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ABSTRACT 
Northern anchovy, Pacific sardine, and Pacific 

hake have population discontinuities in the vicinity 
of Punta Eugenia, Baja California. The same latitude 
has been described as a provincial boundary for sev- 
eral taxa, including coastal fishes, brachyurans, bryo- 
zoans, and molluscs. The distribution of wind stress 
over the surface waters of the California Current re- 
gion has a persistent feature in the same area: the 
coastal impingement of a zone of surface water con- 
vergence, which elsewhere is parallel to the coast of 
the Californias and several hundred kilometers 
offshore. Semipermanent cyclonic eddies are evident 
north and south of Punta Eugenia, and it has been 
suggested that they play a role in the recruitment of 
pelagic larvae to the adult populations in these areas. 

Limited communication between the eddies sug- 
gests a speciation mechanism that would be most ef- 
fective on populations that time their spawning to 
coincide with strong eddy formation. One may also 
expect geminate species north and south of Punta 
Eugenia and few short-range endemics with long dis- 
persal strategies along the coast of northern Baja 
California between the eddies. 

RESUMEN 
Existen discontinuidades en las poblaciones de an- 

choveta del norte, sardina y nierluza en la zona de 
Punta Eugenia, Baja California. Esta latitud ha sido 
descrita como una frontera provincial de varios grupos 
taxonomicos, incluyendo peces costeros, braquiuros, 
briozoarios y moluscos. La distribucion de esfuerzo 
del viento por las aguas de superficie de la region de la 
Corriente de California tiene una caracterktica persis- 
tente en esta misma irea, que es el encuentro con la 
costa de una zona de convergencia de aguas de super- 
ficie, que en otras partes ocurre paralela a la costa y a 
unos cientos de kil6metros afuera. Remolinos ci- 
clonicos semipermanentes son evidentes a1 norte y 
a1 sur de Punta Eugenia, y se ha sugerido que &tos 
juegan un papel en el reclutamiento de larvas pela- 
gicas a las poblaciones adultas en estas zonas. 

La comunicacion limitada entre 10s remolinos 
sugiere un mecanismo de especiacion que sen’a mis 
efectivo para poblaciones que fijan su epoca de desove 
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durante 10s periodos en que se forman fuertes re- 
molinos. Puede esperarse encontrar especies gemi- 
nados a1 norte y a1 sur de Punta Eugenia y algunas 
especies endemicas de rango corto con estrategias de 
larga dispersion en la costa del norte de Baja Califor- 
nia. entre 10s remolinos. 

INTRODUCTION 
Several coastal pelagic fish species display a popu- 

lation break in the vicinity of Punta Eugenia, Baja 
California. Distinct discontinuities in morphometric 
measurements, meristic counts, and proportion of 
selected protein polymorphs suggested restricted gene 
flow between populations north and south of approxi- 
mately 28” N for Engruulis monlux, the northern an- 
chovy (Hubbs 1925; McHugh 1951; Vrooman et al. in 
press), for Surdinops cueruleu, the Pacific sardine 
(Clark 1947; McHugh 1950; Marr 1957, 1960; 
Sprague and Vrooman 1962; Vrooman 1964), and for 
Merluccius productus, the Pacific hake (Vrooman 
and Paloma 1977). Vrooman and Paloma (1977) re- 
ferred to the southern population of M. productus as 
“dwarf hake” and suggested that it differs from M .  
productus and the more southern M .  ungustimunus at 
the species level. The southern populations of all three 
fishes (Engruulis nzordm, Surdinops cueruleu, and 
Merluccius productus) show similarities in some of 
the ways they differ from the northern population: 
growth is reduced after the first year resulting in a 
reduced maximum adult size, maturity occurs at an 
earlier age, and the life span is shorter; the southern 
forms have proportionally longer heads, longer 
snouts, and larger eyes. 

The latitude of Punta Eugenia has been described as 
a provincial boundary for a wide variety of taxa in- 
cluding coastal fishes (Hubbs 1960), brachyurans 
(Garth 1960), bryozoans (Soule 1960), and molluscs 
(Hall 1964; Valentine 1966). These authors refer to a 
variously named warm-temperature fauna between 
Point Conception and Punta Eugenia and a distinct 
fauna of uncertain origin from Punta Eugenia south to 
Cab0 San Lucas. Hubbs (1960) tentatively placed this 
region in the Panamic province but noted the “reduced 
tropical fauna,” high endemism, and “insular char- 
acteristics” of the biota. 

Superimposed on the distributions of coastal ani- 
mals are the distributions of invertebrate species as- 
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sociated with oceanic water masses. The distribution 
of oceanic euphausiids and copepods, indicators of 
subarctic, equatorial, and central waters, have a com- 
mon terminus at Punta Eugenia (Brinton 1962, 1967, 
1973; Fleminger 1964, 1967). The junction of these 
distributions appears to move northward or southward 
in concert with temperature anomalies as described in 
CalCOFI Atlas Number 1 (Anonymous 1963) and by 
Wyllie and Lynn (1971), although shallow-water 
forms show a much clearer response than do deeper 
forms (Brinton 1960). 

HYDROGRAPHY 
The general hydrography off the coast of the 

Califomias is determined by the California Current 
and is related to the anticyclonic circulation of the 
central North Pacific; however, significant features 
can be associated with local wind patterns and topog- 
raphy (Sverdrup et al. 1942; Smith 1968). Long-term 
monthly mean distributions of wind stress show 
alongshore flow throughout the year, weakest in the 
winter and strongest in the summer (Nelson 1977). 
Resolved on a 1” grid, however, net Ekman transport, 
proportional to and at right angles to the wind stress, 
shows considerable spatial variability. In general, an 
area of divergence parallels the coast, bounded by a 
zone of convergence 200-300 km from the coastline. 
The position of change from offshore divergence of 
surface water to convergence corresponds with the 
position of maximum wind stress, which intensifies, 
winter to summer, as the gradient between the 
semipermanent high pressure cell over the eastern 
Pacific Ocean and the low pressure cell over the 
southwest United States increases. The zone of con- 
vergence impinges the coasts at Punta Eugenia; this 
feature persists throughout the year and may preclude 
any poleward movement of water near the coast 
(Nelson 1977). 

Surface current patterns, which describe cyclonic 
eddies in the Los Angeles Bight and southwest of 
Punta Eugenia, confirm Nelson‘s prediction (Bakun 
and Nelson 1977). Surface flow of the California 
Current appears to be diverted offshore at Point Con- 
ception and again at Punta Eugenia, while semiperma- 
nent eddies are apparent south of these headlands 
(Reid et al. 1958). Owen’s (1980) description of 
baroclinic eddies and their persistence is in accord 
with this description. 

DISCUSSION 
The above-mentioned taxa have planktonic larval 

stages. The coastal eddies may play a role in recruit- 
ment to coastal adult populations by entraining a 
fraction of the larvae, thus offsetting to some extent 
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Figure 1 Large, persistent coastal eddies south of Point Conception and 
Punta Eugenia, may entrain pelagic larvae and thus contribute to the re- 
cruitment to resident adult populations Isolation of the eddies may constitute 
a soeciation mechanism 

dispersion to the southwest via the California Current. 
Johnson (1960) has suggested such a mechanism for 
maintaining populations of Panulirus interruptus, the 
spiny lobster, in the Southern California Bight and 
southwest of Punta Eugenia. Boehlert (1977) recog- 
nized the possible importance of the Southern Califor- 
nia Eddy to the recruitment of Sebastes spp., rock- 
fishes. Early ichthyoplankton studies off the coast of 
the Californias found relatively few sardine eggs and 
larvae off northern Baja California and characterized 
these waters as a “marine desert” bounded by “rich” 
waters to the north and south (Anonymous 1952). 

If the eddies are important to the process of recruit- 
ment, then the limited communication between them 
suggests a restricted gene flow between populations in 
the Southern California Bight and those south of Punta 
Eugenia. This postulated mechanism for speciation 
lends itself to several predictions: 

I . Genetic differentiation between populations, 
within a species, should be greatest for those 
forms that time their spawning to coincide with 
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2. 

3 .  

strong eddy formation as opposed to those forms 
that may time their spawning in response to 
other cycles (e.g. primary productivity). 
There should be evidence of geminate species 
north and south of h n t a  Eugenia; e.g. Lahido- 
cera trispinosa and L.  johnsoni (Fleminger 
1975). 
On the coast of northern Baja California, 
between the eddies, there should be a low pro- 
portion of dispersal types among sessile popu- 
lations. A pelagic larval phase would imply 
dependence on long-range dispersal from the 
north; instead there should be selection for short 
pelagic phases or none at all. 

4. The latitude of the hydrographic barrier may vary 
and be obscured by the convergence of oceanic 
water masses in the same general area which ap- 
pears to be most pronounced in the upper layers. 
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