim arily 
with the influence of upwelling upon the 
distribution of the marine invertebrates, es­
pecially the mollusks, and the application of 
th is phenom enon to paleoecological in te r­
pretations. I t  seems advisable to place the 
prelim inary findings on record. An analysis 
of the im portance of upwelling on the cli­
m ate, physiography, and non-m arine biotas 
of adjacen t land areas is beyond the scope 
of th is paper. The reader is referred to 
Brongersma-Sanders (1948) for a critical re­
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view of the known effects of upwelling and 
to Sverdrup e t al. (1946) for an explanation 
of this phenomenon.

M any species of stenotherm al cold-water 
organisms frequent in tertidal or shallow 
water in high latitudes and occur in progres­
sively deeper w ater as they range toward 
the equator. The southern range lim its of 
m any of the northeastern  Pacific forms are 
not known, due to a paucity  of bathym etric 
records; however, the appearance of cold- 
w ater species in the in tertidal zone along 
parts of the coast of Baja California presents 
an interesting problem to students of zoo­
geography and ecology.

UPW ELLING ALONG PACIFIC 
BAJA CALIFORNIA

A series of surface tem perature observa­
tions and bathytherm ogram s undertaken 
by Dawson (1951) dem onstrated the occur­
rence of upwelling along virtually  the entire 
Pacific coast of Baja California. Daw son’s 
hydrographical and biological investigations 
indicate the presence of four regions which 
can be identified by differences in geograph­
ical or seasonal continuity  of upwelling. 
N orth of la titude 27° N., upwelling appears 
to be seasonally continuous in local areas, 
some of which are rather extensive. The 
northernm ost region, P un ta  Descanso to 
Bahia de San Quintín, is the area pertinent 
to this study (Text-fig. 1). Here much of 
the coastline trends in a north to northw est 
direction, bu t is broken by several large 
headlands, south of which the coastline is 
first east to west, then northw est to sou th ­
east. In this region, the intense along-shore 
upwelling occurs when the prevailing winds 
blow the w ater surface upward, to be re­
placed rapidly by w ater drawn from a few 
m eters below the surface (personal com ­
m unication, C. L. Hubbs, Aug., 1954). Inas­
much as the winds are predom inantly from 
the northw est to the southeast, upwelling is 
intensified south of the headlands. Hydro- 
graphical and biological evidence support 
this tenet. The stretches of shore between 
the prom inent headlands were found to have 
greater tem perature variations, depending 
largely upon the degree of stagnation  or 
m ovem ent of upwelled w ater along the 
shore. As would be expected, upwelling has 
little influence in areas of protected or semi­
protected shoal w ater such as Laguna de

San Q uintín and Bahia de Todos Santos. In 
sum m ary, this region is characterized by 
geographically discontinuous areas of up­
welling in which the centers of in tensity  are 
located on the south sides of the more 
prom inent headlands (cf. Dawson, 1951).

Previous work.— Although upwelling off 
western N orth America has been known for 
some time, with intensification along certain  
areas of the Baja California coast (M c­
Ewen, 1916), the role of this phenomenon as 
a factor in the d istribution of marine organ­
isms has received little a tten tio n  until re­
cently. Studies on the d istribution of marine 
floras and faunas along the Pacific coast of 
Baja California by Dawson (1946-1952) on 
algae, by Hubbs (1948) on fishes, and by 
Emerson (1952) on invertebrates show a 
close correlation with the presence or ab ­
sence of upwelling. W ithin the areas of up­
welling many species characteristic of more 
northern waters occur far south of their ex­
pected latitudinal range, producing a dis­
continuous in tertidal distribution for these 
organisms.

Neontological evidence.— Although the w rit­
er has not had an opportun ity  to make 
comprehensive collections from the upwell­
ing “cold-spots,” an hour’s collecting a t a 
low tide produced the following stenother­
mal cold-water organisms from the in te r­
tidal zone on the south side of P un ta  Santo 
Tom as:

1. Balanophyllia elegans Verrili, a stony 
coral; recorded range: British Colum­
bia southw ard to Point Conception 
and through the Channel Isis., Cali­
fornia, shore to 160 fathom s (D urham  
& Barnard, 1952); identification by 
J. W yatt Durham .

2. Acmaea mitra Eschscholtz, a lim pet; 
recorded range: Pribilof Isis., Alaska, 
to San Diego, California, infra-tidal in 
southern extent of range (Keen, 1937).

3. Hapalogaster cavicauda Stimpson, a 
crab; recorded range: Cape M endo­
cino, California, to M onterey and 
through the Channel Isis., California 
(R icketts & Calvin, 1952; Johnson & 
Snook, 1935); identification by John 
S. G arth.

4. Idothea stenops (Benedict), an isopod; 
recorded range: Coos Bay, Oregon, to 
M onterey, California (Menzies, 1950); 
identification by Robert J. Menzies.
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According to Dr. E. Yale Dawson (personal 
com munication, August, 1954) the algal flora 
of P un ta  Santo Tom ás contains a num ber of 
northern species, including: Laminaria fa r ­
lowii Setchell, Zanardinula lanceolata (H ar­
vey) J. De Toni, and Gigartina california 
J. G. Agardh. These species occur inter- 
tidally  in central California.

A num ber of o ther cold-water organisms is 
recorded from the in tertidal zone of several 
Baja California localities which are now 
known to be areas of upwelling. Burch (1946) 
reported Placiforella velata C arpenter (a 
chiton which is recorded in infratidal waters 
south of M onterey, California) and Acmaea 
mitra , together with other northern species, 
on the south side of P un ta  Banda. A t this 
locality, the w riter found the w ater tem pera­
ture to be 7° to 10°F. lower than  th a t on the 
north side of the peninsula. Several no rth ­
ern species of pholad clams were collected 
by Fitch (1953) from localities along the 
Baja California coast. H ubbs (1948) re­
corded from south of the in ternational bor­
der the intertidal occurrence of the abalone 
Haliotis rufescens Swainson and the sea u r­
chin Strongylocentrotus franciscanus A. Agas­
siz, which occur near San Diego, California, 
in infratidal w ater or are rarely exposed by 
the extrem ely low, spring tides.

In the areas concerned here, upwelling 
appears to be a t  a maximum during the 
spring and sum m er months, the critical 
reproductive period for many of the inverte­
brates. I t  seems, therefore, th a t the cold- 
w ater invertebrates are able to m aintain 
local populations within the areas of up­
welling and do not require continual larval 
replenishm ent from off-shore sources or 
from more northerly  located populations.

APPLICATION TO PALEOECOLOGY

At present, the permanence of the upwell­
ing areas in tim e m ust be considered a m at­
ter for conjecture owing prim arily to the 
m ultiplicity of the interacting  factors upon 
which the phenomenon is dependent. The 
m atter of tem poral perm anency is of prime 
im portance for paleoecological considera­
tions. Brongersma-Sanders (1948) in te r­
prets certain evidence from the fossil record 
as indicating the probable existence of up­
welling in past geological ages. The paleon­
tologist would possess a valuable new ad ­
junct for ecological in terpretations if the a n ­

tiqu ity  of upwelling could be unequivocally 
dem onstrated and if it were possible to 
recognize with a reasonable degree of cer­
ta in ty  the effects of th is phenomenon in the 
fossil record. Its application to paleoeco­
logical in terpretation  would necessitate a re­
exam ination of many of our present assum p­
tions. For example, in some instances, up­
welling ra th e r than  climatic isotherm al shift 
may be the explanation for apparen t critical 
changes in tem perature conditions which 
are now recognized in some of the faunas of 
the W est American Pliocene-Pleistocene se­
quence.

Paleontological evidence.— A t P un ta China 
(see Text-fig. 1) a large series of inverte­
brates were collected from a highly fossilif- 
erous marine Pleistocene terrace deposit 
which occurs in the vicinity of this upwelling 
site. Field evidence based on geologic and 
faunistic d a ta  indicates the probable exist­
ence of the headland during the deposition 
of this terrace and a coastal topography es­
sentially the same as today. A study  of these 
fossils was undertaken to determ ine if the 
effects of upwelling could be detected in the 
composition of the faunule. The prelim inary 
results of this investigation are not conclu­
sive. A lthough stenotherm al cold-water o r­
ganisms, including the coral Balanophyllia 
elegans and the lim pet Acmaea mitra , occur 
in this fossil tide-pool and rock-cliff assem ­
blage, there are also present some northern 
species which have not been found living in 
the upwelling areas (e.g. Tegula brunnea 
Philippi and Cryptochiton stelleri M idden­
dorfi1). On the basis of the available data, it 
is difficult to determ ine if the cold-water ele­
m ents in the fossil faunule reflect the influ­
ence of upwelling, isotherm al shift, or pos­
sibly a com bination of these, together with 
o ther factors. Valentine (1955) has in te r­
preted the presence of cold water, exposed 
coast elements in the molluscan faunas of 
some Pleistocene terrace deposits of South­
ern California and Baja California to sug­
gest the presence, a t the tim e these faunas 
lived, of local upwelling with lower tem per-

1 It is interesting to note that valves of this 
chiton are commonly found in the kitchen mid­
dens which occur in the region, but the species 
has not been reported living along this coast. Drs. 
S. Stillman Berry and Cari L. Hubbs have in 
preparation a manuscript on the distribution of 
this species in the midden deposits of the Pacific 
coast of Baja California.
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atu res than  exist in the present upwelling 
areas along northern Baja California.

I t  is evident th a t additional neontological 
and paleontological da ta  m ust be obtained 
before more definite conclusions can be 
reached concerning the significance in this 
region of upwelling as a paleoecological fac­
tor. Cari L. H ubbs of the Scripps In s titu ­
tion of Oceanography is presently conduct­
ing an exhaustive therm al and zoological 
survey of the inshore area of northw estern 
Baja California. The results of th is investi­
gation, supplem ented by oxygen18 and car­
bon10 studies, promise to yield much add i­
tional inform ation on the relation of up­
welling to tem perature and anim al d istri­
bution. ~

CONCLUSION

The possibility of the existence of upwell­
ing in past geological ages and its potential 
role as an ecological agent should not be 
neglected by the paleontologist. A better 
understanding of the influence of th is phe­
nomenon on the d istribution of living m a­
rine organisms, particularly  benthic forms, 
holds promise for paleoecological applica­
tions. M oreover, the in tertidal occurrence 
of frigophilic (cold-limited) p lants and an i­
mals in the upwelling areas of the Baja 
California coast serves to dem onstrate the 
advisability  of utilizing therm ophilic (warm- 
lim ited) species as indices for the in te rp re­
ta tion  of former clim atic conditions of fos­
sil faunal assemblages.
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